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A PRELIMINARY ASSESSMENT OF MINERALOGICAL CRITERIA ON THE
UTILITY OF ARGILLACEOUS ROCKS AND MINERALS FOR
HIGH~-LEVEL RADIOACTIVE WASTE DISPOSAL

Ootto C. Kopp

ABSTRACT

Shales and clay-rich rocks possess very favorable properties
for the isolation and containment of high-level radioactive waste.
Clays and mixtures of clay minerals with other substances also
appear to be among the most suitable materials for buffers and
backfill in 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 informetion as the type of material,
formation name, geological age, location, depth, test conditions,
results, and reference(s). Partial data are recorded in sepa:ate
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 cert~in mechanical
and hydrologic properties. Thermal properties appear to be
least influenced by clay mineral composition.

An important reason for the inability to correlate
mineralogical compositions 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 identifying the more suitable
formations (or specific horizons within formations) using
mineralogical data; however, in order to make such selectiouns,
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. In addition, information relative
to the character of argillaceous rocks (e.g., degree of
preferred orientation of the clay flakes, and the nature

and extent of cementation) will aid our understanding of

the relationships between mineralogical composition and

rock properties.

l. INTRODUCTION

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 constituents, such as quartz, it is not unexpected 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 15% 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 repository 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 methods 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 1579; 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 impurities 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 conditions 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) make it difficult to compare and =val-
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 1if the desired pieces of information are
available, missing, or not well known.

Clay mineral properties may be divided into five major groups: chemi-
cal, generzl physical, hydrologic, mechanical, and thermal. The reader
should bear in mind that many individual properties are closely interre-
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; GONZALES 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 198l1. Several other reports and report abstracts were
examined but omitted because they contained no apparent useful information
for this review.

Chemical properties (Appendix A.1) include batch distribution ratio,
diffusivity, fon-exchange capacity, and sorption coefficient.

*A split is defined here as a representative portion of a sample
having the same mineralogy, chemical composition, and textural .
characteristics as similar portions of the same sample used for measuring
other properties.



General physical properties (Appendix A.2) include density, moisture
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 1limit, plastic
limit, plastic or plasticity index, and shrinkage limit), Poisson'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 detefmining both the
quantity of specific ions sorbed by the clays Pnd clay-rich rocks being
studied and the quantities of those ions remaining in the fluid phase. The

appropriate equation is:

. & radionuclide on sorbent/g sorbent
g radionuclide in fluid/mL fluid

Kd

[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, concentration, valence states, mature and con-

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



values even for a single mineral species or rock type. Ion-exchange
capacity (either cation or anion) is a related property but, in a strict
sense, refers only to those lons that can be adsorbed onto exchange sites.
There is no obvious mathematical relationship between batch distribution
ratio or sorption coefficlent 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 (OSCARSON 1983). If hydraulic conductivity 1is
low, diffusion may be the dominant mechanism. Diffusion is 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 contalners, buffers, and other nearby
materials that may be used to isolate radioactive wasteg may be breached by
mechanical means or through corrosion. 1In 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 iodine. 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 is also thought to be important. Organic com-
pounds may react directly with some radionuclides. 1In addition, the pres-
ence of organlic 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) i1s an important prop-
erty of clays and clay-rich rocks. The 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. If the specific type of density deter-
mined was stated, it i1s 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. In some cases, tests were performed on
clay minerals to which specific amounts of water had been added. (This is
usually stated.) Caution is also advised if there is any evidence that the
material was oven-dried since the properties of clay minerals, such as the
smectites and halloysite, may be irrevocably changed i1f 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 periods 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 important 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 is 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. In 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 void 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

fluids 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 reports, 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. Onme
techn%que 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 rock will influence bqth its hydrologic
and thermal properties. ; i

Moisture content (or water content) designates thefad’unt of water
(usually in weight percent) contained in a clay or clay—rikh rock. In some
cases, the value represents the amount of water added to & clay or rock by

the investigator in order to change its properties. *7

{

i

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 transmit 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 1ength.
of the sample (Ap), the length of the sample (L), and the viscosity of the
fluid (u). The relationship among these variables is:

. kasp
1 =5
where p is in centipoises.
More recently, most investigators use K to characterize the flow of
fluids through porous media. Hydraulic 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 (u). The

relationship among these variahles is:

K = (kag)/u ’

where k 1is given in square centimeters.
The terms permeability and hydraulic conductivity are often used
interchangeably; hence, it 1s important to look at the units of measurement

to determine which property was measured. They are related by:
K =9.6 x 1007 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-
grained rocks the particle arrangement dominates the hydraulic flow
properties (RIEKE 1974).

Less information 1s 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:

Sg = pug(1/Eg + ¢/Ey) ,

where

w2
®
[

specific storage,

weight of a unit volume of interstitial fluid,

0Q
[

Eg = modulus of compression of matrix,

©
]

porosity, and
bulk modulus of the interstitial fluid.

e}
€
|
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Specific storage is related to the elastic properties of sediments and
water., Few of the reports checkad 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 groundwater
will travel in 100,000 years. 1Inflow is an estimate (calculated) of the
Tate 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 argillaceous materials. Much of this information was devel~
oped by researchers during investigations of the sedimentary rocks found 1in
oll 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 composition, the percentage 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 fluids 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-
fill. Published reports of data on various strength properties can only
give us ideas concerning the ranges that might be anticipated for clay-rich
material.

Young's (elastic) modulus, modulus of rigiditvy, bulk modulus, and
Poisson's ratio have been discussed in detail (RIEKE 1974). These
researchers note several reasons why laboratory resu.ts (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+1Y),
Modulus of rigidity
( Shear modulus): G = g R
2(1 - v)
Bulk modulus: k = E
3(1 - 2y)
Poisson's ratio: Y = ratio of lateral to

longitudinal strain ,

where E is the slope of the stress-strain 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 1s needed to cause failure. Failure may be manifested by
cracking, rupture, shearing, and loss of load-bearing capacity. Data con-
cerning unconfined compression tests of clay-rich material 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 strength of clay-
rich material ic 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 different ways. A common method
involves measuring the behavior of clays as water is added to the system.
The various limits are collectively known as the Atterburg Limits, which
are usually determined for solls or unconsolidated material. The plastic
limit is given by the minimum weight percent water at which 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 strength of the clay diminishes significantly.
The 1iquid limit is the minimum weight percent water at which the material
behaves like a 1liquid. The plastic, or plasticity, index (liquid limit
minus plastic limit) defines the limits of plastic behavior. The shrinkage
limit 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 on 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 small changes in water contente.
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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 rz2pository 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 1is affected by clay
mineralogy, mineral content, volume of fluids present end 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 iz confined. The moire 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 surrounaing 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 ,
where

C = specific heat, and
p = density.
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Thermal properties are very important because the heat generated by
the radioactive wastes must be dissipiated 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 wodest amount of thermal data is available, there appear to be

only a few results 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 assemblages
of clays for high—-level waste repositories. Initially, it was thought that
sufficient information would be avaiiable for a wide variety of materi-ls
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 Databas:z (Appendix A) was obtained from reports that
summacrized 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 informz2tion may be found there.

Several factors contribute to the problems encountered while
attempting to establish any relationships. First, although the mineral
content is known for many materials tested in laboratory studies of rela-
tively pure minerals (and their mixtures with other minerals and rocks),
the mineralogy of rock samples is frequently not given or is only stated in
general terms (e.g., "illite-smectite dominant, plus lesser illite,
kaolinite and chlorite”), 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 rare 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 error; and, in several cases,
the units used for the property were not valid (e.g., thermal conductivity
given in W/kgeK). Finally, for some properties (e.g., swelling distance),
so few data sets were avallable that no meaningful comparisons could be

made. This task would have been immeasurably easier 1f everyone who tests

materials had a set of guidelines stipulating the information needed con-

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 1if their mineralogical compositions are known. In general,
those samples that contain smectite minerals (or bentonite) and smectite—
rich mixed-layer clays typically 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 species (such as lodine) 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 fluilds (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. ll1). Limited
data for wet density were not plotted.

The terminology for the several types of density and porosity shows
considerable ambiguity. An attempt was made to reduce the number of types,
bvt ¢the jature 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. One
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 control them to some degree in artificial systems):

l. 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 look 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 1s too great to allow us to draw firm conclusions. 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 porosity values.

Effective porosity (Fig. 9) is a more important property than either
porosity or density; however, it is more difficult to measure and the units
reported in the literature are often unclear and inconsistent.

Only limited data were available for "specific surface"” (Fig. 10).
The few values available suggest that smectite-rich material 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 no interpreta-
tion was attempted.

The property that has received the most attention 1is 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 (i.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 direction (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 grains).

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 1s 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 1 ormation about the samples tested (a
major uncertainty) also tend to complicate matters.

From the available data, we can ldentify several relationships:

1. Considering rocks (Figs. 12 and 13), there appears to be a wide range
of values from approximately 1012 to >10~® cm/s which do not 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 have been reported for illite-rich (and presumed illite-
rich) rocks are both relatively high and low (e.g., samples of the
Antrim Shale range from ~10-9 to 10~%, and the Conasauga Shale ranges
from ~10~11 to 10~9 cm/s). Age and depth of burial may be responsible
for the observed differences. The large volume of data available
would seem to warrant a closer look, carefully evaluating all of the
information concerning sample depth and the conditions under which
the hydraulic conductivities were measured. It is important to
realize that properties such as hydraulic conductivity can be changed
when samples are removed for :.-.ting. Field (in situ) testing of the

properties of shales 1is definitely needed.
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2. Examination of the data for relatively pure minerals (bentonite
samples were included here, and bentonite 1is considered to be a form
of smectite) and mixtures with other materials (Fig. 14) suggests that
most smectites have hydraulic conductivities in the range of 10~12 to
1011 cm/s, while illites and kaolinites have values that are often
>10710, The values for the smectites and bentonites are affected by
the degree of compaction, water content, irradiation history, and the
extent of mixing with sand and gravel. Mixing with sand and gravel
is done to 1ncrea§e thermal conductivity. At the same time, such
mixtures tend to have less desirable hydresulic conductivities. The
limitations imposed by such inversely related hydraulic and thermal
properties will call for a careful balancing act if similar mixtures
are used for buffers and backfill.

As a first approximation, it appears that the presence of smectite
(and/or bentonite and/or smectitic mixed-layer clays) in shales and related
rocks will improve the hydrologic properties of those rocks. At the same
time, caution must be exercised because various other 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
cements, etc.)e.

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

should be performed on sample splits.

8.4 MECHANICAL PROPERTIES

Considering the five property groups, mechanical properties 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 were
hampered by inconsistencies in the terminology and units used, as well as
the lack of information about experimental conditions used for the tests.

Individual properties were plotted and are discussed below.



BENTONITE, OREGON (10%) + SAND (a)

BENTONITE, OREGON (50%) + _g
SAND(<9.5 x 107°) (b)

BENTONITE, WYOMING (10%) + -8
SAND(<9.5 x 10" ) (¢)

BENTONITE, WYOMING (50%) + -8
SAND (9.5 x 10 (d)

BENTONITE, WYOMING + 75% SAND (e)
BENTONITE, WYOMING + 75% SAND (1)

BENTONITE + SAND (5-95% _4
BENTONITE)(TO 10°7)

Ca-BENTONITE (2 TESTS)
Ca-BENTONITE (80-90% QUARTZ2)

Na + Ca BENTONITE

Na AND Ca BENTONITES + SAND, -4
SILT, GRAVEL (TO 1079

Na-BENTONITE (3 TESTS) (a)

Na-BENTONITE (e)

Na-BENTONITE (HIGHLY
COMPACTED)(b)
Na-BENTONITE %HEATED:

IRRADIATED)(g
Na-BENTONITE (MX-80)(VARIES

WITH P)(j)
Na-BENTONITE (CS-50) ()

Na-BENTONITE + QUARTZ (h)
Na-BENTONITE + 50% SAND (c)
Na-BENTONITE (25-75% SAND)
Na-BENTONITE (67% QUARTZ) (k)
Na-BENTONITE + 75% SAND (d)
Na-BENTONITE (80-90% QUARTZ) (1)
Na-BENTONITE (4 TO 8%) + QUARTZ (i)
Na~BENTONITE ( >10%) (m)

ORNL DWG 85-18654

T

1 1771

T

L

LANLES LA ALY EEREE B AL B A LA | | AR AR | Ty 1o T v vyqriorg T 7 V77 | A AR

.

[ ]
e
L e -1
L

palaanl Lo baand L syl | IR YT B ST Ty | | P BTV | L2 1aaas

1

) S N [ N S|

(A)
_‘

10

-13

Fig. l4,.
(A) bentonites and (B) other minerals.

10712 0™ 10710 107° 1078
(cm/s)

Hydraulic corductivities (directfon not specified) for

1077 107°



ORNL DWG 85-18654A

| R A T v oy T v vJrog | L RALLI [y ryvreTy i BEERE AL | BRI

CLAY (RINGOLD)(HANFORD)(50%) i , N
+
CLAY, SILTY (KNEADING _ i

COMPACTION) (7O 5 x 1076)
CLAY, SILTY (STATIC 6 |

COMPACTION) (TO 5 x 10~6) —_—
Ca-ILLITE (VOID RATIO 0.7 TO 6) -
Na-iLLITE (VOID RATIO 0.7 TO 7) - -
KAOLINITE (a) = . .
KAOLINITE (b) - . 4
KAOLINITE (30%) + SAND = o .

Ca-KAOLIIgITE (VOID RATIO 0.7 TO 2)
(TOo 10~ ?
Na-KAOLINITE (VOID RATIO 0.7 TO 2) =

(to 1079
Ca-SMECTITE (b) -~ . -
Ca~SMECTITE (VOID RATIO 1 TO 6)(a) [
Ca-SMECTITE (30%) + SAND - ° -
Na-SMECTITE (VOID RATIO 1 TO 30) (a) |- —
Na-SMECTITE (30%) + SAND = ° -
VOLCLAY SALINE SEAL + 50% SAND - -— (B) -

| I T | Lol L+ al.ul | T FTV | B PYTH | | S | L s bl
1072 10~ " 1071° 107° 1078 1077 10”
{cm/s)

10—13

Fig. 14 (Continued).

13



36

Only a few sets of data were available for bulk modulus (Fig. 15);
however, there appears to be a general increase in the value of bulk modu-
lus with age (and presumably the depth of burial). The of some
shales with higher values of bulk modulus than the Elean. tite (which
had been slightly metamorphosed) needs to be investijate

Cohesion values (Fig. 16) are generally low (<100 # . . Poorly
consolidated materials have lower values than older shales; however, there
are inconsistencies in some values (e.g., reported values for the Pierre
Shale range over two orders of magnitude), perhaps as # result of the
methods used for taking or storing the samples prior %o 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 mixture values. Older and/or more 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 modifiers (shear
resistance, internal, dilation) makes it difficult to compare the results
without further interpretation of the data,

All of the plasticity values (liquid limit, Fig. 20; plastic or
plasticity index, Fig. 21; plastic limit, Fig. 22; and shrinkage limit,
Fig. 23) are influenced by mineralogy. 1In fact, these plots provide some
of the clearest evidence of mineralogical influence 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 samples tested (Fig. 24) range from
~0.03 to 0.77., Shales cover most of this range, and there is no obvious
relationship to mineralogy.

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

Swelling and swelling potential (Fig. 26) are influenced by mineralogy.
Smectite and/or bentonite swell up to several times as much as illite and

kaolinite. 1Insufficient data were available for swelling distance.
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Fig. 26. Swelling and swell potential.
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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 value determined for a shale sample 1is 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 insufficient to establish any
trends.

Young's (elastic) modulus values (Fig. 29) range from ~10 to 106 Mpa.
The values for older, more 1llitic 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 influenced by the clay
mineral content of the material tested. In general, the older, and typi-
cally more 1llitic3 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-
sion, 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 10-6, No trends were obvious; 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. Two values for the Blue and Boom Clays fall in the
typical 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
soils are lower by as much as an order of magnitude. Some other trends
could also be established. The measurements (for a set of related samples)

showed a gradual increase in thermal conductivity with increasing sample
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density. 1In 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/m+K, 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 moisture 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 is rather limited,
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ar
R e e
AY, e

* mdkshadem ey o>
L} L

T

pryvysme—
- v:-:.':;ﬁ’.‘“‘m»..‘hM(m:. .
——



CONASAUGA SHALE
CONASAUGA SHALE (CORE)
(HORIZONTAL)

DEVONIAN SHALE (ANTRIM)
MICHIGAN (TO 1.9 x 107°6)
DEVONIAN SHALE (CHAGRIN)
(HORIZONTAL)(INTACT)(10°7)
DEVONIAN SHALE (CHAGRIN)
(VERTICAL)(INTACTX(S x 1078)
DEVONIAN SHALE, MICHIGAN

(HORIZONTAL)(COREXTO 2 x10™9)

DEVONIAN SHALE, MICHIGAN,
APPALACHIAN BASINS (TO 1079)

DEVONIAN SHALE, PENNSYLVANIA
(HORIZONTAL)

DEVONIAN SHALE, PENNSYLVANIA
(FIELD TEST)

PIERRE, BEARPAW AND
CLAGGETT SHALES (TO 1079)

PIERRE SHALE

PIERRE SHALE (FIELD TEST)

PIERRE SHALE (HORIZONTAL)

PIERRE SHALE (VERTICAL)

10‘11

Fig. 34.
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Fig. 35. Bulk modulus values for selected samples.
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Fig. 36. Cohesion values for selected samples.
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Fig. 38. Shear modulus values for selected samples.
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Fig. 39. Tensile strengths 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 Plerre 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 conduétivity 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 Plerre; however, two rock features might produce the
observed order. First, the Devonian shales were probably never buried as
deeply as the Conasauga Shale; hence, they would be less compact (or dense),
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 1llitic 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, grain 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 1llitic 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 Devonian shales under

confined conditions. Even so, the value for "typical illitic shale” is
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nearly an order of magnitude greater than that for the Pierre or the
Devonian shales. The compressive strength values for the Pierre range over
nearly two orders of magnitude. Based on the mineralogical character of
the Pierre, this wide range may be due to factors such as the degree to
which specimens have been allowed to air-dry prior to testing. The values
reported for "oil shales” (Fig. 37) suggest that they are stronger than
(typically organic-rich) Devonian shalegs. 011l shales with less organic
matter (kerogen) appear to be slightly stronger than those that contain
more organic matter.

Young's (elastic) modulus values were avallable for a relatively large
number of identified formations (Fig. 40). The values for the Eleana
Argillite cover three orders of magnitude (this was said to be related to
differences in the confining pressure). The highest values 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 generally unrelated 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 temperature, test direction, etc., 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 extent than 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 materials for
the disposal of radioactve wastes on the basis of their clay mineral com~
position, as reported in the literature. The results of this study show
that some properties of these rocks can be predicted on the basis of the
amounts and types of clay minerals present. Examples were given to illus-
trate the role that clay minerals play in determining certain chemical,
hydrologic, and mechanical properties. Overall, 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 conversion
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 that two things be done:

1. The present study should be extended for selected formations (e.g.,
the Conasauga Shale, Plerre Shale) by using the original references,
rather than reports that may exclude important background information,
to fill in gaps that may exist in 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 formations or other clay-rich rocks if it should become
desirable to use shales as potential host rocks for radioactive 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
cm?/h

cm?/s

°F

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

md

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

m/s

m2

psi

W/ cme°C

Note:
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CONVERSION FACTORS USED

To:

J/kg+K
W/ meK
W/meK
m2/s
mZ/s
°C
cm/s
cm/s
m?/s
W/meK
Pa
g/cm3
g/cm3
cm/s

kg

g/cmd
cm/s
cm/s
Pa

W/ meK

Multiply by:
4.185 x 103
1.730 x 100
4.184 x 102
2.780 x 108
1.000 x 10~%
5.560 x 10™1
3.048 x 101
9.664 x 10™7
2,580 x 1073
1.000 x 100
9.810 x 104
1.000 x 10~3
16,018 x 103
9.600 x i0~7
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

k = kilo = x 103; M = mega = x 10%; G = giga = 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, material, 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)” 1is 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. ll1) so that
the values can be compared directly Jn 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 information may
be available in the original references.

If an interesting item is located in Appendix B, C, or D, the user
can elther access Appendix A (to review the more 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 superscripts. Many 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) = 10~12,
Nor did the program permit the use of a centered period; hence, units

such as W/m+K are shown with a dash (e.g., W/m-¥) in the Appendixes.
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13.1 Appendix A. DATABASES
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13.1.1 Appendix A.1. CHEMICAL PROPERTIES
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Property class: DIffusivity Property ctass: lon exchange
Material: Bentonite Material: Benfonlfe (Na) (b)
Formation: - Formation:
Location: - Locatlon: Nyomlng
Condition 1: 10§ bentonite + sand Condition 1: MX-80
Condition 2: Sr(+2) lon Conditlion 2: 50’ sand mixture
Condition 3: Conditlion 3:
Properfy/unlfs. lefuslvl*ry (m(2)/s) Property/units: Ion exchange capacity
ranges from: 1,3 x 10¢(-10) {meq /100 g)
to: -~ ranges from: 34,3
as: =~ to: =
ranges from: - to: - as: -
Reference: Neretnleks (1977) ranges from; - to: -
Source: ONWI=312 (1981), p, 14 Reference: -

Source: AECL-7825 (1984), p. 12
Property class: lon exchange

Material: Al lophane Property class: lon exchange
Formatlon: Material: Chlorite (a)
Locatlion: - Formattion: -

Condition t: pH = 7 Locatlion: -
Condition 2; ~ Condlition 1: pH 7
Condition 3;: - Condition 2: =
Property/units: lon exchange capaclty Condition 3: -
(meq/IOO Q) Property/units: lon exchange capacity
ranges from: (meq/100 g)
to: - ranges from: 10-40
as: = to: -
ranges from: - to: - as: -
Raference: - ranges from: - to: -

Source: ORNL-6241/¥2 (In preparation) p, 152 Reference: Grim (1968)
Source: ONWI-486 (1983), p, 67
Property class: lon exchange

Materia): Bentonite Property class: lon exchange
Formation: - Material: Chlorlfo (b)
Location: - Formation:
Condition 1: pH = 7 and Locatlion: =
Condition 2: NeCl = IO(-2) and 10(=3) Condition 1; pH = 7
molar Condition 2: =
Condlition 3: lon used: Cs Condition 3: -~
Property/units: lon exchange capactty Property/units: ion exchange capaclty
(meq/100 {meq/1
ranges from: 0,1 ranges fram: 10
to: IOO to: 40
as: Concentration Cs (mol/dm(3)) as: =
ranges from: ca, 10(-6) to: ca, 100 ranges from: = to% -
Reference: - Reference: Several rets
Source: NUREG/CP-0052 (1983), p, 181 Source: ORNL-6241/V2 (in preparation) p. 152
Property class: lon exchange Property class: lon exchange
Material: Benfonlfe (Na) (a) Materlal: Clay
Format{on: Formation: Boom Clay
Location: Hyomlng Location: Belglum
Condition 1: MX-80 Condition 1: Vermicullte 305, 11{1te 25%,
Condition 2: 2 5% organic content smectite 20%
Conditlon 3: Condttion 2: -
Property/units: Ion exchange capacity Condition 3: -
(meq/100 g) Property/units: lon exchange capacity
ranges from: 68,6 (meq/100 g)
to: - ranges from: ca, 20
as: - to: -
ranges from: - to: - as: ~
Reference: - ranges from: = to: -
Source: AECL~-7825 (1984), p, 12 Reference: -

Source: Proc NEA Workshop OECD (1979a), p, 88
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Property class: lon exchange

Property class: lon exchange
Material: Glauconlte

Materjal: Kaolinlite (a)

Formation: - Formation: -

Location: - Location: -
Condition 1: pH = 7 Condition 1: pH =7
Condition 2: - Condition 2: -
Conditlon 3: - Condition 3: -

Property/units: lon exchange capacity Property/units: lon exchange capacity
(meq/100 g) (meq/100 g)
ranges from: 11 ranges from: 3
to: 20 to: 15
as: - as: -
ranges from: - to: - ranges from: - to: =~

Reference: Several refs
Source: ORNL=-6241/V¥2 (in preparation) p, 152

Referenca: Grim (1968)
Source: ONwW|-486 (1983), p, 67

Property class: lon exchange

Property class: lon exchange
Material: Halloysite

Materiai: Kaolinite (b}

Formation: -

Formation:

Location: - Location: =~
Condition 1: pH =7 Condition 1: pH = 7

Condition 2: - Condition 2: -

Condition 3: = Condition %: =

Property/units: lon exchange capacity Property/un lon exchange capacity
(meq/100 @) (meq/100 g)

ranges from: 5 ranges from: 2

to: 10 to: 15

as: - as: -

ranges from: - to: =
Reference: Several refs
Source: ORNL=-6241/V2 (in preparation) P 152

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

Property class: lon exchange
Materlal: 1lllte (a)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units: lon exchange capacity

Property class: lon exchange
Material: Palygorskite
Formation: -
Location: =
=7 Condition 1: pH = 7
Condltion 2: =~
Condition 3: -~
Property/units: lon exchange capaclty

ll'&ll

(meq/100 g) (meq/100 g)
ranges from: 10 ranges from: 20
to: 40 to: 30
as: - as: -

ranges from: - to: -
Reference: Grim (1968)
Source: ONW|-486 (1983), p, 67

ranges from: - to: =
Reference: Several refs
Source: ORNL-6241/V2 (In preparation) p, 152

Property class: lon exchange
Materlal: Illite (b)
Formation: -
Location: -
Condition 1: pH = 7
Condition 2: =
Condition 3;: -
Property/units: lon exchange capaclty
(meq/100 Q)
16

Property class: lon exchange
Materlal: Smectit
Formation: =
Location: -
Condition 1: pH =7
Condition 2: =~
Condition 3: -
Property/units: lon exchange capaclty
(meq/100 g)
ranges from: ranges from: 80
to: 50 to: 150
as: - as: =
ranges from: - to: = ranges from: - to: -
Reference: Several refs Reference: Grim (1968)
Source: ORNL-6241/V2 (in preparation) p. 152 Source: ONW|-486 (1983), p, 67



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

ranges from:
to:

as:

ranges from:
Reference:

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

ranges from:
to:

as:

ranges from:
Reference: Grim

85

lon exchange

Smectite (Ca)

pH = 7

lon exchange capacity
(meq/100 q)

80

150

- to: -

Sevaral refs
Source: ORNL-6241/V2 (In preparation) p,.

152

lon exchange

Smectite (Ca)

lon exchange capacity (meq/g)
(7

93

12

Temperature (C)

105 to: 390

(1968)

Source: ONW|-312 (1981), p, 24

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

ranges from:
to:

as:

ranges from:
Reference: Grim

lon exchange

Smectite (L1)

lon exchange capaclity (meq/g)
n

56

20

Temperature (C)

105 to: 200

(1968)

Source: ONWI-312 (1981), p., 24

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

ranges from:
to:

as:

ranges from:
Referance:

lon exchange

Smectite (Na)

lon exchange capacity
(meq/100 @)

100

150

- to: -

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

152

Property class: lon exchange
Material: Smectite (Na)
Formation: -
Location: -
Condition 1: =
Condition 2: =

Condition 3: -~
Property/units: lon exchange capacity (maq/g)
(?)
ranges from: 95
to: 68
as: Temperature (C)

ranges from: 105 to:
Reference: Grim (1968)
Source: ONWI-312 (1981), p, 24

390

Property class: lon exchange

Materlal: Vermicutlite (a)
Formation: -
Location: -
Condition 1: pH =
Conﬂl?lon 2: =
Condition 3: -

Property/units: lon exchange capacity

(meq/100 q)

ranges from: 100
to: 150
as; -
ranges from: = to: =
Reference: Grim (1968)

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

Property class: lon exchange
Material: Vermlcullfe (b)
formation:
Location: ~
Condition 1: pH = 7
Condition 2: -
Conditlon 3: -
Property/units: lon exchange capacity
(meq/100 @)
ranges from: 100
to: 150+
as: =
ranges from: - to: -
Reference: Several refs
Source: ORNL=6241/V2 (in preparation) p, 152

Property class: Sorption
Materlial: Argliliite
Formation: Eleana Argitiite
Location: -

Condition !: lons used: Am, Ba, Ce, Cm,
Cs, Eu, Pm, Ra, Sr, Tc, U
Sources of varliability:
method, source, fluld comp,
R=N conc, temp

Condition 3: =
Property/units: Sorption coeftfliclient (Kd)

(ml/g)
ranges from: O
to: 1 x 10(5)
as: -

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

Condition 2:



Property class:

Sorptlon

Materlal: Affapulglfe

Formation:
Location:
Condition 1V
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

' iges frqml
[alel-H r\

bt

Fe

lons used: Am, Cm, I, Rb,
Sources of variabllity: Na
conc, time, pH, tluid comp

Sorptton coefticlient (Kd)

(ml/?
0(=2)
2 x 10¢4)
- tot -
ot Al Lin1a)
1)
2y pthon

a lai: Bentonlte

Formation:
Location:
Conditlion 1:
Condltion 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

pH = 10
lons used = |, Tc, Cs, Sr,
Np, Pu, Am, Zr, Sm

Sorption coefflclent (Kd)
(mi/g?)
1

2 x 10(5)

- to: -~

Source: Proc NEA Workshop OECD (1979a),

p, 304

Property class:

Sorption

Materlal: Bentonite (Ca)

Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Grande Ronde ground water
Cs lons

pH 9,85 (initlal), pH 8,6
(final)

Sorption coeftficlient (Kd)
(mi/q)

2,5 x 10(4)

1.1 x 10(5)

Time (days)
14 to: 28

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

Property class:

Sorption

Materlal: Bonfonlfe (Ca)

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

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Grande Ronde ground water
! lons

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

Sorption coefficlient (Kd)
(mi/q)

3.2

Time (days)

14 to: 28

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

Property class:

Sorption

Material: Bentonite (Ca)

Formation:
Locatlion:
Condliftion 1:
Conditlon 2:
Condition 3:

Property/unlts:

ranges from:

to:

as:

ranges trom:
Reference: -

Grande Ronde ground water
Sr lons

pH 9,85 (initial), pH 8.6
{(flnal)

Sorption coettlicient (Kd)
{ml/g)

1,2 x 10(3)

865

Time (days)
14 to: 28

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

Property class:

Sorption

Materlal: Bentonlte (Na)

Formation:
Locatlon:
Condition 1:
Conditlon 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reterence: -

Grand Ronde ground water
pH 9,85 (Initlal), pH B,6
(final)

Sr lons

Sorption coetficlent (Kd)
(ml/g)

5,0 x 10(3)

6,8 x 10(3)

Time (days)

14 to: 28

Source: ONW!I=312 (1981), p, 35

Property class:

Sorption

Material: Benfonlfe (Na)

Formatlion:
Location:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Grande Ronde ground water
| lons

Sorption coefflicient (Kd)
(mi/g)

0.4

8.6

Time (days)

14 to: 28

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

Property class:

Sorption

Material: Bentonlte (Na)

Formatlion:
Locatlon:
Condlition §:
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: =

Grande Ronde ground water
pH 9,85 (initlal), pH 8,6
(tinal)

Cs lons

Sorption coefficlent (Kd)
(mi/g)

1.1 x 10(3)

1,0 x 10(3)

Tlma {days)

14 to: 28

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



Property class:
Material:
Formation:
Location:
Conditlon 1:

Condlition 2:

Conditlon 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Sorption

Bentonlte (Na)

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

Sources of variabllity: pH,
temp, fluld comp

Sorption coefficient (Kd)
(mi/g)
0

4 x 10(4)

- to: ~

Nowak (1980)

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

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

Condlition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Sorption

Bentonlte (Na) (Accofloc-350)

Grande Ronde ground water
pH 9.85 (Initial), pH 8,6
(final)

Cs tons

Sorption coefficient (Kd)
(mi/g)

1.3 x 10(3)

141 x 10(3)

Time (days)

14 to: 28

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

Property class:

Sorption

Materiat: Bentonlte (Na) (Accofloc=350)

Formation:
Locatlon:
Condition 1:
Condition 2;

Condiflion 3:
Property/units:

ranges from:
to:
as:
ranges from:

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

! lons

Sorption coetficient (Kd)
(ml/g)

1.2

0.1

Time (days)

14 to: 28

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

Property class: Sorption

Material:
Formatlon:
Location:
Condition 1:
Condition 2:

"Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Bentonite (Na) (Accofloc=350)

Grande Ronde ground water
pH 9,85 (initlal), pH 8,6
(finail)

Sr lons

Sorption coefficient (Kd)
(mi/g)

1.5 x 10(3)

1.5 x 10(3)

Time (days)

14 to: 28

Source: ONW|-312 (1981), p, 35

87

Property class:

Sorption

Material: Bentonlte (Na) (Sallne Seal-100)

Formation:
Location:
Condition t:
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: =~

Grande Ronde ground water
pH 9.85 (initial), pH 8.6
(tinal)

Cs ions

Sorption coe¢tliclent (Kd)
(mi/g)

2,6 x 10(3)

3,8 x 10(3)

Time {(days)

14 to0: 28

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

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

Condition 3:
Property/units:

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

Sorption

Bentonlite (Na) (Sallne Seal-=100)

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

I lons

Sorption coefficlent (Kd)
(ml/g)

2,8

3.6

Time (days)

14 to: 28

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

Property class: Sorption

Material:
Formatlion:
Locatlon:
Condition 1:
Condition 2:

Conditlon 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Bentonite (Na)

(Saline Seal=100)

Grande Ronde ground water
pH 9.85 (Initial), pH 8,6
(final)

Sr lons

Sorption coefficient (Kd)
(mi/g)

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:
Conditlion 1:

Conditlon 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:
Source:

Al lard et al
ONwW| -486

lons used: Am, Ce, Cs, Eu, |,
Np, Pu, Ra, Sr, Te¢, U
Sources of varlabl!ity:
comp, temp, R-N conc
1:9 mixture

Sorption coefficient (Kd)

fluld

(ml/g)
<1

1 x 10(4)

- to: -
(1979)
(1983), p, 73



Property class:

88

Sorption

Material: Bentonite and Sand

Formation:
Location:
Condition 1:
Condition 2;

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

lons used: Am, Ra

Sources of variabllity: fluid
comp, pH

1:9 mixture

Sorption coefficlent (Kd)
(mi/g)

490

9.5 x 10(3)

- to: =

Nowak (1980)

Source: ONw|-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 Cilay

Be Igium

Anlon used = |

Yarlous concentrations and
depths

pH = 3

Sorption coefficlent (Kd)
(mi/g?)

0,87

6,12

- to: -

Source: Proc NEA Workshop OECD (1979a), p. 97

Property class:

sorption

Materlali: Clay (Na)

Formation:
Location:
Condition 1:
Conditlon 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:

Re ference:

Bel le Fourch

ton used: Cs

Sources of variabl|lty: pH,
fluld comp

Sorption coefficlent (Kd)
(ml/9)

5,6

5.7 x 10(3)

- to: =

Slliva et al (1979)

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

Property class:

Sorption

Materlal: Hectorlte

Formation:
Location:
Condlition 1:
Condition 2:

Conditlion 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

lons used: Cs, Eu, Sr, Tc
Sources of varlabllity: fluid
comp, pH, temp

Sorption coefficlent (Kd)
(ml/g)

0.4

7.2 x 10(3)

- to: =

Nowak (1980)

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

Property class:

Sorption

Material: Hectorlite and Sand

Formation:
Location:
Conditlon 1:
Condlition 2:

Conditlon 3:
Property/units:

ranges trom:
to:
as:
ranges from:

lon used: Ra

Sources of variablliity: fluld
comp, pH

1:9 mixture

Sorption coefflcient (Kd)
(ml/g)

400

1300

- to: -

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

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

ranges from:

to:

as:

ranges from:
Reference: -

Sorption

Iitite

lon used: Cs
0.2 mol/L NaC |

Sorption coeffliclient (Kd)
(m(3)/kg) (?)
0,9

- to: -

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

Property class:

Sorptlon

Material: tiitte

Formation:
Locatlon:
Condition 1:
Condltion 2:

Conditlion 3:
Property/units:

ranges from:
to!
as:
ranges from:

lons used: Sr

0.04 to 0.2 mol/L NaCl (and
NaOAC)

pH =5

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

0,005

0,02

- to: -

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

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

ranges from:

to:

as:

ranges from:
Reterence: -

Sorption

tilite

lons used: U, Co

0,04 mot/L NaCl

pH =35

Sorptlon coefflclent (Kd)
(m(3)/kg) (7)

0,045

0,090

- to: -~

Source: AECL=-7825 (1984), p, 25



89

Property class: Sorption
Material: (lllte
Formation: -
Location: -
Condition V: lons used: Co, Sr, Nb, Ru,
Cs, Th, U, Np, Pu, Am
Conditlon 2: Sources of vartabliity: pH,
temp
Condition 3: -
Property/units: Sorption coeffliclent (Kd)
(ml/q)
ranges from: O
to: 3 x 10(5)
as: -
ranges fram: - to: -
Reference: Several refs
Source: ORNL-6241/v2 (In preparatlon)
p. 132-133

Property class: Sorption
Maflf!!lz Illlfo
ormation:
Location: -
Condition 1: pH = 7,5
Condition 2: lons used: |,
Am, Sm, Sr
Condlti FER
I arty/units: Sorption coefficlent (Kd)

'ml/g?)
ranges from: |
to: 3 x 10(6)
as: -
ranges from: = to: =
Referenca: -
Se roc NEA Workshop OECD (197%a),
p. 304

Te, Np, Sr, Cs,

Property class: Sorption
Material: Kaolinite
Formation: -
Location: -
Condition }: lon used: Sr
Condition 2: 0,04 to 0,2 Mol/L NaCt (and
NaOAC)
Condition 3: pH = 5
Property/units: Sorption coeffliclent (Kd)
(m(3)/kg) ()
ranges from: 0,003
to: 0,006
as: -
ranges from: = to: =~
Reference: Three refs
Source: AECL-7812 (1983), p, 25

Property class: Sorption
Material: Kaolinlte
Formation: =
Location: -
Condition 1: lons used: Am, Cm, Sm, U, Co
Condition 2: 0,04 to 0,25 mol/L NaCl
Condlition 3: pH = 5
Property/units: Sorptlon coefficlient (Kd)
(m(3) /kg) (?)
ranges from: 0,002
to: 0,04
as: -
ranges from: - fo -
Reference: Two r
Source: AECL-?&IZ (1983). ps 25

Property class: Sorption
Material: Kaollnlfe
Formation:
Locatlion: -
Condltion 1: lons used: Cs
Condition 2: 0,2 to 0,5 mol/L NaCl; 0,01
mol/L NaOAC
Condl tion 3: -
Property/units: Sorption coefticient (Kd)
(m(3)/kg) ()
ranges from: 0,02
to: -~
as: -
ranges from: - to: -
Reference: -
Source: AECL-7812 (1983}, p, 25

Property class: Sorption
Materlal: Kaollnlfo
Formation:
Location: -
Condlition 1: lons used: Am, Ct, Cm, Es,
Eu, La, Sm, Tc, Yb
Condl tlon 2: Sources of variabl|ity: pH,
fluld comp, Na conc, R-N conc
Condition 3: -
Property/units: Sorption coetficient (Kd)
(ml/g9)
ranges from: 0,1
to: 1,6 x 10(3)
as: -
ranges from: - to: -
Reference: Three refs
Source: ONWI-486 (1983), p, 73

Property class: Sorption
Materlal: Kaollnlfe
Formation:
Location: -
Condition 1: lons used: Co, Sr, Nb, Tc,
Ru, Cs, Sm, Eu, Th, U, Np,
Pu, Am
Condition 2: Sources of variabllity: pH,
temp
Condition 3: -
Property/units: Sorption coefficlent (Kd)
(m!/g)
ranges from: 0O
to: 3 x 10(5)
as: -
ranges from: - to: -
Reference: Several refs
Source: ORNL-6241/v2/(in preparation)
p. 132-133

Property class: Sorption
Material: Kaollnl?o
Formation:
Location: -
Condition 1: pH = 6,5
Conditlon 2: lons used: |, Np, Te, Sr, Cs,
Zr, Pu, Am, Sm
Conditton 3: -
Property/units: Sorption coefficlent (Kd)
(ml/g?)
ranges from: |
to: 2 x 10(4)
as: -
ranges from: - to: -
Reference: -
Source: Procm:EA Workshop OECD (1979a),
P.



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

Condition 2:
Condition 3:
Property/units:

ranges from:
to:

90

Sorption

Kaollnlfe (a)

Georgla

American Clay Institute
Source Clay KGa-1

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

Batch distribution ratio (Rd)
(m!/g?)

1,28 x 10(2)

9,22 x 10(2)

as: -

ranges from:
Refarence: -

- to: -

Source: PNL-4452 uUC-70 (1983), p, 18

Property class:

Sorption

Material: Kaollnlte (b)

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

ranges from:
to:

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)

as: -

ranges from:
Reference: -

- to: -

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

Property class:

Sorptlion

Material: Kaolinite (Ca)

Formation:
Location:
Condition 1:
Condlition 2:

fon used: Cs

Condition 3: -

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

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

ca, 2 3

ca,

Log C calclum chloride
) to: ca, 0,5

Source: Proc NEA Workshop OECO (1979a),

p. 282

Property class:

Sorption

Material: Kaolinite (Ca)

Formatlon:
Location:
Condition 1:
Condltion 2:
Condition 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -~

ion used: Sr

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

ca, 1.3

ca, (=1)

Log C calclum chloride
(=3) to: c2, O

Source: Proc NEA Workshop OECD (1979a),

P. 282

Proparty class:
Materlial:
Formation:
Location:
Condition 1:
Condi{tlon 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Sorption

Kaotinite (Na)

lon used: Cs

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

ca, 2,3

ca, 1,3

Log C NaCl

(-2) to: ca, !

Source: Proc NEA Workshop OECD (1979a),

p. 282

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

Sorption

Kaolinite (Na)

lon used: Sr

Condition 3: -

Praoperty/units:

ranges from:

to:

as:

ranges from:
Reference: -

Sorption coeffliclent (Kd)
(;og) (mi/g?)
>

<0
Log C NaCl
(-2) to: ca, 0.5

Source: Proc NEA Workshop OECD (1979a),

p. 282
Property class:
Materlal:

Formation:
Location:
Condition 1:

Condition 2:

Condltion 3:
Property/units:

ranges from:
to:

Sorption

Nonfronlfe

lons used: Am, Cs, I,
Ra, Se, Sr, Tc, U
Sources of varlabllity: pH,
R-N conc, Eh, temp, sol:sorb
ratio

Mineralization in basalt
fractures and vugs

Sorption coefficlient (Kd)
(ml/g)

Np, Pu,

0
2,25 x 10(5)

ranges from:

- to: -

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

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

Shale

Sorptlion

Conasauga Shale

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

Condition 3: -

Property/units:

Sorption coefficlent (Kd)
(ml/q)

ranges from: 57

to:
as:
ranges from:

IOO

-fon -

Reference: Komarnen| and Roy (1980)
Source: ONWI-486 (1983), p, 73



Property class:
Material: Shale
Formation:
Locatlon:
Condition 1:
Cond|tion 2:

Conditlon 3:
Property/unlts:

ranges from:
to:

as:

ranges from:
Reference:

91

Sorption
Dewey Lake Redbeds

lon used: Eu

Sources of variabill:¢ty: pH,
temp, fluid comp

Sorptlon coefficlent (Kd)
(ml/g)

200

1.4 x 10(4)

- to: -

Nowak (1980)

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

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

ranges from:
to:
as:
ranges from:

Sorption

Smectit

Calculated values
NaCl conc = 10(=2) molar

25 deg C

Sorption coefficlent (Kd)
(cm(3)/g) (mi/g)

ca, 188

ca, 200

Welght £ clay
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 mol/L NaCl; 0.01
mol/L NaOAC
Condition 3: pH =5
Property/units: Sorption coetficlent (Kd)
{m(3)/kg) (1)
ranges from: 0,06
to: 0,7
as: -
ranges from: - to: -~

Reference: -

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

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

Condition 2:

Condltion 3:
Property/units:

ranges from:
to:
as:
ranges from:

Sorption

Smectite

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

Co

0,04 to 0,25 mol/L NaCl (and
NaOAC)

pH = 5

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

0,034

0,65

- to: -

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

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

Condition 3:
Proparty/units:

ranges from:
to:
as:
ranges from:

Sorption

Smect|te

lons used: Sr

0.04 to 0.2 mol/L NaCl
NaOAC)

pH =5

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

0,030

0,6

(and

- to: -

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

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

Condition 2:

Conditlon 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Sorption

Smectite

lons used: Co, Sr, Nb, Tc,
Ru, |, Cs, Sm, Eu, U, Np, Pu,

Am
Sources of varlabllity: pH,

temp

Sorption coefflclent (Kd)
(mi/g)
0

4 x 10(5)

- to: =

Several refs

Source: ORNL-6241/V2 (In prepara+ion)
pe 132-133

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

Condition 2:
Conditlion 3:
Property/units:

Sorption

Smactit

Varlous pH's, salinltles,
flow rates, etc,
Several lon specles

Sorption coefficient (mi/g)

ranges from: 200

to:
as:
ranges from:

2,000

- to: -

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

Property class: Sorption
Materlal: Smectit
Formation: -
Location: Arlzona
Condition 1: American Clay Institute
Source Clay SAz-1
Condltlon 2: Tested in basalt ground

Condition 3:
Property/units:

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

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

deg C

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

8.15 x 10(2)
2,7 x 10(3)

- to: -

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



Property class:
Materlal:
Formation:
Location:
Condition t1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:
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Sorption

Smectite

Arizona

fons used: Cs, Rb, Sr
Sources of variabliity:
stated

not

Sorption coefficlent (Kd)
(ml/g)

260

750

- to: -

Refarence: Xomarnen! and Roy (1980)
Source: ONW1-486 (1983), p, 73

Property class: Sorption
Material: Smectite
Formation: =
Location: Texas
Conditlion 1: American Clay Institute
Source Clay STx~-1
Condition 2: Tested in basalt ground

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Raterence: =

Source:

Property class:
Material:
Formation:
Location:
Condition t1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

PNL-4452 LC-70 (1983),

water;
Tasted
deg C
Batch distributlion ratio (Rd)
(mi/g?)

1.4 x 10(3)

1,9 x 10(3)

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

j08 -
p. 18

Sorption

Snacflfe

Texas

Saturated NaC| brine

lon used: Cs

Sorption coefficlent (Kd)
(mi/qg)

310

685

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

Reference: Roy and Burns

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

ranges from:
to:
as:
ranges from:

Sorption

Smactite

Texas
Saturated NaCl
lon used: Sr
Sorption coefficlient (Kd)
(ml/qg)

310

370

Hydrothermal alteration
Untreated to: 200 degq C,
30 WPa

prine

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

Property class:
Material:
Formation:
Location:
Conditlion 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:

Sorption

Smecflre

Wyomlng

Amerlcan Clay Institute
Source Clay Swy-!

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

deg C

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

1.0 x 10¢3)

2.0 x 10(3)

as: -

ranges from:
Re ference: =

- to: ~

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

Property class:

Sorption

Material: Smectite

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

ranges from:
to:
as:
ranges from:

Wyoming

Saturated NaCl brine

lon used: Sr

Corption coefficlent (Kd)
(mi/g)

170

200

Hydrotherma! aiteration
Untreated to: 200 deg C,
30 MPa

Source: Scl Basls for Waste Management = V
(1982), p, 638

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

Property class:
Materlal:
Formation:
Location:

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

ranges from:
to:
as:
ranges from:

Sorption

Smecflfe

Texas
Saturated NaCl
lon used: Cs
Sorption coeftficlent (Kd)
(m!/q@)

410

400

Hydrothermal alteration
Untreated to: 200 deg C,
30 MPa

brine

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

(1982),

p. 638

Property class:

Sorption

Material: Smecflfe {Ca)

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:
Source:

Shiao et al
ONW1 -486 (1983),

lons used: Ba, Cs, Eu, Sr
Sources of variability: R-N
conc, Ca conc

Sorption coafficlent (Kd)
(ml/g)

0.4

1.1 x 10(4)

- to: -
(1979)
p. 73



Property class:
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Sorption

Material: Smectite (Na)

Formation:
Location:
Condltion 1:

Condition 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Retference:

lons used: Am, Ba, Cf, Cm,
Cs, Es, Eu, La, Sm, Sr, Yb
Sources of variablilty: Na
conc, RN conc, pH, temp,

fluld comp

Sorptlon coefficlent (Kd)
(ml/g)

0.2

1 x 10(5)

- to: -

Three refs

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

Property class:

Sorption

Materlial: Vermlcul ite

Formation:
Location:
Condition 1:
Condition 2:

Conditlion 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

lons used: Ba, Cs, Rb, Se, Sr

Sources of varlabllity: not
stated

Sorption coefficlent (Kd)
(ml/g)

47

1.5 x 10(3)

= to: -

Reference: Two refs
Source: ONWI1-486 (1983), p, 73

Property class:

Sorption

Materiai: Vermicullte

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

ranges from:

to:

as:

ranges from:
Reference: -

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

Property class:

Varies with pH

Sorption coefflclent (Kd)
(ml/g?)

ca, 40

4 x 10(4)

~to: -

Sorption

Material: Vermicul lte

Formatlion:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

pH = 8,5
lons used = I, Tc, Np, Sr,
Zr, Cs, Am, Sm, Pu

Sorption coefflclent (Kd)
(ml/g?)
30

4 x 10(6)

- fo: -

Source: Proc NEA Workshop OECD [1979a),

p. 304

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

ranges from:
to:
as:
ranges from:

Sorption

Yermicul lte

South Carolina

Saturated NaCl brine

lon used: Cs

Sorption coeftliclent (Kd)
(ml/g)

8.9 x 10(2)

1,01 x 10¢(4)
Hydrotherma| alteration
Untreated to: 200 deg C,
30 WPa

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

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

ranges from:
to:
es:
ranges from:

Sorption

Yermicul lte

South Carolina
Saturated NaCi brine
lon used: Sr

Sorption coefticient (Kd)
(mi/g)

2 x 10(3)

9.8 x 10(2)

Hydrothermal alteration

Untreated to: 200 deg C,
30 Wwa

Reference: Roy and Burns

Source: Scl Basis for Waste Management - V
(1982), p, 638

Property class:

Sorption

Material: Vermiculite and Glbbsite

formation:
Location:
Condition 1:
Condition 2:

Condltion 3:
Property/unlts:

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

1:1 mixture

Sorption coeffliclent (Kd,
(ml/g)

ranges from: 77

to:
as:
ranges from:

1520

- to: =~

Reference: Komarnenl and Roy (1980)
Source: ONWl-486 (1983), p, 73

Property class:

Sorptlion

Material: Vermicullte and Shale

Formation:
Locatlion:
Condition 1:
Conditlion 2:

Cendition 3:
Property/untts:

ranges from:
to:
as:
ranges from:

Conasauga Shale

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

1:1 mixture

Sorption coefflicient (Kd)
(mi/g)

4i

1340

- to: -

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



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

Conditlon 3:
Property/units:

ranges from:
to:
as:
ranges from:
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Sorption

VYermicul ite and Smectite

lons used: Ba, Cm, Rb, Sr
Sources of varlabllity: not
dtated

1:1 mlxture

Sorption coefficlient (Kd)
{ml/g)

192

3800

- to: ~

Reterence: Komarnen! and Roy (1980)
Source: ONWI-486 (1983), p, 73

Property class:

Sorption

Material: Yermiculite and Zeollte (various)

Formation:
Location:
Condition V:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

lons used: Ba, Cm, Rb, Sr
Sources of varlabliity:
zeollite specles

1:1 mlxture

Sorption coeffliclent (Kd)
(mi/g)

130

5,92 x 10(5)

-*o: -

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



Property class:
Material: Argll
Formation:
Location:
Conditlion 1:
Conditlion 2:

Condition 3:

Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -

Lesser kaollnlte, chamoslte,

etc,

Density

lite

Eleana Arglliite

Nevada

Quartz and i11]te dominant

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

2,44
2,71

- to: -~

Source: ORNL/Sub/B4-64794/1 (1985), p, 406

Property class:

Dens ity

Material: Bentonite (a)

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

ranges from:

to:

as:

ranges from:
Reference: =

Pressed at 50 to 100 MPa

Water content ca,

108

Density (bulk) [t/m(3))

(g/cm(3))
ca, 2,1

- to: -

Source: Proc NEA Workshop OECD (1979b),

p. 148

Property class:

Material: Benton

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

as:

ranges from:

Dens ity
ite (a)

Oregon

20 - 160 mesh

Specific gravity
2,713

- to: -

Reference: Taylor et al (1980)
Source: RHO-BW|-SA-80 (1981), p,

Property class: Density
Materlal: Bentonite (b)

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

as:

ranges from:

Oregon
Minus 200 mesh

Speclitic gravity
2,85

- to: -~

Reference: Taylor et al (1980)
Source: RHO-BWi-S5A-80 (1981), p.

(g/cm(3))

(g/cm(3))

Property class: Denslit
Material: Bentonite (c
Formatlon: -

Location: Wyoming
Condition 1: -~
Condition 2: -
Condition 3: -

Property/units: Specitlic gravity (g/cm(3))
ranges from: 2,77
to: -
as: -
ranges from: - to: -
Reference: Taylor et a! (1980)
Source: RHO-BWI~SA-80 (1981), p, 6

Property class: Denslity
Materlal: Bentonite (Ca)
Formation: Panther Creek Clay
Location: -
Condition 1: Hetld at compaction pressure
for one minute
Condition 2: =
Condition 3: -
Property/units: Density (g/cm(3))
ranges from: <1,7
to: ca, 2.14
as: Compaction pressure (MPa) and
water content (%)
ranges fram: 55; <5 to: 221; ca, 8
Reference: -
Source: PNL=-4452 UC-70 (1983), p, 24

Property class: Density
Material: Bentonite (Na)
Formation: -
Location: Wyomlng
Condition 1: MX-80
Condition 2: ADOPTED VALUE FOR
CALCULATIONS
Condi tion 3: =
Property/units: Density (speclific) (t/m(3))
(g/cm(3))
ranges from: 2,7
to: -
as: -
ranges from: - to: -
Reterence: -
Source: KBS TEKN|SK RAPPORT 74 (1978), o, 3

Property class: Denslity
Material: Bentonite (Na) (a)
Formation: -
Location: =~
Condition t: Plus 80 to 90% crushed
quartzite, quartz sand, etc,.
Conditlion 2: Laboratory compaction
Condition 3: -
Property/units: Denslty (bulk) (t+/m(3))
(g/cm(3))
ranges from: 1,8
to: 2,0
as: -
ranges from: - to: -
Reference: =~
Source: KBS TEKNISK RAPPORT 9 (1977), p. 4



Properfy class:
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Dens ity

Material: Bantonite (Na) (a)

Formatlion:
Location:
Condition 1:
Condlition 2:

Condlitlon 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Dens ity maximum near 6% water
Density varies with compac-
tion pressure

Denslity (g/cm(3))

<1,8

2,28

Compactlon pressure (MPa)
55 to: 221

Source: OMI-312 (1981), p, 32

Property class:

Dens ity

Material: Benfonlfe (Na) (b)

Formatlion:
Location:
Condlitlon 1:

Condition 2:
Conditlon 3:
Property/unlts:

ranges from:
to:

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

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

1,4

1,7

as: -

renges from:
Reference: =

- to: -

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

Property class:

Dens Ity

Material: Bentonite (Na) (b)

Formation:
Locatlion:
Condition 1:
Condition 2:

CS-50 Na-bentonite
Compactlon for one minute

Condition 3: =

Property/units:
ranges from:
to:

as:

ranges from:
Reference: -
Source:

Property class:

Denslity (g/cm(3))
<1,8

ca, 2,5

Compactlion pressure (MPa) and
water content (%)

Material: Bentonite (Na) (c)

Formation:
Location:
Condition 1:
Condition 2:

55; <2 to: 221; 5
PNL-4452 UC-70 (1983), p. 21

Dens Ity

Wyoml ng

MX=-80

Condition 3: -~

Property/units:

rangas from:
to:
as:

rangas from:
Fetarence: -

Snurce: KBS TEKNISK RAPPORT 74 (1978)

Density (bulk) (rho x +/m(3))
(g/ecm(3))

2,54

1,08

water content (wt, %); vold
ratio (e)
3,7; 0,1 to: 74%1; 20,0

» Do 4

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

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

ast

ranges from:
Reference: -

Dens ity

Bentonite (Na) and Sand (a)

75% clay
Held at compaction pressure
for one minute

Density (g/cm(3))

<1,.9

ca., 2.8

Compactlion pressure (MPa) and
water content (%)

55; <3 to: 220; ca, 4

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

Property class:

Denslty

Material: Benfonlfe (Na) and Sand (b)

Formation:
Location:
Condlition 1:
Conditlon 2:

50’ bentonite
Held at pressure for one
minute

Condition 3: =

Property/units:
ranges from:
to:

as:

ranges from:
Reference: -

Density (g/cm(3))
<1.9

ca, 2,7

Compaction pressure (MPa) and
water content (%)

55; <% to: 276; ca, 8

Source: PNL-4452 UC-70 (1983), p. 23

Property class:

Dens Ity

Material: Benfonlfo and Sand

Formattion:
Location:
Condition 1:

Dry

Condition 2: =
Condition 3: -

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Density (dry) (Mg/m(3)}
(g/em(3))

1,81

1.4

Clay content (%)

22 to: 100

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

Property class:

Dens ity

Material: Chilorlte

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

Property/units: Density (dry) (presumed
g/cm(3}))
ranges from: 2,6
to: 2,96
as: -
ranges from: - to: -
Reference: Grim (1968)

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



Property class:
Materlal: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/urnits:
ranges from:
to:

as:

ranges from:

Reference: Taylor et al

99

Dens ity

Hanford
Ringold clay D

Spgﬁlflc gravity (g/cm(3))
2'

- to: -
(1980)

Source: RHO-BW|-SA-80 (1981), p, 6

Property class:
Material: Clay
Formatlion:
Locatlion:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:
ranges from:
to:

as:

ranges from:

Density

Biue Clay
Italy

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

- to: -

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

Property class:
Material: Clay
Formation:
Location:

Condition 1: -

Conditlion 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges trom:

Dens ity

Boom Clay
Be lgium

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

- to: -

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

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

as:

ranges from:

Dens ity

Oxtord Clay
England

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

- to: -

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

Property class:
Materjal: Clay
Formation:
Location:
Condlition 1:

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

as:

ranges from:
Reference:

Boutwel |

Density

Porter's Creek Clay
Loulsiana

Smectite, kaolinite, 1llite,
etc,

Quartz 5 to 50 %

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

- to: -
(1980)

Sour ce: ORNL/Sub/B4-64794/1 (19435), p, 173

Proparty class:

Dens |ty

Material: Clay and Sand

Formatlion:
Location:
Condition 1:

Condition 2:
Condltion 3:
Property/unlts:

ranges from:
to:
as:

ranges from:

Various bentonlite sand
mi xtures
10 - 70% clay by welight

Density (dry) (kg/mg(3)) (?)
{(g/cm(3)) (?)

ca, 1,6

ca, 2,2

Clay content (%) and moisture
content (%)

70; co. 20 - 27 to: 10;
ca, 5 - 15

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

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

ranges from:

to:

as:

ranges from:
Retference: -

Density
and Shales

Eastern US
Twenty=-six determirations

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

- to: -

Source: Y/OM|/SUB-7009/1 (1976), p, 10

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

as:

ranges from:
Refarence: Grim

Dens 1ty

1ilite

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

2,13
Humidity (%)
Ory to: 100
(1968)

Source: Y/OM1/5UB-7009/1 (1976), p, 9



Property class:

Densify

Material: I|llite and Smectite

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

Mixed-{ayer with smectite

Denslty (presumed g/cm(3))

ranges from: 2,64

to: 1,48

8s: Humidity (%)
ranges from: Dry to: 100

Reference: Grim

(1968)

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

Property class:

Dens ity

Material: Kaolinlte

Formation: -
Location: -
Condition V: -
Condition 2: -
Condition 3: -
Property/units: Denslty (dry) (Mg/m(3))
(g/cm(3))
ranges from: ca, !,2
to: ca, 1.5

as:
ranges from:

Molsture content (%)
10 to: 25

Pronerty class:

Density

Materlal: Ol! Shales

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

ranges from:

to:

as:

ranges from:
Reference: -

Green Rlver Fm

Mahogany zone

Denstty (bulk) {(presumed
ag/cm(3))

1,506

2,37

- to: -

Source: Y/OW|/5UB-7009/1 (1976), p. 13

Property class:
Material: Shale
Formation:
Locat ion:
Conditlon 1:
Condition 2:
Conditlion 3:
Property/units:

Dens |ty

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

Denslity (presumed g/cm(3))

ranges from: 2,5

to:
as:
ranges from:

Water content (%)
6 to: -

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

Property class: Density

Reference: McCulloch (1967)
Source: Y/OWI|/SUB-7009/1 (1976), p. 12

Property class: Denslty

Materlal: Kaolinlte

Formatlon:
Locatlon:
Condition 1:
Conditlon 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reterence: Grim

Density (presumed g/cm(3))

2,60 - 2,68
2,43
Humidity (%)
Dry to: 100
(1968)

Source: Y/OW|/5UB=7009/1 (1976), p, 9

Property class:

Dens |ty

Material: Kaollnlte and Sand

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

ranges from:

to:

ass

ranges from:
Reference: -

Ory

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

2,05

1,45

Clay content (%)

22 to: 100

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

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

Antrim Shale
Michligan

Quartz dominant
Itlite, kaolinite

Denslity (bulk) (g/cm(3))

ranges from: 2,2

to:
as:
ranges from:

Reference: Young

2,8

- to: -
(1978)

Source: ORNL/Sub/84-64794/1 (1985), p, 96

Property class:
Materla|: Shale
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Proparty/units:

ranges from:

to:

as:

ranges from:
Reference: =

Dens ity

Bearpaw Shale

Montana

Upper Cretaceous

Depth trom 180 to 200 feet

Density (dry) (average)
(lbs/t1(3))
118 (1,890 g/em(3))

= to: -

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



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

ranges from:

to:

as:

ranges from:
Reference: -

Source: Y/ON|/TM36/6,

Property class:
Materia!: Shale
Formation:
Location:

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

ranges from:
to:
as:
ranges from:

Ders i +y

Bearpaw Shale

Montana

Upper Cretaceous

Depth from 180 to 200 feet

Denslty (wet) (average)
(pounds/f+(3))
135 (2,162 g/em(3))

- to: -

p. 6-1

Denslity

Naw Atbany Shale

Ilitnots, iIndiana, and
Kentucky

Devonlan and Mississipplan
Five coreholes
I1lite:chlorite = 2:1

Dens! (bulk) (average)
(g/em(3))

2,36

2,53

- to: -~

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

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

Density

Olentangy and Huron Shales
Ohlo

I1tite domlnant

Severa| samples

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

- to: -

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

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

as:

ranges from:
Reference: Abel

Density

Plerre Shale
Northern Great Plains

Density (dry) (Ib/cy $t)
95 (1,522 g/cm(3))
110 (1,762 g/cm(3))

- to: -

and Gentry (1975)

Source: ORNL/Sub/84-64794/1 (1985), p. 293
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Property class: Density
Materfal: Shale (a)
Farmation: -
Locatlon: -
Condition 1: Miocene
Condltion 2; -
Condition 3: -
Property/units: Density (buik) (presumed
g/em(3))
2,1
2,5
Water content (%); depth (f1)
ranges from: 31; 6,000 to: 4; 16,000
Reference: Kerr and Barrington (1961)
Source: Y/OWI/SUB-7009/1 (1976), p, 12

ranges from:
to:
as:

Property class: Density
Materlal: Shale (a)
Formation: =-
Location: -
Condition 1: Summary
Condition 2;: -
Condlition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: ~
Source: ORNL=6241/V1 (in preparation) p, 40

Property class: Density
Materlal: Shale (b)
Formation: -~
Location: -
Condition 1: =~
Condition 2;: -
Condition 3: =~
Property/units: Density (grain) (averag. )
(presumed g/cm(3))
ranges from: 2,71
to: =
as: ~
ranges from: - to: =~
Reference: -
Source: Y/OM|/SUB-7009/1 (1976), p. 10

Dens ity (kg/m(3))
2,123 (2,123 g/em(3))
3,003 (3,003 g/cm(3))

- to: -

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from: - to: -
Reference: %?:;2, M, (personal communication)
)
Source: ORNL-6241/V2 (in preparation) p, 99

Density
(b)

O1 010

ens ity (kg/m(3))
»563 (2,563 g/em(3))

LEN



Property class: Denslfy
Material: Shale (c)
Formation: -
Location: -
Condition 1: Paleozolc
Condition 2;: Deep burlat
Condltion 3: Expanded
Property/units: Density (presumed g/cm(3))
ranges from: 2.4
to: -
as: -
ranges from: - to: -
Reference: ~
Source: Y/OWl/SUB=-7009/1 (1976), p, B

Property class: Denslity
Materlial: Shale (d)
Formation: -
Location: -
Condition 1: Paleozoilc
Conditlion 2: Deep burlat
Condition 3: Non-expanded
Property/units: Density (presumed g/cm(3))
ranges from: 2,65
to: -
as: -
ranges from: - to: -
Reference: -
Source: Y/OWI1/SUB-7009/1 (1976), p. 8

Property class: Density
Material: Shale (e)
Formation: -
Location: -
Conditlion 1: Paleozolc
Conditlon 2: Shallow burial
Condition 3: Expanded
Property/unlits: Denslty (presumed g/cm(3))
ranges from: 2,2
to: -
as: -
ranges from: - to: =
Reterence: =
Source: Y/OW1/SUB=7009/1 (1976), p, 8

Property class: Density
Material: Shale (f)
Formation: =~
Location: -
Condition 1: Paleozolc
Condltion 2: Shallow buriai
Condition 3: Non-expanded
Propaerty/units: Density {(presumed g/cm(3))
ranges from: 2,3
to: -
as: -
ranges from: - to: -
Reference: -
Source: Y/OW!/SUB=7009/1 (1976), p. 8
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Property class: Density
Material: Shale (g)
Formation: -
Location: -
Condition 1: Tertlary
Condition 2;: Deep burlal
Condltion 3: Expanded
Property/units: Denslity (presumed g/cm(3))
ranges from: 2,2
to: -
as: -
ranges from: - to: -
Reference: =
Source: Y/OW!/SUB=7009/1 (1976), p, 8
Property class: Density
Material: Shaje (h)
Formatlion: =
Location: ~
Condition 1: Tertlary
Condition 2: Deep burlal
Condition 3: Non-expanded
Property/unlts: Density (presumed g/cm(3))
ranges from: 2,5
to: -~
as: -~
ranges from: - to: -
Reference: -
Source: Y/OWi/5UB-7009/1 (1976), p, 8

Property class: Density
Material: Shale (1)
fFormation: -
Location: -~
Condition 1: Tertlary
Condition 2: Shallow burlal
Condlition 3: Expanded
Property/units: Density (presumed g/cm(3))
ranges from: 2,0
to: -
as: -~
ranges from: = to: -
Reference: -
Source: Y/OM|/5UB=-7009/1 (1976), p, 8

Property class: Density
Material: Shale (})
Formation: -

Location: Guif Coest
Condition t: Ollgocene
Condition 2:
Cond!tion 3:
Property/units: DensH'y (g/cm(3))
ranges from: 2,1
to: 2 3
as: Poroslfy ($); Depth (feet)
ranges from: 22 2,000 to: 12; 10,000

Reference: Two ret
Source: Y/(NI/SLB-7009/I (1976), p. 121



Property class: Densl
Maferlar: Shate (k) Y
Formation: =
Location: Guif Coast
Condition 1: Eocene
Conditlon 2; Depth 8,600 feet
Condltion 3;: -
Property/units: Density (presumed g/cm(3))
ranges from: 2,58
to: -
as: Water content (%)
ranges from: 1.3 to: -
Reference: Dick!nson (1953)
Source: Y/OWI /SUB~7009/1 (1976), p, 12

Property class: Denslty
Materlal: Shales
Formation:
Location:
Conditlion 1:
Conditlon 2:
Condition 3: -
Property/units: Density (dry) (presumed
g/cm(3))
ranges from: 1,55
to: 2,55
as: Depth (feet)
ranges from: O to: 11,000
Reference: Skeels (year not stated)
Source: Y /0wl /SUB~T009/1 (1976), Fig. |

| I I |

Property class: Density
Material: Shales
Formation: -
Location: -
Condition 1: Represents many tests
Condition 2;: -
Condition 3: -
Property/units: Denslty (lbs/f1+(3))
ranges from: 117 (1,874 g/cm(3))
to: 188 (3,011 g/em(3))
as: -
ranges from: - to: -
Reference: Several refs
Source: (/0W\ /TM36/6, p, A~2, 3 8 4

Property class: Denslty
Material: Shales
Formatfon: -
Location: =
Condition 1: -
Condition 2: -
Condition 3: -
Property/units: Density (wet) (presumed
g/cm(3))
ranges from: 1,98
1‘0: 2.67
as:'Depth (feet)
ranges from: 0 to: 11,000
Retference: Skeels (yeai' not stated)
Source: Y/OWl /SUB~7009/1 (1976), Fig. 1

Property class:

Material: Shales

Formation:
Location:
Condlitlion i:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Dens ity

Black Hills

Cretaceous

Nine determinatlions
Density (graln) (avarage)
(presumed g/cm(3))

2,66

- to: -

Source: Y/OM|/SUB-7009/1 (1976), p, 10

Property class:

Materlial: Shales

Formation:
Location:
Condition 1:
Condition 2:

Condlition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Dens ity

Eastern Canada

Cretaceous

1111t+e dominant plus
chlortite, quartz, smectl!te,
etc,

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

2,07

2,68

Depth (feet)

2,698 to: 9,120

Reference: Kaarsberg (1959)
Source: Y/OW\/SuB-7009/1 (1976), p, 15

Property class:

Dens 1ty

Material: Shales

Formation:
Locatlon:
Condition 1:
Condition 2:
Condl tion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: =

Kansas
Paleozolc and Mesozolc
Twenty-flive determinations

Density (graln) (average)
(presumed g/cm(3))
2,12

- to: =

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

Property class:

Dens ity

Materlal: Shales

Formation:
Locatlon:

Condition 1:
Condl tion 2:
Condi tion 3:
Property/units:

ranges from:
to:
as:
ranges from:

New York, Kentucky, Virginia
and West Virginia
Devon lan

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

2,61

2,68

- to: -

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



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

ranges from:
to:
as:
ranges from:

Shales

104

Dens ity

Ok lahoma
Permian and Pennsylvantan

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

2,1

2,62

Depth (feet)

400 to: 5,000

Reference: Athey (1930)

Source: Y/OWi/SUB-7009/1

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

ranges from:

tao:

as:

ranges from:
Reference: -

Source: Y/OWi/SUB=7009/1

Property class:

(1976), p. 16

Dens Ity

Shales

Venezusia
Tertiary
Forty determinations

Density (graln) (average)
(presumed g/cm(3))
2,69

- to: -~
(1976), p, 10

Density

Material: Shales

Formation:

Location:
Condition 1:
Condition 2:
Condition 3:

Property/units:

ranges from:
to:
as:
ranges from:

Graneros, Greenhorn, Nlobafa
and Plerre Shales
Black Hlil s

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

1,559

2,038

- to: -~

Reference: Rubey (1930)

Source: Y/OWI1/S5UB-7009/1

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

ranges from:
to:
as:
ranges from:

(1976), p. 14

Density

Shales

treton Fm

Western Canada

Devon tan

Iilite plus chlorite
Some calcite and dolomite
Density (bulk) (presumed
g/em(3))

2,43

2,7t

Depth (feet)

2,770 to: 6,565

Reference: Kaarsberg (1959)
Source: Y/OW1/SUB=7009/1 (1976), p, 17

Property class: Density
Materlial: Shales (a)
Formatlion:
Location: -
Condition 1: -
Condition 2: -
Condltion 3: -
Property/units: Denslity (bulk) (g/cm(3))
ranges from: 1,6
to: 2.5
as: Depth (m)
ranges from: 0 to: 6000
Reterence: Several refs
Source: ORNL-6241/V2 (In preparation) p,

Property class: Density
Material: Shales (b)
Formation: =
Location: =
Condition 1: Pennsylvanlan
Condition 2: Three sampies
Condition 3: -
Property/units: Oensity (bulk) (presumed
g/cm(3))
ranges from: 2,40
to: 2,43
as: Water content (%)
ranges from: 12 to: 11
Reference: Kaarsberg (1959)
Source: Y/OW|/SUB-7009/1 (1976), p. 16

Property class: Density
Materlal: Shates (c)
Formation: ~-
Location: -
Condition 1: Mississippian-Devontan
Condition 2: -
Conditlion 3: -
Property/units: Density (natural) (presumed
g/cm(S))
.43
2,65

ranges from:
tos
as:
ranges from: = lo: -
Reference: -
Source: Y/OW!/SUB=7009/1 (1976), p. 18

Property class: Density
Materiat: Smectlte
Formation: -
Location: -
Condition 1: -
Condition 2: -
Condition 3:
Property/units:
ranges from:
to:
as:

Density (presumed g/cm(3))
2,2-2,7
1,77
Humidity (%)
ranges from: Dry to: 100
Reference: Grim (1968)
Source: Y/OW|/SUB=-7009/1 (1976), p. 9

199



Property class:
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Mcisture content

Materlal: Argillite

Formatlon:
Locatlion:
Condition 1:
Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: =

Eleana Argltlite

Nevada

Quartz and 1l|ite dominant
Lessar kao!lnite, chamosite,
etc.

Moisture content (%)

2

4

- to: -

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

Property class:

Molsture content

Material: Bentonlte and Sand

Formatlion:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/unlits:
ranges from:
to:
as:
ranges from:
Reference: -

Molst

Molsture contant (%)
13 .

22

Clay content (%)
22 to: 100

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

Property class:

Molsture content

Materlai: Kaciinite and Sand

Formation:
Location:
Condition t:
Condition 2:
Condi tion 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: =

Moist

Moisture content (%)
10

30

Clay content (%)

22 to: 100

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

Property class:
Materiatl:
Formation:
Location:
Condition t:
Condition 2:
Condition 3:
Property /unlts:

ranges from:

to:

as:

ranges from:
Retference: -

Shale

Molsture content

Arnheim and Waynesville Fms
Ohio

Ordovician

Intact

Moisture content (natural)
¢

2

- to: -~

Source: Y/OWI1/TM36/6, p, 5-14

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

Source: Y/OW1/TM36/6,

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

ranges from:

to:

as:

ranges from:
Reference: =

Molsture content

Bearpaw Shale
Montana
Upper Cretaceous

Depth from 180 to 200 feet
YWater content (average) (%)
15

- to: -~

pe 6=1
Moisture content

Chagrin Shale

Ohio

Devonlan

Intact

Molisture content (natural)
(%)

4

- to: -

Source: Y/OW|/TM36/6, p, 4~12

Property class:
Materjal: Shale
Formation:
Location:
Conditlon t:
Conditlon 2:
Condltlion 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Mo Isture content

Lewls Shale
New Mexico

Moisture content (%)
3.7
6,2

- to: -

Source: Y/OW| /TM36/6, p, 8-5

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

Molisture content

Mancos Fm
New Mexlco

Mo lsture content (rock) (%)

ranges from: 3

to:

as:

ranges from:
Reference: -

1

- to: =

Source: Y/OW!/TM36/6, p, 8-3



Property class:
Materijal:
Formation:
Locatlon:
Condition 1:
Condition 2:
Cond!ltion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Mo isture content

Shale (a)

Intact

MgISfure content (natural)
(%)

0
38

- to: -

Source: Y/W| /TM36/6, p, 2-2

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

ranges from:

to:

as:

ranges from:
Reference: -

Molsture content
(b)

"Typlcal" 11lltic
Intact

Molsture content (natural)
¢ 3]
1.5

- to: -

Source: Y/OM| /TM36/6, p, 7-8

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

ranges from:

to:

as:

ranges from:
Reterence: -

Moisture content
(c)
Pierra Shale

Cretaceous
Intact

Mg!sfure cortent (natural)
(%)

18

- to: =~

Source: Y/Oul /AM36/6, p. 3-24

Property class:
Material: Shale
Forma+tion:
Location:
Condition t:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: Abel

Moisture content

(d)

Plerre Shale

Northern Great Plains

Moisture content (natural)
%)

18

38

- to: -

and Gentry (1975)

Source: ORNL/Sub/84-64794/%1 (1985), p, 293
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Property class:
Material: Shale
Formation:
Locat lon:
Conditlion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: -~

Moisture content
(e)

Plerre Shale
Western USA
Cretaceous

Molsture content (%)

35

15

Depth

"Near surface" to: "Deeply
burled”

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

Property class:
Materlal:
Formation:

Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference: Abel

Molsture content

Shales

Plerre, Bearpaw and Claggett
Shales

Porosities stabllize at 200
to 300 feet depth

T:;sfure content (natural)
38

12

Porosity (%)

61 to: 26

and Gentry (1975)

Source: Y/OWl /SUB-7009/1 (1976), p. 14

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

as:

ranges from:

Moisture content

Snales (a)

Represents many tests

?o;sfure content (%)
38

- to: -

Reference: Severa! refs
Source: Y/OWM1/TM36/6, p, A-13, 14 3 15

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

as:

ranges from:

Molsture content

Shales (b)

Water content (voi %)
70 to 90

5t0 10

Depth (m)

0 to: 1,000

Reference: Burst (1969)

Source: ORNL-6241/V2 (in preparation)

p. 218



Property class:

107

Poros ity

Material: Argllilte

Formation:
Location:
Condition 1:
Conditlion 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: =

Eleana Arglliite

Nevada

Quartz and |i|lte dominant
Lesser kaollnlte, chamosite,
etc,

Poros ity (%)
B to 16

6 to 12
Depth (m)

<500 to: 500-914

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

Property class:

Poros Ity

Material: Bentonite and Sand

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

ranges from:
to:

as:
ranges from:
Reference: =

Various bentonite:sand ratios

Poroslty (effective) (units
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:
Materliai: Clay
Formatlon:
Location:
Condition 1:
Condition 2:
Condlition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Poros | ty

Blue Clay
Italy

Porosity (%)
25

- to: -

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

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

as:

ranges from:

Poros ity

Boom Clay
Belgium

Poroslity (%)
38,5

- to: -

Reference: Chapman and Gera

Source: Rad Waste Mana

ent and Nuclear Fuel

Cycle, v, 6 (1985), p, 54

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

as:

ranges from:

Poros ity

Oxford Clay
England

Porosity (%)
30

- to: ~

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

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

ranges from:

to:

as:

ranges from:
Reference: -

Porosity

Iilite

Specific surface = 8 hm(2) /kg

Porosity (effectlive) (unlts
not stated)

ca, 0,5

ca, 0,002

Denslity (dry) (Mg/m(3))

1,2 to: 2,6

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

Property class:

Material: Kaolin

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

ranges from:

to:

as:

ranges from:
Reference: =«

Poros | ty
ite

Specitic surface = 2 hm(2)/kg

Porosity (effective) (units
not stated)

ca, 0.5

ca, 0,002

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

1.2 to: 2,6

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

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

ranges from:

to:

as:

ranges from:
Reference: -

Porosity

ADOPTED BASE VALUE

Porosity (effective) (units
not stated)

0,05

0,005

- to: -

Source: ORNL-6241/V1 (in preparation) p, 33
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Property cilass: Porosity
Material: Shale
Formation: -
Location: -
Condition 1: '"Typical® fifitic
Condition 2: Intact
Condltion 3: -
Property/units: Poroslty (rock mass) (%)
ranges from: 3,0
to: -
as: -
ranges from: -~ to: =
Reference: =
Source: Y/OM|/TM36/6, p, 7-8

Property class: Porosity
Materlal: Shale
Formation: -
Location: -
Conditlion 1: ADOPTED BASE VALUE
Condition 2: =
Condition 3: -
Property/units: Porosity (total) (unlts not
stated)
ranges from: 0,1
to: 0,01
as: -
ranges from: = to: -
Reference: -
Source: ORNL-6241/V1 (in preparation) p, 33

Property class: Poroslty
Material: Shale
Formation: -
Location: Great Britain
Condltion 1: S|turlan
Condition 2: Flve outcrop samples
Condltion 3: =
Property/units: Porosity (total!) (units not
stated)
ranges from: 0,020
to: 0,101
as: -
ranges from: - to: -
Reference: Manger (1963)
Source: ORNL-6241/V2 (in preparation) p, 52

Property class: Porosity
Materlal: Shale
Formation: =
Location: Michigan
Conditlion 1: Devonian
Condition 2: -
Condlition 3: -
Property/units: Porosity (total) (units not
stated)
ranges from: 0,03
to: 0,10
as: -
ranges from: = fo: -
Reference: Gonzales (1984)
Source: ORNL-6241/V2 (in preparation) p, 52

Property class: Porosity
Materlal: Shale
Formation: =~
Location: South Carolina
Condition 1: Trlassic
Condition 2: Dumbarton Basin
Condlition 3: -
Property/units: Porosity (eftective) (units
not stated)
ranges from: 0,005
to: -
as: -
ranges from: - to: -
Reference: Gonzales (1984)
Source: ORNL~-6241/V2 (In preparation) p., 52

Property class: Poroslty
Material: Shale
Formation: Arnhelm and Waynesvi!le Fms
Location: Ohlo
Condition 1: Ordovician
Conditlion 2: Intact
Condition 3: - "
Property/units: Porosity (effective) (%)
ranges from: 4

to: =
as: -~ .
ranges from: - to: -
Retference: - {

Source: Y/OW|/TM36/6, p, 5=14

Property class: Porosity
Material: Shale
Formation: Chagrin SHale
Locatlion: Ohilo :
Conditlon 1: Devonian
Condition 2: Intact !
Condition 3: -~
Property/units: Porosity (rock mass) (%)
ranges from: 8
to: -
as: -~
ranges from: =~ to: -
Reference: -
Source: Y/OWMI/TM36/6, p, 4-12

Property class: Poroslity
Material: Shale
Formatlon: Chanute Shale
Location: Kansas
Condition 1: Pennsyivanian
Conditlon 2: Four samples
Conditlion 3: 230-m depth
Property/unlits: Poroslty (total) (units not
stated)
ranges from: 0,073
to: 0,106
as: -
ranges from: ~ to: -
Reference: Menger (1963)
Source: ORNL=-6241/¥2 (in preparation) p, 52



Property class:
Material:
Formatlion:
Locatlon:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Shale
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Poros |ty

Chattanooga Shale
Kentucky

Devonian

Two subsurface samples
Poros|ty (totatl)
stated)

0,074

0,076

(units not

- to: =~

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

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

Porosity

Conasauga Shale
Tennessee

Porosity (%)

ranges from: 0,5

to:
as:
ranges from:

1.9

- to: -

Reference: DelLaguna (1968)
Source: ORNL=6241/V2 (In preparation) p, 219

Property class:
Material: Shale
formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:.

ranges from:
to:
as:
ranges from:

Poros |ty

Conasauga Shale

Tennessoe

Cambrian

Flve samples

Porosity (total) (units not
stated)

0.005

0,019

- to: -

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

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

ranges from:
to:
as:
ranges from:

Porosity

Hami Iton Shale

Missouri

Mississipplan

One outcrop sample

Porosity (totai) (units not
stated)

0,113

- to: -

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

Property class:
Materiai: Shale
Formation:
Locatien:
Condition i;
Condition 2;
Condition 3:
Proparty/unlts:

ranges from:
to:
as:
ranges from:

Porosity

Martinsburg Shale
Pennsy!vanla

Ordovician

Quarry sample

Porosity (total) (units not
stated)

0,010

- to: -

Reference: Manger (1963)
Source: ORNL~6241/V2 {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:

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

ranges from:
to:
as:
ranges from:

HandIn et al
Source: Y/OW1/SUB-7009/1

Porosity

Muddy Shate
Cotorado
Depth 4,900 feet

Poroslity (%)

4.1

5,1

- to: =~

(1963)

(1976), p, 14

Poros ity

New Albany Shale
Ittinols, Indlana, Kentucky
Devonian

Porosity (total) (units not
stated)
0,009
0,046

- to: -

Reference: Gonzales (1984)
Source: ORNL=-6241/V2 (In preparation) p. 52

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

Poros|ty

Olentangy and Huron Shale
Ohlo

Devonian and Misslssipplan
1111¥e dominant

Porosity (primary) ($)
>3 £

- to: -

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



Property class: Poros!ty
Materlal: Shale
Formation: Ophlr Shale
Locatlon: Utah
Cond!tion 1: Cambrlan

Cond!tion 2: Two subsurface samples

Condition 3: =~
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Property/unlts: Poros!ty (total) (unfts not

stated)
ranges from: N,009
to: =~
as: -
ranges from: - to: -
Reference: Manger (1963)

Source: ORNL-6241/V2 (In preparatlon) p, 52

Property class: Poroslty
Material: Shale
Formatlion: Plerre Shale
Locatlion: -
Condltfon 1: Cretaceous
Cond!tlon 2: Intact
Conditlon 3; =
Property/untts: Porostty (%)
ranges from: 33
to: -
as: -
ranges from: - to: =
Reference: -
Source: Y/OW!/TM36/6, p, 3-24

Property class: Poroslty
Materlal: Shale (a)
Formation: =
Locatlon: -
Condltlon 1: =
Conditton 2: -
Condltlon 3: -
Property/unlts: Porostty (%)
ranges from: 30
to: 5 to 10
as: Depth (m)
ranges from: 500 to: 2,500
Reference: Conybeare (1967)

Source: ORNL-6241/V2 (1n preparatlion) p, 218

Property class: Poroslty
Mater!al: Shale (a)
Formatton: =
Locatlon:
Condltton 1:
Condlt+ton 2:
Cond!tlon 3:

Property/unlts: Porostty (efftect!ve) (unlts not

ranges from: 0,01
to: ~
as: -
ranges from: - to: =

Reference: Loken, M, (personal communlcat!on)

(1984)

Source: CRNL-~6241/V¥2 (1n preparattion) p, 99

Proparty class:
Materlal: Shale
Formatlon:
Locatlion:
Condltlon 1:
Condlitlon 2:
Cond!tlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

Poros !ty
(a)

Porostty (total) (unlts not
stated)
0,03

to: ~

Reference: Loken, M, (personal communlicatlion)

(1984)

Source: ORNL=6241/V2 (In preparatlon) p, 99

Property class:

Materlal: Shale (

Formatlon:
Locatlon:
Condltion 1:
Condl!tlon 2:
Conditlon 3:
Property/untts:
ranges from:
to:

as:

ranges from:

Porostty

a)

Antrim Shale

Mlchigan

Devonlan

Depth from 350 to 450 m

Porostty (%)
3
10

- to: -

Reference: Two refs
Source: ORNL-5703 (1983), p. 106

Property class:
Matertal: Shale
Formatlon:
Locatton:

Cond!tlon 1:
Condttlon 2:
Condlitton 3:
Property/unt+ts:
ranges from:
to:

as:

ranges from:

Porostty

(a)

New Albany Shale

I 11tno!s, indlana and
Kentucky

Devonlan and Misslisstpptan
Four coreholes

Poroslty (average) (vol, $)
0,95

4,64

- to: =

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

Property class:
Matertal: Shale
Formatlon:
Locat!lon:
Cond!tlon 1:
Cond!tlon 2:
Cond!tlon 3:
Property/units:

Porosity
(b) .

Intact

Poroslty (rock mass) (%)

ranges from: O

to:

as:

ranges from:
Reference: =

45

- to: -

Sctirce: Y/OW|/TM36/6, p, 2-2
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Property class: Porosity
Material: Shale (b)
Formation: =
Location: =
Condltion 1: -
Condltion 2: -
Condition 3: -
Property/units: Porosity (total) (units not
stated)
ranges from: 0,03
to: -
as: -
ranges from: - fo: -
Reference: D'Appatonia (1980)
Source: ORNL=65241/VY2 (in preparation) p. 52

Property class: Poroslty
Material: Shale (b)
Formation: Antrim Shale
Location: Michligan
Conditlon 1: Quartz domlnant
Condlition 2;: 11l1te and kaolinlite
Condition 3: =
Property/units: Porosity (%)
ranges from: 3
to: 10
as: -
ranges from: = to: =
Reference: Young (1978)
Source: QRNL/Sub/84-64794/1 (1985), p. 98

Property class: Porosl|ty
Material: Shale (b)
Formation: New Albany Shale
Location: ltlinols, indiana, Kentucky

Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from: 0,95
to: 4,64
as: -
ranges from: = tfo: -
Reference: Kalyoncu et al (1979)
Source: ORNL/Sub/84-64794/1 (1985), p, 85

Black shale
Quartz dominant
Illite:chlorite =
Poros ity (%)

2:1

Property class: Porosity
Material: Shale (c)
Formation: =
Location: -
Condition 1: Two samples
Condition 2: -
Condition 3: =
Property/units: Porosity (total) (units not
stated)
v,003
0,056

ranges from:
to:
as:
ranges from: - to: -
Reference: Panday (1974)
Source: ORNL=-6241/V2 (In preparation) p, 52

Property class: Poroslity
Materlal: Shale (d)
Formation: -
Location: Ohlo
Condition 1: Devonlan
Condition 2: Appatachian Basin Shale

Condlition 3:
Property/units: Porosity (total) (unlts not
stated)
ranges from: 0,03

to: -
as: -

ranges from: = to: =
Reference: Gonzales (1984)

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

Property class: Porosity
Material: Shale (e)
Formation: =
Location: Pennsylvania

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

Devonian
Gas shale

Poros ity (total) (unlts not
stated)
ranges from: 0,0117
to: -
as: -
ranges from: - to: -
Reference: U, S, DOE (1981)
Source: ORNL=-6241/V2 (In preparation) p, 52

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

Porosity
(f)

Scotiand
Carbonl| ferous
Qutcrop sample

Porosity (total) (units not
stated)
ranges from: 0,016
to: -
as: -
ranges from: = to: =
Reterence: Manger (1963)

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

Property class: Poroslity .

Materlal: Shales
Formation:
Location:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:
ranges from:

Porosity (%)
70

to: 10
as: Depth (m)
ranges from: 0 to: 6,000

Reterence: Several rets

Source: ORNL-6241/V2 (In preparation) p, 199



112

Property class: Poroslty Proparty class: Poros!tty
Materlal: Shales Materlal: Shales
Formation: - formation: -

Locatton: Appalachlan Bas'!n Locatton: Kentucky, New York, Virginta
Condltton 1: Devonlan and West Virginta
Cond!tlon 2;: =~ Cond!tlon 1: Devonlan
Condttton 3: -~ Corditlon 2: -

Property/unlts: Poroslity (%) Conditlon 3: -
ranges from: ca, 3 Property/unlits: Poroslity (average) (vol, %)
to: - ranges from: 2.86 to 3,87
as: - to: -
ranges from: =~ to: - as: -
Reference: Gonzales and Johnson (1984) ranges from: - to: =

Source: ORNL-6241/V2 (1n preparation) p. 219 Reference: Several refs

Source: ORNL-5703 (1983), p, 37
Property class: Poroslty

Materlal: Shales Property class: Poroslty
fFormatton: - Materlal: Shales
Location: l11ilnols Baslin Formation: -
Cond!tlon 1: Devonlan Location: Mlichlgan Basir
Cond!ttion 2: =~ Condttlon 1: Devonlan
Condltlon 3: = Cond!tlon 2: =
Property/units: Poroslty (%) Conditlon 3: -
ranges from: 0,9 Property/unlts: Porosltty (%)
to: 4.6 ranges from: 3
as: - to: 10
ranges trom: -~ to: - as: -
Reference: Gonzales and Johnson (1984) ranges from: = to: =

Source: ORNL=-6241/V2 (1n preparation) p, 219 Reference: Gonzales and Johnson (1984)

Source: ORNL-6241/V2 (In preparatlion) p, 219
Property class: Poroslty

Materltal: Shales Property class: Foros!ty
Formatton: = Materlai: Shales
Locatton: Kentucky (a) Formation:
Cond'tton 1: Pennsylvanlan Locatlon: Oklahoma
Cond!tlon 2: - Conditlon 1 Pennsylvanlan and Permlan
Condltlon 3: - Condl+ton 2:
Property/unlts: Poroslty (%) Condition 3:
ranges from: 3,3 Property/unlts: Poroslfy 1¢))
to: 10,1 ranges from: 25
as: Depth (m) to: 2
ranges trom: ca, 450 to: - as: Depth (feet)
Reference: Glpson (1966) ranges from: 400 to: 5,000

Source: ORNL-6241/V2 (1n preparatlon) p. 219 Reference: Athey (1930)

Source: Y/Owl/SUB=7009/1 (1976), p, 16
Property class: Poroslty

Materlal: Shales Property class: Poroslty
Formation: = Materlal: Shales
Locatlion: Kentucky (b) Formation: -
Conditlon 1: Pennsylvantan Locatlion: Pennsyivanla
Condltton 2: Poroslty decreases wlth depth Cond!tton 1: Devontan
Condltlon 3: Poroslty decreases w!th pre- Conditton 2: -
ferred ortentation Cond!tlon 3: -
Property/untts: Poroslty (%) Property/untts: Poros!ty (ettectlive) (%)
ranges from: 15 ranges from: 1,17
to: 3 to: -
as: Depth (feet); Water content as: =
(%) ranges from: - to: =~
ranges from: 31; 6 to: 1,484; 1 Reference: U, S, DOE (1981)
Reference: Glpson (1966) Source: ORNL-6241/V2 (!n preparatton) p, 219

Source: Y/QOW!/5UB-7009/1 (1976), p, 16



Property class:

Porosity

Material: Shales

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

as:

ranges from:

South Carolina
Trlasslic

Porosity (effective) (%)

ca, 0,5

= to: -

Reterence: U, S, DOE (1981)
Source: ORNL-624]/V2 (In preparation) p., 219

Property class:

Poros |ty

Material: Shales

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

ranges from: 1

to:
as:
ranges from:

USA and Eurocpe
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Outcrops, mines and boreholas

Porosity (%)
9
|

- fo: =~

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

Property class:

Porosity

Material: Shales (a)

Formation:
Location:
Condlition 1:
Condition 2:
Condlition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: =~

oroslty (%)

-

5

-to: =

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

Property class:

Porosity

Materlal: Shales (b)

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

as:

ranges from:

Porosity (%)
15 to 45

3 to 20

Depth (m)

600 to: 3,000

Retference: Rieke (1974)
Source: ORNL-6241/V2 (in preparation) p, 219

Property class: Porosl|ty
Materlal: Shates (c)
Formation: =
Location: =
Condition 1: Mississlpplan and Devonian
Conditlion 2: -
Condition 3: =~
Property/units: Porosity (%)
ranges from: 0,4
to: 7,2
as: -
rangoes from: - to: -
Reference: -
Source: Y/OW!/SUB-7009/1 (1976), p, 18

Property class: Poros |ty
Material: Shales (d)
Formatlon: -
Location: =
Condition 1: Represents maiy samples
Condition 2: ~
Condition 3: -
Property/units: Porosity (%)
ranges from: 0,0
to: 44,8
as: -
ranges from: - to: -~
Reference: Several refs
Source: Y/OW| /TM36/6, p. A-12

Property class: Poroslty
Material: Shales (e)
formation: -
Location: Germany
Conditior 1: Triasslic
Condlition 2: =~
Condition 3: -
Property/units: Porosity (%)
ranges from: 25
to: ca, O
as: ?;pfh (feet); Water content
)
ranges from: 400; 11 to: 4,000; ca, O
Reference: Muller (1967)
Source: Y/OM1/5UB-7009/1 (1976), p. 15

Property class: Speclfic gravity
Material: Bentonlite (a)
Formation: -
Location: -
Conditlion 1: Avongel
Condition 2: Sl;’dry molsture content =
Condition 3: -
Property/units: Speclfic gravity
(dImensionless)
ranges from: 2,21
to: -
8s: -
ranges from: - to: =
Reference: -

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



Property class:

Specific gravity

Material: Bonfonlfo {b)

Formatlon:
Location:
Condition 1:

Black Hills
Alr dry molsture content =
8.3%

Condition 2: -
Condition 3: -

Property/units:

ranges from:

to:

as:

rangss from:
Reterence: -

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

Property class:

Specific gravity
(dimenslonless)
2,18

~ to: =

Speclfic gruvity

Materiai: Bentonite (Na)

Formatlon:
Locatlion:
Condition 1:
Condlition 2:

Wyoming
MX-80

Condition 3: -

Property/unlits:

ranges from:

Speclflic gravity
(dimens lonless)
2,66

to: -
as: -
ranges from: - to: =

Reference: -

Source: AECL-7825 (1984), p, 12

Property class:

Material: Bentonite (Na) and Sand

Specific gravity

Formation: =

Locatlion:
Condition I:
Condlition 2:

Wyoming
MX-80
50% sand

Condition 3: -

Property/units:

Speclific gravity
(dimenslonless)

ranges from: 2,635

to:

as:

ranges from:
Retference: =

- to: -

Source: AECL-7825 (1984), p, 12

Property class:

Speclfic gravity

Materlal: Kaolinlte

Formatlion:
Locatlon:
Condlition 1:

Condltlion 2:
Condition 3:
Property/unlts:

ranges from:

Air dry molsture content =

Speclflc gravity
(dimensionless)
2.60

to: -

as:
ranges from:
Reference: -

Source: Proc NEA Workshop OECO (1981),

= to: -

Property class: Specific surface
Material: Benfonlfe (Na)
Formation:
Location:
Condition 1: Spaclflc gravity = 2,66

Conditlon 2: Organic content (dry) (£) =

2,5
Condition 3: -
Property/units: Specltlc surface (m{(2)/g)
ranges from: 519
to: 615
as: -
ranges from: - to: -
Reference: -
Source: AECL-7825 (1984), p, 12

Property class: Speclflc surface
Materlal: Benfonlfe (Na) and Sand
Formatlon:
Locatlon:
Conditlon 1: 501 bentonite
Condltlion 2: Specific gravity = 2,635
Condition 3: Organic content (%) = 0,1
Property/units: Specific surface (m(2)/g)
ranges from: 284
to: -
as: -
ranges from: - to: -
Reference: -
Source: AECL=-7825 (1984), p, 12

Property class: Specific surface
Material: Shale
Formation: Antrim Shale
Location: Michigan
Condition 1: Devonlan
Conditlion 2: Typlcally 50-60% quartz,
20-35% I 11lte
Condition 3: Yalues may be Inaccurate
because of method used
Property/units: Speciflc surface (m(2)/q)
ranges from: 0,05
to: 1.2
as: -
ranges from: - to: -
Reference: -
Source: ORNL=-5703 (1983), p, 109

Property class: Speclfic surface
Material: Smectite
Forma‘lion: -

Leecation: =
Conditicy 1: -
Condition 2: -
Condition 3: -

Property/units: Speclific surface (m(2)/g)
ranges from: 800
to: -
as: =
ranges from: - to: -
Reterence: Two refs
Source: NUREG/CP=0052 (1983), p., 182



Property class:
Maggrlayll. Clays
Formatlon:
Locatlon:
Condition 1:
Condition 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:
to:
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Vold ratlo

Vold ratlo (dimensiontess)
ca, 1,5 to0 3.0

ca, 0,5 to 0,6

Effective overburden pressure
(kg/cm(2))

0,1 (0,01 Wa)

110 (10,8 MPa)

‘aference: Skempton (1953)
~ource: ONWI=-312 (1981), p, 21

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

Vold ratio

Kaollnl?e (Ca)

Water saturated,

Vold ratlo (dimenslionless)

ranges from: 2,5

to:
as:
ranges from:

1,0

Pressure

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

Reterence: Olson and Mesr| (1970)
Source: ONWI-486 (1983), p, 38

Property class:

Vold ratio

Material: Kaollnlfe (Na)

Formatlon:
Location:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:

Water saturated.

Void ratlo (dimenslionless)

ranges ¢rom: 2,5

to:
as:
ranges from:

1,0

Pressure

100 pst (0,05 MPa) to:
100,000 pst (4.7 MPA)

Reference: Olson and Mesri (1970)
Source: ONWI=-486 (1983), p, 38

Property class:

Vold ratlio

Material: Snactlfe (Ca)

Formation:
Locatlon:
Conditlon 1:
Conditlon 2:
Condlitlon 3:
Property/units:
ranges from:
to:

as:

ranges from:

Water saturated.

Vold ratio (dImensionless)

7,0

1,0

Pressure

100 pst (0,05 MPa) to:
100,000 pst (4,7 Wa)

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

Property class: Yold ratlo
Materlal: Smecﬂ?e (Na)
Formation:
Location: -
Condition 1: Water saturated,
Condition 2: -
Condition 3: =

Property/units: Vold ratio (dimensionless)
ranges from: 30.0
to: 1,0
as: Pressure
ranges from: 100 pst (0,05 MPa) to:
100,000 pst (4,7 WPa)

Reference: Olson and Mesr! (1970)
Source: ONW|-486 (1983), p, 38
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13.1.3 Appendix A.3. HYDROLOGIC PROPERTT:S

- ¥
.oy
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Property class:
Materlal: Clay
Formation:
Location:
Conditlion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:

ranges from: to:

Reference: Two refs
Source: Rad Waste Management and Nuclear Fuel

Cycle v, 6 (1985), p. 54

Hydraullc conductivity

Blue Clay
ttaly

Hydraullc conductivity (m/s)
10(=11) (1 x 10¢(-9) cm/s)

Property class:
Materlal: Clay
Formation:
Location:
Conditlion 1:
Condition 2:
Condition 3:

Hydraullc conductivity

Boom C lay
Belgium

Property/units: Hydraullc conductivity (m/s)
ranges from: 10(-10) (1 x 10(=8) em/s)
to: 10(=-12) (1 x 10(~10) om/s)
as:
ranges from: fo:

Reference: Two refs

Source: Rad Waste Managsment and Nuclear Fuel
Cycle v, 6 (1985), p. 54

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

ranges from: to:

Reference: Two refs
Source: Rad Waste Management and Nuclear Fuel

Cycle v, 6 (1985), p, 54

Hydraulic conductivity

Oxford Clay
England

draulic conductivity (m/s)
10(=12) (1 x 10(-10) cm/s)

Property class:
Material: Clay
Formation:
Location:
Conditlon 1:
Condition 2:
Condition 3:
Proparty/units:
ranges from:
to:
as:
ranges from:
Reference:
Source: PNL-4452 UC-70 (1983), p., 14

Hydraullic conductivity
Panther Creek Clay

Confining force <100 Ibs
Reference basalt ground water

Hydraulic conductivity (cm/s)
7 x 10(=-12)

2 x 10(-12)

Denslty (g/cm(3))

ca, 1,7 to: ca, 2,9

Property class:
Material: Clay
Formation:
Locattion:
Conditlon 1:

Condlition 2:

Conditlon 3:

Property/units:

ranges from:

to:

as:

ranges from:
Re ference:

Hydraullc conductivity

Porters Creek Clay
Loulsiana

Smactite dominant; plus
tillte, kaolinite and
chlorite

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:
Locatlion:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:
ranges from:

to:

as:
ranges from:

Reference: Dickey

Hydraullc conductivity
and Shales

Permeablitty (md)

8 x 10(-4) (7,7 x 10¢(=10)
cm/s)

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

to:

(1972) !

.Sourcez Proc NEA wWorkshop OECD (1979b), p. 69

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

ranges from:
to:
as?

ranges from:
Reference:

Hydraullic conductivity

ADOPTED BASE VALUE

v
v

’ H
Hydraui !z conductivity
(horizontal) (m/s)

i x 10(=-10) (1 x 10(-8)
cm/s)

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

to:

Source: ORNL-6241/~N1 (in preparation) p. 33

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

ranges from:
to:
as:

ranges from:
Reference:

Hydraullc conductivity

ADOPTED BASE VALUE

Hydraullc conductivity
(vertical) (m/s)

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

1 x 10(=13) (t x 10(=-11)
cm/s)

to:

Source: ORNL=6241/V1 (in preparation) p. 33



Property class:
Materlal: Shale
Formatlion:
Location:
Condition 1:
Condltlon 2:
Condition 3:
Property/units:

ranges from:
to:

as:
ranges from:

Reference: Loken, M, (personal communication)
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Hydraullc conductivity

Hydraullc conductivity
(vertical) (m/s)

1 x 10(-12) (1 x 10¢=-10)
cm/s)

to:

(1984)
Source: ORNL-6241/V2 (In preparation) p, 99

Property class:
Material: Shale
Formatjon:
Location:
Condition I:
Condition 2:
Condltion 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

Hydraul tc conductivity

intact
Range of propertles

Permeabl ity (vertical)

(factor of K horizontal)

1/2Kh
1/10Kh

to:

Source: Y/OW| /TM36/6 (1978), p, 2-2

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

to:

as:

ranges from:
Reference:

Hydraul Ic conductivlty

Callfornia
Ml ocene

(md)
(3.8 x 10(~10)

Permeabl | ity
4 x 10(=4)
cm/s)

to:

Source: Y/OW!/SUB-7009/1 (1976), p, 11

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

to:
as:

ranges from:
Reference:

Hydraullc conductivity

Gulf Coast
Cenozolc

Permeablilty (md)

1 x 10(-8) (9,6 x 10(=15)
cm/s) (1)

2,5 x 10(-9) (2,4 x 10(-15)
cm/s) (7)

to:

Source: Y/OW1/5UB-7009/1 (1976), p. 11

Property class:
Materiali: Shale
Formation:
Locatlon:
Condition 1:
Condlition 2:
Conditlon 3:
Property/units:

from:
to!

ranges,

as:
ranges from:

Hydraul lc conductivity

Maryland

Triassic
Newark-Gettysburg Basin
Fleld test

Hydraullc conductivity
thorizontal) (m/s)

0.,0(?7) (0,0 em/s) (?)
t x 10(=9) (1 x 10(=7)
cm/s)

to:

Ref -rence: Gonzailes (1984)
Source: ORNL-6241/V2 (in preparation) p, 43

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

ranges from:
to:

as:
ranges from:

Hydraullc conductivity

Michlgan

Devonlan

Core data

Kv<<kh

Hydraullc conductlivity
(horizontat) (m/s)

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

2 x 10(-8) (2 x 10(=6)
cm/s)

to:

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

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

ranges from:
to:

as:
ranges from:

Hydraullc conductivity

Pennsylvanla
Devonlan
Core data

Hydraul ic conductlivity
(horlzontal) (m/s)

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

to:

Reference: U, S, DOE (1981)
Source: ORNL=6241/V2 (In preparation) p, 42

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

ranges from:

to:
as:

ranges from: +

Reference: U,S.

Hydraullc conductivity

Pennsylvanla
Devonlan
Fleld test

Hydrautic conductivity
(horizontal) (m/s)

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

o:
DOE (1981)

Source: ORNL=-6241/¥2 (In preparation) p, 43



Property class:
Materlal: Shale
Formation:
Locatlon:
Condlition 1:
Candltion 2:,
Conditlon 3:
Property/units:

ranges from:
to:
as:

ranges from:
Reference:

.

Hydraullc conductivity

-

South Carolina

Triasslec

Dumbarton Basin

Core data

Hydraulic conductivity
(horizontal) (m/s)

1 x 10(=13) (1 % 10¢=11)
cm/s)

t x 10(~10)
cm/s)

{V x 10(-8)

to:

Gonzales (1984)

Source; ORNL-6241/Y2 (In preparation) p. 42

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

ranges from:
to:

as:
ranges from:

Hydraullc conductlivity

South Carolina

Trilassic

Dumbarton Basin

Fleld test

Hydraulic conductivity
thorlzontal}) (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 ciass:
Materlal: Shale
Formation:
Location:
Condition 1:
Condlition 2:

Condition. 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraul lc conductivity

Antrim Shale

Michigan

Devonian

Horlzontal permeabl!lty
higher than vertical

Permeabl | [ty (md)

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

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

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

Condition 3:

Property/unlts:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity

Antrim Shale

Michligan

508 quartz

20-35% it1ilte and 5-15%
kaolinlte

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

Permeabl {1ty (md)

0,001 (1 x 10(-9) em/s)
2,0 (1,9 x 10(=6) cm/s)

to:

Reterence: Young (1978)
Source: ORNL/5ub/84-64794/1 (1985), p. 98

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

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductivity

Arnheim and Waynesvl|le Fms
Ohlo

Ordoviclan

Intact

Permeabi i1ty (ft/yr)
(hydraullc conductivity)
10(=3) (9.7 x 10(=10) cm/s)
10(=4) (9.7 x 10(=~11) cm/s)

to:

Source: Y/OWI/TM36/6 (1978), p, 5-14

Property class:
Materlal: Shale
Formatlon:
Location:
Condltion 1:
Condition 2:
Condtition 3:
Property/unlts:

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

Hydraulic conductivity

Chagrin Shale
Ohlo

Devonlan
Intact

1

Permeabl |1ty (horizontat)
(¢t/yr) (hydraul l¢c conduc~
tivi

)
0,1 (8,7 x 10(=-8) cm/s)

to:

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

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

ranges from:

to:

as:

ranges from:
Reference:

Hydrautlic conductivity

Chagrin Shatle
Chio
Devontan
Intact

Permeabl iity (vertical)
(f1/yr) (hydraullc conduc=
tivity)

0.05 (5 x 10(-8) cm/s)

to:

Source: Y/OM1/TM36/6 (1978), p, 4-12

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

as:

ranges from:

Hydraullc conductlivity

Conasauga Shale
Tennessee
Cambrian

Hydraullc conductlivity (cm/s)
6 x 10(-10)

3 x 10¢-11)

Depth (m)

50 to: 850

Reference: DelLaguna (1968)
Source: ORNL=6241/¥2 (In preparation) p, 220
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Property class:
Materlal: Shale
Formation:
Locatlon:
Condlitton 1:
Condittlon 2:
Condlitton 3:
Property/units:

Hydraulle conductivlty

Conasauga Shale
Tennessee
Cambrlan

Cora data

Hydraullc conducttvity
(hortzontal) (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)
as:
ranges from: to:
Reference: DeLaguna (1968)

Source: ORNL-6241/V2 (1n preparation) p, 42

Hydraullc conductivlity

Maquoketa Shale
1iltnotls
Ordoviclan
Fleld test

Property class:
Materlal: Shale
Formatlon:
Locatlon:
Condition 1:
Conditlon 2:
Condlition 3:
Property/units: Hydraullc conductivlity
(hortzontal) (m/s)
2 x 10(=11) (2 x 10(-9)
cm/s)

ranges from:

to:
as:
ranges from: to:
Reference: Gonzales (1984)
Source: ORNL-6241/V2 (1n preparation) p, 42

Property class: Hydraullc conductivity
Materlal: Shale
Formetion: Maquokets Shale
Locatlon: tiitnols -Baslin
Conditton 1: Ordoviclan
Conditton 2:
Conditton 3:
Property/units: Hydraullc conducﬂvnfy {cm/s)
ranges from: 10(-=9)
to:
as:
ranges from: to:
Retference: Gonzales and Johnson (1984)
Source: ORNL-6241/¥2 (1n preparation) p, 220

Property class: Hydraullc conductivity
Matertal: Shale
Formation: Muddy Shale (a)

Locattion:
Condlition 1@
Condlitlon 2:
Condition 3:

Property/units:
ranges from:

Cretacecus

Permeabl !ty (md)
5 x 10(=2) (4.8 x 10(-8)
cm/s)
to:
as:
ranges from: to:
Reference: Two refs
Source: Y/OM\/SUB-7009/1 (1976), p, 1}

Property class:
Materlai: Shale
Formatlon:
Locatlon:
Condttton 1:
Condttlion 2:
Conditlon 3:
Property/untts:
ranges from:
to:

as:

Hydraullc conductivity

Muddy Shale (b)
Colorado
Depth: 4,900 ¢t

Permeabl Ittty (md)
<0,05 (<4,8 x 10(-8) cm/s)

ranges from: to:
Reference: Handin et al (19€2)
Source: Y/OWI|/SUB-7009/t1 (1976), p, 14

Property class:
Materlal: Shale
Formatlon:
Location:
Cond!tton 1:
Condltlon 2:
Condltlon 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductlvity
qu(re Shale

Intact

Permeablilty (horlzontal)
(¢t/yr) (hydraullc conduc-
tivity)

0,01 (9.7 x 10(~9) em/s)

to:

Source: Y/OW|/TM36/6 (1978), p, 3-24

Property class:
Materlal: Shale
Formation:
Locatlion:
Condlitton 1:
Cond!tlon 2:
Conditton 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductivity
Plerre Shale

Intact

Permeabltitty (vertical)
(¢t/yr) (hydrauilc conduc-

tivity)

0,005 (5 x 10(~9) cm/s)

to:

Source: Y/OM|/TM36/6 (1978), p, 3~24

Property class:
Materlal: Shale
Formation:
Locat!lon:
Conditlon 1:
Condltlon 2;:
Cond!tlon 3:
Property/units:

ranges from:
to:

as:
ranges from:

Hydraullc conductivity

Plerre Shale
South Dakota
Fleld test

Hydraullc conductivity
(hortzontal) (m/s)

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

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

to:

Reference: Brace (1980)
Source: ORNL-6241/V2 (In preparation) p, 43



Property class:
Material: Shale
Formatlon:
Locatlion:
Conditlon 1:
Conditlon 2:
Condlition 3:
Property/unlts:

ranges from:
to:

ass
ranges from:
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I-(Iyt;raullc conductivity
a

Hydraullc conductlivity
(horlzontal) (m/s)

1 % 10(=11)
cm/s)

(1 x 10(=-9)

to:

Reterence: Loken, M, (personal communication)
(1984)
Source: ORNL-6241/V2 (in preparatlion) p., 99

Property class:
Materlal: Shale
Formation:
Locatlon:
Conditton 1:
Conditlon 2:
Condltlon 3:
Property/untts:

ranges from:

to:

as:

ranges from:
Reference:

Hydraul lec conductiv!ty
(a)

"Typical” tilttic shale
Intact

Permeabt ity (tt/yr)
(hydraullc conductlvity)

(V] (9.7 x 10(-8) cm/s)
0,05 (4,8 x 10(-8) cm/s)
to:

Source: Y/OW|/TM36/6 (1978), p., 7-8

Property class:
Materlal: Shale
Formatlon:
Laocation:
Caondition 1:
Condltlon 2:
Condltion 3:
Property/untts:
ranges from:

to:
as:
ranges from:

Hydraullc conductlivity
(a)
Plerre Shale

Cretaceous

Permeabl i1ty (md)
1ol x 10(~4) (1.1 x 10(=10)
cm/s)

to:

Reference: Two refs
Source: Y/OW|/SUB~7009/1 (1976), p, I

Property class:
Material: Shale
Formation:
Locatlon:
Condlitlon 1:
Condlitlon 2:
Condttton 3:
Property/unlts:

ranges from:
to:

as:
ranges from:

Hydraul lc conductivity
(b)

Core data

Hydraultc conductlvity
(horizontal) (m/s)

1 x 10(=16) (1 x 10(~-14)
cm/s)

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

to:

Reference: Brace (1980)
Source: ORNL=-6241/V2 (in preparation) p, 42

Property class:
Materlal: Shale
Formatlon:
Locatlion:
Conditlon 1:
Condlition 2:
Conditlon 3
Property/units:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity
(b)

Permeabl |1ty (mlcrodarcles)
100 (1 x 10(=7) cm/s)
0,01 (1 x 10(=9) ecm/s)
Depth (m)

0 to: 6,000

Reference: Several refs
Source: ORNL=-6241/V2 (in preparation) p., 199

Property class:
Materlal: Shale
Formation:
Locatlon:
Conditlon 1:

Condtition 2:

Condltion 3:
Property/unlts:

ranges from:
to:

as:

ranges from:
Reference: Abel

Hydraulic conductivity
(b)

Plerre Shale

Great Plains
Mixed-layer 1|ilte-smectlte
dom! nant

Plus smectlite, litllte,
kaolintte and chiorlte
Up to 25% quartz
Permeabl Ilty (cm/s)
(hydraullc conductivity)
1 x 10(~6)

' x 10(=10)

to:
and Gentry (1975)

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

Property class:
Materlal: Shale
Formation:
Location:
Condlitlon 1:
Condltlon 2:
Condltlon 3:
Property/units:

ranges from:
to:

as:
ranges from:

Hydraullc conductlivity
(c)

Core data

Hydraullc conductlvl ty
(horlzontal) (m/s)

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

7 x 10(=9) (7 x 10¢=7)
cm/s)

to:

Reference: Pandey (1974)
Source: ORNL-6241/V2 (In preparation) p, 42

Property class:
Material: Shale
Formation:
Location:
Condlt¥lon 1:
Condlitton 2:

Condition 3:
Property/untts:

ranges from:
to:

as:
ranges from:

Hydraullc conductivity
(d)

Generlc properties
Note: K(vertical) = 1/2 +to
1/10 K(horlzontat)

Hydraullc conductivl ty
(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'Appoilonta (1980)
Source: ORNL-6241/V2 (In preparation) p, 43
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Property class: Hydraullc conductivity
Material: Shale (e)
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/unlts:

I ntact
Range of propertles

Permeabl {1ty (horizontal)

(ft/yr) (hydraullc conduc-
tivity)

1 x 15(-4)
cm/s)

1 x 10(3)

cm/s)

ranges from: (9,7 x 10(=~11)

to: (9,7 x 10(-4)

as:

ranges from:
Reference:

Source: Y/OWI /TM36/6 (1978), p. 2-2

to:

Property class: Hydraulic conductivity

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

Paleozolc

Permeabl iity (md)

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)
as:
ranges from: to:

Reference:
Source: Y/OM| /SUB~7009/1 (1976), p, 11

Property class: Hydraullc conductivity
Material: Shales
Formation:
Location:
Condition t:
Condition 2:
Conditlion 3:
Property/units:
ranges from:
to:
as:
ranges from: to:
Reference: Gonzales and Johnson (1984)
Source: ORNL-6241/V2 (In preparation) p, 220

East Coast
Triassic basins

Hydraullc conductivity (cm/s)
10(=7)
10(~11)

Property class: Hydraullc conductivity
Materlal: Shales

Formation:
Location: Iliinols
Condition 1: Paleozolc

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

Permeab! lity (md)
2 x 10(-6) (1,9 x 10(=12)
cm/s)
to:
as:
ranges from: to:
Reference: Two refs
Source: Y/OW|/SUB=7009/1 (1976), p, 11

Property class: Hydraullc conductivity
Materlal: Shales
Formation:
Location: Michlgan and Appalachlan
Baslins
Conditlion 1: Devonian
Condlition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from: to:
Reference: Gonzales and Johnson (1984)
Source: ORNL=6241/V2 (In preparation) p, 220

Hydraullc conductivity (cm/s)
10(~6)
10(=9)

Property class: Hydraullc conductivity

Materlal: Shales
Formation:
Location:
Condltion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

Montana
Pajeozolc

Permeabl ity (md)
6 x 10(=4) (5.8 x 10¢(=10)
cm/s)
to:
as:
ranges from: to:
Reference: Two refs
Source: Y/OMi/SUB-7009/1 (1976), p, 1}

Property class: Hydraullc conductivity

Materiaj: Shales
Formatlon:
Locatlion:
Condition 1:
Conditlon 2;:
Condlition 3:
Property/units:
ranges from:

New Mexico
Paleozolc

Permeabl ity (md)

2 x 10(=6) (1,9 x 10(~-12)

cm/s) ’
to:
as:

ranges from: to:
Reference: Two refs
Source: Y/OW1/SUB~7009/1 (1976), p, 11

Property class: Hydraullc conductivity
Material: Shales
Formation:
Location:
Condition 1:
Conditlion 2:
Condlitlon 3:
Property/unlts:
ranges from:

Ok lahoma
Pajeczolc

Permeabltity (md)
8 x 10(-4) (7.7 x 10(~10)
cm/s)
to: .
as:
ranges from: to:
Reference: Two refs
Source: Y/OW|/SUB-7009/1 (1976), p. |11



Property class:
Materlal:
Formatlon:
Locatlon:
Condltion 1:
Condition 2:
Condltlon 3:
Property/unlts:
ranges from:

to:
as:

ranges from:
Reference:

125

Hydraullc conductivlty

Shales

Texas
Paleozolc

Permeabl Ity (md)

3 x 10(=4) (2,9 x 10(=10)
cm/s)

7 x 10(-6)
cm/s)

(6,7 x 10(~-12)

to:

Two refs

Source: Y/OW}/SUB-7009/1 (1976), p, 11

Property class:
Materlal:
Format{on:
Locatlon:
Condltton 1:
Condltion 2:
Conditton 3:
Property/untts:
ranges from:

to:
as:
ranges from:

Hydraullc conductivity

Shales

Utah
Paleozolc

Permeabliity (md)
7 x 10(=6) (6,7 x 10(~-12)
cm/s)

to:

Reference: Two refs
Source: Y/OW|/SUB=7009/1 (1976), p, 11

Property class:

Hydraullc conductivlty

Material: Shales
Formatton: Plerre, Bearpaw and Claggett
Shales
Locatlion: Northern Great Plalns

Condltion 1:
Condlttion 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reterence: Abel

Cretaceous

Hydraullc conductlivity (ecm/s)
10(-6)
10(=10)

to:
and Gentry (1975)

Source: ORNL=6241/V2 (ln preparation) p, 220

Property class:
Material:
Formation:
Locatlon:
Condlitton 1:
Cond{tlon 2:
Condftion 3:
Property/unlts:
ranges from:
tos
as:
ranges from:
Reterence:

Hydraulle conductivity

Shales (c)

Hydraullc conductivity (cm/s)
10(-8)
10¢=11)

to:

Source: ORNL=-6241/V2 (In preparation) p, 218

Property class:
Material:
Formatlon:
Locatlon:
Condltlon 1:
Condltion 2:
Condltlon 3:
Property/un!ts:
ranges from:
to:

as:

ranges from:

Hydraultc conductivlty

Shales (d)

In sltu

Hydraullc conductlivlty (cm/s)
10(-9)
10¢(=-11)

to:

Reference: Brace (1980)
Source: ORNL-6241/V2 (In preparation) p, 219

Property class:
Materlal:
Format{on:
Locat!lon:
Condltion 1:
Condition 2:
Condl tion 3:
Property/units:
ranges from:
to:

as:
ranges from:

Hydraullc conductlivlty

Shales (e)

Permeabl tIty (m(2))

10¢(=17) (9.7 x 10(=9) em/s)
10(=-21) (9.7 x 10(~13)
cm/s)

Depth (m)

0 to: 6,000

Reference: Several refs
Source: ORNL=6241/V2 (In preparation) p, 199

Property class:

Hydraullc conductivity

Material: Shales (f)

Formatlon:
Locatlon:
Conditlion 1:

Condltion 2:
Condltion 3:
Property/unlts:
ranges from:

to:

as:
ranges from:

Varlous

Yarlous formations, depths,
etc,

Represents many tests

Permeabl |1ty (¢t/yr)
(hydraul Ic conductivity)

1,0 x 10(=4) (9,7 x 10¢(=11)
cm/s)

1.1 x 10(3)
cm/s)

(1.1 x 10(~4)

to:

Reference: Three refs
Source: Y/OW|/TM36/6 (1978), p, A-16

Property class: Hydraullc conductivlty
Materlal: S!ltstone/Mudstone

Formatlon:
Location:
Condition 1;
Condittion 2:
Condli+tlon 3:
Property/un!ts:

ranges from:
to:
as:

ranges from:
Reference:

South Carollna
Triassic
Fleld test

Hydraullc conduct!vlty
(horizontal) (m/s)

1 x 10(=13) (1 x 10(=11)
cm/s)

5 x 10(-10)
cm/s)

(5 x 10(-8)

to:

Brace (1980)

Source: ORNL=6241/V2 (ln preparation) p. 43



Property class:

Materlal:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:

Property/units:
ranges from:

to:

as?

ranges from:
Reference:
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Hydraulic conductivity
(mlnerals)

Bentonite (Ca)

Density 2,09 and 2,11 g/cm(3)
Head 20,7 and 15.4 Wa
Hydraullc gradient 2,13 x
10(5) and 1,59 x 10(5)
Hydraulic conductivity (cm/s)
1,3 x 10(=-12) and 1,6 x
10(-12)

to:

Source: ONW|-=312 (1981), p. 33

Property class:

Materiai:
Formation:
Locatlon:
Conditlon 1:
Condlitlon 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraulic conductivity
«minerals)

Bentonite (Ca)

80~90% quartz powder

water content 5-15%

fFleld compacted

Permeabliity (m/s) (hydraullc
conductivity)
1 x 10(-9)
cm/s)

(1 x 10¢(=-7)

to:

Jacobsson and Pusch (1977)

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

Property class:

Hydraulic conductivity
(minerals)

Material: Bentonite (Ca) and (Na)

Formation:
Location:
Condition 1:

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

to:

as:

ranges from:
Reference: Grim

Density (dry) (bulk)
(g/cm(3)) =
Load (MPa) = 0,1

Permeabi |ty (m(2))
I x 10(=-16) (9,7 x 10(-8)
cm/s)

to:
(1962)

Source: NUREG/CP-C052 (1983), p, 209

Property class:

Hydrautlc conductivity
(minerals)

Material: Bentonite (Na)

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

75% sand
Density (Initial) 2,1 g/cm(3)

Hydraulic conductlvity (cm/s)
2,7 x 10(~-9)

0.7 x 10(-9)

Time (hrs)

10 to: 900

Source: ONW1=312 (1981), p, 34

Property class:

Hydraul lc conductivity
(minerals)

Material: Bentonite (Na)

Formatlon:
Location:
Condition 1:
Condlition 2:

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

as:

ranges from:
Reterence:

Wyoming

MxX-80

Compacted at 50 MPa; density
= 2,0-2,3 t/m(3)

10f water by weight
Hydraul lc conductivlity (cm/s)
Not stated

10(-9)

Density {(+/m(3))

2,0 - 2,3 to: 1,0

Several rets

Source: ONWI-486 (1983), p, 6!

Property class:

Hydraul lc conductivity
(minerals)

Materlal: Baentonite (Na) (a)

. Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:
to:

ranges from:

Three tests

Hydraullec conductivity (cm/s
x 10(12))

<\ (<1 x 10(=12) cm/s)

ca, 8 (ca, 8 x 10(-12)
cm/s)

Hydraullc pressure gradlent
(psi/t+ x 10(=8))

1,5 to: 7

Reference: Kharaka and Smalley (1976)
Source: ONWI=312 (1981), p, 11

Property class:

Hydraullc conductivity
(minerals)

Materlal: Bentonite (Na) (b)

formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Highly compacted

Hydraul lc conductivity (cm/s)
ca, 1 x 10(~13)
to:

Reference: Kharaka and Smalley (1976)
Source: ONWI=312 (1981), p, 10

Property class:

Hydraulic conductivity
(minerals)

Materlal: Bentonlte (Na) (c)

Formation:
Location:
Condition 1:

Condition 2:
Condition 3:

Property/units:
ranges from:

to:

as:

ranges from:
Retference:

50% sand; denslty 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)
Hydrau!lc conductlivlty (cm/s)
4,6 x 10(-12) and 6,4 x
10(-12)

to:

Source: ONWI=-312 (1981), p, 33



Property class:

Materlal:
Formation:
Location:
Condition 1:

Condition 2:
Conditlon 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:
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Hydraul l¢c conductivity
(minerals)

Bentonite (Na) (d)

75% sand; density 2,10
g/cm(3)

Head 3.4 MPa

Hydraullc gradient 1,19 x
10(4)

Hydraulic conductivity (cm/s)
6,6 x 10(=10)

to:

Source: ONWI-312 (1981), p, 33

Property class:

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

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductivity
(minerals)

Bentonlte (Na) (e)

Density 2,13 g/cm(3)

Head 14,6 MPa

Hydraullc gradient 1,56 x
10(5)

Hydraullc conductivity (cm/s)
5.6 x 10(=13)

to:

Source: ONWI-312 (1981), p, 33

Property class:

Materlal:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference:

Hydraulic conductivity
(minerals)

Bantonlte (Na) (f)

Cs-50

Contining force <100 Ibs
Reference basalt ground water
Hydraullc conductivity (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:
Condition {:
Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Property class:

Materlal:
Formation:
Locatlon:
Condition 1:
Condition 2:

Condition 3:

Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Property class:

Material:
Formation:
Locat lon:
Condition 1:
Condition 2:
Condition 5:
Property/units:

ranges from:
to:
as:
ranges from:

Bentonite (Na)

Hydraullc conductivity
(mlnerals)
(h)

Plus quartz
Hydraulic gradient ca, 100

Permeabl ity (cm/s)
(hydraul ic conductivity)
1 x 10¢(-11)

Bentonlte content (%)
20 +n:

Pusch (1979)
Source: ONWI=-312 (1981), p,

10

Hydraullc conductivity
(minerals)

Bentonlte (Na) ()

Ptus quartz

Hydraullc gradlient ca, 100
Permeabl |1ty (cm/s)
(hydraul ic conductivity)

3 x 10(~8)

1.5 x 10(=9)

Bentonlte content (%)

4 to: 8

Reterence: Pusch (1979)

Source: ONWl=312 (1981), p,

Property class:

10

Hydraullc conductivity
(minerals)

Materlal: Bentonite (Na) ()

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

ranges from:
to:
as:

ranges from:
Reference:

MX-80

Permeabl ittty (m/s) (hydraullc

conductivity)

5 x 10(=15) (5 x 10(=13)
cm/s)

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

Density (t/m(3))

ca, 2,5 to: ca, 1.2

Source: KBS TEKNISK RAPPORT 74 (1978), p, 8

Property class:

Hydraullc conductivity
(minerals)

" Material: Bentonite (Na) (k)

Various radiation treatments
Various heat treatments (to
300 deg C)

Denslty (g/cm(3)) from
2,07-2,22

Hydraullc conductivity (cm/s)
1,2 x 10(=12)

8,3 x 10(=13)

to:

Source: PNL-4452 UC-70 (1983), p, 27

Formatlon:
Location:
Condition 1:
Condition 2:
Condl tion 3:
Property/units:

ranges from:
to:

as:
ranges from:

67% quartz powder

Permeabl tity (m/s) (hydraullc
conductivity)
ca, 1 x 10(~11)
10(=9) cm/s)

(ca, 1 x

to:

Reference: Jacobsson and Pusch (1977)
Source: KBS TEKNISK RAPPORT 9 (1977), p. 4



Property class:
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Hydraullc conductivity
(minerals)

Materlal: Bentonite (Na) (I}

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

ranges from:

to:

as:

ranges from:

Re ference:

80-90% quartz powder

Water content 5-15%

Fleld compacted

Permeabl I1ty (m/s) (hydraullic
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:

Hydraullc conductlivity
(minerals)

Materlai: Bentonite (Na) (m)

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

ranges from:

to:
as:
ranges from:
Re ference:

Bentonite >10%
Bulk density >1,6 t+/m(3)

Permeabliity (m/s) (hydraulic
conductlivity)

1 x 10(-10) {1 x 10(-8)
cm/s) (maximum)

to:

Source: KBS TEKNISK RAPPORT 9 (1877), p. 5

Property class:

Hydraullc conductivlty
(minerals)

Materlal: Bentonlte (Na) and (Ca)

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

as:

ranges from:

Varlous
Sand/slit/gravel mixtures
Density = 1,8 to 2,2 g/cm(3)

Hydraulic conductivity (ecm/s)
10(~4)

10(-12)

£ Bentonite

<10 to: 100

Reference: Several refs
Source: ONWi-486 (1983), p, 36

Property class:

Hydraullec cagnductivity
(minerals)

Materlal: Bentonite (Na)' and Sand

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

Denslty (g/cm(3)) = 2,0 - 2,2
Temperature = 25 deg C
Reference basalt ground water
Hydraullc conductivity (cm/s)
ca, 10(-9)

ca, 10(=-12)

Bentonlte content (%)

25 to: 75

Source: PNL-4452 UC-70 (1983), p, 16

Property class: Hydraullc conductivity
(minerals)
Materlal: Bentonlte and Sand
Formation:
Location:
Condition 1: Yarious mlxtures of baentonlte
and sand
inftial density (dry) = 2,1
Mg/m(3)
Condition 3:
Property/units:

Condition 2:

Hydraullc conductivity (m/s)

ranges from: ca, 10(-6) (ca, 1 x 10(-4)
cm/s)
to: ca, 10(-14) (ca, 1 x

10(~12) cm/s)
Percent bentonite (%)
ca, 5 to: 100

as:

ranges from:
Reference:

Source: AECL-7812 (1983), p, 29

Property class: Hydraullc conductivity
(mlnerals)

Materlal: Bentonite and Sand (a)
Formatlion:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Oregon
108 bentonite
Saturation time (days) = 37
Hydraullc gradient = 4
Permeabl ity (cm/s)
(hydraullc conductivity)
ranges from: 9,5 x 10(=8)

to:

as:

ranges from: to:

Reference: Taylor et ai (1980)
Source: RHO-BW|-SA=-80 (1981), p, 7

Property class: Hydraullc conductivity
(minerals)
Material: Bentonite and Sand (b)
Formation:
Location:
Condition 1:
Condition 2:

Oregon

50% bentonlte

Saturation time (days) = 62
(stil) saturating)
Hydraullc gradient = 4
Permeabl iity (cm/s)
(hydraulic conductivity)
<9,5 x 10(~8)

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from: to:
Reference: Taylor et al (1980)
Source: RHO-BW!-SA-80 (1981), p, 7

Property class: Hydraullc conductivity
(minerais)
Material: Bentonlite and Sand (c)
Formation:
Location:
Condltion 1:
Condition 2:

Wyomli ng

10% bentonlte

Saturation time (days) = 42
(st11| saturating)
Hydraullc gradlient = 4
Permeabl i1ty (cm/s)
(hydraullc conductivity)
<9.5 x 10(-8)

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from: to:
Reference: Taylor et al (1980)
Source: RHO-BWl=-SA-80 (1981), p, 7



Property cilass:

129

Hydraullc conductivity
(mlnerals)

Material: Bentonlte and Sand (d)

Formation:
Locatlon:
Condition 1:
Condlition 2:

Condltton 3:
Property/units:

ranges from:
to:
as:
ranges from:

Wyoml ng

50% bentonite

Saturation tIime (days) = 53
(st{1l saturating)
Hydraullc gradlent = 4
Permeabl )ity (cm/s)
(hydraul lc conductivity)
<9,5 x 10(-8)

to:

Property class:

Hydraullc conductlvity
(mlnerais)

Material: |1llte (Ca)

Format{on:
Locatlion:
Condltlon 1:
Conditlion 2:
Condltion 3:
Property/uni+s:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity (cm/s)
10(-10)

10(=6)

Vold ratlo

0,7 to: 6

Reference: Mesr! and Olson (1971)

Reference: Taylor et al (1980)
Source: RHO-BWI|=SA-80 (1981), p, 7

Source: ONW)-486 (1983), p, 35

Property class: Hydraullc conductlivity

Property class:

Hydraullc conductivity
(minerals)

Materla!: Bentonlte and Sand (e)

Formation:
Location:
Condition 1:
Condition 2:
Condlition 3:

Property/unlits:
ranges from:

to:

as:

ranges from:
Reference: Grim

Wyoming

15% sand

20 - 80 mesh sand

Density (dry) (bulk)
(g/em(3)) = 1,72

Permeabl |ty (m(2))

3 x 10(-18) (2.9 x 10(=9)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 220

Property class:

Hydraul lc conductivity
(mlnerals)

Mater{al: Bentonite and Sand (f)

Formation:
Location:
Condlt{on 1:
Condition 2:
Conditlon 3:

Property/units:
ranges from:

to:

as:

ranges from:
Reference:

Wyomlng

75% sand

80 - 140 mesh sand

Density (dry) (bulk)
(g/em(3)) = 1,59
Permeablilty (m(2))

8 x 10(-18) (7,8 x 10(=9)
cm/s)

to:

Source: NUREG/CP-0052 (1983), p, 220

Property class:

Hydraullc conductivlty
(minerals)

Matertal: Clay and Sand

Formatlion:
Locatlon:
Condltton 1:
Condl+lon 2:

Condltlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

Hanford

50% Ringold clay

Saturation time (days) = 38
(51111 saturating)
Hydraullc gradient = 4
Permeabl ity (cm/s)
(hydraul lc conductivity)
<9,5 x 10(=-8)

to:

Reference: Taylor et al (1980)
Source: RHO-BWI-SA-80 (1981), p, 7

(minerals)
Material: |1i1lte (Na)
Formatlion:
Location:

Condition 1:
Conditlon 2:
Condltlon 3:
Property/units:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity (cm/s)
10¢=-10)

10(-7)

Yold ratlo

0,7 to: 7

Reference: Mesrl and Olson (1971)
Source: ONWI~-486 (1983), p, 35

Property class:

Hydraullc conductivity
(mlnerals)

Matertial: Ksolinite (8)

Formation:
Location:
Condltlon 1:

Condl tlon 2:
Condltlon 3:
Property/unlts:
ranges from:

to:

as:

ranges from:
Reference: Grim

Density (dry) (buik)
(g/cm(3)) =
Load (MPa) = 0,1

Permeabl Ity (m(2))
Vox 10(=16) (9.7 x 10(-8)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), ¢, 209

Property class:

Hydraullc conductlivity
(mlnerals)

Material: Kaollnite (b)

Formation:
Locatlon:
Conditlon 1:

Condlitlon 2:
Condl tion 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: Grim

Density (dry) (bulk)
(g/cm(3)) =
Load (MPa) = 6.4

Permeablilty (m(2))
5 x 10(=-17) (4.9 x 10(-B)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 209
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Property class: Hydraul lc conductlvlty
(minerals)

Materlal: Kaolin!te (Ca)
Formation:
Locatlon:
Condlitlon 1:
Condlt{on 2:
Condltlion 3:
Property/units:
ranges from:
to:

Hydraullc conductlvity (cm/s)
10(-8)
10(-5)
as: Yold ratio
ranges from: 0,7 to: 2
Reference: Mesr! and Olson (1971)
Source: ONWI-~486 (1983), p, 35

Property class: Hydraullc conducti{vlty
(mlnerais)

Mater{ai: Kaolln[te (Na)
Formatlon:
Locatlon:
Condlition 1:
Condttlion 2:
Condltion 3:
Property/unlts:
ranges from:
to:

Hydraullc conductivity (cm/s)
10(-8)
10(=5)
as: VYold ratlo
ranges from: 0.7 to: 2
Reference: Mesr{ and Olson (1971)
Source: ONWI-486 (1983), p, 35

Property class: Hydraullc conductlivity
(mlnerals)

Material: Kaoilnlte and Sand
Formatlon:
Locatlon:

Condltlon 1: Densl+ty (dry) (bulk)

(g/cm(3)) (not stated)

Load (MPa) = 6.4

308 kaollnlte

Permeabl! |ty (m(2))

2 x 10(-16) (1,9 x 10(=7)

cm/s)

Condltion 2:
Condltlon 3:
Property/units:
ranges from:

to:
as:
ranges from: to:
Reference: Grim (1962)
Source: NUREG/CP-0052 (1983), p, 209

Property class: Hydraullc conductlivity
(mlnerais)
Materlal: Slity Clay
Formatlon:
Locatlon:
Condlitlon 1:
Conditlon 2:
Condlit{on 3:
Property/units: Mydraullc conductivity (cm/s)
ranges from: 5 x 10(-6)
to: ca, 2 x 10(-8)
as: Molding water content (wt. %)
ranges from: 13 to: 25
Reference: Mltchell (1976)
Source: ONW!-486 (1983), p, 39

Kneadlng compaction

Property class: Hydraullc conductivity
(mlnerals)
Materlal: Sl ity Clay
Formatlon:
Locatlon:
Condltlon 1:
Condltion 2:
Condltion 3:
Property/units: Hydraullc conductivity (cm/s)
ranges from: 5 x 10(-6)
to: 10(-7)
as: Molding water content (wt, §)
ranges from: 13 to: 23
Reference: Mltchell (1976)
Source: ONW1-486 (1983), p. 39

Static compaction

Property class: Hydraullc conductlvity
(mlnerais)
Materlal: Smectite (Ca) (a)
Formatlon:
Locatlon:
Condlti{on 1:
Conditlon 2:
Conditlon 3:
Property/unlts: Hydraullc conductlvlty (cm/s)
ranges from: 10(-11)
to: 10(=6)
as: Vold ratlo
ranges from: 1 to: 6
Reference: Mesr! and Olson (1971)
Source: ONWI-486 (1983), p, 35

Property class: Hydraullc conductivity

(mlnerais)

Materlal: Smectite (Ca) (b)
Formation:
Locatlon:

Condlticn 1: Density (dry) (bulk)

(g/cm(3)) (not stated)
Condltlon 2: Load (MPa) = 6.4
Condition 3:
Property/unlts:
ranges from:

Permeabl | lty (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 conductivlty
(minerals)

Materlal: Smect{te (Ca) and Sand
Format(on:
Locatlon:

Conditlion 1: Denslty (dry) (bulk)

(g/cm(3)) (not stated)

Condltion 2: Load (MPa) = 6,4

Condition 3: 30% smect!te
Property/units: Permeablilty (m(2))
ranges from: 4 x 10(-17) (3,9 x 10(-8)

cm/s)
to:
as:
ranges from: to:
Reference: Grim (1962)
Source: NUREG/CP-0052 (1983), p, 209



Property class:
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Hydraul{c conductiv]ty
(mlnerats)

Materlal: Smectite (Na) (a)

Formatlon:
Locatlon:
Condltion t:
Condltion 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity (cm/s)
10¢(-11)

10(=7)

Vold ratlo

1 to: 30

Reference: Masr| and Olson (1971)
Source: ONwl=-486 (1983), p, 35

Property class:

Hydraullc conductivity
(minerals)

Material: Smectite (Na) and Sand

Formation:
Location:
Condltion 1:

Condltion 2:
Condl{tlon 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: Grim

Denslity (dry) (bulk)
(g/cm(3)) (not stated)

Load (MPa) = 6,4

308 smectite

Permeabli{ty (m(2))

5 x 10(=19) (4,9 x 10(~10)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 209

Property class:

Hydraullc conductlivity
(mlnerais)

Mater{al: Volclay sallne seal and Sand

Formation:
Location:
Condltlon 1:
Condltlon 2:
Condltlon 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

50% sand

Denslty 2,22 g/cm(3)

Various heads and hydraullc
gradients

Hydraul lc conductlvity (cm/s)
2,9 x 10(=12)

4,1 x 10(-12)

to:

Source: ONWI-312 (1981), p, 33

Property class:
Matertal: Shale
Formatlion:
Location:
Condltion 1:
Condltlon 2:
Condltion 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

Mlscel laneocus

Pre=-emp lacement travel!
100,000 years

Groundwater travel dlstance
(m)
0.3
40

to:

Source: ORNL-6241/V1 (In preparation) p. 36

Property class: Mlscel laneous
Materf{al: Shale
Formation:
Locatlon:
Condltlon 1:
Condi{tlon 2:
Conditlon 3:
Property/units: Intlow (ml/min per m)
ranges from: 10
to: 5 x 10(-1)
as: Time (days)
ranges trom: 0,1 to: 5,000
Reference:
Source: ORNL-6241/V1 (In preparation) p. 38

Preclosure mlned openl!ngs

Property class: Mlscel|aneous
Matarlal: Shale
Format{on:
Locatlon:
Condition 1:
Condltlon 2:
Conditlion 3:
Property/units:
ranges from:
to: <1
as: Time (days)
ranges from: 0.1 to: 5,000
Reference:
Source: ORNL-6241/¥2 (In preparation) p, 106

Inflow (mi/min per m)
10

Property class: Mlscellaneocus
Materlal: Shale
Formation:
Locatlon:
Condition 1
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from: to:
Reference: l(.fkg;:, M, (personal communlcatlon)
)
Source: ORNL-6241/V2 (In preparation) p., 99

Specltic storage (I/m)
1 x 10(=6)

Property class: Mlscellanecus
Materlal: Shale
Formation:
Locatlion:
Cond{tlion 1:
Conditlon 2:
Condi{tlon 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference:
Source: ORNL~-6241/V2 (In preparation) p, 57

Computed value

Speciflc storage (I/m)
4,3 x 10(-7)
2,8 x 10(=6)

to:



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

Ml scel laneous

ADOPTED BASE VALUE
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Specific storage (m(-1)) (7)

5 x 10(=6)
5 x 10(-7)

to:

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

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

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

Miscel laneous

Pre—-emp|acement travel

10 km distance

Travel time (years)

>100,000
>100,000

to:



133

13.1.4 Appendix A.4., MECHANICAL PROPERTIES
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Property class: Bulk modulus
Material: Arglllite
Formation: Eleana Argilllite
Location: -
Conditlion 1: -
Condition 2: -
Condition 3: =~
Property/units: Bulk modulus (confined) (GPa)
ranges from: 14.0 (1.4 x 10(4) MPa)
to: -
as: -
ranges from: - to: -
Reference: Y/OW1/TM-36/6 (1978)
Source: Proc NEA Workshop OECD (1979b), p. 87

Property class: Bulk modufus
Materlal: Shale
Formation: -
Locatlon: -
Condition 1: Typical f1iitic shale
Condition 2: Intact
Condltion 3: -
Property/units: Bulk modulus (psi)
ranges from: 7,6 x 10(5) (5.2 x 10(3)
MPa)
to: -
as: -
ranges from: - to: -
Reference: -~
Source: Y/OW|/TM36/6 (1978), p, 7-8

Property class:
Material: Shale
Formation:
Location:
Conditlon 1: Ordoviclan
Condlitlon 2: Intact
Condlitlion 3: -
Property/units: Bulk modulus (psl)
ranges from: 6,3 x 10(5) (4.3 x 10(3)
MPa)
to: -
as: =
ranges from: - to: -
Reference: -
Source: Y/OWl)/TM36/6 (1978), p., 5-14

Bulk modulus

Arnhelm and Waynesville Fms
Ohlo

Property class: Bulk modulus
Materlal: Shale
Formation: Chagrin Shale
Location: Ohlo
Conditlion 1: Devonian
Conditlon 2: Intact
Condition 3: -
Property/units: Bulk modulus (psl)
ranges from: 1,1 x 10(5) (7.6 x 10(2)
MPa)
to: -
as: -
ranges from: - to: -
Reference: -~
Source: Y/OW!/TM36/6 (1978), p, 4-12

Property class: Bulk modulus

Material: Shale
Formation: Plerre Shale
Location: -
Condition 1:; {intact
Condlition 2: -
Condition 3; -
Property/units: Bulk modulus (psl)
ranges from: 77.8 x 10(3) (5.4 x 10(2)
Wa)
to: ~
as: -
ranges from: - to: -

Reference: -
Source: Y/OW|/TM36/6 (1978), p. 3-24

Property class: Bulk modulus
Material: Shales
Formation: =
Location: -
Cendition 1: -
Conditlon 2;: =
Condlitlon 3: -
Property/units: Bulk modulus (Pa x 10(10))

ranges from: ca. 50 (ca. 5 x 10(5) MPa)
to: ca, 200 (ca. 2 x 10(6) MWPa)
as: Depth (m)
ranges from: 0 to: 6,000
Re ference: Three refs

Source: ORNL~-6241/V2 (in preparation) p. 199

Property class: Coheslon
Material: Arglitite
Formatlion: Eleana Argiillte
Location: =
Condlition 1:
Condition 2:
Conditlon 3:

»

Property/units: Coheston (unconfined) (MPa)
ranges from: 8 x 10(-1)
to: -

as: -
ranges from: - to: =
Reference: Y/OW|/TM-36/6 (1978)
Source: Proc NEA Workshop OECD (1979b), p. 87
Property class: Cohesion
Materlal: Clay
Formatlon:
Locatlon:
Condition 1:
Condltlon 2: =~
Conditlon 3: -
Property/units: Coheslon (MPa)
ranges from: 1 x 10(-1)
to: =
as: -
ranges from: -
Reference: =
Source: Rad Waste
Cycle v, 6

Blue Clay
Italy

to: -

Managemsnt and Nuclear Fuel
(1985), p, 94
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Property class: Cohesion Property class: Coheslon
Material: Clay Matertal: Shale (b)
Formation: Boom Clay Formation: -~
Location: Belgium Location: -~
Condition 1: - Condition 1: Typical §1lltic shale

Condition 2: -
Condition 3: -
Property/units: Coheslion (MPa)

Conditlon 2: Intact
Condition 3: ~
Property/units: Cohesion (psl)

ranges from: 1 x 10(-1) ranges from: 6 x 10(3) (4,1 x 10(1) MPa)
to: 1 to: -
as: - as: ~

ranges from: - to: =
Reterence: -
Source: Rad Waste Management and Nuciear Fuel

Cycle v.6 (1983), p. 54

ranges from: - to: ~
Reference: -
Source: Y/OMl/TM36/6 (1978), p, 7-8

Property class: Coheslion

Property class: Coheslon Material: Shafe (c¢)

Materlal: Shale Formation: Plerre Shale
Formation: Arnhelm and Waynesvllle Fms Location: -
Location: Ohio Condition 1: Intact

Condition 1: Ordoviclan
Condition 2: Intact
Condition 3: -

Condition 2: ~
Condition 3: -~
Property/units: Coheslion (psi)

Property/unlts: Coheslion (ps}) ranges from: 206 (1.4 MPa)
ranges from: 5,900 (4,1 x 10(1) MPa) to: -
to: - as: -~
as: - ranges from: -~ to: =
ranges from: - to: - ; Reference: =
Reference: - ’ Source: Y/OMt/TM36/6 (1978), p, 3-24

Source: Y/OM|/TM36/6 (1978), p, 5-14
Property class: Coheslon

Property class: Cohesion Materlal: Shale (d)
Material: Shale Formation: Plerre Shale
Formation: Chagrin Shale Location: Great Plains
Location: Ohlo Condition 1: -
Condition 1: Devonian Conditlon 2: ~
Condition 2: Intact Condlition 3:

Condition 3: Property/units: Coheslon (psl)

Coheslon (psi)

Property/units: ranges from: 2 (1,4 x 10(-2) MPa)
ranges from: 14 (1 x 10(=1) Wa) to: 30 (2,1 x 10(=1) MPa)
to: - as: ~

as: -
ranges from: - to: =~
Reference: =~
Source: Y/OM|/TM36/6 (1978), p, 4-12

ranges from: - to: -
Reference: Abel and Gentry (1975)
Source: ORNL/Sub/84-64794/1 (1985), p, 293

Property class: Compressive strength

Property ciass: Coheslon Materlal: Argllilite
Materiail: Shale (a) Formation: Elesna Arglliite
Formation: - Location: ~
Location: - Condition 1: -~
Condition 1: Intact Conditlon 2: -~

Condition 2:
Condition 3:
Property/units: Cohesion (psi)
ranges from: 0 (0 MPa)
to: 4,250
as: -

Condition 3: ~
Property/units: Compressive strength
(unconfined) (MPa)
ranges from: 4.75
(3 x 10(1) MPa) to: -~

Range of propertles

ranges from:
Re ference: -
Source: Y/OM\/TM36/6 (1978), p, 2-2

- to: -

as: -~

ranges from:

- to: -

Reference: Y/OW|/TM=36/6 (i978)

Source: Proc NEA Workshop OECD (1979b), p, B7



Property class:

Compressive strength

Materlal: Ben.onlfa (Na) (a)}

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

ranges from:

Compressive strength
(unconfined) (psl)

55,5 (3,8 x 10(=1) MPa)

to: -

as:
ranges from:

- to: -~

Reference: Mielenz and King (1955)
Source: ONWI-=312 (1981), p, 22

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

ranges from:

Compressive strength

Benfonife (Na) (b)

Alr dry (water ca, 10%)
Density (bulk) = 2 +/m(3)

Compressive strength
(unlaxiat) (MPa)
8,9

to: -

as:
rangas from:
Reference: -

Source: KBS TEKNISK RAPPORT 74 (1978), p, 14

Property class:

- to: =

Compressive strength

Material: Bentonite and Sand (a)

formation:
Location:

Oregon

Condition 1: -

Conditlion 2:
Condition 3:
Praoperty/units:

ranges from:
to:
as:
ranges from:

Compressive strength
(unconfined) (MPa)
ca, O

ca, 1.8

Clay content (wt, %)
ca, 0 to: 50-70

Reference: Taylor et al (1980)

Source: RHO-BWI-SA-80 (1981),

Property class:

Fig. 4

Compressive strength

Material: Benfonlfe and Sand (b)

Formation:

Location:

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

ranges from:
to:
as:
ranges from:

Wyomlng

Compressive strength
(unconfined) (MPa)
ca, O

ca, 3

Clay content (wt, %)
ca, 0 to: 50-60

Reference: Taylor et al (1980)
Source: RHO-BWI-SA-80 (1981), Fig, 4

Property class:

Compress lve

Material: Kaolinite

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

ranges from:

Comprasslve

strength

strength

(unconfined) (psl)

100,3

to: -

as:
ranges from:

- to: -

Reference: Mielenz and King
Source: ONWI=312 (1981), p,

Property class:

Compressive

Material: Ot Shales

Formation:
Locatlion:
Condlitlion 1:

ngh grade

Condition 2: =~

Conditlion 3:
Property/units:

Compress | ve

ranges from: 35

to:

138

as: -

ranges from:

- to: -

Re ference: Netherland et al
Source: ORNL/S5ub/84-64794/1

Property class:

Compress Ive

Material: 011 Shales

Formattlon:
Location:
Condition 1:

Low grade

Condition 2: -

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

as:

ranges from:

Compress lve
138
172

- to: =

Reference: Netherland et al
Source: ORNL/Sub/84-64794/1

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

Compresslve

Arnheim and
Ohlo
Ordoviclian
Intact

Condition 3: -
Compressive strength
(uniaxial) (psi)

Property/units:

ranges from:

1 x 10(4)

to: -

as:
ranges from:
Reference: -~

~ to: -

6,9 x 10{=1) MPa)

(1955)
22

strength

strength (MPa)

(1975)
(1985), p, 348

strength

strength (MPa)

(1975)
(1985), p, 348
strength

Waynesvl lle Fms

6,9 x 10(1) WPa)

Source: Y/OWI/TM36/6 (1978), p, 5-~14
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Property class:
Material: Shale
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Compresslve strength

Chagrin Shale
OChlo *
Devonlan-Mississipplan
Intact
Depth = 30 m
Compressive strength
(unlaxial) (MPa)
ranges from: 13,8

to: -

as: -
ranges from: - to: -~

Reference: Dames and Moore (1978)
Source: ORNL/Sub/84-64794/1 (1985), p, 108

Property class:
Material: Shale
Formation:
Locatlion:
Conditinn 1: Devonian
Condition 2: Intact
Condition 3: -
Property/units: Compressive strength
(unlaxial) (psi)

Compressive strength

Chagrin Shale
Ohlo

ranges from: 2 x 10(3) (1,4 x 10(1) MPa)
to: ~
as: -

ranges from: - to: -

Reference: -
Source: Y/OW!/TM36/6 (1978), p, 4=12

Property class: Compressive strength
Materlat: Shale
Formation: Hucknall Shale
Location: =~
Condition 1: Intact
Condition 2: -
Condition 3: =~
Property/units: Compressive strength (psi)
ranges from: 8,5 x 10(3) (5,9 x 10(1)
MPa)
to: =
as: -
ranges from: ~ to: =
Reference: Hobbs (1970)
Source: Y/OW| /TM36/6 (1978), p, 6-3

Property class:
Materjal: Shale
Formation:
Location:
Condition 1:
Conditlon 2:
Condition 35: -
Property/units: Compressive strength (psi)

Compressive strength

Lewls Shale
New Mexico
Molsture content 3.7 to 6,2%

ranges from: 1,000 (6,9 MPa)
to: 6,000 (4.1 x 10(1) MPa)
as: -

ranges from: ~ to: -

Reference: -
Source: Y/OW|/TM36/6 (1978), p, 8=5

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

Compressive strength

Mancos Fm
New Mexlco

Compressive strength (psi)

1,000 (6.9 MPa)
8,000 (5.5 x 10(1) MPa)
- to: -

Source: Y/OW|/TM36/6 (1978), p, 8-2

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

Compressive strength

Maquoketa Group
Indiana
I11lite domlnant

Compressive strength (MPa)

ranges from: 11}

to:

as:

ranges from:
Reference: Cobb

115

= to: =~
Englneering (1975)

Source: ORNL/Sub/84-64794/1 (1985), p, 60

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

ranges from:
to:

as:
ranges from:
Reference: -

Compressive strength
(a)

Intact
Range of propertlies

Compressive strengtn
{uniaxial) (psl)

70 (4,8 x 10(-1) MPa)
3.7 x 10(3) (2,5 x 10(2)
MPa)

- to: -

Source: Y/OW|/TM36/6 (1978), p, 2-2

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

ranges from:
to:
as:

ranges from:

Compressive strength
(a)

Bearpaw Shale
Montana

Upper Cretaceous

Compressive strength
(kg/cm(2))

122 (1,2 x 10(1) MPa)

25 (2,5 Wa)

Angle between sample axls and
horizontal (deg)

0 to: 40 +/- 10

Reference: Wright (1969)
Source: Y/OM| /TM36/6 (1978), p, 6-13



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

ranges from:

to:

as:

ranges from:
Reference: -

139

Compressive strength
(a)

Plerre Shale

Intact

Compressive strength
{unlaxial) (psl)

2.1 x 10(3) (1.4 x 10¢(1)
MP a)

- to: -

Sourca: Y/OW!/TM36/6 (1978), p, 3-24

Property class:
Materlial: Shale
Formation:
Locatlon:
Condition 1;
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Compressive strength
(b)

Typlcal 11lltic shale

intact

Compressive strength
(uniaxial) (psi)

1 x 10¢4) (6,9 x 10(1) Ma)

- to: -

Source: Y/OWI/TM36/6 (1978), p, 7-8

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

ranges from:
to:
as:

ranges from:

Compressive strength
(b)

Bearpaw Shale
Montana

Upper Cretaceous

Compressive strangth
(kg/cm(2))

25 (2.5 MPa)

55 (5,4 Wa)

Angle between sample axis and
horizontal (deg)

40 +/- 10 to: 90

Reference: Wright (1969)
Source: Y/OWI/TM36/6 (1978), p., 6-13

Property class:
Material: Shale
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 5:
Property/units:
ranges from:
to:

as:

ranges from:
Reference: Abel

Compressive strength
(b)

Plerre Shale

Great Plalns

Compressive strength (psi)
70 (4,8 x 10(=1) WP3a)
2,530 (1.7 x 10(1) MPa)

- fo: ~

and Gentry (1975)

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

Property class:
Materlal:
Formatisn:
Locatlon:
Condition 1:

Conditlion 2:

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

as:

ranges from:

Compressive strength

Shales

Wastern Ohlo
Mean composition:
(47%), quartz (~

Plus other clay: ites,
etc,

Compressive stre ¥

20

32

- to: -

Reterance: Cobb Englneering (1975)
Source: ORNL/Sub/B4-64794/1 (1985), p, 71

Property class:

Compressive strength

Material: Shales (a)
Formation: =
Location: -
Condition 1: Tested at room temperature
Condition 2: "Dry" specimens
Condition 3: Forty-nine data points

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Compressive strength
(unconfined) (MPa)
25,2

113,6

- to: -

Source: ORNL-6241/V3 (in preparation) p, 110

Property class:

Compressive strength

Materlal; Shales (b)

Formation:
Location:
Conditlion 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:
ranges from:
Reference:

Various

Varlous depths, compositions,
etc,

Represents many tests
Compressive strength
(unconfined) (psl)

<100 ( <6,9 x 10(-1) MPa)
3.7 x 10(4) (2,5 x 10(2)
MPa)

- to: -

Thirteen refs

Source: Y/OWI/TM3€/6 (1978), p. A-4,5,6

Property class:

Compressive strength

Material: Srectite (Na), Kaollnite, Sand
Mixtures (a)

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

as:

ranges from:

Osage, NY
Kaolinite from Bath, SC
Air drled

Compressive strength (psl)

76,5 (5.3 x 10(-1) MPa)
541.0 (3.7 wa)
- to: -~

Reterence: Mielenz and King (1955)
Source: ONWI-=312 (1981), p, 24



Property class: Compressive strength

Conditlon 1: Kaollnlte from Bath, SC

Property class:

Condition 2:

fFriction angle

Materlal: Smectite (Na), Kaollnite, Sand Material: (1lite (Na) (a)
Mixtures (b) Formation: -
Formation: - Locatlon: =~
Location: Osage, NY Condition 1: 0 g NaCi/Ilter

Conditlon 2: Optimum moisture content

Condltion 3:

Condition 3: - Property/units: fFriction angle (residual)
Property/units: Compressive strength (psi) (tan)
ranges from: 9,1 (6,3 x 10(-2) MPa) rangas from: 0.3
to: 85,5 (5.9 x 10(=1) MPa) to: 0,7
as: - as: Quartz content (f dry wt,)
ranges from: - to: = ranges from: 0 to: 100
Reference: Mlelenz and King (1955) Reference: MItchell (1976)
Source: ONWI-312 (1981), p, 24 Source: ONW!-486 (1983), p, 47

Property class: Friction angle
Materiatl: Arglilite

Property class: Friction angle
Materlal: Jiiite (Na) (b)

Formation: Eleana Argillite Formation: -
Location: - Location: -~
Condltion 1: - Conditlion 1: 30 g NaCi/liter
Condition 2: - Condition 2: -
Condition 3: = Condition 3: =~
Property/units: Friction angle (interral) Property/units: Friction angla (residual)
(deg) (tan)
ranges from: 35 ranges from: 0,47
to: - to: 0,7
as: = as: Quartz content (§ dry wt,)
ranges from: = to: - ranges from: O to: 100
Reference: Y/OWI/TM-36/6 (1978) Reference: Mitchell (1976)
Source: Proc NEA Workshop OECD (1979b), p. 87 Source: ONWI =436 (1983), p, 47
Property class: Friction angle Property class: Friction angle
Material: Clay Materlal: Kaollntte
Formation: Blue Clay Formation: =~
Location: |taly Location: =~
Condition 1: = Condition 1: =
Conditlon 2: - Condition 2;: -
Condition 3: - Condition 3: -
Property/units: fFriction angle (angle of Property/units: Friction angle (reslidual)
shear resistance) (deg) (tan)’
ranges from: 25 ranges from: 0,27
to: = to: 0.7
as: - as: Quartz content (£ dry wt,)
ranges from: - to: - ranges from; O to: 100

Reference: -

Reterence: Mitchell (1976)

Source: Rad Waste Management and Nuclear Fue! Source: ONWI =486 (1983), p, 47
Cycle v,6 (1985), p, 54
Property class: Frictlion angie
Material: Shale
Formation: Arnheim and Waynesvllle Fms
Location: Ohlo
Condition 1: Ordovician
Condition 2: Intact
Condition 3: -
Property/units: Friction angle (deg)
ranges from: 23.4

Property class: Friction angle
Material: Clay
Formatlion: Boom Clay
Location: Belgium

Condition 1: =~

Condition 2: -

Condition 3; -
Property/units: Friction angle (angie of

shear resistance) (deg) to:
ranges from: 19 as: -
to: - ranges from: - to: -
as: - Reference: =
ranges from: - to: = Source: Y/OWl/TM36/6 (1978), p, 5-14

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



Property class: Friction angle
Material: Shale
Formation: Chagrin Shale
Location: Ohlo
Condition 1: Devonian
Condition 2: Intact
Condition 3: -
Property/units: Friction angle. (deg)
ranges from: 22
to: -
as: -
ranges from: - to: -
Reference: -
Source: Y/OW|/TM36/6 (1978), p, 4~12

Property class: Friction angle
Material: Shale (a)
Formation: -~
Location: -
Condition 1: Intact
Condltion 2: Range of propertles
Condltion 3: -
Property/unlits: Friction angle (deg)
ranges from: 4,2
to: 56
as: -
ranges from: - to: =~
Reference: =
Source: Y/OM|/TM36/6 (1978), p, 2-2

Property class: Frictlon angle
Materlal: Shale (a)
Formatlion: Plerre Shale
Location: ~
Condltion 1: Intact
Condlition 2: -
Condltion 3: -
Property/units: Friction angle (deg)
ranges from: 5,3
to: -
as: -
ranges from: - to: -
Reference: ~
Source: Y/OW1/TM36/6 (1978), p. 3-24

Property class: Frictlon angle
Material: Shale (b)
Formation: -~
Location: -
Condition 1: Typlecal ti111tic shale
Condltion 2: tntact
Condltion 3: -
Property/units: Friction angle (deg)
ranges from: 26
to: -~
as: -
ranges from: -~ to: -
Reference: -~
Source: Y/OWI/TM36/6 (1978), p, 7-8
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Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference: Abel

Friction angle
(b)

Plerre Shale
Great Plains

Friction angle (Internal)
(deg)
8

25
- to: -

and Gentry (1975)

Source: ORNL/Sub/B4-64794/1 (1985), p, 293

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

ranges from:

to:

as:

ranges from:
Reterence: -

Friction angle
(c)

Intact
Range of properties

Friction angle (dilation
angle) (deg)
+5

-5

= to: =~

Source: Y/OW|/TM36/6 (1978), p. 2-2

Property class:
Materlal: Shale
Formation:
Location:
Conditlon 1:
Conditlion 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Friction angte
(d)

Summa ry

7 data polints

"dry"; tested at room
temperature

Friction angle (Internal)
(deg)

14,

51,0

- to: =~

Source: ORNL~6241/V1 (in preparation) p, 47

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

ranges from:
to:
as:
ranges from:

Friction angle

Smectite (Na) (a)

0 g NeCI/11ter

Friction angte (residual)
{(tan)

0,09

0,7

Quartz content ($ dry wt,)
0 to: 100

Reference: Mlitchell (1976)
Source: ONW|-486 (1983), p, 47
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Property class: Friction angle
Material: Smecflfe (Na) (b)
Formation:
Location:
Condition 1; 30 g NaCl/liter
Condition 2;: -
Condition 3: =~
Property/units: Frictlon angle (residual)
(+an)
ranges from: 0,18
to: 0,7
as: Quartz content (% dry wt,)
ranges from: 0 to: 100
Reference: Mitchell (1976)
Source: ONW!-486 (1983), p., 47

Property class: Miscel laneous
Material: Bentonite
Formation: -
Location: =
Condltlion 1: Wet
Condition 2: 0.5-mm spaces
Conditlon 3: -~
Property/units: Swelling distance (mm)
ranges from: |
to: 11
as: Time (hr)
ranges from: 1 to: 100
Reference: LeBell (1978)
Source: ONWI=-312 (1981), p, 16

Property class: Misce! laneous
Mzterial: Shale
fFormation: -
Location:
Condition 1: Consfrucflblll?y Indices
Condition 2:
Condition 3:
Property/units: Raflo of strength to
overburden stress
ranges from: 1,3
to: 6,0
as: -
ranges from: - to: -
Reference: -
Source: ORNL-6241/V1 (iIn preparation) p, 53

Property class: Plasticlty (L)
Material: Shale
Formation: Bearpaw Shale
Locatlon: Montana
Condition t: Upper Cretaceous
Condition 2: -
Condition 3: -
Property/units: Plasticity (liquidity index)
ranges from: -0,11
to: -
as: -
ranges from: ~ to: =~
Reference: =~
Source: Y/OW1/TM36/6 (1978), p, 6-1

Property class: Plasticity (LL)
Material: Bentonite
Formation: -
Locatlion: Wyoming
Condition 1: -
Condition 2: ~
Conditlon 3: -
Property/units: Plasticlty (iiqulid limit) (%)
ranges from: 553,1
to: -
as: -
ranges from: = to: =~
Reference: Taylor et al (1980)
Source: RHO-BW!-SA-BO (1981), p, 6

Property class: Plasticity (LL)
Materlal: Bentonlte (a)
Formation: -
Location: Oregon
Condition 1: 20 ~ 160 mesh
Condition 2: =~
Condition 3: -~
Property/units: Plasticity (liquld limlt) (%)
ranges trom: 209,6
to: -
as: -
ranges trom: = to: =
Reterence: Taylor et al (1980)
Source: RHO-BWI|-SA-80 (!981), p, 6

Property class: Plasticity (LL)
Materiai: Bentonite (b)
Formation: -
Location: Oregon
Condition 1: Minus 200 mesh
Condlition 2: -
Condition 3: =
Property/units: Plasticity (liquld iimit) (§,
ranges from: 212,69
to: -
as: =
ranges from: - to: -
Reference: Taylor et al (1980)
Source: RHO-BW|=-SA-80 (i981), p, 6

Property class: Plasticity (LL)
Material: Benfonlfa (Na)
Formation:
Location: Wyomlng
Condition 1: MX=-80
Condition 2: -
Condition 3; -
Property/units: Plasticity (liquid 1imit) (%)
ranges from: 260
fo: =
as: -
ranges from: - to: -
Reterence: -
Source: AECL-7825 (1984), p, 12
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Property class: Plasticlity (LL)
Materlal: Bentonite (Na) (a)
Formation: -

Locatlon:
Conditlion 1:
Condition 2: 508 sand
Conditlon 3: -

Property/units: Plasticity (liquid {Iimit) (%)
ranges from: 98
to: -
as: -
ranges from: - to: -
Reterence: -
Source: AECL-7825 (1984), p. 12

MX~80

Property class:
Material: Clay
Formation: -

Location: Hanford
Conditlon 1: Ringold clay C
Condition 2: -

Conditlon 3:
Property/units:
ranges from:
to:
as: -
ranges from: - to: =~
Retference: Taylor et al (1980)
Source: RHO-BWI-SA-80 (1981), p, 6

Plasticity (LL)

Flasticlty (liquld
44,6

Hmit) ()

Property ctlass:
Material: Clay
Formation:
Locatlon:
Condition 1:
Condlitlion 2:
Conditlon 3:
Property/units:
ranges from:
to:
as: -
ranges from: - to: -
Roeference: Taylor et al (1980)
Source: RHO~BWI-SA-80 (1981), p, 6

Plasticlty (LL)

Hantord
Ringold clay D

Plasticity (liquid
63,9

Itmit) (%)

Property class: Plasticlty (LL)
Material: Clay
Formation:
Location:
Condition 1:
Condition 2; -
Condition 3: -
Property/units: Plasticlity (liquid
ranges from: 50
to: -
as: -
ranges from: - to: =
Reference: -
Source: Rad Waste Management and Nuclear Fuel
Cycle v.6 (1985), p, 54

Blue Clay
Italy

1imi ) (%)

Property class: Plasticity (LL)
Material: Clay
Formation:
Location:
Condition 1:
Condition 2: ~
Condition 3:
Property/uni ts:
ranges from:
to:
as: =
ranges from: - fo: =
Reference: -
Source: Rad Waste Management and Nuclear Fuel
Cycle v,6 (1985), p, 54

Boom Clay
Belglum

Plasticity (1iquid limit) (%)
77.5

Property class: Plasticity (LL)
Matertial: Clay
Formation: Oxford Clay
Location: England
Condition 1;: -~
Condition 2: ~
Conditlon 3:
Property/units:
ranges from:
to: -
as: ~
ranges from: - to: -
Reference: =
Source: Rad Waste Management and Nuclear Fuel!
Cycle v.6 (1985), p, 54

g;asflclfy (liquid 1Imit) (%)

Property class: Plasticity (LL)
Material: Ill1te (Ca)
Formation: -
Location: Jackson County, OH
Condition 1: -~
Condition 2: -~
Conditlon 3:
Property/units:
ranges from:
to: -
as: -
ranges from: = to: =
Reterence: =
Source: ONWI-486 (1983), p, 43

Z;asflclfy (itquid timit) (%)

Property class: Plasticity (LL)
Material: Illite (Ca) (a)
Formation:
Location:
Conditlon 1:
Conditlon 2: -~
Condition 3:
Property/units:
ranges from:
to: -
as: -
ranges from: - to: -
Reference: =~
Source: ONWI=-486 (1983), p, 43

Fithlan, IL

26asflclfy (1i1quid timit) (%)
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Property class: Plasticlity (LL)

Material: 1tll1te (Ca) (b)
Formation: -
Location: Grundy County, L

Condlition 1: 5 % smectite layers,
Condition 2: -
Condition 3: =~
Property/untts: Plasticity (llquld |imit) (%)
renges from: 100
to: -~
as: -
ranges from: - to: -~
Reference: -
Source: ONW|-486 (1983), p, 43

Property class: Plasticity (LL)
Material: Kaolinite (Ca)
Formation: -
Location: Anna, 1L
Condition 1: =
Condition 2: -
Condltion 3;: -
Property/units: Plasticity (liquid limit) (%)
ranges from: 73
to: -
as: -
ranges from: - to: -
Retference: =
Source: ONW1=-486 (1983), p, 43

Property class: Plasticity (LL)
Material: Kaolinite (Ca)
Formation: -~
Location: Dry Branch, GA
Condition 1: -
Condition 2;: -
Condition 3:
Property/units:
ranges from:
to: -
as: -
ranges from: - to: -
Reference: -
Source: ONW|-486 (1983), p, 43

Plasticity (liquld limit) (%)
34

Property class: Plasticlity (LL)

Material: Shale (a)
Formation: Plerre Shale
Location: Great Plalns
Condition 1: Mixed~layer I|{Ite-smectite
domlinant
Condition 2: 60~80% clays
Condition 3: -
Property/units: Plasticlty (iiquid Iimit) (%)
ranges from: 36
to: 113
as: -

ranges from: - to: -~
Referance: Tourtelot (1962)
Source: ORNL/Sub/B4-64794/1 (1985), p. 291

Property class: Plastlicity (LL)

Materiai: Shale (b)
Formation: Plerre Shale
Location: Great Plains

Condition 1: -
Condition 2: -
Condition 3: -
Property/units: Plasticlity (liquld timit) (%)
ranges from: 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: Various
Condition 1: Many different formations,
depths, etc,
Conditlon 2: Represents over 125 tests
Condition 3: =~
Property/units: Plasticlity (liquid Iimit) (%)
ranges from: 17,8
to: 224
as: -
ranges from: - to: -
Reference: -
Source: Y/OW|/TM36/6 (1978), p, 6-20 to 6-26

Property class: Plasticlty (LL)
Material: Smectite (Ca)
Formation: -~
Location: Belle Fourche, SD
Condition 1: -
Condition 2;: -~
Condition 3: -
Property/units: Plasticity (liqulid Iimit) (%)
ranges from: 177
to: -
as: -
ranges from: - to: -
Reference: -
Source: ONW{-486 (1983), p, 43

Property class: Plasticity (LL)
Matertal: Smactite (Ca)
Formation: -

Location: Cheto, AZ
Condition 1: =
Condition 2: -
Condition 3: -

Property/units: Plasticity (liquld 1imit) (%)
ranges from: 155
to: -
as: -
ranges from: - to: -
Re ference: -
Source: ONW{=-486 (1983), p, 43
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Property class: Plasticlty (LL)
Material: Smcﬂfe (Ca)

Formation:

Location: Omfod 1L
Condition 1: 25! Hite layers,
Condition 2:

Condition 3:
Property/units: Plasflclfy (tiquid limlt) (%)
ranges from: 123
to: -
as: -
ranges from: - to: -
Reference: -
Source: ONWI-486 (1983), p, 43

Property class: Plasticlty (LL)
Material: Smectite (Ca)
Formation: =
Locatlont Pontotoc, MS
Condition |;: ~
Conditlion 2; -
Condition 3: =
Property/units: Plasticity ()iguld Jimit) (%)
ranges from: 166
to: ~
as: =
ranges from: - to: -
Reference: -
Source: ONWI-486 (1983), p, 43

Property class: Plasticity (Pi)
Material: Bonfonlfo
Formation:
Location: Nyomlng
Condition 1: -~
Condition 2: -
Condltion 3: -
Property/units: l':;:sﬂcl?y {plastic index)

ranges from: 519,5
to: -
as: -
ranges from: - to: -
Reference: Taylor et al (1980)
Source: RHO-BW|-SA-80 (1981), p, 6

Property class: Plasticlty (Pl)
Material: Bentonlite (a)
Formation: -~
Locatlion: Or
Condition 1: 20 - 160 mash
Condition 2; ~
Condlition 3: -
Property/units: l:’l:sﬂcl?y (plastic Index)

ranges from: 168,58
to: -~
as: -
ranges from: - to: -
Refenence: Taylor et al (1980)
Source: RHO=-BWi~-SA-80 (1981), p, 6

Property class: Plasticlty (Pl)
Material: Benfonl'ro (b)
Formation:
Locatlon: Orogon
Condition 1: Minus 200 mash
Condition 2; -
Condition 3: =
Property/units: F(';a)sflclfy (plastic Index)

ranges from: 174,6
to: -
as: -
ranges from: - to: -
Reference: Taylor et atl (1980)
Source: RHO-BW|=-SA-80 (1981), p, 6

Property class: Plasticlty (Pl)
Material: Bonfonho (Na) (a)
Formation:
Location: Nyomlng
Condition 1: MX-80
Condition 2: =
Condition 3: -
Property/units: l:’la;sﬂclfy (plasticlty Index)

ranges from: 210
to: ~
as: -
ranges from: = to: -
Reference: -
Source: AECL-7825 (1984), p, 12

Property class: Plasticlity (Pl)
Materlal: Bonfonl'ro (Na) (b)

Formation:

Location: wyomlng
Condition 1: MX-80
Condition 2: 508 sand
Condition 3: -

Property/units: P’lasflclfy (plasticlty Index)
(%)
ranges from: 79
to: =
as: -
ranges from: - to: -~
Reference: -
Sourcce: AECL-7825 (1984), p, 12

Property ciass: Plasticity (Pl)
Material: Clay
Formation: -
Location: Hanford
Condition 1: Ringold clay C
Condition 2: =
Condition 3: -
Property/units: F("Iasﬂcl'ry (plastic index)
)

ranges from: 18,8
to: -
as: -
ranges from: - to: =
Reference: Taylor et al (1980)
Source: RHO-BWI=-SA-B0 (1981), p, 6



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

ranges from:
to:
as:
ranges from:
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Plasticity (P1)

Hantord
Ringold clay D

P;asflclfy (plastic Index)
($ 3]
40,8

- to: -

Reference: Taylor et al (1980)
Source: RHO-BWI=-5A=-80 (1981), p, 6

Property class:
Material: Clay
Formation:
Locatlon:
Condition 13

Condlitlion 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Plasticity (Pl)

Porters Creek Clay

Loulsiana

Smectite, kaolinite, tilite,
etc.

Quartz 5 to 50%

Plasticity (plasticity Index)
1§ 2]
40

- to: -

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

ranges from:

to:

as:

ranges from:
Reference: Abel!

Plasticity (P1)

Pilerre Shale
Great Plains

Plasticity (plasticity
%)

30

110

- to: -

and Gentry (1975)

index)

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

Property class:

Plasticlty (PI)

Material: Shales, Mudstones, Siltstones

Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Varlous

Many different formations,
depths, etc,

Represents over 125 tests

P;asflclfy (plasticlity Index)
(%)

1.8
192

- to: =

Retference: Boutwell (personal communication)
(1980)
Source: ORNL/Sub/84-64794/1 (1985), p, 173

Property class: Plasticlty (Pl)
Material: illite

Reference: -
Source: Y/OM| /TM36/6 (1978), p, 6=-20 to 6-26

Property class: Plasticlty (Pl)
Materlal: Smectite (Na)
Formation: -

Formation:
Location:
Conditlon 1:

Condition 2:
Condition 3:
Property/units:

Non=clay fractlon, quartz
sand

P;asflclfy (plasticity index)
(%)

ranges from: 0

to:

as:

ranges from:
Reference:

90
Clay fraction (%)
0 to: 100

Lambe and Whitman (1969)

Location:
Condition \:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Refarence:

Non-clay fraction, quartz
sand

P;asflclfy (plasticlity Index)
(£)

0

500

Clay fraction (%)
0 to: 70

Lamba and Whitman (1969)

Source: ONW|-486 (1983), p. 45

Source: ONWI-486 (1983), p., 45

Property class: Plasticity (PL)

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

Conditlion 2:
Conditfon 3:
Property/unlits:

ranges from:
to:

as:

ranges from:
Reference:

Plasticlty (Pl)

Kaotinlte

Non=clay fractlon, quartz
sand

P;asflclfy (plasticlity Index)
(%)

0

35

Clay fraction (%)
0 to: 100

Lambe and Whitman (196%)

Source: ONWI|-~486 (1983), p, 45

Materlatl:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

ranges from:
to:
as:
ranges from:

Bantonlte

Wyoml ng

Plasticlity (plastic 1imi¥)
(%)

33,6

- to: -

Reference: Taylor et al (1980)
Source: RHO-Bw|-SA-80 (1981), p., 6



Property class: Pilasticlty (PL)
Materlail: Bonfonlfe (a)
Formation:
Location: Orogon
Condition 1: 20 - 160 mesh
Condition 2;: =
Condition 3;: -
Property/units: l(”l?sflclw (plastic limit)

ranges from: 41,0
to: -
as: -
ranges from: - to: =
Reference: Taylor et al (1980)
Source: RHO-BW|-5A-80 (1981), p, 6

Property class: Plasticity (PL)
Materlal: Bonfonlfo (b)
Formation:
Location: Orogo
Condition 1: Minus 200 mesh
Conditlion 2: -
Condition 3: -
Property/units: l("lgsﬂclfy (plastic limit)

ranges from: 38,1
to: -~
as: -
ranges from: - to: ~
Reference: Taylor et al (1980)
Source: RHO-BWI-S5A-80 (1981), p. 6

£

Property class: Plasticity (PL)
Materlal: Bonfonlfe (Na) (a)
Formation:

Locatlion: lyoml ng
Condition 1: MX=80
Condition 2: -

Condition 3: -

Property/units: P‘Iasflclw (plastic limlt)
(¢ )] .

ranges from: 50
to: -
as: -
ranges from: -~ to: -
Reference: -
Source:' AECL-7825 (1984), p, 12

Property class: Plasticity (PL)
Materilal: Bonfonlfo (Na) (b)
Formation:
Location:
Condition 1: MX-80
Condition 2: 50% sand
Condition 3: -
Property/units: P;asflclfy (plastic limit)
(§ )

ranges from: 19
to: -
as: -
ranges from: - to: =
Reference: -
Source: AECL-7825 (1984), p, 12

Ilyonl ng
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Property class:
Material: Clay
Formation:
Locatlion:
Condlition 1:

Plasticity (PL)

Hanford
Ringold clay C

Condlition 2: -
Condition 3: -

Property/units:

ranges from:

P’Iesﬂclfy (plastic timit)
(%)
25,8

to: -

as:
ranges from:

- t0: =

Reference: Taylor et al (1980)
Source: RHO-BMI-SA-80 (1981), p, 6

Property class:
Material: Clay

Plasticlity (PL)

Formation: -

Locatlon:
Conditlon 1:

Hanford
Ringold clay D

Condition 2: =
Conditlon 3: -

Property/units:

ranges from:

Plasticity (plastic |Imlt)
(£)
23,1

to: -

as:
ranges from:

- to: -

Reference: Taylor et al (1980)
Source: RHO-BW{-SA~-80 (1981), p, 6

Property class:
Material: Clay

Formation:

Location:

Plasticlty (PL)

Blue Clay
Italy

Condition 1: -

Condition 2:

Conditlion 3: -~

Property/units:

ranges from:

Plasticity (plastic limit)
%)
25

to: =

as:
ranges from:
Reference: -

Source: Rad Waste
Cycle v.6

Property class:
Materlal: Clay

Formation:

Locatlon:

- to: -

Management and Nuclear fuel
(198%), p, 34

Plasticlty (PL)

Boom Clay
Belglum

Condlition 1: -

Condition 2:

Condition 3: -

Property/units:

ranges from:

P‘lasﬂclfy (plastic limit)
(%)
26,5

to: -

as:
ranges from:
Reference: -

-?oo -

Source: Rad Waste Management and Nuclear Fuel
Cycle v,6 (1985), p. 34



Property class:
Material: Clay
Formation:
Locatlion:
Condltion 1:
Condition 2;: =
Condition 3:
Property/units:

Plasticlty (PL)

Oxtord Clay
England

P;asftclfy (ptastic limit)
(%) “

ranges from: 26
to: -
as: -

ranges from: -

Reference: -
Source: Rad Waste
Cycle v.6

to: -

(1985), p, 54

Property class: Plasticity (PL)
Materiat: Ijlite (Ca)
Formation:
Location:
Condition 1:
Condltion 2: -
Condition 3:
Property/unlts:

Jackson County, OM

P;asflcl?y (ptastic limlt)
5

ranges from: 36
to: -
as: -~
ranges from: - to: -
Reference: -~
Source: ONW|-486 (1983), p, 43

Property class: Plasticlity (PL)

Material: Illite (Ca) (a)
Formation: -
Location: Fithlan, IL

Condition 1: =
Conditlion 2: -
Condltion 3: -
Property/units: P;asflclty (plastic limit)
$ Y
ranges from: 40
to: -
as: =
ranges from: - to: -~
Reference: -
Source: ONW)-486 (1983), p, 43

Property class: Plasticity (PL)
Material: lllite (Ca) (b)
Formation: -

Location: Grundy County, IL
Conditlon 1: 5% smectite layers,
Condition 2: -

Condition 3: -
Property/units: P;asflclfy (plastic [Imlt)
5

ranges from: 42

to: -
as: -

ranges from: - to: -
Reference: -

Source: ONWI-486 (1983), p, 43
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Management and Nuclear Fuel

Property class: Plasticlity (PL)
Materlal: Kaollnlte (Ca)
Formation: =
Locatlon: Anna,
Condition 1: -~
Conditlon 2: -
Condition 3:
Property/units:

I

P;asflclfy (plastic |limit)
(%)

ranges from: 36
to: -
as: -
ranges from: = to: =
Reference: =
Source: ONWI-486 (1983), p. 43

Property class: Plasticlty (PL)
Material: Kaollnite (Ca)
Formation:
Location:
Condition V:
Condition 2: ~
Conditlion 3:
Property/unlts:

Dry Branch, GA

?;asflclfy (plastic timit)
)

ranges from: 26
to: -~
as: -
ranges from: - to: -
Reference: -
Source: ONWI-486 (1983), p, 43

Property class: Plasticity (PL)

Material: Shale (a)
Formation: Plerre Shale
Location: Great Plains

Condition 1:

60-80% clay minerals
Condltion 2:

Mixed layer [lilte-smectite
dom! nant

Plus smectite and lllite;
minor kaolinite and chlorite
?;?sficlfy (plastic 1imlt)

ranges from: 20
to: 62
as: -
ranges from: - to: =
Reference: Tourtelot (1962)
Source: ORNL/Sub/84-~64794/1 (1983), p, 29!

Conditlon 3:

Property/units:

Property class: Plasticity (PL)
Material: Shale (b)
Formation: Plerre Shale
Locatlion: Great Plalins
Condition 1: -~
Condition 2: =
Condition 3: -~
Property/unlts: ?;?stlclfy (plastic limit)
ranges from: 22
to: 39
as: -
ranges from: = to: =
Reference: Abel| aand Gentry (1975)
Sourcae: ORNL/Sub/84-~64794/1 (1985), p. 293
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Property class: Plasticlity (PL)
Material: Shales, Mudstones, Stitstones
Formatlion: -~

Locatlon: Varlous
Condition 1: Many different formations,
depths, etc,
Condlition 2: Represents over 125 tests
Condition 3: -

Property/units: P;asflclfy (plastic Iimit)
(%)
ranges from: 16,0
to: 45.5
as: -
ranges from: = to: -
Reference: -
Source: Y/OW1/TM36/6 (1978), p. 6-20 to 6-26
Property class: Plasticlty (PL)
Material: Smectite (Ca)
Formation: =
Locatlion: Belle Fourche, SD
Condition 1: -~
Condition 2: -
Condition 3: -
Property/unlts: P;asflclfy (plastic limit)
(%)

ranges from: 63
to: -
as: -
ranges from: - to: -
Reference: -
Source: ONWI-486 (1983), p, 43

Property class: Plasticlty (PL)
Material: Smectite (Ca)
Formation: -
Location: Cheto, AZ
Condition 1: ~
Condltion 2: -
Condition 3: ~
Property/units: P;asﬂclfy (plastic |imit)
(§)
ranges from: 65
to: -
as: -
ranges from: - to: =
Reference: -
Source: ONWI-486 (1983), p, 43

Property class: Plasticlty (PL)
Materlal: Smectite (Ca)
Formation: -

Locatlion: Omsted, IL
Condition 1: 25! itiite layers,
Condition 2: :
Condltion 3:

Property/units: P;asflclfy (plastic limit)
(
ranges from: 79
to: -
as: -
ranges from: - to: -
Reference: -
Source: ONWI -486 (1983), p, 43

Property class: Plasticlty (PL)

Materlal:
Formation:
Location:

Smscﬂfe (Ca)

Ponfofoc , MS

Condition 1: -

Condition 2:

Condlition 3: -

Property/units:

ranges from:

to:

ast

ranges from:
Reference: ~

P;osﬂclfy (plastic limlt)
(%)

65

- to: -

Source: ONWI-486 (1983), p. 43

Property class:

Plasticlity (SL)

Material: Bonfonlfe {a)

Formation:
Location:
Condition 1:

Oregon
20 - 160 mesh

Condlition 2: -
Condition 3: =~

Property/units:

ranges from:

F(”Iasflclfy (shrinkage |imit)
)

8.47

to: -

as:
ranges from:

- to: -

Reference: Taylor et al (1980)

Source: RHO-BWI=SA=-80 (1981),

Property class:

Plasticlity (SL)

Materlal: Benfonlfo (b)

Formation:
Location:
Condition 1:
Condition 2:

Orogon
Minus 200 mesh

Condition 3: -

Property/unli ts:

ranges from:

Plasticlty (shrinkage Iimit)

(%)
8,96

to: -

as:
ranges from:

- to: =~

Reference: Taylor et al (1980)

Source: RHO-BWI-SA-80 (1981), p. 6

Property class:
Material: Clay

Plasticity (SL)

Formation: =

Location:
Condition 1:

Hanford
Ringold clay D

Condition 2: =
Condition 3: -

Property/units:

ranges from:

P;asﬂclfy (shrinkage limit)
(%)

19,75

to: =

as:
ranges from:

- to: -

Reference: Taylor et al (1980)

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

pe 6



Property class:

Material: Arglititt

Formation:

Polsson's ratio

Eleana Arglilite

Location: -

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

Poisson's ratio
0,30

to: -

as:
ranges from:

- to: -~

Reference: Y/OW|/TM-36/6 (1978)
Source: Proc NEA Workshop OECD (1979b), p. 87

Property class:

Polsson's ratio

Materlial: Bentonlte
fFormation: -

Location:
Condlition 1:
Condition 2:

wWyomi ng
Density =
10% water

Condition 3: -

Property/units:
ranges from:

Polisson's ratlo
0,15

to: -

as:
ranges from:
Reference: =~

- to: -

Source: ONW|-486 (1983), p, 63

Property class:

Polsson's ratlo

Material: 01l Shalos

Formation:
Locatlion:
Condition §:

ngh grade

Condition 2: ~

Condition 3:
Property/unlits:

ranges from: 0,2

to:
as:
ranges from:

Reference: Netherland et al (1975)
Source: ORNL/Sub/84-64794/1 (1985), p, 348

Property class:

Polsson's ratio

0.3

- to: =~

Poisson's ratlo

Material: Ot Shalos

Formation:
Location:
Conditlion 1:

Low grade

Condition 2: -

Conditlon 3:
Property/unlits:
ranges from:
to:

Polsson's ratlo
0,15
0,20

as: -

ranges from:

Reference: Netherland et al (1975)
Source: ORNL/Sub/84-64794/1 (1985), p, 348

- to: -~

2 t/m(3)
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Property class:
tatertal: Shale
Formation:
Location:
Condition 1:
Condition 2:

Poisson's ratlio

Arnheim and Waynesville Fms

Ohlo
Ordovician
intact

Condition 3: -

Property/units:

ranges from: O

to:

ast

ranges from:
Reference: -

Poisson's ratlio

- t0: -~

Source: Y/OM| /TM36/6 (1978), p.

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

Polsson's ratio

Chagrin Shale
Ohto
Devonian
Intact

Condition 3: -

Property/units:
ranges from:

Poisson's ratlo
0,25

to: -

as:
ranges from:
Reference: =

- to: =

Source: Y/OM1/TM36/6 (1978), p.

Property class:
Material: Shale
Formation:

Polisson's ratlo

Plerre Shale

Location: -

Condition t:
Condition 2:
Condition 3:
Property/units:

ranges from: 0,2

to:

as:

ranges from:
Reference: -~

Intact

Polsson's ratlo

- to: -

Source: Y/OM1/TM36/6 (1978), p.

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

Property/units:
ranges from:
to:

Polsson's ratlo
(a)

Intact

S5=-14

4-12

3-24

Range of properties
Condition 3: -

Polsson's ratlo
0,03
0,50

ranges from:
Reference: -

- to: =

Source: Y/OM!/TM36/6 (1978), p, 2-2



Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Conditlon 2:
Condltion 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -
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Polsson's ratio
(b)

Typlcal [1l11tic shale
Intact

Polsson's ratio

0,15

- to: -

Sourca: Y/OW|/TM36/6 (1978), p, 7-8

Property class:

Polsson's ratlo

Materlal: Shales (a)

Formation:
Locatlon:
Condition 1:
Condlition 2:
Condlitlon 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Tested at room temperature
"Wry" specimens
Thirty=four data polnts
Polsson's ratlo

0,11

0,31

- t0o: -~

Source: ORNL-6241/¥3 (in preparation) p, 110

Property class:

Polsson's ratlo

Material: Shales (b)
Formatlon: -
Locatlon: Varlous

Condltion 1:

Conditlion 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

VYarlous formations, depths,
etc.

Represents many tests
Polsson's ratio

0,03

0,77

- to: -

Source: Y/OW1/TM36/6 (1978), p, A-11

Property class:

Shear

Material: Bentonite (Na) (a)

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

Water content ca, 10 %
Calculated values

Shear strength (kPa)

1,600 (1,6 WwPa)

<15 ( <1,5 x 10(=-2) MPa)
Density (bulk) (+/m(3))
2,2 to: 1,05

Source: KBS TEKNISK RAPPORY 74 (1978), p.16

Property class:

Shear

Materlal: Bentonite (Na) (b)

Formation:
Locatlon:
Condition 1:
Condittion 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: =
Source:

Property class:
Materlal: Clay
Formation:
Location:
Condition 1:
Conditlon 2:
Condltion 3:
Property/units:

ranges from:

to:

ast

ranges from:
Reference: -

Alr dry (water
Density (bulk)

Shear strength
4.5

- to: -

KBS TEKNISK RAPPORT 74

Shear

Blue Clay
1taly

Shear strength
(MPa)
1.5

- to: -

ca, 10%)
=2 t/m(3)

(MPa)

(1978), p, 14

(undralned)

Source: Rad Waste Management and Nuclear Fue!

Cycle v,6 (1985), p, 54

Property class:
Materlal: Clay
Formation:
Locatlon:
Condlition 1:
Condition 2:
Condltion 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -

Shear

Boom Clay
Be lglium

Shoar
(MPa)
0.6

strength

- to: -

(undrained)

Source: Rad Waste Management and Nuclear Fuel

Cycle v,6 (1985), p, 54

Property class:
Material: Clay
Formation:
Locatlion:
Conditlon 1:
Condltlon 2:
Condition 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Retference: =

Shear

Oxtord Clay
England

Shear
(MPa)
1.2

strength

- to: =~

(undrained)

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:
Re ference: -
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Shear

Typlcal lliitic shale
Intact

Shear modulus (psi)
6.2 x 10¢(5) 4,3 x 10(3)
MPa)

- 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:
Reference: -

Shear

Arnheim and Waynesvlile Fms
Ohlo

Ordovician

I ntact

Shear modulus (psi)

6.8 x 10(5) (4,7 x 10(3)
MPa)

- to: =

Source: Y/OW1/TM36/6 (1978), p, 5-14

Property class:
Material: Shale
Formation:
Locatlion:
Condlition 1:
Condlition 2:
Conditlon 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Shear

Chagrin Shale
Ohlo

Devonlan
Intact

Shear modulus (psl)
6.8 x 10(4) 4.7 x 10(2)
MPa)

- to: -

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

Property class:
Materlal: Shale
Formatlon:
Locatlion:
Condltion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: =~

Shear
Plerre Shale

Intact

Shear modulus (psi)
58,3 x 10(3) (4 x 10(2)
MPa)

- to: =

Source: Y/OWi/TM36/6 (1978), p, 3-24

Property class:

Shear

Materlal: Shales (a)

Formation:
Locatlon:
Condition 1:
Condition 2:
Condlition 3:

Property/units: Shear modulus (Pa x 10(10))
ranges from: 0,1 (1 x 10(3) ™MPa)
to: 100 (1 x 10(6) MPa)
as: Depth (m)
ranges from: 0 to: 6,000
Reference: Three refs

Source: ORNL-6241/V2 (In preparation) p. 199

Property class:

Shear

Materiatl: Shales (b)

Formation:
Location:
Condition 1:

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

to:
as:

ranges from:
Reference: -

Varlous

Various formations, depths,
etc, .
Represents several! tests

Shear modulus (psl)

1,7 x 10(6) (1.2 x 10¢(4)
MPa)

3.6 x 10(6) (2,5 x 10(4)
Ma)

-to: =

Source: Y/OM1/TM36/6 (1978), p, A-10

Property class:
Material: Clay

Formation:.

Location:
Condlition 1:

Condlition 2:
Condition 3:
Property/unlts:

ranges from: O

to:
as:
ranges from:

Shear (?7)

Porters Creek Clay
Louistana

Smectite, kaollnite,
etc,

Quartz 5 to 50%

11iite,

Sfr;ngth (MPa)

- to: -

Reference: Boutwell (personal communlication)
(1980)
Source: ORNL/Sub/84-64794/1 (1985), p. 173

Property class:

Swelling

Material: Bentonite (a)

Format fon:
Locatlon:
Condlition 1:
Condition 2:
Condition 3:

Property/unlts:

Plus naturat siit

Alr dry (ca, 5% water)
Lateral ly confined; axial
load, 10 kPa

Swalllng (%)

ranges from: 5

fo:

as:

ranges from:
Reference: -

20
Bentonite content (%)
10 to: 20

Source: KBS TEKNISK RAPPORT 9 (1977), p. 5



Property class: Swelling

Materlal: Benton
Formation:
Locatlion:

H'e (b)

Condition 1: Plus quartz

Condition 2: 10 to 15% water content
Condition 3: Allowed to swell freely

Property/units: Swelling (%)

ranges from:

15

to: 30
as: -
ranges from: - to: =~

Reference: YBB c

Source: KBS TEKNISK RAPPORT 9 (1977), p. 6

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

Condlitlon 2: Optimum water content,

ompany report

Swelling
lfa (c)

1-ps| surcharge

maximum denslty
Condition 3: -
Property/units: Swelling (%)
ranges from: 1

to:
Bs?
ranges from:

50
% clay size
5 to: 18

Re ference: Two refs

Source: ONW! =486

Property class:
Materlal: I1lite
Formation:
Location:
Condition |:
Conditlion 2:
Condlition 3:
Property/units:

(1983), p, 49
Swellling
1-psl surcharge

Swellling (%)

ranges from: <2
to: 20

as:
ranges from:

£ clay size
<20 to: 45

Reference: Two refs
Source: ONWI-486 (1983), p, 49

Property class:

Material: |1lite and Bentonite (a)

Formatlon:

Swel ling

Location: =

Condition 1:
Condition 2:

Condittion 3: Qptimum water content,

Property/unlits:

1:1 11ilte:bentonite ratio

1-psi surcharge

maximum density
Swelling ($)

ranges from: 1

to:
as:
ranges from:

54
% clay size
5 to: 27

Reference: Two refs
Source: ONW1-486 (1983), p, 49

Property class: Swellling
Material: liiite and Bentonite (b}
Formation: -
Location: -
Condition 1: 3:1 {llite:bentonite ratio
Conditlon 2: l-psl surcharge
Condition 3: Optimum water content,
maximum dens ity
Property/units: Swelling (%)
ranges from: <2
to: 30
as: % clay size
rangaes from: <20 to: 40
Reference: Two refs
Source: ONwI-486 (1983), p, 49

Property class: Swelling
Material: Illite and Kaollnlte
Formation:
Location:
Conditlion 1: l:l 11l1te:kaolinlte ratio
Condition 2: 1-psl surcharge
Conditlion 3: Optimum water content,
maximum denslty
Property/units: Sweliing (%)
ranges from: <2
to: <10
as: ¥ clay slze
ranges from: <20 to: 55
Retference: Two refs
Source: ONWi-486 (1983), p, 49

Property class: Swelling
Material: Kaolinlte
Formation: -
Location: -
Condition 1: 1-ps| surcharge
Condition 2: Optimum water content,
maximum density
Condlition 3: =
Property/units: Swelling (%}
ranges from: <2
to: 4
as: ¥ clay size
ranges from: <20 to: 60
Reference: Two refs
Source: ONW|-486 (1983), p, 49

Property class: Swelling
Material: Kaollnlfe and Bentonite
Formation:
Location:

Condition 1: 6:1 kaolinite:bentonlite ratlo

Condition 2: 1-psl surcharge
Condition 3: Optimum water content,
maximum density
Property/units: Swolllng %)
ranges from:
to: 35
as: ¥ clay slze
ranges from: 10 to: 30
Reference: Two refs
Source: ONW1=486 (1983), p, 49



Property class:
Materlal: Shale
Formatlion:
Location:
Condition 1:
Condition 2:

Swelling

Plerre Shale
Great Plalns

Condition 3: ~

Property/units:
ranges from:
to:

as:

ranges from:
Reference: Abel!

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

Property class:
Material: Shale
Formation:
Location:

g\vel ting (potential) (%)

5

= to: =
and Gentry (1975)

Swel ling

Plerre Shale (equivalent)

Canada

Conditlon 1: =

Condition 2:

Condition 3: -

Property/units:

Swelling (potential) (%)

ranges from: 2

to:

as!

ranges from:
Reterence: Abel!

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

Property class:

20

= to: ~
and Gentry (1975)

Swelling pressure

Materiai: Bentonite
Formatlion: -
Locatlon: Oregon

Condition 1:

Mixed with sand

Condition 2: =

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

as:

ranges from:

Swelling pressure
ca, 0

ca, 1,8
Bentonite content
ca, 10 to: ca, 69

Reference: Smith et al (1980)
Source: AECL-7812 (1983), p, 34

Property class:

Swelllng pressure

Materisl: Bentonite
Formation: -
Location: Wyoming

Condition 1:

Mixed with sand

Condition 2: -

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

as:

ranges from:

Swelllng pressure
ca, 0

ca, 2,2
Bentonite content
ca, 10 to: ca, 70

Reference: Smith ot al (1980)
Source: AECL-7812 (1983), p, 34

(MPa)

)

(MPa)

%)
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Property class: Swelling pressure

Material:
Formation:
Location:
Condition 1:
Condition 2:
Condlition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Source: KBS TEKNISK RAPPORT 9 (1977), p. 6

Benfonlfe (a)

Plus natural slit

Alr dry (5% water, Initiatly)
Laterally confined; axial

load, 10 iPa
Swel ling pressure (kPa)

30
110

(0,03 WPa) (?)
(0,11 MPa) (?)

Bentonite content (%)
10 to: 20

Property class: Swellling pressure
Material: Bon?onlfe (b)

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

Plus quartz

10 to 15% water content
At constant volume

Swel ling pressure (kPa)

30
200

as: -
- to: -
Reference: VBB company report

ranges from:

Source: KBS TEKNISK RAPPORT 9 (1977), p, 6

(0,03 Wa) (?)
(0,20 MPa) (?)

Property class: Swelling pressure
Material: Ben'ronlfe )

Formation:
Locatlon:
Condition 1:
Conditlion 2:

Property/units:
ranges from:
to:

as:

ranges from:

Maasur'ed at 20 deg C
Used distilled water
Condition 3: -
Swelllng pressure (MPa)

[ ]
ca, 70

Density
1.75 to:

(dr;) (Mg/m(3))

Reference: Pusch (1980)
Source: AECL-7812 (1983), p, 33

Property class: Swelllng pressure
Material: Bonfonlfo (Ca)

Formatlion:
Location:
Condlition 1:
Condition 2:
Condi tion 3:

Property/units: Swellling pressure (MPa)
ranges from: 31,
to: -
as: Denslty (g/cm) ()

ranges from:
Reference: =~

2,11 to: -

Source: ONWI=312 (1981), p, 31



Property class:
Materlal:
Formatton:
Location:
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Swelllng pressure

Bentonlte (Na) (a)

Cond!tlon 1: Conflned

Cond!tlon 2:

Dens!ty at water saturatfon

Cond!tton 3: -

Property/unlits:
ranges from:
to:

as:

ranges from:
Reference:

Swelllng pressure (MPa)
>10

- t0: =~

Pusch (1979)

Source: ONWI=312 (1981), p, 15

Property class:

Swelllng pressure

Materlal: Benfonlfe (Na) (b)

Formation:
Locatlon:
Condition 1:
Condlitlon 2:
Cond!tfon 3:
Property/units:
ranges from:

Swelllng pressure (MPa)
57.7

to: =

ranges from:
Reference: -

Denstity (Inltlal) (presumed
g/cm) (3))
2,13 to: -

Source: ONWI=3121(1981), p, 31

Property class:

Swelllng pressure

Materlatl: Bentonlte (Na) (c)

Formatfon:

Locatlon: -

Condlitton 1:

508 sand

Cond!tlon 2;: =

Cond!tlon 3:
Property/untts:
ranges from:

Swelllng pressure (MPa)
21,7

to: -

ranges from:
Reference: =

Density (tnltlal) (presumed
g/cm) (3))
2,09 to: -

Property class:

Swelllng pressure

Materlal: Benfon!fe (Na) (e)

Formatlon:
Locatlon:
Condftlon 1:
Conditlon 2:

Wyom!ng
MX~-80
50% sand

Cond!tlion 3: -

Property/units:
ranges from:

Swelllng pressure (MPa)
ca. 3

to: ca

as:
ranges from:
Reference: -

. B
Density (Mg/m(3))
1,856 to: 2,055

Source: AECL-7825 (1984), p, 16

Property class:
Materlal:
Formatlon:
Locatlon:
Conditlon 1:
Conditlon 2:
Condiftlon 3:
Property/untts:
ranges from:
to:
as:
ranges from:
Reference: -

Swalllng pressure

Bentonite (Na) (+¢)

Wyoming

MX~-80

Time dependent
Swalllng pressure (MPa)
ca, 2

ca. 20

Density (dry) (Mg/m(3))
1,556 to: 1,774

Source: AECL-7825 (1984), p, 16

Property class:

Swelilng pressure

Materlal: Benfon!fo (Na) (g)

Formation:
Location:
Cond!tlon 1:
Cond!tlon 2:

Cond!tlon 3:
Property/unlts:

H om! n

M%-eo S

Compacted atr-dry (water ca,
10%)

Curve D

Swalllng pressure (MPa)

ranges from: 1

to:

as:

ranges from:
Reference: -

8
Density (bulk) (t/m(3))
ca, ‘08 to: cs, 2.3

Source: ONW(=312 (1981), p, 31

Property class: Swelllng pressure
Materlal: Bonfonlfo (Na) (d)

Source: KBS TEKNISK RAPPORT 74 (1978), p, 6

Property class: Swalllng pressure
Materlat: Benfonlfo (Na) (h)
Forms*lon:

Formatton:

Locatlon:
Cond!tion 1:

Cond!tlon 2:

Conditton 3:
Property/unlts:
renges from:

to:

as:

ranges from:

Denslf (g/cm(3)) ca, 2.2
Ttme 373 days

Swell!ng pressure (MPa)
ca, 72

- to: -

Reference: Teylor et al (1980)
Source: RHO-BWI=-SA-80 (1981), p, 6

Locatlon:
Condlitton 1:

Wyomlng
Calculated based on dry
dens !ty

Condttton 2;: -

Condtttlon 3:
Property/untts:

Swelllng pressure (MPa)

ranges from: 2

to:
as:
ranges from:

23
Denslty (dry) (+/m(3))
1.1 to: 1,7

Reference: Pusch (1978)
Source: ONW1-486 (1983), p, 51



Property class:
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Swelllng pressure

Material: Bentonlte (Na) (i)

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

as:

ranges from:

Wyoming
Calculated, water saturated

Swelling pressure (MPa)
3

26
Denslity (bulk) (+¥/m(3}}
1.7 to: 2.1

Reterence: Pusch (1978)
Source: ONWI =486 (1983), p, 5!

Property class:

Swelling pressure

Material: Bentonite (Na) (])

Formation: -
Location: wWyomlng
Conditlion 1: Exposed to external water at
constant volume
Condition 2: Measured
Condition 3: =
Property/units: Swelling pressure (MPa)
ranges from: 3
to: 27
as: Density (+/m(3))
ranges from: 1,9 to: 2.3
Reference: Pusch (1978)
Source: ONWI-486 (1983), p, 5t
Property ciass: Swelllng pressure
Material: Bentonite and Sand (a)
Formation: =~
Locatlon: Oregon
Condition 1: -
Condition 2: -
Conditlon 3: -
Proparty/units: Swelllng pressure (MPa)
ranges from: ca, 0
to: ca, 1,8
as: Clay content (wt., %)
ranges from: ca, 10 to: ca, 70

Retferenca: Taylor et al (1980)
Source: RHO-BWI-SA-80 (1981), Fig, 3

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

as:

ranges from:

Swelling pressure

Bentonlite and Sand (b)

Wyoming

Swelling pressure (MPa)
ca, 0

ca, 2,2

Clay content (wt. %)
ca, 10 to: ca. 70

Retference: Taylor et al (1980)
Source: RHO-BW!-SA-80 (1981), Fig. 3

Property class:
Material: Shatle
Formation:
Locatlon:
Condition 1;
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Retference: -

Source: KBS TEKNISK RAPPORT 74 (1978), p, 7

Swe lllng pressure

MX~80

water content ca, 10%

Swelling pressure (MPa)
10

0.5

Density (bulk) (+/m(3))
2,2 to:

1.2

Property class: Tensile strength
Material: Arglitite
Eleans Argliiite

Formation:
Location:
Conditlon 1:
Conditlon 2:
Conditlon 3:
Property/units:
ranges from:
to:
as:
ranges frun:
Retference. =~

Source: Proc NEA Workshop OECD (1979b), p, 81

Calculated value

Tens!le strength (MPa)

3.5

= to:

Property class: Tensile strength

Material: Shale
Formation:
Locatlon:
Conditlon 1:
CondIitlon 2:
Conditlon 3:
Property/units:
ranges from:
to:
as:
ranges from:
Retference: -

Arnheim and Waynesvl|le Fms

Ohlo

Ordoviclan

intact

TJensl le strength (psi)

200

- to:

«Q

4 MPa)

Source: Y/OMi/TM36/6 (1978), p. 5-14

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

Tenslle strength

(a)

Intact

Tenslle strength (psi)
0 (0 MPa) (1)

1,540

- ta:

(1.1 x 10(1) WPa)

Source: Y/OW|/TM36/6 (1978), p, 2-2
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Property ciass:
Material: Shale
Formation:
Location: =
Condlition 1: Typlcat Illitic shale
Condition 2: Intact
Condition 3;: -
Property/units: Tenslile strength (psi)

Tens!le strength
(b)

ranges from: 200 (1,4 WPa)
to: -
as: -~

ranges from: - to: =

Reference: -
Source: Y/OW! /TM36/6 (1978), p. 7-8

Property class:
Material: Shale
Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as: -
ranges from: - to: -
Reference: Dames and Moore (1978)
Source: ORNL/Sub/84-64794/1 (1985), p, 108

Tensile strength

(c)

Chagrin Shate

Ohlo
Devonlan-Mlississippian
Intact

Depth = 30 m

Tenslle strength (MPa)
0,34

Property class:
Material: Shale
Formation: Chagrin Shale
Location: Ohlo
Conditlon 1: Devonlan
Condition 2: Intact
Condition 3; -

Tenslile strength
(d)

Property/units: Tenslle strength (psi)
ranges from: 50 (3.4 x 10¢=1) WPa)
to: ~

as: -
ranges from: = to: =
Retarence: -
Source: Y/OWl /TM36/6 (1978), p, 4-12

Property class:
Materlal: Shale (e)
Formation: Plerre Shale
Location: =~
. Condition 1: Intact
Condition 2;: =
Condition 3:

Tensile strength

Property/units: Tensile strength (psi)
ranges from: 50 (3.4 x 10(-1) MPa)
to: -
as: -

ranges from:
Reference: =
Source: Y/OWI/TM36/6 (1978), p. 3-24

- to: -~

Property class: Tensl|le strength
Materlal: Shales
Formation: -
Locatlion: Varlous
Condition 1: Various formatlions, depths,
etc,

Condition 2: Represents many samples

Condition 3:

Property/units: Tensile strength (psl)
ranges from: <100 ( <6,9 x 10(-1) MPa)
to: 1,538 (1,1 x 10¢)) MPa)
as: -
ranges from: - to: =-

Refarence: Several refs
Source: Y/OWt/TM36/6 (1978), p, A-7

Property class: Young's modulus
Material: Arglilite (a)
Formation: Eleana Argillite
Location: =
Condition 1: Lab measurement
Condltion 2: ~
Condition 3: =
Property/units: Young's modulus (GPa)
ranges from: 3.7 (3,7 x 10(3) MPa)
to: 16 (MPa)
as: Contining pressure (MPa)
ranges from: Unconflined to: 20
Reference: =
Source: Proc NEA Workshop OECD (1979b), p, 83

Property class: Young's modulus
Material: Argliliite (b)
Formation: Eleana Arglllite
Location: =
Condition 1: -
Condlitlon 2;: -
Condition 3: =
Property/units: Young's modulus (unconflned)
(GPa)
ranges from: 3,74
to: -
as: -
ranges from: - to: -
Re terence: Y/OWI/TM-36/6 (1978)
Source: Proc NEA Workshop OECO (1979b), p. 87

(3.7 x 10(3) MPe)

Property class: Young's modulus
Materlal: Bentonlte
Formation: =~
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units: Young's modulus (MPa)
ranges from: 300
to: -
as: =
ranges from: - to: -
Reference: -
Source: ONW|-486 (1983), p, 63

Density = 2 +/m(3)
10% water
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Property class: Young's modulus
Materlal: Benfonlfe and Sand (a)
Formation:
Locatlon: Orogon
Condltion 1: -
Condition 2: -
Condltlon 3: -~
Property/unlts: Young's modulus (MPa)
ranges from: ca, 55
to: ca, 80
as: Clay content (wt., %)
ranges from: ca, 10 to: ca, 50
Reference: Taylor et al (1980)
Source: RHO-BW!-SA-80 (1981), Flg. 5

Property class: Young's modulus
Material: Benfonlfo and Sand (b)
Format{on:
Locatlon: Hyomlng
Condl[tlon t: =
Conditlon 2;: -
Condltlon 3: -
Property/unlts: Young's modulus (MPa)
ranges from: ca, 45
to: 60
as: Clay content (wt, §)
ranges from: 10 to: 50
Reterence: Taylor et al (1980)
Source: RHO-BWI-SA-80 (1981), Fig. 5

Property class:
Materlal: Clay
Formatlion: Blue Ciay
Locatlon: |taly
Condltlon t: ~-
Condltlon 2: -
Condlitlon 3;: -
Property/unlts: Young's modulus (elastic
modulus) (MPa)
ranges from: 300
to: -~
as: =
ranges from: - to: =
Reference: -
Source: Rad Waste Management and Nuclear Fuel
Cycle v,6 (1985), p, 54

Young's moduius

Property class:
Materlal: Clay
Formatlon: Boom Clay
Locatlion: Belglum
Condition 1: -
Condlitlon 2: -~
Condition 3: -
Property/units: Young's modulus (elastic
moduius) (MPa)
ranges from: 170
to: -
as: -
ranges from: - to: -
Reference: -
Source: Rad Waste Management and Nuclear Fuel
Cycle v,6 (1985), p, 54

Young's modulus

Property class: Young's modulus
Materlal: Ol Shales
Formation:
Locatlon:
Conditlon 1: ngh grade
Condltlon 2: -
Conditlon 3: -
Property/unlts: Young's modulus (MPa)
ranges from: 7,000 (7 x 10(3))
to: 17,500 (1,75 x 10(4))
as:
ranges from: = to: =
Reterence: Netherland et al (1975)
Source: ORNL/Sub/B4~64794/1 (1985), p, 348

Property class: Young's modulus
Materlal: Ol Shales
Formatlon:
Location: =
Condltlon 1: Low grade
Condltlon 2: -
Condltlon 3: -

Property/units: Young's modulus (MPa)
ranges from: >21,000 ( >2,1 x 10(4))
to: -
as: -
ranges from: - to: =

Reterence: Netherland et al (1975)
Source: ORNL/Sub/84-64794/% (1985), p, 348

Property class: Young's modulus
Materlal: Shale
Formatlon:
Locatlon:
Condition 1: Ordoviclan
Condltton 2: Intact
Condlition 3: -

,o-nhelm and Waynesvllle Fms
Ohlo

Property/unlts: Young's modulus (psl)
ranges from: 1,5 x 10(6) (1 x 10(4) MPa)
to: -
as: -
ranges from: = to: -

Reference: -~
Source: Y/OW|/TM36/6 (1978), p, 5-14

Property class: Young's modulus
Materlal: Shale
Formatlion:
Locatlion:
Condlition 1: Devonlan
Condlitlon 2: Intact
Condltlon 3: -
Property/units: Young's modulus (psl)
ranges from: 1,7 x 10(5) (1.2 x 10(3)
WPa)
to: -
as: -
ranges from: - to: -
Reference: -~
Source: Y/OW|/TM36/6 (1978), p, 4-~12

Chagrin Shale
Ohlo



Property class:
Matarlal: Shale
Formation:
Locatlon:
Condltlon 1:
Condltlon 2:
Conditlion 3:
Property/units:

rangass from:
to:

as:

ranges from:
Retsrence:
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Young's modutus

Hucknal|l Shale

Intact

Young's modulus (elastlc
modulus) (ps! x 10(6))
1,48 (1 x 10(4) MPa)

- to: -

Hobbs (1970)

Source: Y/OW| /TM36/6 (1978), p, 6-3

Property class:
Materlal: Shale
Formation:
Locatlion:
Conditlon 1:
Condltlon 2:
Condltlon 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Young's modulus

Plerre Shale

Intact

Young's modulus {(psl!)
1,4 x 10(5) (9.7 x 10(2)
MPa)

- to: -

Source: Y/OW!| /TM36/6 (1978), p. 3-24

Property class:
Materlai: Shale
Formatlon:
Locatlon:
Condltion 1:
Condltlon 2:
Condltion 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference: Abel

Young's modulus

Plerre Shale
Great Plalns

Young's modulus (elastlic
modulus) (ps! x 10(6))

0,02 (1,4 x 10(2) WPa)
0,014 (9,6 x 10(1) MPa)
- to: =

and Gentry (1975)

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

Property class:
Material: Shale
Formatlon:
Location:
Conditlion 1:
Condltlon 2:
Conditlon 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Young's modulus
(a)

Room temperature

Conflning pressure = 0-20 MPa
Brittle-to~ductlle transitlon
pressure

Young's modulus (MPa)

10

32

- to: =

Source: ORNL-6241/V1 (In preparation) p, 47

Property class:
Mzterlal: Shale
Formatlon:
Locatlon:
Conditlon 1:
Condltlon 2:
Condltlon 3:

Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -

Young's modulus
(b)

Room temperature

Contlnlng pressure = <100 MPa
Brittle-to-ductlle translition
pressure

Young's modulus (MPa)

10

32

- fo: -

Source: ORNL-6241/Y1 (In preparation) p, 47

Property class:
Materlal: Shale
Formatlon:
Locatlon:
Condltion 1:
Conditton 2:
Condltion 3:
Property/unlts:
ranges from:
to:

as:
ranges from:
Reference: -

Young's modulus
(c)

Intact

Young's modulus (psl)

2 x 10(3) (1.4 x 10(1) MPa)
6,4 x 10(6) (4.4 x 10(4)
MPa)

- to: =

Source: Y/ONIU/TM36/6 (1978), p. 2-2

Property class:
Materlal: Shale
Formation:
Location:
Condltion 1:
Condltlon 2:
Condltlon 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Young's modulus
(d)

Typlcal [11itlc shale
Intact

Young's modulus (psl)
1,6 x 10(6) (1,1 x 10¢4)
MPa)

- to: -

Source: Y/OM|/TM36/6 (1978), p., 7-8

Property class:
Materlal:
Formation:
Locattion:
Condltlon 1:
Condltion 2:
Conditlon 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Young's modulus

Shales (a)

Tested at room temperature
"Ory" specimens

Filfty data points

Young's modutus (GPa)

9.9 (9.9 x 10(3) MPa)
31,7 (3.17 x 10(4) MPa)
- to: -

Source: ORNL=-6241/V3 (In preparation) p, 110



Property class:
Materiat:
Formatlon:
Locatlon:
Conditlon 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

ass

ranges from:

160

Young's modulus

Shales (b)

Young's modulus (Pa x 10(10))
1 (1 x 10(4) MPa)

500 (5 x 10(6) MPa)

Depth (m)

0 to: 6,000

Reference: Three refs
Source: ORNL-6241/V2 (in preparation) p, 199

Property class:

Young's modulus

Materlal: Shales (c)
Formation: -
Locatlion: Varlous

Condlition \:

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

to:
as:

ranges from:
Reference:

Various formations, depths,
etc.

Represents many tests
Young's modulus (psl)

0,0020 x 10(6) (1,4 x 10Q1)
Pa)

15,0 x 10(6)
MPa)

(1 x 10(5)

- to: =

Fourteen refs

Source: Y/OWI /TM36/6 (1978), p, A-8,9
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13.1.5 Appendix A.5. THERMAL PROPERTIES
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Property class:
Material: Clay
Formation:
Location:
Condlition 1:
Condittion 2:
Condlitlion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

163

Heat capacilty

Blue Clay
I taty

Specliflic heat (J/Kg¥K)
(specific heat capacity)
9.21 x 10(2)

- to: -

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

Property class:
Materiail: Clay
Formatlon:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Heat capaclty

Boom Clay
Belglum

Specific heat (J/Xg=K)
(speciflc heat capaclty)
9.21 x 10(2)

- to: -

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

Property class:
Material: Shale
Formation:
Location:
Condition !:
Condition 2:
Condition 3:

Heat capacity

Typlcal j1litic shale
Intact

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

Source: ORNL=-6241/V3 (In preparation) p, 345

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

ranges from:
to:
as:
ranges from:

Reference: L?;gz. M. (personal communication)
(

Source: ORNL-6241/Y2 (In preparation) p, 99

Property class:

Heat capaclty
(b)

Heat capacity (J/Kg—K)

7.12 x 10(2)
1.170 x 10(3)

- to: -

Heat capacity
(c)

Specific heat (J/Xg-deg C)
(speclfic heat capaclty)

(J/Kg=K)
7.96 x 10(2)

- to: =

)

Heat capaclty

Mataerial: Shales (a)

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

Two tests

Heat capacity (BTU/|b-deg F)

Property/units: Heat capaclity (BTU/Ib-deg F) ranges from: 0.16 (6,7 x 10(2) J/KqXK)
ranges from: 0,20 (8,4 x 10(2) J/Xg=K) to: 0,20 (8.4 x 10(2) J/Xg=K)
to: - as: -
as: - ranges from: = to: =
ranges from: - to: = Reference: Two refs

Reference: - Source: Y/OWM1/TM36/6 (1978), p. A-19
Source: Y/OM|/TM36/6 (1978), p, 7-8
Property class: Heat capaclty
Material: Shale (a)
Formation: -
Location: -
Condlition 1: -
Condition 2: -~
Condltion 3:

Material: ShAles (b)
Formatidn:
Locatidn:
Conditionil:
Condition |2:
Condltion}3:

Property cla§s: Heat capacity

- Property/units: Speclific heat (J/Kg=K)
Property/units: Heat capacity (J/Xg—K) : (specitic heat capacity)
ranges from: 5,5 x 10(2) ranges from: 5,50 x 10(2) \
to: 1,042 x 10(3) to: 1,042 x 10(3)

as: = . as: - .
ranges from: - to: - ranges from: - to: -

Reference: =~

Reference: -
Source: ORNL-6241/V1 (In preparation) p.

40 Source: ORNL-6241/V¥3 (in preparatién) p, 115
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L tnear expansion

Materlal: Argiliite

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

ranges from:

tos

as:

ranges from:
Reference: -

Eleana Argllilite

Natural state

Contracts up to ca, 100 deg C
Expands from 100 Yo 500 deg C
Coeffliclent of |lnear expan-
slon (deg C(-1)) (K(=1))

8 x 10(-6)

15 x 10(-6)

- to: -

Source: Proc NEA Workshop OECO (1979b), p. 77

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

ranges from:

to:

as:

ranges from:
Reference: -

Linear expansion
(a)

Intact

Coefflicient of |Inear thermal
expansion (deg F(~1))

4 x 10(-6) (2,2 x 10(-6)
K¢(=1))

- to: -~

Source: Y/OW| /TM36/6 (1978), p, 2-2

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

ranges from:

to:

as:

ranges from:
Reference: =

Linear expanslion
(b)

Typlcal 1ilitlc shale
Intact :

Coefficient of linear thermal
expans lon (horizontal) (deg
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:

Linear expansion

Materlal: Shale (c)

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

ranges from:

to:

as:

ranges from:
Reference: -

Typlcal 1ll1itlc shale

| ntact

Coeffliclient of linear thermal
expansion (vertical) (deg
F(=1))

9 x 10(=6)
K(=1))

(5 x 10(=6)

- to: -

Source: Y/OWi/TM36/6 (1978), p, 7-8

Property class:

Linear expanslion

Material: Shales (a)

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

ranges from:

to:

as:

ranges from:
Reference: -

Elight samples

Coef ficlient of |inear thermsl
expansion (K(-1))

2.5 x 10(-6)

15,8 x 10{~-6)

- to: -

Source: ORNL-6241/V3 (in preparation) p, 345

Property class:

Linear expansion

Materiail: Shales (b)

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

ranges from:

to:

as:

ranges from:
Reference: =

Eight data points

Coefficlent of thermal
expansion (K(-=1))

2.9 x 10(=-6)

12,9 x 10(-6)

- to: ~

Source: ORNL-6241/V1 (in preparation) p, 47

Property class:

Thermal conductivity

Material: Arglilite (a)

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

ranges from:
to:
as:
ranges from:

Eleana

At or above 100 deg C
Parallel to layering

Thermal conductivity (matrix)
(W/m=deg C) (W/m=XK)

ca, 1,80

- to: -

Reference: Clark (1966}
Source: Proc NEA Workshop OECD (1979b), p, 87

Property class:

Thermal conductlivity

Materlal: Arglitiite (b)

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

ranges from:
to:
as:
ranges from:

Eleana

At or above 100 deg C
Perpendicular to layering

Therma| conductivity (matrix)
(W/m=-deg C) (W/m=K)
ca, 1,48

- to: -

Reference: McVey et al (1979)
Source: Proc NEA Workshop OECD (1979b), p. 87
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Property class: Thermal conductivity
Materlal: Argllitite (c)

Formation:
Locatlon:
Condlition 1:

Conditlion 2:

Eleana Argillite

Nevada

Temperature from 25 to 400
deg C

Many tests

Condition 3: -

Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Thermal conductivity (W/mK)
1,28
2,7

- to: -

Two refs

Source: ORNL-6241/V3 (in preparation) p. 341,

342

Property class:

Thermal conductlivity

Materlal: Bentonite (a)

Formation:

Location: -

Condition 1:

9% quartz

Condition 2: =
Condlition 3: =-

Property/units:

,ranges from:
to:
as:

ranges from:

Reference: -

Heat conductivity (W/m-deg C)
(thermal conductivity)
(W/m=K)

0.5

2.0

water content (%)

4 to: 20-30 .

Source: KBS TEKNISK RAPPORT 9 (1977), p. 8

Property class:

Thermal conductivity

Material: Ben'ronlfe (b)

Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:

Pressed at 50 to 100 WPa
Water content ca, 10§
Density (bulk) = 2,1 t/m(3)

Property/units: Thermal conductivity
(W/m~deg C) (W/m=K)
ranges from: ca. 0,75
to: =
as: =
ranges from: - to: -

Reference: -

Source: Proc NEA Workshop OECD (1979b),

p. 148

Property class:

Thermal conductivity

Material: Bentonite (c)

Formation:
Locatlions
Condition 1:
Condition 2:

Condition 3:

Property/units:

Avonge! or Wyomling

Mixed with varying smounts of
sand, crushed granlite, etc,
Ten tests under molst
conditions

Thermal conductivity

ranges from: 0,7

to:
as:

ranges from:
Reference: -

(W/m-deg C) W/mK)
3.0
= to: -

Source: Proc NEA Workshop OECD (1981), p. 342

Property class:

Therma| conductivity

Material: Benfonlfe (Ca)

Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: ~

Varlous pressing forces
(21-138 WPa)

Alr saturated
Temperature ca, 25 deg C
Thermal conductivity
(W/m=deg C)}  (W/m=K)
0. M

1.10

Density (g/cm(3))

1,60 to: 2,13

Source: PNL-4452 UC-70 (1983), p, 20

Property class:

Thermal conductivity

Material: Bentonite (d)

Formation:
Location:
Condition 1:
Condition 2:

Conditlon 3:
Property/units:

ranges from:
to:

Avongel or Wyoming

Mixed with varying amounts of
sand, crushed granlte, etc,
Ten tests under dry
conditions

Thermal conductivity
(W/m=deg C) (W/m=K)

0.5

1.0

ranges from:
Reference: -

- to: -

Source: Proc NEA Workshop OECD (1981), p, 342

Property class:

Therma| conductivity

Materlal: Bentonite (e)

Formation:
Location:
Condition 1:
Condition 2:

100% water saturated
"Compacted"

Condition 3: -

Property/units:

ranges from:
to:
as:
ranges from:

Therma| conductivity
(W/m-deg C)  (W/m=K)
0,9

1.3

Temperature (deg C)
"s|jghtly >73" to: -

Reference: Knutsson (1977)
Source: ONW|-486 (1983), p, 63

Property class:

Thermal conductivity

Material: Ben'tonlfo (¢)

Formation:
Location:
Condition 1:
Condition 2:

Donslfy = 1,6-2,0 +/m(3)
Water content 5-16 %

Condition 3: -

Property/units: Thermal conductivity
(W/m~deg C) (W/m=K)
ranges from: |
to: 3.5
as: -

ranges from:

- $0: =

Reference: Roy (1982)
Source: ONWi-486 (1983), p., 63
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Property class: Therma!l conductlivlty
Material:’ Benfonlfe (g)
Formation:
Location: Nyomlng
Condition 1: Constant denslty
Condition 2: -
Condition 3: -

Property/units: Thermal conductivity
(W/m—-deg C) (W/m=K)
ranges from: ca, 0,0
to: ca. 1.2

Molsture content (%)
ca., 0 to: ca, 20

as:
ranges from:
Reference: -
Source: Proc NEA Workshop OECO (1981), p, 334
Property class: Thermal conductlvity
Material: Bonfonlfo (h)
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

Hyomlng
Density = 2,0 +/m(3)
66% water saturation
At 73 deg C
Therma| conductlivity
(W/m=-deg C) N/mX)
ranges from: 0,78
to: -
as: -
ranges from: - to: -
Reference: -~
Source: ONWI-486 (1983), p, 61

Property class: Thermal conductivlity
Materilal: Benfonlfo (Na)

Formation:

Location: -~

Conditlion 1: Various pressing forces

(21-90 Wa)
Alr saturated
Temperature ca, 25 deg C
Thermal conductivlty
(W/m-deg C)  (W/m-K)
0,52
0,96
Density (g/em(3))
1,70 vo: 2,25

Conditlion 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Source: PNL-4452 UC-70 (1983), p, 20

Property class: Therma| conductivity
Material: Bentonite and Crushed Granite (a)
Formation: -
Location: Wyoming
Condition 1: -
Condition 2: -
Condition 3: -
Property/units: Thermal conductivity
(W/m-deg C) (W/mX)
ranges from: 2,7
to: 0.8
as: Ciay content (%)
ranges from: ca, 20 to: 100
Reference: -

Source: Proc NEA Workshop OECD (1981), p, 334

Property class:

Thermal conductivity

Material: Bentonite and Crushed Granite (b)

Formation:
Locatlon:
Condition 1:
Condition 2:

Wyoml ng
50% bentonlte
Constant density

Condition 3: -

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Therma! conductivity
(W/m-deg C)  (W/m-K)
ca, 0,6

ca, 1,5

Molsture content (%)
ca, 0 to: ca, 16

Source: Proc NEA Workshop OECD (1981), p, 334

Property class:
Materiatl:
Formation:
Location:
Condition 1:
Condlition 2:
Condlition 3:

Property/units:
ranges from:
to:

as:

ranges from:

Therma| conductivity

Benfonlfe and Salt (a)

30:70 bentonite:salt

10 MPa axial stress

Density (dry) = 1,67-1,71
+/m(3)

Ih?;mal conductivlty (W/m=K)
0.99

Temperature (deg C)

89 to: 250

Reference: Molecke (1982)
Source: ONW|~-486 (1983), p, 53

Property class:

Thermal conductlivity

Materlal: Bon*tonlfo and Salt (b)

Formation:
Location:
Condltion 1:
Condition 2:
Condlition 3:

Property/units:
ranges from:
to:

as:

ranges from:

30:70 btentonlte:salt

10 WPa axlial stress

Denslity (dry) = 1,67=1,71
+/m(3)

1"hatl'na| conductivity (W/m=K)
1,12

Temperature (deg C)

21 to: 89

Reference: Molecke (1982)
Source: ONWI-486 (1983), p, 53

Property class:

Therma |l conductivity

Materlal: Ben*tonlfo and Sand (a)

Formation:
Location:
Condition 1:

Condlitlon 2:

Bonfonlfe:sand from 10:90 to
20:80
Water content 5-30%

Condlition 3: -

Property/units: Thermal conductivity
(W/m-deg C)  (W/mK)
ranges from: O,
to: 2.0
as: -
ranges from: = to: -

Referenca: Fagerstrom and Lundahie (1977)
Source: ONW!~-486 (1983), p, 63



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

Condition 3:

Proparty/units:
ranges from:
to:

as?

ranges from:
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Thermal| conductivity

Bentonite and Sang (b)

Dry mixtures with sand
Denslity (dry) = 1,98-2,12
t/m(3)

Temperature range 25 to 300
deg C

Therma|l conductivity (W/m-K)
0,58-0,80

1.06=-1,17

Wt § sand

0 to: 50

Reference: Molecke (1982)
Source: ONWI =486 (1983), p. 53

Property class:
Material: Clay
Formation:
Location:
Condition 1:
Condition 2:
Conditlion 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Therma! conductlivity

S. Paolo mine

Cublc block, 80-cm edge
Plio-P felstocene

Dominantly illlte plus lesser
smectite, kaollinlite and
chiortite

Thermal conductivity
(W/m-deg C) (W/mK)

0,014 (1.4 W/m=XK)

0,016 (1,6 W/m=XK)

- to: -

Source: ORNL-tr-5110 (1981), p, 12

Property cilass:
Material: Clay
Formation:
Location:
Condition V:
Conditlion 2:
Condition 3:
Propsrty/units:
ranges from:
to:
as:
ranges from:
Reference: =

Thermal conductlivity

Blue Clay
Italy

Thermal conductlivity (W/m=K)
1,5

- to: -

Source: Rad Waste Management and Nuclear fFuel
Cycle v, 6 (1985), p. 54

Property class:
Material: Clay
Formation:
Location:
Condltion 1:
Condition 2:
Condlition 3:
Property/unlits:
ranges from:
to:
as:
ranges from:
Reference: =

Therma| conductivity

Oxtord Clay
England

Thermai conductivity (W/m=K)
1.56

- %0t -

Property class: Thermal conductivity
Material: Clay (a)

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

ranges from:

to:

as:

ranges from:
Reference: -

Boom Clay
Be lgium
At or above 100 deg C

Thermal conductivity (matrix)
(W/m-deg C)  (W/mK)
ca, 0,3

- to: -

Source: Proc NEA Workshop QECD (1979b), p, 87

Property class:

Therma| conductivity

Material: Clay (b)

Formation:
Locatlon:
Condition 1:
Condlition 2:
Condition 3:

Boom Clay
Belglum

Therma | conductivity (W/mK)

Property/units:
ranges from: 1,
to: -
as: -
ranges from: - to: -
Reference: Two refs

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

Property class:

Thermal conductivity

Materlal: Clayey Sandstones

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

ranges from:
to:
as:
ranges from:

40 to 57 % clay by volume
15 to 208 porosity

Heat conductivity
(mi1ilcal/cm-s-deg C)
(thermal conductivity)
2.5 (1,05 w/mXK)

- 40: -

Reference: Zlerfuss (1969)
Source: Y/OMi /SUB-7009/1 (1976), p, 23

Property class:

Thermal conductivity

Material: Hectorite

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

90% quartz

Therma! conductivity
(W/m-deg C)  (W/m=K)

ranges from: 0,5

to:

as:

ranges from:
Reference: -

2 %03
Water content
Dry to: Fully saturated

Source: Rad Waste Managemsnt and Nuclear Fuel
Cycle v, 6 (1985), p, 54

Source: ONWI=312 (1981), p, 18
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Property class: Thermal conductivity

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

ranges from:

to:

as:

ranges from:
Reference: -

tiilte (a)

Sea!bond
Constant density

Therma! conductivity
(W/m-deg C) (W/m=K)
ca, 0,6

ca, 1,6

Molsture content (%)
ca, 0 to: ca, 10

Source: Proc NEA Workshop OECD (1981), p, 336

Property class:
Material:
Formation:
Location:
Conditlon t:
Conditlon 2:

Conditlion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Retference: -

Thorma| conductivity

Ii11te (b)

Seatbond

Mixed with varyling amounts of
sand, crushed granite, etc,
Four tests under molst
conditions
Therma! conductivity
(lW/m-deg c) (W/m=K)

4
4,0

- to: -

Source: Proc NEA Workshop OECD (1981), p, 342

Property class:

Therma! conductivity

Material: I1llte (c)
Formation: -
Location: -
Conditlion 1: Sealbond
Condition 2: Mixed with vary!ng amounts of
sand, crushed granite, etc,
Condition 3: Four tests under dry
conditions
Property/units: Thermal conductivity
(W/m-deg C)  (W/m=K)
ranges from: 0.8
to: 1,8
as: -
ranges from: = to: =

Retference: -

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

I1l1te and Crushed Granite

Sea! bond

50% (llite

Constant density
Thermal conductlivity
(W/m=-deg C) (W/m=K)
ca, 0.9

ca, 1.9

Moisture content (%)
ca, 0 to: ca, 10

Source: Proc NEA Workshop OECD (1981), p, 336

Property class:

Thermal conductivity

Material: Kaolinite (a)

Formation:
Location:
Conditlion 1:

Conditlion 2:

Conditlon 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Mixed with varyling amounts of
sand, crushed granite, etc,
Four tests under molst
conditlions

Therma| conductivity
(W/m-deg C)  (W/m=K)
1.7

3.5

- to: -

Source: Proc NEA Workshop OECD (1981), p, 342

Property class:

Therma! conductlivity

Materlal: Kaolinlite (b)

Formation:
Location:
Condition 1:

Condition 2:

Condlition 3:
Property/units:

L
ranges from:
to:
as:
ranges from:
Reference: -

Mixed with varying amounts of
sand, crushed granite, etc,
Four tests under dry
conditlons

Thermal) conductivity
(Ww/m=deg C) (W/m=K)

0.9

2,0

- to: -

Source: Proc NEA Workshop OECD (1981), p, 342

Property class:

Thermal conductivity

Material: Kaollnlte and Crushed Granlte

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

ranges from:

to:

as:

ranges fram:
Re ference: -

Thermal conductivity
(W/m=deg C) (W/mK)
3.4

2,3

Clay content (%)
ca, 20 to: ce, 50

Source: Proc NEA Workshop OECD (1981), p, 334

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

as:

ranges fraom:
Reference:

Thermal conductivity

Kansas
Core 1 and 2
Temperature 20 deg C

Thermal conductivity (W/m=K)
0,7
4.3

- to: -

Zlertuss (1969)

Source: ORNL~6241/V3 (in preparation) p. 343
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Property class: Thermal conductivity
Material: Shale
Formation: -
Location: South Africa
Condl tion 1: Temperafure 25 deg C
Condltion 2:
Condition 3:
Property/units: Thermal conductivity (W/m=K)
ranges from: 2,76
to: -~
as: -
ranges from: -~ to: -
Reference: Clark (1941)
Source: ORNL=-6241/¥3 (in preparation) p, 343

Property class: Thermal conductivity
Material: Shale
Formation: Karoo Shale
Location: Orange Free State
Condition I: Temperafure 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: -
Reference: Boch (1971)
Source: ORNL-6241/V3 (in preparation) p., 341

Property class: Thermal conductivity
Material: Shale
Formation: Nonesuch Shale
Location: Michigan
Condition 1: Temperature 30 deg C
Condition 2;: -~
Condition 3: -~
Property/units: Thermal conductivity (W/mK)
ranges from: 2,64
to: -~
as: -
ranges from: - to: ~
Reference: Krelg (1983)
Source: ORNL-6241/V3 (in preparation) p. 341

Property class: Therma! conductivity
Material: Shale
Formation: Plerre Shale
Location: -
Condition 1: Temperature 0 deg C
Condition 2: Two tests
Condition 3: -~
Property/units: Thermal conductivity (W/m-K)
ranges from: 1,42
to: 1.94
as: -
ranges fram: - to: =
Reference: Woods Ide (1961)
Source: ORNL-6241/V3 (in preparation) p, 341

Property class: Thermal conductivity
Materlal: Shale (a)
Formation: -
Location: England
Condlition 1: Triassic
Condition 2: Five tests
Conditlon 3: -
Property/unlts: Thermal| conductivity
(mitllcal/cm-s-deg C)
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: Bulliard and Niblett (1951)
Source: Y/OW1/SUB-7009/1 (1976), p. 26

Property class: Thermal conductlivity
Matertal: Shale (b)
Formation: =
Location: -
Condition 1: Typical 1ilitic shale
Condition 2: Intact
Condition 3: ~
Property/units: Thermal conductivity
(horlizontal) (BTU/hr-ft-deg

F)
ranges from: 1,1
to: ~
as: -
ranges from: -~ to: -
Reference: -
Source: Y/OWI1/TM36/6 (1978), p, 7-8

(1.9 W/m=K)

Property class: Thermal conductlivity
Materlial: Shale (c)
Formatlion: =
Location: -
Condition 1: -
Condition 2;: -
Conditlion 3: -
Property/units: Thermal conductlivity
(horizontal) (J/s m=deg C)
(W /m=¥K)
ranges from: 1,89
to: =
as: -
ranges from: - to: -
Reference: Loken, M, (personal communication)
(1984)
Source: ORNL-6241/V2 (in preparation) p. 99

Property class: Therma! conductlvity
Material: Shale (d)
Formation: -
Location: -
Condition 1: -~
Condition 2: =
Condition 3: -
Property/units: Thermai conductivity
(horlzontal) (W/m=K)
ranges from: 1,52
to: 2,26
as: -
ranges from: - to: ~
Reference:
Source: 0RNL-624I/VI (In preparation) p. 40



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

ranges from:

to:

as:

ranges from:
Reference: -
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Thermal conductlivity
(o)

Typlical Illitic shale
Intact

Thermal conductivity
(vertical) (BTU/hr=ft-deg F)
0,8 (1.4 w/mK)

-~ to: -

Source: Y/OM|/TM36/6 (1978), p, 7-8

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

ranges from:

to:

as:

ranges from:
Reference: =

Therma | conductivity
(f)

Thermal| conductivity
(vertical) (W/mXK)
1,21

1,57

- to:

Source: ORNL-6241/V1 (In preparation) p, 40

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

ranges from:
to:
as:
ranges from:

Thermal conductivity
(g)

Thermal conductlivity ratlio
nggﬂca 1/norlzontal)

- to: -

Reference: I(.tlalglg:, M, (personal communlication)
)
Source: ORNL=6241/V2 (in preparation) p, 99

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

ranges from:
to:
as:
renges from:

Thermal conductivity
(h)

England
Carboniterous

Eleven tests

Thermal conductivity
(mltiical/cm-s-deg C)

3.0 (1,26 W/m=X)
4,3 (1,80 w/mX)
- to: -~

Reference: Buf lard and Niblett (1951)
Source: Y/OMI/SUB-7009/1 (1976), p. 26

Property class: Thermal conductlivity
Materlal: Shale (I)
Formation: -
Location: England
Condition 1: Carboni ferous
Condition 2: Temperature 20 deg C
Condition 3: -
Property/units: Thermal conductivity (W/mK)

ranges from:
to:

as:

ranges from:
Reference: Boch

1,26

1.80

- to: -
(1971

Source: ORNL-6241/Y3 (in preparation) p, 341

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

. as:
ranges from:

Thermal conductivity
)

Massachusetts
Temperature 45 deg C

Therma | conductivity (W/m-K)
1,62

- to: =~

Retarence: Eckart (1959)
Source: ORNL-6241/V3 (In preparation) p. 341

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

ranges from:
to:
as:
ranges from:

Thermal conductivity
(k)

Sunder land, MA
Density (butk) = 2,67

Thermai conductivity
(milllcal/cm-s-deg C)

3.87 (1,62 W/m=K)

4,25 (1,78 W/m=K)
Wetting and compression
Dry, uncompressed to: Wet,
compressed

Reference: Clark (1941)
Source: Y/OWi/SUB=-7009/1 (1976), p. 28

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

ranges from:
to:
as:
ranges from:

Therma! conductivity
(1)
Conasauga Shale

At or above 100 deg C
Calcareous

Thermal conductivity (matrix)
(W/m-deg C)  (W/m=K)

0,7 t0 2,1

- to:

Reference: Two refs
Source: Proc NEA Workshop OECD (1979b), p. 87
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Property class: Thermal conductivity
Material: Shale (m)

Formatlon: Conasauga Shale
Locatlon: -
Condl+lon 1: Temperature from 66 to 326

deg C
Condltlon 2: Several tests
Condltlon 3:
Property/unlts:
ranges from;
to:
as:
ranges from: - to: =~
Reference: Robertson (1979)
Source: ORNL=-6241/V3 (In preparation) p., 340

Therma| conductivity (W/m—=K)
0.715
2,20

Property class: Thermal conduct!{vlty
Materlal: Shale (n)

Formatlon: -
Locatlon:
Condlt{on 1:
Condltion 2:
Condl tion 3:
Property/units:
ranges from:
to:
as:

ranges from: - to: -

Reterence: Zerby (1977)
Source: ORNL=-6241/V3 (In preparation) p, 341

Typlcal [Itite shale
Temperature 25 deg C

Thermal conduct{vity (W/m=K)
1,38
1,9

Property class: Thermal conductivlty
Material: Shales
Formation:
Locat{on:
Condi{tion 1:
Conditlon 2:
Condltion 3:
Property/units:

(W/m=K)
ranges from: 1,21
to: 1,57
as: -
ranges from; - to: -
Reference: -
Source: ORNL=6241/V3 (In preparation) p. 115

Property class: Thermal conductivity
Material: Shales
Formation: =~
Locatlion: -
Conditlon 1: Temperature from 0 to 304
deg C
Condition 2: -
Condlt+ion 3:
Property/units:
ranges from:
to:
as:
ranges from: - to: -
Reterence: Moss (1981)
Source: ORNL=6241/V3 (In preparation) p. 340

"rh:;ma 1 conducﬂ'vl'ry M /m=K)
2.00

Thermal conductivity (vertlcal)

Property class: Thermal conductivlty
Materfal: Shales
Formation:
Locat{on:
Condltlon 1:
Condlitlon 2:
Condltlon 3:
Property/units:
ranges from:
to:
as:

ranges from: = to: -

Reference: Thomas (1973)
Source: ORNL-6241/V3 (In preparation) p. 341

Cal{fornla
Forty-flve tests

Therma! conductivity (W/m=K)
0,99 +/- 0,3
1,63 +/- 0,3

Property class: Thermal conductivlty
Matertal: Shales (a)
Formation:
Location:
Condltton 1:
Condlitlon 2:
Condlition 3; -
Property/units: Thermal conductivity
(horizontal) (W/m=K)
ranges from: ca, 1,60
to: ca, 2.20
as: -
ranges from: = to: =~
Reference: -
Source: ORNL-6241/V3 (In preparation) p, 117

Property class: Thermal conductlivity
Matertal: Shales (b)
Formation: -~
Location: Varlous
Condlitlon 1: Varlous formatlions, depths,

otc.
Cond{tion 2: Represents many tests
Condition 3: -

Property/units: Therms! conductlivity

(BTU/¢t=-hr-deg F)

ranges from: 0,34 (5,9 x 10(=1) Ww/m=K)
to: 1,77 (3,1 W/m=XK)
as: -

ranges from: = to: -

Reference: Several refs
Source: Y/OMI/TM36/6 (1978), p. A-18

Property class: Thermal conductlivity
Material: Slit/Clay Solt (a)
Formatlon: =
Locatlon:
Condition t:
Condition 2:
Condltlon 3:

Density (bulk) = 1,74 +/m(3)

Thermal conductlivity

Property/units:
(W/m=-deg C)  (W/m=K)
ranges from: 0,8
to: 2,0
as: Water content (%)

ranges trom: 4 to: 15
Reference: Mltchel| (1976)
Source: ONWI-486 (1983), p, 54
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Property class: Thermal conductivity
Maferla‘ Si1t/Clay Soil (b)
Formation: =
Locatlion: -

Condition 1: Denslity (bulk) = 1,02 +/m(3)
Condition 2: -
Condition 3: -

Property/units: Thermai conductivity
(W/m—-deg C) (W/m—K)
ranges from: 0,4
to: 0,85
as: Water content (%)
ranges from: 8 to: 35

Reference: Mitchell (1976)
Source: ONW|-486 (1983), p, 54

Property class: Thermal conductlivity
Material: Siit/Clay Soll (¢)
Formation: =
Location: -
Conditlion 1: Density (bulk) =
Condition 2: -
Condlition 3: =~

1,16 t/m(3)

Property/units: Therma| conductivity
(W/m~deg C) (W/mK)
ranges from: 0,5

to:
as: Water content (%)
ranges from: 7 to: 40
Reference: Mitchell (1976)
Source: ONW|-486 (1983), p, 54

1.1

Property class: Thermal conductivity
Material: Sllf/CIay Soli (d)
Formation:
Location:
Condition 1: Denslfy (butk) = 1,31 +/m(3)
Condition 2: -
Condition 3: -

Property/units: Thermal conductivity
(W/m=deg C)  (W/m=K)
ranges from: 0,6
to: 1.3
as: Water content (%)
ranges from: 6 to: 32

Reference: Mitchell (1976)
Source: ONWI-486 (1983), p., 54

Property class: Thermal conductivity
Material: SIIf/Clay Sotl (e)
Formation:
Location:
Condition 1: Denslfy {buik) = 1,45 +/m(3)
Condition 2: -
Condition 3: -
Property/units: Thermal conductivity
(N/m=deg C)  (W/m=K)
0,7
1.5

ranges from:
to:
as: Water content
ranges from: 6 to: 25
Reference: Mitchell (1976)
Source: ONWi=-486 (1983), p, 54

Property class: Thermal conductivity
Material: SII?/CIay Soll (f)
Formation:
Location:
Condition 1: Denslfy (butk) = 1,60 t/m(3)
Condition 2;: -
Condition 3: -~
Property/units: Therma! conductivity
(W/m-deg C) (W/mK)
0.75
1.75
Water content (%)
ranges from: 5 to: 20
Reference: Mitchell (1976)
Source: OMNW!-486 (1983), p, 54

ranges from:
to:
as:

Property class: Thermal conductlivity
Matarial: Solls
Formation: -
Location: -
Condition 1: Dry
Condition 2: -
Condition 3: -

Property/units: Thermal conductlvity (k x
10(4)) (7
ranges from: 3
to: 5
as: -
ranges from: - to: =

Reference: Smith and Byers (1938)
Source: Y/OWI/SUB~7009/1 (1976), p, 19

Property class:
Material: Solls
Formation: =
Location: -
Condition 1: Wetted

Condition 2: -
Condition 3: -

Thermal conductivity

Property/units: Therma! conductivity (k x
10€4)) (1)
ranges from: 3-~4
to: 8-12

Molsture content

"ry" to: 100f molsture,
equivalent

Reference: Smith (1939)

Source: Y/OmWl/SUB-~7009/1 (1976), p. 19

as:
ranges from:

Property class:
Material: Solls
Formation: -
Location: Bristol, VA
Condition 1: LL x PL = 2180
Condlition 2;: -~
Condlition 3: -
Property/units: Thermal conductlvity (Btu per
hr-sq ft) (deg F per ft) (?7)
ranges from: 0,14
to: 0,60
as: Moisture content (%)
ranges from: 0 to: 30
Reference: Carter (1951)
Source: Y/OW|/SUB-7009/1 (1976), p. 20

Therma! conductivity



Property class:
Materliai: Solls
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:
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Therma! 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: X0

Reference: Carter (1951)
Source: Y/OW1/S5UB-7009/1 (1976), p., 20

Property class:
Materlal: Solis
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 conductivlity (Btu per
hr sq ft) (deg F per ft) (?)
0,15

0,94

Molsture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OM1/SUB-~7009/1 (1976), p, 20

Property class:
Materlal: Solls
Formatlon:
Location:
Condition 1:
Condition 2:
Condition 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 F per ft) (1)
0.21

0.84

Molsture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OMl/SUB-7009/1 (1976), p, 20

Property class:

Thermal diffusivity

Material: Bentonite (Na)

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

Property/units:

ranges from:

to:

as:

ranges from:
Reference: =

Dry, compacted

Density (g/cm(3)) = 2,1
Average value between 25 and
600 deg C

Therma! diftusivity (cm(2)/s
x 10(3))

3,03 (3,03 x 10(=7) mi2)/s)
3.47  (3.47 x 10¢(=7) m(2)/s)
= to: -

Source: PNL-4452 uCc-70 (1983), p, 18, 19

Property class:
Material: Clay
Formattion:
Locatlon:
Condition 1:
Conditlon 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Thermal diffusivity

S. Paolo mine

Cublc block, 80 cm edge
Plto-Pleistocene

Dominantly illite plus
smectite, kaolinite and
chlorite

Thermal dlffusivity (em(2)/h)
20 (5,56 x 10(=7) m(2)/s)

- fo: =

Source: ORNL-tr-5110 (1981), p, 12

Property class:
Material: Cilay
Formation:
Locatlon:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Thermal diffusivity

Blue Clay
Italy

Therma| dlffusivity (m(2)/s)
7.8 x 10¢-7)

= to: =~

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

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

as:

ranges from:

Therma| diffusivity

Boom Clay
Be lglum

Thermal ditfusivity (m(2)/s)
8.1 x 10¢-7)

~ to: -

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

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

ranges from:
to:

as:
ranges from:

Therma! diffusivity

Bristol, VA
LL x PL = 2180

Thermal ditfusivity ($t(2)
per hr)

0,0090 (2,3 x 10(~7)
m(2)/s)

0,016 (4,13 x 10(-~7)
m(2)/s)

Molisture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OWi/SUB-7009/1 (1976), p. 21



Property class:
Matarial: Solls
Formation:
Locatlon:

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

ranges from:
to:

as:
ranges from:
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Therma! dlffusivity

Columbus, MS
LLxPL =0

Thermal ditfusivity ($1(2)
per hr)

0,016 (4,13 x 10(=7)
m(2)/s)

0,046 (1,19 x 10(=7)
m(2)/s)

Molsture content (%)
0 to: 30

Reference: Carter (1951)
Source: Y/OW|/SUB=7009/1 (1976), p, 21

Proparty class:
Material: Soils
Formation:
Location:
Condition 1:
Candition 2:
Condition 3:
Property/unlits:

ranges from:
to:

as:
ranges from:

Thermal dié¢tusivity
(a)

Cleveland, TN
LL x PL = 669

Thermal ditfusivity (f1(2)
per hr)

0,0115 (2,97 x 10(~7)
m(2)/s)

0,022 (5,68 x 10(-7)
m(2)/s)

Molsture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OW|/5UB-7009/1 (1976), p. 21

Property class:
Material: Solls
formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:
ranges from:

Therma| diffusivity
(b)

Mur freesboro, TN
LL x PL = 1210

Therma! diffusivity ($4(2)
per hr)

0.0145 (3.74 x 10(-7)
m(2)/s)

0.,0235 (6,06 x 10¢(-7)
m(2)/s)

Molsture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OM|/SUB=7009/1 (1976), p. 21
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13.2 Appendix B. PROPERTIES



Batch distribution ratio (Rd) (ml|/g?)
Kaollnite (a)

Georgla

ranges from:

to:

Source:

1,28 x 10(2)
9.22 x 10(2)
PNL-4452 UC-70 {1983), p. 18

Batch distribution ratio (Rd) (mi/g?)
Kaolinite (b)

Georgia

ranges from:

to:

Source:

1,88 x 10(2)
9,0 x 10(3)
PNL-4452 uC-70 (1983), p.

Batch distribution ratio (Rd) (mi/g?)
Smactite
Arizona

ranges from:

to:
Source:

8,15 x 10(2)
2,7 x 10(3)
PNL-4452 UC-70 (1983), p. 18

Batch distribution ratlo (Rd) (mi/g?)
Smectite
Texas

ranges from:

to:
Source:

1.4 x 10(3)
1.9 x 10(3)
PNL-4452 UC-70 (1983), p. 18
Batch distrlbution ratio (Rd) (mi/g?)
Smectite
Wyomi ng
ranges from:
to:
Source:

1.0 x 10(3)
2.0 x 10(3)
PNL-4452 UC-70 (1983), p, 18

Diffuslvity (m(2)/s)

Bentonlte
ranges from: 1,3 x 10(-10)
to: -
Source: ONW! =312 (1981), p, 14

lon exchange capacity (meq/100 g)
Al lophane
ranges from: 70

to: ~

Source: ORNL-6241/V2 (in preparation)

p. 152

lon exchange capaclty (meq/100 g)
Bentonite (Na) (a)

Wyomlng

ranges from:

to:

Source:

68,6

AECL-7825 (1984), p, 12
lon exchange capaclity (meq/100 g)
Bentonite (Na) (b)
Wyoming
ranges from:
to:
Source:

34,3

AECL~7825 (1984), p, 12

ton exchange capaclty (meq/100 g)
Chiorite (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: ORNII.;gZAI/VZ (in preparation)
p-

lon exchange
Clay

Betglum

ranges from:

to:

Source:

capacity (meq/100 g)

ca. 20
ProtezeNEA Workshop OECO (1979a),
P.

lon exchange capacity (meq/100 g)
Glauconite
ranges from: 11
to: 10
Source: onn&;gzal/vz (in preparation)
P.

lon exchange capacity (meq/100 g)
Halloysite
ranges from: 5
to: 10
Source: mNIi;gZM/VZ (In preparation)
Pe

lon exchange capaclty (meq/100 Q)
111ite (a)
ranges from: 10
to: 40
Source: ONWI-486 (1983), p, 67

lon exchange capacity (meq/100 g)
i1tite (b)
ranges from: 16
to: 50
Source: ORNli;gZ“/vz (in preparation)
Pe

lon exchange capaclity (meq/100 g)
Kaolinite (a)
ranges from: 3
to: 15
Source: ONW!-486 (1983), p, 67

ion exchange capacity (meq/100 g)
Kaclintte (b)
ranges from: 2
to: 15
Source: ORNIi;gZM/VZ (in preparatfion)
Pe

lon exchange capacity {meq/100 g)
Palygorskite
ranges from: 20
to: 30
Source: ORNIi;gNI/VZ {in preparation)
P.

lon exchange

Smectite
ranges from: 80
to: 150

Source: ONW! =486 (198%), p, 67

capaclty (meq/100 g)



178

lon exchange capaclity (meq/100 g)
Smect{te (Ca)
ranges from: 80
to: 150
Source: ORNI'.-gZH/VZ (In preparation)
p. 15

lon exchange capacity (meq/100 g)
Smectite (Na)
ranges from: 100
to: 150
Source: ORNL-6241/Y2 (In preparation)
pe 152

lon exchange capaclty (meq/100 )
Vermicullte (a)
ranges from: 100
to: 150
Source: ONW|1-486 (1983), p, 67

lon exchange capacity (meq/100 g)
Yermicullte (b)
ranges from: 100
to: 150+
Source: ORNL-6241/V2 (In preparation)
p. 152

lon exchange capacity (meq/100 g)
Bentonlte
ranges from: 0,1
to: 100
Source: NUREG/CP-0052 (1983), p, 181

lon exchange capactty (meq/g) (1)
Smectite (Ca)
ranges from: 93
to: 12
Source: ONWI=312 (1981), p, 24

lon exchange capacity (meq/g) (?)
Smoctite (LI)
ranges from: 56
to: 20
Source: ONWI=-312 (1981), p, 24

lon exchange cacaclty (meq/g) (?)
Smectite (N.1)
ranges from: 95
to: 68
Source: ONWI=312 (1981), p, 24

Sorption coeffliclent (Kd) (cm(3)/g)
Smect ! te
ranges from: ca, 188
to: ca, 200
Source: NUREG/CP-0052 (1983), p, 186

(mi/g)

Sorption coefticlient (Kd) (Log) (mi/g?)
Kaclinite (Ca)
ranges from: ca, 2,3
to: ca, 1,5
Source: F'rotz: gEA Workshop OECD (1979a),
pP. 28

Sorption coefticlent (Kd) (Log) (mi/g?)
Kaolinite (Ca)
ranges from: ce., 1,3
to: ca. (-1)
Source: ProczzagEA Workshop OECD (1979a),
Pe

Sorption coefticlent (Kd) (Log) (mi/g?)
Kaolinlte (Na)
ranges from: ca, 2,3
to: ca, 1.3
Source: ProgngA Workshop OECD (1979a),
Pe

Sorption coeffliclent (Kd) (Log) (ml/g?)
Kaollnite (Na)
ranges from: >2
to: <0
Source: Proc NEA YWorkshop OECD (1979a),
p. 282

Sorption coefficlent (Kd) (m(3)/kg) (?)
1ilte
ranges fram: 0,9
tos -
Source: AECL-7812 (1983), p, 2%

Sorption coetficlent (Kd) (m(3)/kg) (?)
1El{te
ranges from: 0,005
to: 0,02
Source: AECL-7812 (1983), p, 25

Sorp?{on coefticlent (Kd) (m(3)/kg) (?)
Iilte
ranges from: 0,045
to: 0,090.
Source: AECL-7825 (1964), p, 2%

Sorption coefticlent (Kd) (m(3)/kg) (?)
Kaollnite
ranges from: 0,003
to: 0,006
Source: AECL-7812 (1983), p. 25

Sorption coeffictent (Kd) (m(3)/kg) (?)
Kaolinfte
ranges from: 0,002
to: 0,04
Source: AECL-7812 (1983), p, 2%

Sorption coefffclfent (Kd) (m(3)/kg) (?)
Kaolinlte
ranges from: 0,02
fo: =
Source: AECL-7812 (1983), p, 25

Sorption coefticlent (Kd) (m(3)/kg) (?)
Smectite
ranges from: 0,06
to: 0,7
Source: AECL-7812 (1983), p, 25



Sorptlon coefflclent (Kd) (m(3)/kg) (?)
Smectlte
ranges from: 0,034
to: 0,65
Source: AECL-7812 (1983), p, 25

Sorptlon coefflclent (Kd) (m(3)/kg) (?)
Smoctite
ranges from: 0,030
to: 0,6
Source: AECL-7812 (1983), p. 25

Sorptlion coefflclent (Kd) (ml/g)
Argllilte
ranges from: O
to: 1 x 10(5)
Source: ONW|-486 (1983), p, 73

Sorption coefflclent (Kd) (ml/g)
Attapuiglte
ranges from: | x 10(=2)
to: 2 x 10(4)
Source: ONWi-486 (1983), p, 73

Sorption coefflclent (Kd) (ml/g)
Bentonlte (Ca)
ranges from: 2,5 x 10(4)
to: 1.1 x 10(5)
Source: ONWI-312 (1981), p, 35

Sorptlon coefticlent (Kd) (ml/g)
Bentonlte (Ca)
ranges from: 2,5
to: 3,2
Source: ONWI =312 (1981), p, 35

Sorption coefflclent (Kd) (mi/g)
Bentonlite (Ca)
ranges from: 1,2 x 10(3)
to: 865 )
Source: ONWi-312 (1981), p, 35

Sorptlion coeftliclent (Kd) (ml/g)
Bentonlte (Na)
ranges from: 5,0 x 10(3)
to: 6,8 x 10(3)
Source: ONW!-312 (1981), p. 35

Sorption coeffliclent (Kd) (ml/g)
Bentonlte (Na)
ranges from: 0.4
to: 8,6
Source: ONW!=-312 (1981), p, 35

Sorption coefflclent (Kd) (ml/g)
Benton{te (Na)
ranges from: 1,1 x 10(3)
to: 1,0 x 10(3)
Source: ONWi-312 (1981), p. 35

Sorptton coetficlient (Kd) (ml/g)
Bentonite (Na)
ranges from: O
to: 4 x 10(84)
Source: ONWI-486 (1983), p, 73

Sorptlon coefflclent (Kd) (ml/g)
Bentonlte (Na) (Accofloc~-350)
ranges trom: 1,3 x 10(3)
to: 1.1 x 10(3)
Source: ONWI=312 (1981), p, 35

Sorptlon coefflclent (Kd) (ml/g)
Bentonite (Na) (Accofloc-350)
ranges from: 1,2
to: 0.1
Scurce: ONWI-312 (1981), p, 35

Sorptlion coefficlent (Kd) (ml/g)
Bentonlte (Na) (Accofloc-350)
ranges from: 1,5 x 10(3)
to: 1,5 x 10(3)
Source: ONWI-=312 (1981), p, 35

Sorption coefflclent (Kd) (mi/g)
Bentonlite (Na) (Sallne Seal=100)

_ranges from: 2,6 x 10(3)

to: 3.8 x 10(3)
Source: OMWI-312 (1981), p. 35

Sorption coetflclent (Kd) (mi/g)
Bentonlte (Na) (Sallne Seal=-100)
ranges from: 2,8
to: 3.6
Source: ONWI=312 (1981), p, 35

Sorption coefflclent (Kd) (mi/g)
Bentonite (Na) (Sallne Seal-100)
ranges from: 1,2 x 10(3)
to: 1,5 x 10(3)
Source: ONWI-312 (1981), p, 35

Sorption coetficient (Kd) (ml/g)
Bentonite and Quartz
ranges from: <\
to: 1 x 10(4)
Source: ONWI-486 (1983), p, 73

Sorptlon coefflclent (Kd) (ml/g)
Bentonlite and Sand
ranges from: 490
to: 9.5 x 10(3)
Source: ONW|-486 (1983), p, 73

Sorption coefflcient (Kd) (ml/g)
Clay (Na)
Belle Fourch
ranges from: 5.6
"to: 5,7 x 10(3)
Source: ONW! =486 (1983), p, 73

Sorptlon coeftfliclient (Kd) (ml/qg)
Hectorlte
ranges from: 0,4
to: 7.2 x 10(3)
Source: ONW|-486 (1983), p. 73

Sorptton coetflictent (Kd) (mi/g)
Hectorite and Sand
ranges from: 400
to: 1300
Source: ONWI=-486 (1983), p, 73



Sorption coetflictent (Kd) (ml/g)
Illite
ranges from:
to:

Source:

0

3 x 10(5)

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

Sorption coefficlent (Kd) (ml/g)
Kaocllnite
ranges from: 0,1
to: 1,6 x 10(3)
Source: ONWl=-486 (1983), p, 73

Sorption coefficient (Kd) (mi/g)
Kaolinite
ranges from: 0
to: 3 x 10(5)
Source: ORNL~6241/V2 (In preparatiomn;
p. 132~133

Sarption coefficient (Kd) (ml/Q)
Nontronite
ranges from: O
to: 2,25 x 10(5)
Source: ONWI-4B6 (1983), p, 73
Sorption coefficient (Kd) (ml/g)
Shale
ranges from: 57
to: 100
Source: ONWi-486 (1983), p, 73
Sorption coefficlent (Kd) (ml/g)
Shale
ranges from:
to:
Source:

200

1,4 x 10(4)

ONW|-486 (1983), p, 73

Sorption coefficlent (Kd) (ml/g)
Smectite

ranges from:

to:

Source:

0

4 x 10(5)

ORNL-6241/Y2 (in preparation)
p. 132-133

Sorption coeffictent (Kd) (mi/g)
Smeciite

Arizona

ranges from:

to:

Source:

260
750
ONW| =486 (1983), p, 73

Sorption coefficlent (Kd) (ml/g)
Smectite
Texas

ranges from:

to:
Source:

310
685

Sci Basls for Weste Management
v (1932), p, 638

Sorption coefficlent (Kd) (mi/q)
Smectlte
Texas

ranges from:

to:
Source:

410

400

Sci Basls for Waste Management
vV (1982), p, 638
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Sorption coefficient (Kd) (ml/g)
Smectite
Texas

ranges from:

to:
Source:

310

370

Scl Basls for Waste
v (1982), p, 638

Sorption coefflclient (Kd) (ml/g)
Smectlite
Wyomlng

ranges from:

to:
Source:

170

200

Scl Basls for Waste
vV (1982), p, 638

Sorption coetticient (Kd) (ml/g)
Smactite (Ca)
ranges from: 0,4
to: 1,1 x 10(4)
Source: ONWi-4B6 (1983), p,

Sorption coafficlent (Kd) (ml/g)
Smectite (Na)
ranges from: 0,2
to: 1 x 10(5)
Source: ONW!|-486 (1983), p.

Sorption coefficient (Kd) (ml/g)
Vermiculite
ranges from: 47
to: 1,5 x 10(3)
Source: ONW| =486 (1983), p,

Sorption coefficlent (Kd) (ml/g)
Vermiculite
South Carollina
ranges from: 8.9 x 10(2)
to: 1,01 x 10(4)
Source: Scl Basls for Waste
vV (1982), p, 638

Sorption coetfliclent (Kd) (mil/g)
Vermicullte
South Carollna
ranges from: 2 x 10(3)
to: 9.8 x 10(2)
Source: Scl Basls for Waste
vV (1982), p, 638

Sorption coefflclent (Kd) (ml/g)
Vermicullte and Gibbsite
ranges from: 77
to: 1520
Source: ONWI-486 (1983), p,

Sorption coefficlient (Kd) (ml/g)

Vermiculite and Shale
ranges from: 41

to: 1340

Source: ONW!-486 (1983), p,
Sorption coetficlent (Kd) (mi/g)

Vermicul ite and Smectite
ranges from: 192

to: 3800
Source: ONWI-486 (1983), p,

Management -~

Management -

3

73

73

Management -

Management -~

73

73

73



Sorption coefflclent (Kd) (ml/g)

Vermicullte and Zeollte (varlous)
30

ranges from: |
to: 5,92 x 10(5)
Source: ONWI-486 (1983), p, 73

Sorption coeffliclent (Kd) (mi/g?)
Bentonlte
ranges from: 1
to: 2 x 10(5)

Source: Proc NEA Workshop OECD (1979a),

p. 304

Sorptlon coeffliclent (Kd) (ml/g?)
Clay
Beiglum
ranges from: 0,87
to: 6,12

Source: Proc NEA Workshop OECD (1979a),

P 97

Sorption coeftliclent (Kd) (mi/g?)
I1lte
ranges from: 1
to: 3 x 10(6)

Source: Proc NEA Workshop OECD (1979a),

p. 304

Sorption coeffictent (Kd) (ml/g?)
Kaollnlite
ranges from: |
to: 2 x 10(4)
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Source: Proc NEA Workshop OECD (1979a),

Pe 304

Sorption coefficlent (Kd) (mi/g?)
Yermicullte
ranges from: ca, 40
to: 4 x 10(4)

Source: Proc NEA Workshop OECD (1979),

p. 315

Sorption coeffliclent (Kd) (ml/g?)
VYermicullte
ranges from: 30
to: 4 x 10(6)

Source: Proc NEA Workshop OECD (1979a),

p. 304

Sorption coeftliclent (ml/g)
Smectite
ranges from: 200
to: 2,000
Source: ONWI=312 (1981), p, 13
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Density (bulk) (mverage) (g/cm(3))
Shale
I1linols, Indlans 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 (butk) (g/cm(3))
Arglilite
Nevada
ranges from: 2,44
to: 2,71
Source: ORNL/Sub/84-64794/1 (1985),
p., 406

Denslity (bulk) (g/cm(3))
Shate
Michlgan

ranges from:

to:
Source:

2,2

2,8

ORNL /Sub/84-64794/1 (1985),
p. 96

Dens ity (bulk) (g/cm(3))
Shale
Ohlo
ranges from: 2,65
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p, 108

Density (bulk) (g/cmi3))
Shales (a)
ranges from: 1,6
to: 2,5
Source: ORNL=-6241/V2 (in preparation)
p. 199

Denslty (bulk) (kg/m(3))
Clay
Belglium

ranges from:

to:
Source:

2010 (2,010 g/em(3))

Rad Waste Management and Nuclear
Fue! Cycle, v, 6 (1985), p. 54

Density (bulk) (kg/m(3))

Clay
England
ranges from: 2210 (2,210 g/cem(3))
to: -
Source: Rad Waste Management and Nuclear

Fue! Cycle, v. 6 (1985), p, 54

Density (bulk) (»g/m(3))
Clay
Italy
ranges from: 2100
to: =
Source: Rad Waste Menagement and Nuclear
Fuel Cycle, v, 6 (1985), p. 54

(2,100 g/cm(3))

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

01t Shales
ranges from: 1,506
to: 2,37

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

Density (bulk) (presumed g/cm(3))
Shale (a)
ranges from: 2,1
to: 2,5
Source: Y/OW|/SUB-7009/1 (1976), p, 12

Density (bulk) (presumed g/cm(3))
Shales
Black HlllIs
ranges from: 1,559
to: 2,038
Source: Y/OWi/SUB-7009/1 (1976), p. 14
Density (bulk) (presumed g/cm(3))
Shales
Eastern Canada
ranges from: 2,07
to: 2,68
Source: Y/OW1/SUB=-7009/1 (1976), p. 15

Density (buik) (nrasumed g/cm(3))
Shales
Ok 1 ahoma
ranges from: 2,1
to: 2,62
Source: Y/OW!/SUB-7009/1 (1976), p, 16

Density (bulk) (presumed g/cm(3))
Shales
Western Canada
ranges from: 2,43
to: 2,71
Source: Y/OWi/SUB=-7009/1 (1976), ¢, 17

Density (bulk) (presumed g/cm(3))
Shales (b)
ranges from: 2,40
to: 2,43
Source: Y/OWi/SUB-7009/1 (1976), p. 16

Density (bulk) (rho x t/m(3))
Bentonlite (Na) (¢)
Wyoming

ranges from:

to:
Source:

(g/em(3))

2,54
1,08
KBS TEKNISK RAPPORT 74 (1978),
p. 4

Density (bulk) (+/m(3))
Bentonlte (a)
ranges from: ca, 2,1
to:
Source:

(g/cm(3))

Proc NEA Workshop OECD (1979b),
p. 148

Density (bulk) (t/m(3))
Bentonlte (Na) (a)
ranges from: 1,8
to: 2,0
Source: KBS4TEKNISK RAPPORT 9 (1977),
Pe

(g/cm(3))



184

Density (bulk) (t/m(3))
Bentonite (Na) (b)
ranges from: 1,4
to: 1,7
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

(g/em(3))

Denslty (dry) (average) (Ibs/t+(3))
Shale
Montana

ranges from: 118

to: -~
Source: Y/AMI|/TM36/6, p, 6-1

(1.890 g/cm(3))

Density (dry) (kg/mg(3)) (7)
Clay and Sand
ranges from: ca, 1.6
to: ca, 2,2
Source: RHO-BW|-SA-80 (1981), p, 6

(g/em(3)) ()

Density (dry) (ib/cu £t)
Shale
Northern Great Plains
ranges from: 95 (1,522 g/cm(3))
to: 110 (1,762 g/cm(3))
Source: 0RN%§Ub/84-64794/1 (1985),
Pe

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

Bentonite and Sand
ranges from: 1,81
to: 1.4

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

(g/cm(3))

Density (dry) (Mg/m(3))
Kaclinite
ranges from: ca, 1,2
to: ca, 1,5
Source: AECL-7812 (1983), p, 35

(g/cm(3))

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

Kaollnite and Sand
ranges from: 2,05
to: 1,45

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

(g/cm(3))

ODensity (dry) (presumed g/cm(3))
Chiorite
ranges from: 2,6
to: 2,96
Source: Y/OM}/SUB~7009/1 (1976), p, 9

Density (dry) (presumed g/cm(3))
Shales
ranges from: 1,55
to: 2,55
Source: Y/OWI/5UB-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

Denslity (g/cm(3))
Bentonite (Na) (a)
ranges from: <1,8
to: 2.28
Source: OMWI=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))
Bentonlte {(Na) and Sand (b)
ranges from: <1,9
to: ca, 2,7
Source: PNL-4452 uC-70 (1983), p, 23

Density (g/cm(3))
Shale (j)
Gult Coast
ranges from: 2,1
to: 2.3
Source: Y/OmW|/S5UB=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-1069/1 (1976), p., 10

Density (grailn) (average) (presumed g/cm(3))
Shale (b)
renges from: 2,71
to: -
Source: Y/OW|/5UB=-7009/1 (1976), p, 10

Density (grain) (average) (presumed g/cm(3))
Shales
Black Hillis
ranges from: 2,66
to: =~
Source: Y/OW1/SUB-7009/1 (1976), p, 10

Density (grain) (averago) (presumed g/cm(3))
Shates
Kansas
ranges from: 2,72
to: -
Source: Y/OW!/SUB-7009/1 (1976), p, 10

Density (grain) (average) (presumed g/cm(3))
Shales
Venezuela
ranges from: 2,69
to: -
Source: Y/OW1/SUB-7009/1 (1976), p, 10

Density (kg/m(3))

Clay
Loulslans
ranges from: 1,954 (1,954 g/cm(3))
to: -
Source: ORNL/Sub/84-64794/1 (1985),

pe 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
to: -
Source: ORNL-6241/V2 (in preparation)

p. 99

(2,563 g/cm(3))

Density (Ibs/ft(3))
Shales
ranges from: 117 (1,874 g/cm(3))
to: 188 (3,011 g/cm(3))
Source: Y/OWI1/TM36/6, p. A-2, 3 & 4

Denslity (natural) (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))
Ilite
ranges from: 2,65
to: 2.13
Source: Y/OW|/SUB-7009/1 (1976), p., 9

Density (presumed g/cm(3))
ltiite and Smectite
ranges from: 2,64
to: 1,48
Source: Y/OWi/SUB-7009/1 (1976), p, 9

Density (presumed g/cm(3))
Kaolinite
ranges from: 2,60 - 2,68
to: 2,43
Source: Y/OW!|/SUB-7009/1 (1976), p, 9

Density (presumed g/cm(3))
Shale
Callfornia
ranges from: 2,5
to: -
Source: Y/OWI/SUB-7009/1 (1976), p, 12

Denslty (presumed g/cm(3))
Shale (c)
ranges from: 2.4
to: -
Source: Y/OW|/SUB=7009/1 (1976), p, 8

Dens Ity (presumed g/cm(3))
Shale (d)
ranges from: 2,65
to: -
Source: Y/OW|/SUB-7009/1 (1976), p, 8

Density (presumed g/cm(3))
Shale (e)
ranges from: 2,2
to: =~
Source: Y/OWI/SUB-7009/1 (1976), p, 8

Density (presumed g/cm(3))
Shale (f)
ranges from: 2,3
to: -
Source: Y/OM|/5UB=-7009/1 (1976), p, 8

Density (presumed g/cm(3))
Shale (g)
ranges from: 2,2
to: =
Source: Y/OWl/SUB-7009/1 (1976), p. B

Density (presumed g/cm(3))
Shale (h)
ranges from: 2,5
to: -
Source: Y/OWI/SUB-7009/1 (1976), p. 8

Denslity (presumed g/cm(3))
Shale (I)
ranges from: 2,0
to: -
Scurce: Y/OW!/SUB=-7009/1 (1976), p, 8

Denslty (presumed g/cm(3))
Shale (k)
Gulf Coast
ranges from: 2,58
to: =
Source: Y/OWI/SUB-7009/1 (1976), p, 12

Denslty (presumed g/cm(3))
Smectite
ranges from: 2,2-2,7
to: 1,77
Source: Y/OW!/SUB-7009/1 (1976), p, 9

Denslty (speclflc) (t/m(3))
Bentonlite (Na)
Wyoml ng

ranges from: 2,7

to: -
Source: FGSSTEKMSK RAPPORT 74 (1978),
Pe

(g/cm(3))

Density (wet) (average) (pounds/ft(3))
Shale
Montana

ranges from: 135 (2,162 g/cm(3))

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

Density (wet) (presumed g/cm(3))
Shales
ranges from: 1,98
to: 2,67
Source: Y/OWI/SUB=-7009/1 (1976), Fig, 1

Molsture content (%)
Argiftite
Nevada
ranges from: 2
to: 4
Source: ORNL/Sub/84-64794/1 (1985),
p. 406
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Molsture content (%)
Bentonlte and Sand
ranges from: 13
to: 22
Source: AECL-7812 (1983), p., 31

Molsture content (%)
Kaotinite and Sand
ranges from: 10
to: 30
Source: AECL-7812 (1983), p, 31
Molsture content (%)
Shale
New Mexlico
ranges from: 3,7
to: 6,2
Source: Y/OW|/TM36/6, p. 8-5
Moisture content (%)
Shale (e)
Western USA
ranges from: 35
to: 15
Source: Y/OW|/TM36/6, p, 3-1
Molsture content (%)
Shales (a)
ranges from: 1,3
to: 38
Source: Y/OW|/TM36/6, p, A-13, 14 & 15
Molsture content (naturai) (%)
Shale
Ohlo
ranges from: 2
to: -
Y/OM1/TM36/6, 5-14

Sourco: Pe

Moisture content (natural) (%)
Shale
Ohlo
ranges from: 4
fo: -
Source: Y/OM|/TM36/6, p, 4-12
Molsture content (naturail) (%)
Shale (a)
renges from: 0
to: 38
Source: Y/OW| /TM36/6,

p. 2-2

Molsture content (natural) (%)
Shaile (b)
ranges from: 1.5
to: -
Source: Y/OW!|/TM36/6,

p. 7-8

Molsture content (natural) (%)
Shale (c)
ranges from: 18
to: -

Source: Y/OWi/TM36/6,

pe 324

Molsture content (naturat) (%)
Shale (d)
Northern Great Plains

ranges from:
to:
Source:

18

38

ORNL/Sub/84-64794/1 (1985),
pe 293

Molsture content (natural) (%)

Shales

ranges from: 3

to:
Source:

12
Y/OM1 /SUB=7009/1 (1976), p. 14

Molsture content (rock) (%)

Shale

New Mexlco

ranges from:
to:
Source:

Porosity (%)

3
1
Y/OW1 /TM36/6, p. 8-3

Arglilite

Nevada
ranges from:
to:
Source:

Porosity (%)
Clay
Balgium

ranges from:

to:
Source:

Porosity (%)
Clay
England

ranges from:

to:
Source:

Porosity (%)
Clay
Italy

ranges from:

to:
Source:

Porosity (%)
Shale

ranges from:

to:

Source:

Porosity (%)
Shale

8 to 16
6 to 12
ORNL/Sub/84-64794/1 (1985),
ps. 406

38,5

Rad Waste Management and Nuclear
Fue! Cycle, v, 6 (1985), p, 54

30

Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

25

Rad Waste Management and Nuc lear
Fuel Cycle, v. 6 (1985), p, 54

33
Y/OW\ /TM36/6, p, 3-24

Colorado

ranges from:
to:
Source:

4,1
5,1
Y/OW\ /5UB=7009/1 (1976), p. 14



Porostty (%)
Shale

Tennessee

ranges from:
to:
Source:

Porostty (%)

0,5

1.9

ORNL-6241/V2 (In preparation)
pe 219

Shale (a)
ranges from: 30

to:
Source:

Poros!ty (%)

5 t0 10
ORNLC-6241/Y2 (In preparation)
pe. 218

Shale (a)

Michigan

ranges from: 3

to:
Source:

Porosity (%)

10
ORNL-5703 (1983), p. 106

Shale (b)
I §itnots, Indlana, Kentucky

ranges from:
to:
Source:

Porosity (%)

0,95

4,64

ORNL/Sub/84-64794/1 (1985),
pe 85

Shale (b)
MIchigan
ranges from: 3

to:
Source:

Porostty (%)
Shales
ranges from:
to:

Source:

Poroslity (%)
Shales

10
ORNL/Sub/B4-64794/1 (1985),
pe. 98

0,7 (70% 7)

0.1 (108 ?)

ORNL~6241/Y2 (In preparation)
pe. 199

Appalachlan Basin

ranges from:
to:
Source:

Porosity (%)
Shales

cs, 3

ORNL-6241/V2 (In preparation)
pPe 219

I 1linols Basin
ranges from: 0,9

to:
Source:

Porosity (%)

4.6
ORNL-6241/V2 (In preparation)
p. 219

Shales (a)
Kentucky
ranges from: 3,3

to:
Source:

10,1
ORNL-6241/¥2 (In preparatton)
pe. 219

Porosity (%)

Shales (b)
Kentucky

ranges from:
to:
Source:

Poros!ty (%)
Shales

MIchlgan

ranges from:
to:
Source:

Porostty (%)
Shales

Ok |ahoma

ranges from:
to:
Source:

Porosity (%)
Shales

USA and
ranges from:
to:

Source:

Porosity (%)

15
3

Y/OM i /SUB~7009/1 (1976), p, 16

Bas!n
3

10
ORNL-6241/V2 (In preparation)
pe 219

25

2
Y/Oni /SUB=-7009/1 (1976), p, 16

Europa

19

1

ORNL-6241/V2 (In preparation)
p. 219

Shales (a)
ranges from: 3

to:
Source:

Porosity (%)

15
ORNL-6241/V2 (in preparation)
p. 218

Shales (b)

ranges from:
to:
Source:

Porosity (%)

15 to 45

3 40 20

ORNL-6241/V2 (In preparation)
p. 219

Shales (c)
ranges from: 0,4

to:
Source:

Porosity (%)

7.2

Y/OM{ /SUB=-7009/1 (1976), p, 18

Shales (d)
ranges from: 0,0

to:
Source:

Porosity (%)

4.8
Y/ON| /TM36/6, p, A-12

Shales (e)

Germany
ranges from:
to:

Source:

25
ca, 0
Y/OM| /SUB=-7009/1 (1976), p, 15

Poroslity (average) (vol, $)

Shale (a)

I1lInols, indlana and Kentucky
ranges from: 0,95

to:
Source:

4,64
ORNL~5703 (1983), p. 76



Porosity (average) (vol, %)
Shales
Kentucky, New York, Yirginla and West
Virginia
ranges from: 2,86 to 3,87
to: -
Source: ORNL~5703 (1983), p, 37
Porosity (effective) (%)
Shale
Ohlo
ranges from: 4
to: -
Source: Y/OW|/TM36/6, p, 5-14
Porosity (eftective) (%)
Shales
Pennsylvania
ranges from: 1,17

to: -
Source: ORNL-6241/V2 (In preparation)
pe 219

Porosity (effective) (%)
Shatles
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) (units not stated)
1lllte
ranges from:
to:

Source:

ca, 0,5
ca, 0,002
AECL-7812 (1983), p, 32

Porosity (effective) (unlts not stated)
Keolinlte
ranges from: ca, 0,5
to: ca, 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 (in preparation)
33

¢ p.

Porosity (effective) (units not stated)
Shatle
South Carolina

ranges from: 0,005

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

Porosity (etfective) (units not stated)
Shale (a)
ranges from: 0,01
to: -
Source: ORNL-6241/Y2 (in preparation)

Pe 99

188

Porosity (primary) (%)
Shale
Ohlo

ranges from:

to:
Source:

>3 ¢

ORNL/Sub/B4-64794/1 (1985),
p. 108

Poroslty (rock mass) (%)
Shale

ranges from:

to:

Source:

3.0
Y/Od1 /TM36/6, p, 7-8

Porosity (rock msss) (%)
Shale
Ohlo
ranges from: 8
to: -
Source: Y/OM|/TM36/6, p. 4-12
Porosity (rock mass) (%)
Shllér?ﬁ)
ranges from: O
to: 45
Source: Y/OWl /TM36/6, p, 2-2

Porosity (total} (units not stated)
Shale
ranges from: 0,1
0,01

to:
Source: ORNL=-6241/V! (In preparation)
Pe 33

Poroslity (total) (units not stated)
Shale
Great Britaln
ranges from: 0,020
+o: 0,101
Source: 0RNL;624!/V2 (Iin preparation)
Pa 5

Porosity (total) (units not stated)
Shale
1ilinols, iIndlana, Kentucky
ranges from: 0,009
to: 0,046
Source: ORN;;624I/V2 (In preparation)
Pe

Porosity (total) (units not stated)
Shale
Kansas

ranges from:

to:
Source:

0,073

0,106

ORN;;624I/V2 (In preparation)
Pe

Porosity (total) (units not stated)
Shate
Kentucky

ranges from:

to:
Source:

0,074
0,076
ORNL~6241/V2 (In preparation)
Pe 52



Poros ity (total) (units not stated)
Shale
Michlgan
ranges from: 0,03
to: 0,10
Source: ORNL=6241/V2 (in preparation)
p. 52

Porosity (fotal)
Shale
Missouri

ranges from: 0,113

to: -
Source: 0RNI,-2-624I,’V2 (in preparation)
p. 8

{unlts not stated)

<)

«cot;\:

to:

Source: ORNL=-6241/¥2 (In preparation)
p. 52

g 0.6,10

Porosity (total) (units not stated)
Shale
Tennesses
ranges from: 0,005
to: 0,019
Source: ORNL-6241/V2 (In preparation)
p. 52

Porosity (total) (units not stated)
Shale
Utah
ranges from:
to:
Source:

0.009

ORNL-6241/V2 (In preparation)
p. 52

Porosity (total) (units not stated)
Shale (a)
ranges from: 0,03
to: -
Source: ORNL-6241/V2 (in preparation)
pe. 99

Porosity (total) (units not stated)
Shale (b)
ranges from: 0,03
to: -~
ORN|5§6241/V2 (in preparation)
Pe

Source:

Porosity (total) (units not stated)
Shale (c)
ranges from: 0,003
to: 0,056
Source: ORNL-6241/V2 (In preparation)
p. 52

Porosity (total) (units not stated)
Shale (d)
Ohlo
ranges from:
to:
Source:

0.03

ORNL-6241/Y2 (In preparation)
p. 52

189

Porosity (total) (unlts not stated)
Shale (e)
Pannsylvania
ranges from: 0,0117
to: ~
Source: ORNL=6241/V2 (in preparation)
p. 52

Porosity (total) (unlts not stated)
Shale (¢)
Scot land
ranges from: 0,016
to: =
Source: ORNL-6241/V2 (in preparatlion)
p. 52

Speclfic gravity (dimensionless)
Bentonlte (a)
ranges from: 2,21

to: - .

Source: Proc NEA wWorkshop OECD (1981),

p. 340

Specitic gravity (dimensionless)
Bentonite (b)
Black Hills
ranges from: 2,18
to: =
Source: Proc NEA Workshop OECD (1981),
p. 340

Specltic gravity (dimensionless)
Bentonlite (Na)

Wyoming

ranges from:

to:

Source:

2,66
AECL-7825 (1984), p, 12

Specitic gravity (dimensionless)
Bentonite (Na) and Sand
Wyomlng '

ranges from: 2,635

to: -
Source: AECL~7825 (1984), p, 12

Speclitic gravity (dimenslonless)
Kaollnlte

ranges from: 2,60

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

Specitic gravity (g/cm(3))
Bentonite (a)
Oregon
ranges from: 2,73
to: ~
Source: RHO-BWI=SA-80 (1981), p, &
Speclflc gravity (g/cm(3))
Bentonite (b)
Oregon
ranges :ggms 2,85
to:

Source: RHL-BWI-SA-80 (1981), p, 6
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Speciflc gravity (g/cm(3)) Water content (average) (%)
Bentonlte (c) Shale
Wyomlng Montana
ranges from: 2,77 ranges trom: 15
to: - to: ~
Source: RHO-BWI-SA-80 (1981), p, 6 Source: Y/OW1/TM36/6, p, 6=1
Speciflic gravity (g/em(3)) Water content (vol %)
Clay Shales (b)
Hanford ranges from: 70 to 90
ranges from: 2,71 to: 5 to 10
to: - Source: ORNL-6241/V2 (In preparavon)
Source: RHO-BWI-SA-80 (1981), p, 6 p. 218

Speclfic surface (m(2)/g)
Bentonlite (Na)
ranges from: 519
to: 615
Source: AECL-7825 (1984), p, 12

Speclfic surftace (m(2)/g)
Bentonlte (Na) and Sand
ranges from: 284
to: -
Source: AECL-7825 (1984), p, 12

Specltic surface (m(2)/g)
Shale
Michlgan
ranges from: 0,05
to: 1,2
Source: ORNL~5703 (1983), p. 109

Specltic surtace (m(2)/9)
Smectite
ranges from: 800
t0: -~
Source: NUREG/CP-0052 (1983), p, 182

Vold ratlo (dimensionjess)
Clays
ranges from: ca. 1,5 to 3,0
to: ca. 0,5 to0 0,6
Source: ONWI=312 (1981), p, 21

Yold ratio (dimensionless)
Kaollnlte (Ca)
ranges from: 2,5
to: 1,0
Source: ONW|-486 (1983), p, 38

Vold ratio (dimensionless)
Kaolinite (Na)
ranges from: 2,5
to: 1,0
Source: ONW|-486 (1983), p, 38

Void ratlo (dimensionless)
Smectite (Ca)
ranges from: 7.0
to: 1,0
Source: ONWi=-486 (1983), p, 38

Yold ratio (dimensionless)
Smectite (Na)
ranges from: 30,0
to: 1,0
Source: ONWI-486 (1983), p, 38
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Groundwater travel dlstance (m)
Shale
ranges from: 6
to: 40
Source: ORNL-6241/V1 (In preparatfon)
p. 36

Hydraullc conductlvity (cm/s x 10(12))
Bentonlite (Na) (a)
ranges from: <1 (<1 x 10(=12) cm/s)
to: ca, 81 (ca. B x 10(-12) cm/s)
Source: OMWI~312 (1981), p, N

Hydraullc conductlivity (cm/s)
Bentonlte (Ca)
ranges fr:m 1.3 x 10(~12) and 1.6 x 10(~12)
o:
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(-9)
Source: ONWi=312 (1981), p, 34

Hydraultc conductlivlty (cm/s)
Benton!te (Na)
Wyom! ng
ranges from: Not stated
to: 10(-9)
Source: ONd|=-486 (1983), p, 61

Hydraullc conductivity (cm/s)
Bentonite (Na) (b)
ranges from: ca, | 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

Hydraulfc conductivity (cm/s)
Bentonite (Na) (d)
ranges from: 6,6 x 10(-10)
to:
Source: ONWI~312 (1981), p, 33

Hydraullc conductivlity (cm/s)
Bentonite (Na) (e)
ranges from: 5,6 x 10(~13)
to:
Source: ONWI-312 (1981), p, 33

Hydraullc conductivity (cm/s)
Bentonite (Na) (¢)
ranges from: 6 x 10(-12)
to: 6 x 10(=13)
Source: PNL-4452 UC-70 (1983), p, 13

HydraulIc conductivity (cm/s)
Bentonlte (Na) (g)
ranges tfrom: 1,2 x 10(-12)
fo: 8,3 x 10(-13)
Source: PNL~-4452 UC-70 (1983), p. 27

Hydraul{c conductlivity (cm/s)
Bentonlte (Na) and (Ca)
Varlous

ranges from: 10(-4)

to: 10(-12)
Source: ONW! =486 (1983), p, 36

Hydraullc conductlvity (cm/s)
Benton!te (Na) and Sand
ranges from: ca, 10(-9)
to: ca, 10(-12)
Source: PNL-4452 UIC-70 (1983), p, 16

Hydraullc conductivity (cm/s)
Clay
ranges from: 7 x 10(-12)
to: 2 x 10¢(~-12)
Source: PNL=-4452 uC-70 (1983), p, 14

Hydraullc conductivity (em/s)
Clay
Loulslana
ranes from: 10(-8) (est)
to:
Source: ORNL/Sub/84-64794/1 (1985),
p. 175

Hydraullc conductlivity (em/s)
Itilte (Ca)
ranges from: 10(=-10)
to: 10(~6)
Source: ONW|-486 (1983), p. 35

Hydraul Ic conductivity (cm/s)
Il1fte (Na)
ranges from: 10(=10)
to: 10(=7)
Source: ONWiI=-486 (1983), p, 35

Hydraullc conductivity (cm/s)
Kaollinite (Ca)
ranges from: 10(-8)
to: 10(~5)
Source: ONWI~-486 (1983), p, 35

Hydraullc conductivity (cm/s)
Kaollnite (Na)

ranges from: 10(-8)
: to: 10(=5)
Source: ONWI-486 (1983), p, 35

Hydraul fc conductivity (cm/s)
Shale
ltiInols Basln
ranges from: 10(=9)
to:
Source: ORNL-6241/V2 (In preparation)
pPe 220

Hydraul fc conductivity (cm/s)
Shale
Tennessee
ranges from: &6 x 10(-10)
to: 3 x 10(~11)
Source: ORNL=-6241/V2 (In preparatlion)
p. 220



Hydraullc conductivity (cm/s)
Shales
East Coast
ranges from: 10(~7)
to: 10(=11)
Source: ORNL=-6241/V2 (In
p. 220

Hydraullc conductivlty (cm/s)
Shales
Michigan and Appalachlan
ranges from: 10(-6)
to: 10(~9)
Source: ORNL-6241/v2 (in
p. 220

preparation)

Basins
preparation)

Hydraullc conductivity (cm/s)
Shales
Northern Great Plains
ranges from: 10(-6)
fo: 10(~-10)
Source: ORNL-6241/V2 (In
pPe 220

preparation)

Hydraullc conductivity (cm/s)
Shales "
rann~e from: (w(-8)
?m 1 {-m
Sourge: ORNL-6241/¥2 (In
p. 218

preparation)

Hydraullc cunductivity (cm/s)
Shales (d)
ranan~ ‘' 10(=9)
«a: 10(=11)
wuurce: ORNL-6241/V2 (In preparation)
p. 219
Hydraullc conductivity (cm/s)
Siity Clay
rangas from: 5 x 10(-6)
to: ca, 2 x 10(-8)
Source: ONW!-486 (1983), p. 39
Hydraul Ic conductivity (cm/s)
Stity Clay
ranges from: 5 x 10(-6)
to: 10(-7)
Source: ONWI-486 (1983), p, 39
Hydraullc conductivity (cm/s)
Smectite (Ca) (a)
ranges from: 10(-11)
to: 10(=6)
Sources ONWI-486 (1981), p, 35
Hydraulic conductivity (cm/s)
Smectite (Na) (a)
ranges fram: 10(-11)
to: 10¢(=-7)
Source: ONW|-486 (1983), p, 35
Hydraullc conductivity (cm/s)
Volclay saline seal and Sand
ranges from: 2,9 x 10(-12)
to: 4,1 x 10(~12)
Source: ONW{I-312 (1981), p, 33
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Hydraullc 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)
pe 33
Hydraulic conductlivity (horlzontal) (m/s)
Shale
1i1lInois
ranges from: 2 x 10¢(=11) (2 x 10(-=9) cm/s)
to:
Source: ORNL-6241/V2 (in preparation)
p. 42
Hydraullc conductlivity (horizontal) (m/s)
Shale
Mary land
ranges from: 0,0(?) (0,0 em/s) (?)
to: 1 x 10(-9) (1 x 10(=7) cm/s)
Source: ORNL=6241/V2 (In preparatlion)
p. 43
Hydraullc conductivity (horizontal) (m/s)
Shale
Michligan
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)

pe 42

Hydraulic conductivity (horizontal) (m/s)
Shale
Pennsy Ivanla
ranges from: 3 x 10(-11)
to:
Source:

{3 x 10(=9) cwm/s)

ORNL=6241/Y2 (In preparation)
pP. 42

Hydraulic conductivity (horlzontal) (m/s)
Shale
Pennsyivania
ranges from: 1 x 10(=11) (1 x 10(=9) cm/s)
to:
Source: ORNL-6241/¥2 (in preparation)
pa 43

Hydraullc conductivity (horizontal) (m/s)
Shale
South Carolina
ranges from: 1 x 10(-13) (1 x 10(=11) cm/s)
to: 1 x 10(~-10) () x 10(-8) ecm/s)
Source: ORNL-6241/V2 (In preparation)
p. 42

Hydraullec conductivity (horizontal) (m/s)
Shale
South Carolina
ranges from: ! x 10(-12) (1 x 10(-10) cm/s)
to:
Source: ORNL-6241/V2 (In preparation)
P 43

Hydraullc conductivity (horizontal) (m/s)
Shale
South Dakota
ranges from: ! x 10(-12) (1 x 10(=10) cm/s)
to:r 1 x 10(=11) (1 x 10(=9) cm/s)
Source: ORNk;624I/V2 (In preparation)
Pe
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Hydraul lc conductivity (horlzontal) (m/s)
Shale
Tennessee
ranges from: 3 x 10(-13) (3 x 10(-11) cm/s)
to: 2 x 10(=12) (2 x 10(-10) cm/s)
Source: ORNI;;624I/V2 (in preparation)
Pe

Hydraullc conductivity (horizontal) (m/s)
Shale (a)
ranges from: 1 x 10(-11)
to:
Source: ORNL=-6241/V2 (in preparation)

(1 x 10¢(~-9) cm/s)

p. 99
Hydraullc conductivity (horlzontal) (m/s)
Shaie (b)
ranges from: | 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 preparatlion)
p. 42

Hydraullc conductivity (horizontal) (m/s)
Shale (c)
ranges from: | x 10(-11) (1 x 10(-9) cm/s)
to: 7 x 10(=9) (7 x 10(~=7) em/s)
Source: ORN:;624I/V2 (In preparation)
Pe

Hydraullc conductivity (horlzontal) (m/s)
Shale (d)
ranges from: | x 10(-11) (1 x 10(~9) cm/s)
to: 1 x 10(~6) (1 x 10(-4) cm/s)
Source: 0RNI4.;624I/V2 (In preparation)
Pe

Hydraulle conductivity (horizontal) (m/s)
S1 Itstone/Muds tone
South Carollina
ranges from: 1 x 10(=13) (1 x 10(=11) cm/s)
to: 5 x 10(=10) (5 x 10(-8) cm/s)
Source: 0RN:;624I/V2 (In preparation)
Pe

Hydraulic conductivity (m/s)
Bentonite and Sand
ranges from: ca, 10(-6)

cm/s)
ca, 10(-14)

(ca, 1 x 10(=4)
(ca, 1 x 10(-12)

cm/s)
Source: AECL-7812 (1983), p. 29

to:

Hydraul ic 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

Hydraul 1c conductivity (m/s)
Clay
England

ranges from:

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

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

Hydraullc conductivity (m/s)
Clay
1taly

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)
Shele
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/¥1 (in preparation)
p. 33

Hydraullc conductivity (vertical) (m/s)
Shale
ranges from: 1 x 10(-12) (1 x 10(=10) cm/s)
to:
Source: 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: ORN;GZM/VI (In preparation)
Pe

Inflow (mi/min per m)
Shale
ranges from: 10
to: <1
Source: oaut'agzn/vz (1n preparation)
Pe

Permeabit ity (cm/s) (hydraulic conductivity)
Bentonite (Na) (h)
renges from: 1 x 10(-11)
to:
Source: ONMI-312 (1981), p, 10
Permeabl i Ity (cm/s) (hydraullc conductivity)
Bentonite (Na) ()
ranges from: 3 x 10(-8)
to: 1,5 x 10(-9)
Source: ONWI~-312 (1981), p, 10

Permeabl tity (cm/s) (hydraullc conductivity)
Bentonite and Sand (a)

Oregon
ranges from: 9.5 x 10(-8)
RHO=8WI1 ~5A-80 (1981), p, 7

to:
Source:
Permeabl |1ty {cm/s) (hydraullic conductlivity)
Bentonite and Sand (b)
Oregon
ranges from:
to:
Source:

<9,5 x 10(-8)
RHO-BWI «~SA-80 (1981), p, 7

Permeabl 11ty (cm/s) (hydraullc conductivity)
Bentonlite and Sand (c)

Wyoml ng
<9.5 x 10(-8)

ranges from:
to:
RHO-BWI~SA-80 (1981), p, 7

Source:
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Permeabl 1ty (cm/s) (hydraultc conductivlty)
Benton!te and Sand (d)
Wyom!ng
ranges from: <9,5 x 10(-8)
to:
Source: RHO-BWI=SA=-80 (1981), p, 7

Permeab! Ity (cm/s) (hydraullc conduct!iv!ty)
Clay and Sand
Hanford
ranges from: <9,5 x 10(-8)
to:
Source: RHO-BWI=-SA-80 (1981), p, 7

Permeab! Ity (cm/s) (hydreullc conductivity)
Shale (b)
Great Plalns
ranges from: 1 x 10(=%)
to: 1 x 10(-10)
Source: ORNL/S5ub/84-~64794/1 (1985),
Pe 293

Permeab! !ty (tt/yr) (hydraullc conductivlty)
Shale
Onto
ranges from: 10(-=3) (9,7 x 10(-10) em/s)
to: 10(-4) (9,7 x 10(~11) cm/s)
Source: Y/OW|/TH36/6 (1978), p, 5-14

Permeabl i1ty (ft/yr) (hydrauillc conductlivity)

Shale (a)
ranges from: 0,1 (9.7 x 10(-8) em/s)
to: 0,05 (4,8 x 10(-8) cm/s)

Source: Y/OW|/TM36/6 (1978), p. 7-8
Permeabl |ty (ft/yr) (hydraullc conductivity)

Shales (f)
Varlous
ranges from: 1,0 x 10(-4) (9.7 x 10¢(-11)
cm/s)
to: 1,1 x 10(3) (1.1 x 10(=3)
m/s )

C
Source: Y/OW|/TM36/6 (1978), p, A-16

Permeabli!fty (horlzontal) (¢#t/yr) (hydraullc
conductivity)
Shale
ranges from:

to:
Source:

0,01 (9,7 x 10(=-9) cm/s)

Y/OW1/TM36/6 (1978), p. 3-24

Permeab! | Ity
conductivity)
Shale
Ohlo
ranges from: 0,1
to:
Source:

(horlzontal) (ft/yr) (hydraullc

(9.7 x 10(=8) cm/s)
Y/Oh1 /TM36/6 (1978), p. 4-12
Permeabl Ity (horlzontal) (ft/yr) (hvdraullc

conductlivlty)
Shale (s)
ranges from: 1 x 10(-4) (9,7 x 10(-11) cm/s)
to: 1 x V0(3) (9,7 x 10(=4) cm/s)

Source: Y/OW|/TM36/6 (1978), p. 2-2

Permeab! ity (m(2))
Bentonlte (Ca) and (Na)
ranges from: | x 10(=16) (9.7 x 10(-8)
cm/s)
to:
Source: NUREG/CP-0052 (1983), p. 209

Permeabl itty (m{2))
Benton!te and Sand (e)

Wyom!ng
ranges from: 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)
Wyomlng

ranges from: 8 x 10(-18) (7.8 x 10(-9)
cm/s)
to:
Source: NUREG/CP-0052 (1983), p. 220

Permeabl! |1ty (m(2))
Kaolinite (a)
ranges from: | x 10(-16)

cm/s)

to:
Source: NUREG/CP-0052
Permsablilty (m(2))
Kaolinite (b)

ranges from: 5 x 10(=17)
cm/s )

11
Source: NUREG/CP-0052
Permeabl 114y (m(2))

Kaolinlte and Sand
ranges from: 2 x 10(-16)

(9.7 x 10(=-8)

(1983), p, 209

(4.9 x 10(~8)

(1983), p, 209

(1,9 x 10(-7)

cm/s)
to:
Source: NUREG/CP-0052 (1983), p, 209
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

Permeablilty (m(2))
Smact{te (Ca) (b)
ranges from: 3 x 10(-18)
cm/s)

to:
Source: NUREG/CP~0052 (1983), p, 209
Permeabl ity (m(2))
Smectite (Ca) and Sand

ranges from: 4 x 10(-17)
cm/s)

to:
Source: NUREG/CP-0052 (1983), p, 209

(2,9 x 10(-9)

(3.9 x 10(-8)
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Permeablilty (m(2))
Smect!te (Na) and Sand
ranges from: 5 x 10(-19)
cm/s)
to:
Source: NUREG/€P-0052 (1983), p. 209

(4.9 x 10(~10)

Permeab! ity (m/s) (hydraullc conduct!v!ty)
Benton!te (Ca)
ranges from: | x 16(-9)
to:

Source: KBS TEKNISK RAPPORT 9 (1977),

p. 4

(1 x 10(=7) cm/s)

Permeabl I!+y (m/s) (hydraullc conduct!vity)
Benton!te (Na) (]J)
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

Permeabl 1ty (m/s) (hydraul!c conductlvity)
Bentonlte (Na) (k)

ranges from: ca, 1 x 10(-11) (ca, | x
10(=9) cm/s)
to:
Source: KBS TEKNISK RAPPORT 9 (1977),
pe 4

Permeab! !ty (m/s) (hydraullc conductlv!ty)
Bentonlte (Na) (1)

ranges from: ca, 3 x 10(-11) (ca, 3 x
10(=9) cm/s)
to:
Source: KBS TEKNISK RAPPORT 9 (1977),
Pe 4

Permeablilty (m/s) (hydraullc conductivity)
Bentonite (Na) (m)

ranges from: | x 10(~10)
(max!mum)

(1 x 10(=8) cm/s)

to:
Source: 'GSSTEKMSK RAPPORT 9 (1977),
Pe

Permeablilty (md)
Clays and Shales
ranges from: 8 x 10(-4)
cm/s)
to: 2 x 10(~6)
cm/s)
Source: Prog9NEA Workshop OECD (1979b),
¢ p.

(7.7 x 10(~-10)
(1,9 x 10(~12)

Permeabl! ity (md)
Shale
ranges from: 5 x 10(-2) (4,9 x 10(-7)cm/s)
to:
Source: Y/OMI/SUB-7009/1 (1976), p, 11

Perwmeabl ity (md)
Shale
Californla
ranges from: 4 x 10(-4)
cm/s)
to:
Source: Y/OWI/SUB-7009/1 (1976), p, 11

(3.8 x 10(-10)

Permeab! 11ty (md)
Shale
Colorado

ranges from: <0,05

to:
Source: Y/OW|/SUB-7009/1 (1976), p, 14

(<4,9 x 10(-7)cm/s)

Permeab! !ty (md)

Shale
Gulf Coast
ranges from: 1 x 10(-8) (9,6 x 10(-15)
cm/s) (1)
to: 2,5 x 10(-9) (2,4 x 10(-15)
cm/s) (1)

Source: Y/OW(/SUB-7009/1 (1976), p. 11

Permeabl ilty (md)

Shale
Michlgan
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
Permeabl Ity (md)

Shale
Michigan
ranges from: 0,001 (1 x 10(=9) em/s)
to: 2,0 (1,9 x 10(-6) cm/s)

Source: ORNI?“{Sub/84-64794/1 (1985),
Pe

Permeabl IIty (md)
Shale (a)
ranges from: 1.1 x 10(-4)
cm/s)
to:
Source: Y/OWl/SUB=-7009/1 (1976), p, 11

(1.1 x 10(=10)

Permeabl ilty (md)

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: Y/OW|/SUB-7009/1 (1976), p. 11

Permeabl |1ty (md)
Shales
(1ilnols
ranges from: 2 x 10(-6)
cm/s)
to:
Source: Y/OW1/5UB-7009/1 (1976), p, 11

(1.9 x 10(-12)

Permeab! Ity (md)
Shales
Montana
ranges from: 6 x 10(-4)
cm/s)
to:
Source: Y/OMi/5UB-7009/1 (1976), p. 11

Rarmeab! t Ity (md)
Shales
New Mex!co
ranges from: 2 x 10(-6)
cm/s)
to:
Source: Y/OW!/SUB-7009/1 (1976), pa. 11

(5.8 x 10(-10)

(1.9 x 10(-12)
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Permeabi | Ity (md)
Shales
Ok lahoma

ranges from: 8 x 10(~-4)

cm/s)

to:
Source: Y/OWI|/SUB=-7009/1 (1976), p. 1t

(7.7 x 10(-10)

Permeabl )ity
Shales
Texas

ranges from:

to:
Source:

(md)

3 x 10(~4) (2,9 x 10(=10) cm/s)
7 x 10(-6) (6.7 x 10(~12) cm/s)
Y/OW) /SUB=7009/1 (1976), p, 11
Permeabli ity (md)
Shales
Utah
ranges from:
to:
Source:

7 x 10(-6) (6.7 x 10(=12) cm/s)

Y/OM1 /SUB-7009/1 (1976), p, 11

Permeabliity (mlcrodarcles)
Shale (b)

ranges from: 100 (1 x 10(=7) cm/s)

to: 0,0} (1 x 10¢(-9) cm/s)
Source: ORNL=~6241/V2 (in preparation)
p. 199
Permeabl ity (vartical) (factor of K
horizontal)
Shale
ranges from: 1/2Knh
to: 1/10Kh

Source: Y/OW|/TM36/6 (1978), ¢, 2-2

Permeabl ity (vertical) (tt/yr) (hydraullc

conductivity)
Shale

ranges from:

to:

Source:

0,005 (5 x 10(~9) cm/s)

Y/OW1 /TM36/6 (1978), p, 324

Parmeabliity (vertical) (tt/yr) (hydraullc

conductivity)
Shale
Ohlo

ranges from:

to:

Source:

0,05 (5 x 10(-8) cm/s)

Y/OW| /TM36/6 (1978), p, 4-12

Specltic storage (I/m)
Shale
ranges from:
to:
Source: ORNL-6241/V2 (In preparation)
p. 99

1 x 10(-6)

Specl flc storage (I/m)
Shale

ranges from:

to:

Source:

4,3 x 10(~7)

2,8 x 10(~6)

ORNL-6241/V2 (In preparation)
p. 57

Speci fic storage (m(-~1)) (?)

Shale
ranges from:
to;
Source:

5 x 10(~6)

5 x 10(~7)

ORNL-6241/Vt (in preparatlion)
pe 33

Travel time (years)

Shale
ranges trom:
to:
Source:

>100,000

>100,000

ORNL=6241/V1 (In preparation)
p. 36



Bulk modulus

Argl it

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
Ohlo
ranges from:
to:
Source:

Bulk modulus
Shale
Ohlo
ranges from:
to:
Source:
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(confined) (GPa)
(]

14,0 (1,4 x 10(4) MPa)
Proc NEA Workshop OECD (1979b),
p. 87

(Pa x 10(10))

ca, 50
ca, 200

(ca, 5 x 10(5) MPa)
(ca, 2 x 10(6) MPa)

ORNL-6241/V2 (In preparation)
pe 199

(pst)

7.6 x 10(5) (5.2 x 10¢3) MPa)

Y/ONl| /TM36/6 (1978), p, 7-8
(psi)
77.8 x 10(3) (5.4 x 10(2) WPa)

Y/ /TM36/6 (1978), p, 3-24

(psl)

6.3 x 10(5) (4,3 x 10(3) MPa)
Y/OWN1/TM36/6 (1978), p, 5-14
(ps!)

1.1 x 10(5) (7.6 x 10(2) MPa)

Y/OW\ /TM36/6 (1978), p, 4=12

Coheslon (MPa)

Clay
Belgium
ranges from:

1 x i0(=1)

to: 1

Source:

Rad Waste Management and Nucleer
Fuel Cycle v,6 (1985), p, 54

Coheslon (MPa)

Clay
Italy
ranges from:
to:
Source:

1 x 10(=1)

Rad Waste Management and Nuc lear
Fuel Cycle v,6 (1985), p, 54

Coheslon (psl)

Shale
Onhlo
ranges from:
to:
Source:

5,900 (4,1 x 10(1) MPa)
Y/OW1 /TM36/6 (1978), p, 5-14

Coheslion (psi)

Shale
Ohlo
ranges from:
to:
Source:

14 (1 x 10(-1) MPa)

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

Coherson (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 (psl)
Shale (b)

ranges from: 6 x 10(3) (4,1 x 10(1) MPa)
Source: Y/OW)/TM36/6 (1978), p. 7-8

Coheslon (psl)
Shale (c)
ranges from: 206
to: -
Source: Y/OW1/TM36/6 (1978), p, 3-24

(1,4 Wa)

Coheslon (psi)
Shale (d)
Great Plains
ranges from: 2 (1,4 x 10(=2) MPa)
to: 30 (2.1 x 10(~1) MPa)
Source: 0RN%Sub/84-64794/l (1985),
P. 293

Coheslon (unconfined) (MPa)
Arglliite
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 MPa)
Source: Y/OW!/TM36/6 (1978), p, 6-13

Compressive strength (kg/cm(2))

Shale (b)
Montana
ranges from: 25 (2,5 MPa)
to: 55 (5.4 WPa)

Source: Y/OWi/TM36/6 (1978), p, 6-13
Compressive strength (MPa)
011 Shales
ranges from: 35
to: 138
Source: ORNL/Sub/84-64794/1 (1985),
p. 348

Compressive strength (MPa)
011 Shales
ranges from: 1368
to: 172
Source: ORNL/Sub/84-64794/1 (1985),
p. 348

Compressive strength (MPa)
Shale
tndlana
ranges from: 11
to: 115
Source: ORNL/Sub/84-64794/1 (1985),
p. 60



Compressive strength (MPa)
Shales
Western Ohlo
ranges from: 20
to: 32
Source: ORN_L’{Sub/84-64794/l (1985),
Pe

Compressive strength (psl)
Shale

ranges from:

to:

Source:

8,5 x 10(3) (5.9 x 10(}) MPa)

Y/OM1 /TM36/6 (1978), p, 6-3

Compressive strength (psi)
Shale
New Mexlco
ranges from: 1,000 (6.9 MPa)
to: 6,000 (4,1 x 10(1) MPa)
Source: Y/OWI/TM36/6 (1978), p, B-5

Compressive strength (psl)
Shale
New Mexico
ranges from: 1,000 (6,9 WPa)
to: 8,000 (5.5 x 10(1) MPa)
Source: Y/OW|/TM36/6 (1978), p, 8-2

Compressive strength (psl)
Shale (b)
Great Plains
ranges from: 70 (4,8 x 10(=1) MPa)
to: 2,530 (1,7 x 10(1) MPa)
Source: mNLzégub/84-64794/ 1 (1985),
P

Compressive strength (psi)
Smectite (Na), Kaolinite, Sand Mixtures

(a)
Osage, NY
ranges from: 76,5 (5,3 x 10(-1) MPa)
to: 541,0 (3,7 Wa)
Source: ONWiI-312 (1981), p, 24

Compressive strength (psi)
Smectite (Na), Kaolinlte, Sand Mixtures

(b
Osage, NY
ranges from: 9,1 (6,3 x 10(=2) MP3z)
to: 85,5 (5,9 x 10(=1) MPa)

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

Compressive strength (unconflined) (MPa)
Arglitite
ranges from: 4,75
to:
Source: Proc7NEA Workshop OECD (1979b),
P. 8

Compressive strength (unconfined) (MPa)
Bentonite and Sand (a)
Oregon
ranges trom: ca, O
to: ca, 1.8
Source: RHO-BW|-5A-80 (1981), Fig. 4

198

Compressive strength (unconfined) (MPa)
Bentonlite and Sand (b)
Wyomlng
ranges from: ca, 0
to: ca, 3
Source: RHO-8WI-SA-80 (1981), Fig, 4

Compressive strength (unconfined) (MPa)
Shates (a)
ranges from: 25,2
to: 113,6
Source: ORNI;-'-‘6)24IIV3 (In preparation)
P.

Compressive strength (unconfined) (psl)
Bentonite (Na) (a)
ranges from: 55,5 (3.8 x 10(-1) MPa)
to: -

Source: ONWI=312 (1981), p, 22
Compressive strength (unconfined) (psi)
Kaolinite
ranges from: 100,3 (6,9 x 10(-1) MPa)

to: =
Source: ONWI=312 (1981), p, 22

Compressive strength (unconfined) (psl)

Shales (b)
Various
ranges from: <100 ( <6,9 x 10(-1) MPa)
to: 3.7 x 10(4) (2,5 x 10(2) ™WPa)

Source:

Compressive strength (uniaxial) (MPa)
Bentonite (Na) (b}
ranyes from: 8,9

to: -
Source: 'GS'TEKNISK RAPPORT 74 (1978),
p. 14

Compressive strength (uniaxial) (MPa)
Shate
Ohlo

ranges from:

to:
Source:

13,8

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

Compressive strength (uniaxial) (psi)
Shale
Ohlo
ranges from:
to:
Source:

1 x 10(4) (6.9 x 10(1) MPa)
Y/OM) /TM36/6 (1978), p, 5-14

Compressive strength (untaxlal) (psl)
Shale
Ohlo

ranges from: 2 x 10(3)

to:

Source:

(1.4 x 10(1) MPa)

Y/OW| /TM36/6 (1978), p, 4-12

Compressive strength (unlaxlal) (psi)
Shale (a)

ranges from: 70 (4,8 x 10(-1) MPa)

to: 3.7 x 10(4)

Source: Y/OW|/TM36/6 (1978), p, 2-2

Y/OM1 /TM36/6 (1978), p, A=-4,5,6

(2.5 x 10(2) MPa)
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Compressive strength (uniaxial) (psl)
Shale (a)
(1,4 x 10(1) MPa)

ranges from: 2,1 x 10(3)
to: -~
Source: Y/OWI/TM36/6 (1978), p, 3-24
Compressive strength (unlaxial) (psl)
Shale (b)
ranges from: 1 x 10(4)
to: -~
Source: Y/OM1/TM36/6 (1978), p, 7-8

(6.9 x 10(1) MPa)

Friction angle (angle of shear resistance)
(degq)
Clay
Belglum
ranges from: 19
to: -
Source: Rad Waste Management and Nuc lear
Fuel Cycle v,6 (1985), p, 54

Frictlion angle (angle of shear resistance)
(deg)
Clay
italy
ranges from: 25
to: -~
Source: Rad Waste Management and Nucleer
Fuel Cycle v,6 (1985), p, 54

Friction angle (deg)
Shale
Ohlo

ranges from:

to:
Source: Y/OWi/TM36/6 (1978}, p, 5-14

23.4

Friction angle (deg)
Shale
Ohlo
ranges from: 22
to: =
Source: Y/OMi/TM36/6 (1978, p, 4-12

Friction angle (deg)
Shale (a)
ranges from: 4,2
to: 56
Source: Y/OM1/TM36/6 (1978), p, 2-2

Friction angle (deg)
Shatle (a)
ranges from: 5,3
to: -
Source: Y/OM1/TM36/6 (1978), p, 3-24

Friction angle (deg)
Shale (b)
ranges from: 26
to: -
Source: Y/OWI/TM36/6 (1978), p, 7-8

Friction angle (dilation angle) (deg)
Shaie (c)
ranges from: +5
to: =5
Source: Y/OwWl/TM36/6 (1978), p, 2-2

Friction angle (internal) (deg)
Argilllte
ranges from: 35
to: -
Source: Prote:_,NEA Workshop OECD (1979b)
Pe

Friction angle (internal) (deg)
Shate (b)
Great Pialns
ranges from: 8
to: 25
Source: 0RN;$§ub/84-64794/l (1985),
po

Friction angle (internal) (deg)
Shete (d)
ranges from: 14,2
to: 51,0
Source: ORNI‘..-,624I/VI (in preparation)
Pe

Friction angle (reslidual) (tan)
l11Tte (Na) (a)
ranges from: 0,3
to: 0,7
Source: ONWI-486 (1983), p, 47

Friction angle (residual) (tan)
I11ite (Na) (b)
ranges from: 0,47
to: 0.7
Source: ONWI=-486 (1983), p, 47

Friction angle (residual) (tan)
KeollInlte
ranges from: 0,27
to: 0,7
Source: ONWI-486 (1983), p, 47

Friction angie (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 limit) (%)
Bentonlite
Wyoml ng
ranges from: 353.1
to: -
Source: RHO-BWI=-SA-80 (1981), p, 6

Plasticlity (liquid timlt) (%)
Bentonlte (a)
Oregon
ranges from: 209.6
to: -
Source: RHO-BWI-SA-B0 (1981), p, 6
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Plasticity (liquld 1imit) (%)
Bentonite (b)
Oregon
ranges from:
to: -
Source: RHO-BW|-SA-80 (1981), p, 6

212,69

Plasticity ()Ilqulid limit) (%)
Bentonite (Na)
Wyomlng

ranges from: 260

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

Plasticlity (llquid limit) (%)
Bentonite (Na) (a)
ranges from: 98
to: -
Source: AECL-7825 (1984), p, 12

Plasticity {(liquid Ilmit) (%)
Clay
Beigium
ranges from: 77,5
to: ~
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p, 54

Plasticity (tiquld limit) (%)
Clay
England
ranges from: 55
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Plasticity (liquid 1imi%) ($)
Clay
Hantford
ranges from: 44,6
to: -
Source: RHO-BW1~SA-80 (1981), p, 6

Plasticity (liquld (imit) (%)
Clay
Hanford
ranges from: 63,9
to: -~
Source: RHO-BW1-SA-80 (1981), p, 6

Plasticlity (liquid (Imit) (%)
Clay
Italy
ranges from: 50
to: =
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (198%), p, 54

Plasticity (llquld limit) ($)
11tite (Cs)
Jackson County, OH
ranges from: 69
to: -
Source: ONW|~-485 (1983), p, 43

Plasticity (liquid Iimit) (%)
iilite (Ca) (a)
Fithian, (L
ranges from: 90
to: -
Source: ONWI-486 (1983), p. 43

Plasticlty (liquld limtt) (%)
Itlite (Ca) (b)
Grundy County, IL
ranges from: 100
to: =
Source: ONW|-486 (1983), p, 43

Plasticity (llquld (imit) ()
Kaolinite (Ca)
Anna, 1L
ranges from: 7
to: -
Source: ONWi =486 (19683), p, 43

Plasticity (liquld limit) (%)
Kaolinlte (Ca)
Dry Brench, GA
ranges from: 34
to: -
Source: ONWI-486 (1983), p, 43

Plasticity (iiquid 1imit) (%)
Shale (a)
Grest Plains
ranges from: 36
to: 113
Source: ORN%!“.ublalﬂ'IN/l (1985%),
Pe

Plasticity (llquid 1imit) ($)
Shale (b)
Grest Plalns
ranges from: 55
to: 202
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Plasticity (llquid Iimit) (5)
Shales, Mudstones, Si!i{tstones
Various

ranges from: 17,8

to: 224
Source: ;/%I /TM36/6 (1978), p, 6-20 to

Plasticity (tiquld 1imit) (5)
Smectite (Ca)
Belle Fourche, SO
ranges from: 177
to: -
Source: ONWI-486 (1983), p, 43

Plasticlty (llquld limit) ()
Smectite (Ca)
Cheto, AZ
ranges from: 155
to: -
Source: ONWiI-486 (1983), p, 43



Plasticlty (Il?glg tHimit) (£)
2

Smectite
Omsted, IL
ranges from: 123
to:

Source: ONW!~-486 (1983), p, 43

Plasticlty (llquid limit) (%)

Smactite (Ca)
Pontotoc, MS
ranges from: 166
to:

Source: ONWI-486 (1983), p. 43

Piasticlty (liquidity )ndex)

Shale
Montana
ranges from: -0,11

to:

Source: Y/OWl/TM36/6 (1978), p, 6-1

Plasticlity (plas?ic Index)
Bentonite
Wyoming
ranges from: 519,5
to: -
Source: RHO-BW| -5A~80

Plasticity (plastic Index)
Bentonite (a)
Oregon
ranges from: 168,58
to: -
Source: RHO-BW|~-SA=-80

Ptasticity (piastic index)
Bentonite (b)
Oregon
ranges from: 174,6
to: -~
Source: RHO-BWI-SA-80

Plasticlity (plastic index)
Ctay
Hanford
ranges from: 18,8
to: -~
Source: RHO-BW|-~SA-~80

Plasticlty (plastic index)
Clay
Hanford
ranges from: 40,8
to: -
Source: RHO-BW]-SA-B0

Plasticity (plastic limit)
Bentonlte
Wyoming
ranges from: 33,6
to: -
Source: RHO-BW{-SA=-80

Plasticlty (plastic 1iml¢)
Bentonite (a)
Oregon
ranges from: 41,0
to: -
Source: RHO-8BwW|~SA-80

1)

(1981), p.
%

(1981), p.
(£ 3]

(1981), p.
%)

(1981), p.
(£)

(1981), p,
¢}

(1981), p.
14 9]

1981), p.

Piasticity (plastic 1imit) (%)
Bentonite (b)
Oregon
ranges from: 38,1
to: -
Source: RHO~BWI~SA=80 (1981), p, 6

Plasticity (plastic {imit) ($)
Bentonite (Na) (a)
Wyoml ng
ranges from: 50
to: ~
Source: AECL-7825 (1984), p, 12

Plasticity (ptastic fImit) ($)
Bentonite (Na) (b)
Wyomling
ranges from: 19
to: -
Source: AECL=-7825 (1984), p, 12

Plasticity (plastic 1imit) ($)
Clay
Beiglum
ranges from: 26,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, S4

Plasticity (plastic limit) (%)
Clay
England
ranges from: 26
to: =
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Plasticity (ptastic 1imit) (%)
Clay
Hanford
ranges from: 25.8
to: =
Source; RHO-BWI=-5A=-80 (1981), p, 6

Piasticity (plastic limit) (%)
Clay
Hantord
ranges from: 23,1
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Plasticity (plastic limit) (B
Ctlay
Italy
ranges from: 25
to: -
Source: Rad Waste Management and Nuciear
Fuel Cycle v.6 (1985), p, 54

Plasticlty (plastic 1imlt) (%)
Iillte (Ca)
Jackson County, OH
ranges from: 36
to: -
Source: ONWI-486 (1983), p, 43



Plastliclty (plastic limlit) (%)
Iitite (Ca) (a)
Fithian, IL

ranges from:
to:
Source:

40

ONW!-486 (1983), p., 43

Plasticity (plastic limit) (¥)
Ii11te (Ca) (b)
Grundy County, (L

ranges from:
to:
Source:

42

ONW!-486 (1983), p, 43

Plasticlty (ptastic 1imit) (%)
Kaollnlite (Ca)

Anna,
ranges from:
to:

Source:

]

36

ONW!1-486 (1983), p. 43

Plasticity (plastic lIimit) (%)
Kaollinite (Ca)
Dry Branch, GA

rar:;es from:
to:
Source:

26

ONWi-486 (1983), p, 43

Plasticity (plastic 1imit) (%)
Shale (a)
Great Plains

ranges from:
to:
Source:

20

62

ORNL/Sub/B84~64794/1 (1585),
p. 291

Piasticity (plastic Iimit) (%)
Shale (b)
Great Plains

ranges from:
to:
Source:

22

39

ORNL/Sub/B4-64794/1 (1985),
pe 295

Plasticlty (plastic limit) (%)

Shales,
Various
ranges from:
to:

Mudstones, S!itstones

16,0
45,5

Source: Y/OW|/TM36/6 (1978), p. 6-20 to

6-26

Plasticity (plastic limit) (%)
Smectite (Ca)
Belle Fourche, SD
ranges from: 63
to:
Source:

ONWi-486 (1983), p. 43

Ptasticity (plastic timit) ($)
Smect ite (Ca)
Cheto, AZ
rangas from: 65
to

Source: ONWI-486 (1983), p. 43

202

Plasticity (plastic limit) (%)
Smectite (Ca)
Omsted, L
ranges from: 79
to:
Source:

ONW|-486 (1983), p., 43

Plasticlty (plastic limit) (%)
Smectlite (Ca)
Pontotoc, MS
ranges from: 65
to: -
Source: ONW|-486 (1983), p, 43
Plasticlty (ptasticlty index) (%)
Bentonlte (Na) (a)
Wyoml ng
ranges from:
to:
Source:

210
AECL-7825 (1984), p.

Plasticlty (plasticlity Index) (%)
Bentonlite (Na) (b)

Wyoming

ranges from:

to:

Source:

79
AECL-7825 (1984), p, 12

Plasticlty (plasticity Index) (%)
Clay
Louisiana
ranges from: 40
to: -
Source: ORNL/Sub/84-64794/1 (1985),

pe 173

Plasticity (plasticity index) (%)
titite
ranges from: O
to: 90
Source: ONWi=486 (1983), p, 45
Plasticity (plasticity Index) (%)
Kaollnite
ranges from: O
to: 35
Source: ONWI-486 (1983), p, 45

Plasticlty (plasticity Index) (%)
Shale
Great Plains
ranges from: 30
to: 110
Source: ORNgéiub/84-64794/l (1985),
Pe

Plasticity (plasticity Index) (%)
Shales, Mudstones, S| {tstones
Varlous

ranges from: 1.8

192

to:
Source: Y/OW| /TM36/6 (1978), p, 6-20 to
6-26

Plasticity (plasticlty index) (%)
Smectite (Na)
ranges from: O
to: 500
Source: ONWI =486 (1983), p, 45



203

Plasticity (shrinkage !limit) (%)
Bentonite (a)
Oregon
ranges from: 8,47
to: =
Source: RHO-BWI-SA-80 (1981), p, 6

Plasticity (shrinkage limit) (%)
Bentonite (b)
Oregon
ranges from: 8,96
to: -
Source: RHO-BWI-SA~80 (1981), p. 6

Plasticlity (shrinkage Iimit) (%)
Clay
Hanford
ranges from: 19,75
to: -
Source: RHO-Bwl-SA-80 (1981), p, 6

Polsson's ratio
Argl llite
ranges from: 0,30
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Polsson's ratla
Bentonlte
Wyoming
ranges from: 0,15
to: =
Source: ONW|-486 (1983), p. 63

Polsson's ratio
Of) Shales
ranges from: 0,2
to: 0,3
Source: ORNL/Sub/84-64794/1 (1985),
p. 348

Poisson's ratlo
01} Shales
ranges from: 0,15
to: 0,20
Source: ORNL/Sub/84-64794/1 (1985),
P, 348

Polsson's ratio
Shale
ranges from: 0,2
to: -~
Source: Y/OWi/TM36/6 (1978), p. 3-24

Polsson's ratlo
Shale
Ohlo
ranges from: 0,1
to: -
Source: Y/OWl/TM36/6 (1978), p. 5-14

Polsson's ratio
Shale
Ohlo
ranges from: 0,25
to: -
Source: Y/OWI/TM36/6 (1978), p, 4-12

Poisson's ratio
Shale (a)
ranges from: 0,03
to: 0.50
Source: Y/OW|/TM36/6 (1978), p. 2-2

Poisson's ratlo
Shale (b)
ranges from: 0,15
to: -
Source: Y/OwW!/TM36/6 (1978), p. 7-8

Poisson's ratio
Shales (a)
ranges from: 0.11
to: 0,31
Source: 0RN%;824|/V3 {(In preparation)
Pe

Polsson's ratio
Shales (b)
Various
ranges from: 0,03
to: 0,77
Source: Y/OW1/TM36/6 (1978), p, A=11

Ratlo 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/¥2 (in preparation)
p. 199
Shear modulus (psfi)
Shale
ranges from: 6.2 x 10(5) (4,3 x 10(3) WPa)

to: -
Source: Y/OW|/TM36/6 (1978), p, 7-8

Shear modulus (psti)
Shale
ranges from: 58,3 x 10(3)
to: -
Source: Y/OW1/TM36/6 (1978), p, 3-24

(4 x 10(2) MPa)

Shear modulus (psl)
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 (psl)
Shale
Ohio
ranges from: 6,8 x 10(4)
to: -
Source: Y/OW|/TM36/6 (1978), p. 4-12

(4.7 x 10(2) Wa)
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Shear modulus {psi)

Shales (b)
Various
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/OW| /TM36/6 (1978), p, A-10

Shear strength (kPa)
Bentonlite (Na) (a)

ranges from:
to:
Source:

1,600 (1,6 Wwa)

<15 ( <1,5 x 10(=-2) MPa)
KBS TEXKNISK RAPPORT 74 (1978),
p. 16

Shear strength (MPa)
Bentonite (Na) (b)
ranges from: 4,5

to:
Source:

KBS TEKNISK RAPPORT 74 (1978),
p. 14

Shear strength (undrained) (MPa)

Ciay
Belglum
ranges from:
to:
Source:

0,6

Rad Waste Management and Nuc lear
Fue! Cycle v,6 (1985), p, 54

Shear strength (undrained) (MPa)

Clay
Englanag
ranges from:
to:
Source:

1,2

Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Shear strength (undreined) (MPa)

Clay
Italy
ranges from:
to:
Source:

1,5

Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Strength (MPa)

Clay

Louislana

ranges from:
to:
Source:

Swelling ($)

0,19

ORNL /Sub/84~-64794/1 (1985),
p. 173

Bentonite (a)
ranges from: 5
to: 20

Source:

Swelling (%)

KBS TEXNISK RAPPORT 9 (1977),
Pe 5

Bentonite (b)

ranges from:

15

to: 30

Source:

KBS TEKNISK RAPPORT 9 (1977),
p. 6

Sweliing (£)

Bentonite (c¢)
ranges from: 1

to:

Source:

50
ONW| =486 (1983), o,

Swelllng (%)
1itite
ranges from:
to:

Source:

<2
20
ONWI-486 (1983), p,

Swelling (%)
Iilite and Bentonlte (a)
ranges from: 1
to: 54
Source: ONW1-486 (1983), p,
Swalilng ($)
itllte and Bentonite (b)
ranges from: <2
to: 30
Source: ONWI-486 (1983), p,

Swelling (%)
ililte and Kaollnlte
ranges from: <2
to: <10
Source: ONW|=-486 (1983), p,

Swailing (%)
Kaolinite
ranges from: <2
to:

Source:

Swelling (%)
Keolinite and Bentonite
ranges from: 2
to: 35
Source: ONWI-486 (1983), p,

4
ONw|-486 (1983), p,

Swelling (potential) (%)
Shale
Canada
ranges from: 2
to: 20 .
Source: ORNL/Sub/84-64794/1
p. 293

Swelling (potential) (%)
Shale
Great Plains
ranges from: 3

to: 5
Source: ORNL/Sub/84-64794/1
p. 293
Swelllng distance (mm)
Bentonite
ranges from: 1
to: 11
Source: ONWI-312 (1981), p,

49

49

49

49

49

49

49

(1985),

(1985),

16



Swalllng pressure (kPa)
Bentonlite (a)

ranges from: 30 (0,03 WPa) (1)
to: 110 (0,11 MPa) (?)
Source: KBS TEKNISK RAPPORT 9 (1977),

p. 6

Swelling pressure (kPa)
Bentonite (b)
ranges from: 30 (0,03 wa) (1)
to: 200 (0,20 MPa) (?)
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 6

Swelling pressure (MPa)
Bentonlte

Oregon

ranges from:

to:

Source:

ca. 0
ca, 1,8
AECL=7812 (1983), p, 34

Sweliing pressure (MPa)
Bantonlite

Wyomlng

ranges from:

to:

Source:

ca, 0
ca. 2,2
AECL-7812 (1983), p, X4

Swelling pressure (MPa)
Bentonite (c¢)
ranges from: 0,7
to: ca. 70
Source: AECL~7812 (1983), p, 33

Swelllng pressure (MPa)
Bentonite (Ca)
ranges from: 31.4
to: -
Source: ONW(-312 (1981), p. 3}
Swelilng pressure (MPa)
Bentonlte (Na) (a)
ranges from: >10
to: -
Source: ONW{-312 {1981), p. 15
Swelling pressure (MPa)
Bentonite (Na) (b)
ranges from: 57,7
to: -
Source: ONWI=-312 (1981), p, 31
Swelllng pressure (MPa)
Bentonite (Na) (c)
ranges from: 21,7
to: -
Source: ONWI=312 (1981), p. 1
Swe|llng pressure (MPa)
Bentonite (Na) (d)
ranges from: ca, 72
to:

Source: RHO-BWI=-SA-80 (1981), p, 6
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Swelling pressure (MPa)
Bentonite (Na) (e)
Wyoml ng
ranges from: ca, 3
to: ca, B
Source: AECL-7825 (1984), p, 16

Swelling pressure (MPa)
Bentonite (Na) (f)
Wyomi ng
ranges from: ca, 2
to: ca, 20
Source: AECL-7825 (1984), p, 16

Swalllng pressure (MPa)
Bentonite (Na) (g)
Wyomi ng
ranges from: |
to: 8
Source: KBS TEKNISK RAPPORT
pe 6

74 (1978),

Swelllng pressure (MPa)
Bentonite (Na) (h)
Wyoming
ranges from: 2
to: 23
Source: ONWI-486 (1983), p, 51
Swelling pressure (MPa)
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, 5
Swelling pressure (MPa)
Bentonlite and Sand (a)
Oregon
ranges from: ca, 0
to: ca, 1.8
Source: RHO-BW|=-SA-80 (1981), Fig. 3

Swe!llng pressure (MPa)
Bentonlte and Sand (b)
Wyoml ng
ranges from: ca, 0
to: ca, 2,2
Source: RHO-BWI-SA-80 (1981), Fig, 3

Swelliing pressure (MPa)
Shale
ranges from: 10
to: 0.5
Source: PGS_,TEKNISK RAPPORT 74 (1978),
P

Tenslle strength (MPa)
Argllifte
ranges from: 3.5
to: =
Source: Proc NEA Workshop QOECD (1979b),

p. U1



Tens!le strength (MPa)
Shale (¢}
Ohlo
ranges from: 0,34
to: -
Source: ORNL/Sub/84-64794/1
p. 108

(1985),

Tenslle strength (psl)
Shale
Ohlo

ranges from: 200

to:

Source:

(1.4 Wa)
Y/OW1 /TM36/6 (1978), p. 5-14

Tens!le strength (ps!)
Shale (a)
ranges from: O (0 MPa) ()
to: 1,540 (1,1 x 10(1) MPa)
Source: Y/Owl/TM36/6 (1978), p, 2-2

Tens!le strength (psl)
Shaie (b)

ranges from: 200 (1,4 Wa)
to: -
Source: Y/OW1/TM36/6 (1978), p, 7-8
Tens!le strength (ps!)
Shale (d)
Ohlo
ranges from: 50 (3,4 x 10{=1) MPa)
to: -
Source: Y/OW!/TM36/6 (1978), p. 4-12
Tens!le strength (ps!)
Shale (e)
ranges from: 50 (3,4 x 10(=1) MPa)
to: -
Source: Y/OW!/TM36/6 (1978), p, 3-24

Tens!le strength (ps!)

Shates
Vartous
ranges from: <100 ( <6.9 x 10(-1) MPa)
to: 1,538 (1.1 x 10(1) MPa)
Source: Y/OWi/TM36/6 (1978), p., A=7

Young's modulus (elast!c modulus) (MPa)
Clay
Belglum
ranges from: 170
to: -
Source:
Fuel Cycle v,6 (1985), p, 54

Young's modulus (elastic modulus) (MPa)
Clay
Italy
ranges from: 300
to: -
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Source: Rad Waste Management and Nuc lear

Fuel Cycle v,6 (1985), p, 54

Young's modulus (elast!c modutus) (psl x
10(5))

Shale
ranges from: 1,48 (1 x 10(4) mPa)
to: -
Source: Y/OM|/TM36/6 (1978), p, 6-3

Young's modulus (elast!c 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)
Argtilite (a)

ranges from: 3.7 (3.7 x 10(3) MPa)

to: 16 (MPa)
Source: Proc NEA Workshop OECD (1979b),
p. 83
Young's modylus (GPa)
Shales (a)
ranges from: 9,9 (9,9 x 10(3) MPa)
to: 31,7 (3.17 x 10(4) MPa)
Source: ORNL=-6241/V3 (In preparation)

p. 110

Young's modulus (MPa)
Benton!te
ranges from: 300

to: ~
Scurce: ONWI-4B6 (1983), p, 63
Young's modulus (MPa)

Benton!te and Sand (a)

Oregon
ranges from: ca, 55

to: ca, 80
Source: RHO-BWI-SA-80 (1981), Fig, 5

Young's modulus (MPa)
Bentonite and Sand (b}
Wyoml ng

ranges from:

to:
Source:

ca, 45
60
RHO-BW1-5A-80 (1981), Ftg, 5

Young's modulus (MPa)
Ol Shales
ranges from: 7,000 (7 x 10(3))
to: 17,500 (1,75 x 10(4))
Source: leizgub/84-64794/| (1985),
Pe

Young's modulius (MPa)
0!l Shales
ranges from: >21,000

to: -
Source: ORNL/Sub/B4-64794/1
p. 348

( >2,1 x 10(4))
(1985),

Young's modulus (MPa)
Shale (a)
ranges from: 10
to: 32
Source: 0RNL;624I/VI (In preparation)
p. 4

Young's modulus (MPa)
Shale (b)
ranges from: 10
to: 32
Source: 0RNL;6241/VI (In preparation)
p. 4
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Young's modulus (Pa x 10(10))
Shales (b)
ranges from; 1 (Vv % 10{4) Wa)
to: 500 (5 x 10(6) MPa)
Source: ORNL=-6241/V2 (In preparation)
pe. 199

Young's modulus (psl])
Shale
ranges from: 1.4 x 10(5) (9.7 x 10(2) MPa)
to: -
Source: Y/owl /TM36/6 (1978), p, 3-24

Young's modulus (psi)
Shale
Ohlo
ranges from: 1,5 x 10(6) (1 x 10(4) MPa)
to: -
Source: Y/OW!/TM36/6 (19783, p, S-14

Young's modulus (psl)
Shale
Ohlo
rangas 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 (psi)
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) MPa)
Source: Y/OWl/TM36/6 (1978), p, 2=2

Young's modulus (psi)
Shate (d)
ranges from: 1,6 x 10(6) (1,1 x 10(4) MPa)
to: -
Source: Y/OWl/TM36/6 (1978), p, 7-8

Young's modulus (psl)
Shales (c)
Yarlous
ranges from: 0,0020 x 1Q(6) (V.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) (GPa)
Arglilite (b)
ranges from: 3,74 (3,7 x 10(3) MPa)
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87



Coetficlent of |Inear expansion (deg C(-1})
(K(=1))
Argllilte
ranges from: 8 x 10(=6)
to: 15 x 10(-6)
Source: Pro$7NEA Workshop OECD (1979b),
Pe

Coetficlent of
F(=1))
Shale (a)
ranges from: 4 x 10(-6)
K(=1))
to: =~
Source: Y/OWi /TM36/6 (1978),

{Inear thermal expanslon (deg

(2,2 x 10(~6)

p. 2-2
Coefflcliant ot linear thermal expansion
(horizontal) (deg F(=1))
Shale (b)
ranges from: 4,5 x 10(-6)
K(=1))
to: -
Source: Y/OW| /TM36/6 (1978),

2,5 x 10(-6)

p. 7-8
Coeftliclent ot
(K(=1))

Shales (a)
ranges from: 2,5 x 10(~6)

to: 15.8 x 10(-6)
Source: ORNL-6241/V3 (in preparation)
p. 345

linear thermal| expansion

Coefticlent of |inear thermal expansion
(verticatl) (deg F(-1))
Shale (c)
ranges from: 9 x 10(-6)
to: -
Source: Y/OWI|/TM36/6 (1978), p, 7-8

(5 x 10(-6) K(-1))

Coefticlent 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)
pe 47
Heat capaclity (BTU/Ib-deg F)
Shale
ranges from: 0,20
to: -~
Source: Y/OWi/TM36/6 (1978), p., 7-8

(8.4 x 10(2) J4/Kg=K)

Heat capacity (BTU/(b-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/OW|/TM36/6 (1978), p, A=19

Heat capacity (J/Kg—K)
Shale (a)
ranges from: 5,5 x 10(2)
to: 1,042 x 10(3)
Source: ORNL-6241/V1
p. 40

(in preparatijon)}

Heat capaclty (J/Kg=K)
Shale (b)
ranges from: 7.12 x 10(2)
to: 1,170 x 10(3)
Source: ORNL=-6241/V3 (in preparatlon)
p. 345

Heat conductivity (mlillcal/cm s deg C)
(thermal conductivity)
Clayey Sandstones
ranges from: 2,5 (1,05 W/m=K)
to: =
Source: Y/OWl/SUB-7009/1 (1976), p, 23
Heat conductivity (W/m-deg C)
conductivity) (W/m<K)
Bentonite (a)
ranges from: 0.5
to: 2,0
Source: KBSSTEKNlSK RAPPORT 9 (1977),
P

(therma|

Specific heat (J/Kg-deg C)
capacity) (J/Kg-K)

(speclfic heat

Shate {(c)
ranges from: 7,96 x 10(2)
to: -~
Source: ORNL-6241/V2 (in preparation)
p. 57
Specific heat (J/Kg=K) (specltic heat
capacity) :
Clay
Belgium
ranges from: 9,21 x 10(2}
to: =
Source: Rad Waste Management and Nuclear

Fuel Cycle v, 6 (1985), p, 54

Specitic heat (J/Kg=K)
capacity)

Ciay

Italy
ranges from: 9.21 x 10(2)

to: -~
Source: Rad Waste Management and Nuclear
Fuel Cycle v. 6 (1985), p, 54

(speciflic heat

Specific heat (J/Kg=K)
capacity)
Shales (b)
ranges from: 5,50 x 10(2)
to: 1,042 x 10(3)
Source: ORN%-624I/V3 (in preparation)
pe 115

(spacific heat

Therma| conductivity (Btu per hr sq ft) (deg
F per tt) (?)
Solls
Bristol, VA
ranges from: 0,14
to: 0,60
Source: Y/OW!/SUB-7009/1 (1976), p. 20
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Thermal conductivity (Btu per hr sq ft) (deg
F per ft) (7)
Solls
Columbus, MS
ranges from: 0,28
to: 2,28
Source: Y/OWI/SUB~7009/1 (1976), p. 20

Therma! conductivity (Btu per hr sq $t) (deg
F per ft) (7)
Soils (a)
Cleveland, TN
ranges from: 0,15
to: 0,94
Source: Y/OW|/SUB~7009/1 (1976), p. 20

Thermal conductivity (Btu per hr sq ft) (deg
F per ft+) (?)
Solis (b)
Mur freesboro, TN
ranges from: 0,21
. to: 0,84
Source: Y/OW)/SUB=-7009/1 (1976), p. 20

Thermai conductivity (BTU/ft-hr deg F)

Shales (b)
Various
ranges from: 0,34 (5,9 x 10(-1) W/m-K)
to: 1,77 (3.1 W/mK)

Source: Y/OWNI/TM36/6 (1978), p., A-18

Thermd | conductivity (horizontal)
(BTU/hr-ft-deg F)
Shale (b)
ranges from: 1,1
to: -
Source: Y/OW!l/TM36/6 (1978), p. 7-8

(1.9 W/m=K)

Therma| conductivity (horizontal) (J/s m=-deg
c) (W/m=K)
Shale (c)
ranges from: 1,89
to: -
Source: ORNL~6241/VZ (in preparation)

p. 99
Thermal conductivity (horizontal) (W/m-K)
Shaje (d)
ranges from: 1,52
to: 2,26
Source: ORNL-6241/V1 (in preparation)
p. 40

Thermal conductivity (horlizontal) (W/m=K)
Shales (a)
ranges from: ca, 1,60
to: ca, 2,20
Source: ORN%;324I/V3 (in preparation)
P.

Therma| conductivity (k x 10(4)) (?7)
Solls
ranges from: 3
to: 5
Source: Y/OW|/SUB-7009/1 (1976), p. 19

Thermal| conductivlity (k x 10(4)) (?7)

Sollts
ranges from: 3-4
to: 8-12

Source: Y/OW!/SUB-7009/1 (1976), p, 19

Therma| conductivity (matrix) (W/m-deg C)
(W/m—K)
Arglllite (a)
ranges from: ca, 1.80
to: =~
Source: Proc NEA Workshop OECD (1979b),
p. 87

Therma| conductivity (matrix) (W/m-deg C)
(W/m-K)
Argiliite (b)
ranges from: ca, 1,48
to: -
Source: Proc7NEA Workshop OECD (1979b),
p-a

Thermal conductivity (matrix) (W/m=deg C)
(W/m=K)

Clay (a)

Be lgium
ranges from: ca, 0,3

to: -~
Source: Proc NEA Workshop OECD (1979b),
p. 87

Thermat conductivity (matrix) (W/m-deg C)
W/mK)

Shale (1)
ranges from: 0,7 to 2,1
to: -
Source: Proc NEA Workshop QECC (1979b),
p. 87
Thermal conductivity (mililcal/cm s deg C)
Shaje (a)
England
ranges from: 2,2 (9,2 x 10(=1) wW/m=XK)
to: 5,3 (2,22 W/m-K)

Source: Y/OWt/SUB-7009/1 (1976), p. 26

Thermal conductivity (mlillcal/cm s deg C)

Shale (h)
England
ranges from: 3,0 (1,26 W/mK)
to: 4.3 (1,80 W/mK)

Source: Y/OW!/SUB~7009/1 (1976), p. 26

Thermal conductivity (mlllical/cm s deg C)
Shale (k)
Sunder land, MA
ranges from: 3,87 (1,62 W/mK)
to: 4,25 (1,78 wW/m—¥K)
Source: Y/OW!/SUB-~7009/1 (1976), p. 28

Thermal|l conductivity (vertical)
(BTU/hr-t t-deg F)
Shale (e)
ranges from: 0,8 (1.4 W/m=K)
to: -
Source: Y/OWi/TM36/6 (1978), p, 7-8
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Therma! conductlvity (vertlcal) (W/m=K)
Shale (f)
ranges from: 1,21
to: 1,57
Source: ORNL=6241/Y1 (!n preparat!ion)
p. 40

Therma!l conductivity (vertlical) (W/m=K)
Shales
ranges from: 1,21
to: 1,57
Source: ORNL-6241/Y3 (!n preparation)
p. 115

Thermal conductivity (W/m-deg C)
Bentonlte (b)
ranges from: ca, 0,75
to: -
Source: Proc NEA Workshop OECD (197Sb),
p. 148

(W/m-K)

Therma! conductlivity (W/m-deg C)
Bentonlte (c)
ranges from: 0,7
to: 3,0
Source: Proc NEA Workshop OECD (1981),
p. 342

(W/m=K)

Therma| conductivity (W/m-deg C)
Benton!te (Ca)
ranges from: 0,71
to: 1,10
Source: PNL-4452 UC-70 (1983), p, 20

(W/m=K)

Thermal conductlvity (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 conduct!vity (W/m-deg C)
Bentonlte (e)
ranges from: 0,9
to: 1,3
Source: ONWI-486 (1983), p., 63

(W/m=K)

Thermal conduct!vity (W/m-deg C)  (W/m=K)
Benton!te (f)
ranges from: |
to: 3,5

Source: ONWI-486 (1983), p, 63

Thermal conductivlty (W/m=-deg C)
Bentonlte (g)
Wyom!ng
ranges from: ca, 0,0
to: ca, 1,2
Source: Proc NEA Workshop OECD (1981),
p. 334

(W/m=K)

Therma! conduct!ivity (W/m-deg C)
Benton!te (h)
Wyom!ng
ranges from: 0,78
to: -
Source: ONwi-486 (1983}, p, 61

(W/m=K)

Therma| conductivity (W/m-deg C) (W/m=K)
Benton!te (Na)
ranges from: 0,52
to: 0,96
Source: PNL-4452 uwCc-70 (1983), p, 20
Therma| conduct!vity (W/m-deg C) (W/m=K)

Banton!te and Crushed Granite (a)
Wyoml ng
ranges from: 2,7
to: 0.8
Source: Proc NEA Workshop OECD (1981),
p. 334

Therma| conductlivity (W/m-deg C) (W/mK)
Bentonlte and Crushed Granlte (b)
Wyoml ng

ranges from: ca, 0.6

to: ca, 1,5
Source: Proc NEA Workshop OECD (1981),
p. 334

Therma) conductlvity (W/m=deg C) (W/m=K)
Benton!{te and Sand (a)

ranges from: 0,5

to: 2,0
Source: ONWI-i36 (1983), p, 63

Therma| conductivity (W/m-deg Q)  (W/m=K)
Clay M
S. Paolo mine

!
ranges from: 0,014 (1.4 H/m-%)
to: 0,016 (1,6 W/m=X)
Source: ORNL=-tr=5110 (1981), p, 12
Thermal conductivity (W/m=deg £) (W/m=K)
Hector!lte !
ranges from: 0,5
to: 2 to 3

Source: ONWI-312 (1981), p, 18
Thermal conductlivity (W/m-deg C) (W/m=K)
liitte (a)
ranges from: ca, 0,6
to: ca, 1.6
Source: Proc NEA Workshop OECD (1981),
‘P 336

Therma!l conductlivity (W/m=-deg C)
Iiitte (b)
ranges from: 1,4
to: 4,0
Source: Proc NEA Workshop OECD (1981),
p. 342

W/m=K)

Thermal conductl!vlty {W/m-deg C) (W/m=K)
tHilie ()
ranges from: 0,8
to: 1,8
Source: Proc NEA Workshop OECD (1981),
p. 342

Therma! conduct!vity (W/m-deg C)
1111te and Crushed Granlte
ranges from: ca, 0,9
to: ca, 1.9
Source: Proc NEA Workshop OECD (1981),
Pe 336

(W/m=K)



Therma| conductivity (W/m-deg C) (W/mK)
Kaollnite (a)
ranges from: 1.7
to: 3.5
Source: Proc NEA Workshop OECD (19&1),
p. 342
Thermal conductivity (W/m~-deg C) (W/m=K)
Kaollnlte (b)
ranges from: 0,9
to: 200
Source: Proc NEA Workshop OECD (1981),
p. 342
Thermal conductivity (W/m~deg C) (W/m=K)
Kao..nite and Crushed Granite
ranges from: 3.4
to: 2.3
Source: Proc NEA Workshop OECD (1981),
p. 334
Thermal conductivity (W/m-deg C)  (W/m=K)
Siit/Clay Soit (a)
ranges from: 0,8
to: 2,0
Source: ONWI-486 (1983), p, 54
Therma| conductivity (W/m-deg C)  (W/m=K)
Sitt/Clay Soii (b)
ranges from: 0,4
to: 0,85
Source: ONW|-486 (1983), p, 54
Thermal conductivity (W/m-deg C) (W/m=K )
Stit/Clay Soil (c¢)
ranges from: 0,9
to: 1,1
Source: ONW|-486 (1983), p, 54
Thermal conductivity (W/m=-deg C) (W/m=K)
Siit/Clay Soil (d)
ranges from: 0,6
to: 1,3
Source: ONWi-486 (1983), p, 54
Thermal conductivity (W/m-deg C) (W/m=K)

SHIt/Clay Sotl (e)
ranges from: 0,7
to: 1,5
Source: ONWI-486 (1983), p, 54

Thermal conductlivity (W/m-deg C) (W/m=K)
Siit/Clay Soll (f)
ranges from: 0,75
to: 1,75
Source: ONWI-486 (1983), p, 54
Thermal conductivity (W/m=K)
Argilliite (c)
Nevada
ranges from: 1,28
to: 2.7
Source: ORNL-6241/V3 (in preparation)

p. 341, 342

Therma! conductivity (W/m=K)
Bentonlte and galf (a)
ranges from: 1,12
to: 0,99
Source: ONWi-486 (1983), p. 53

Therma! conductivity (W/m=K)
Bentontte and Salt (b)
ranges from: 1,01
tos 1,12
Source: ONWi-486 (1983), p. 53

Thermal conductivity (W/m=K)
Bentonite and Sand (b)
ranges from: 0,58-0,80
to: 1,06-1,17
Source: ONW|-486 (1983), p. 53

Thermal conductivity (W/m=K)
Clay
England
ranges from: 1,56
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Thermal conductivity (W/m=K)
Clay
italy
ranges from: 1,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Thermal conductivity (W/m=K)
Cilay (b)
Beiglum
ranges from: 1,5
to: -~
Source: Rad Waste Management and Nuclear
Fuel Cycte v. 6 (1985), p, 54

Thermail conductivity (W/m=K)
Shale
ranges from: 1,42
to: 1,94
Source: ORNL-?241/V3 {in preparation)
p. 34

Thermal conductivity (W/m—K)
Shate
Kansas
ranges from: 0,7
to: 4,3
Source: ORNL-6241/¥3 (in preparation)
pe 343

Thermal conductivity (W/m—K)
Shale
Michigan
ranges from: 2,64
to: -
Source: ORNL-6241/V3 (in preparation)
p. 341



Therma! conductivity (W/m=K)
Shale
Orange Free State
ranges from: 1,97
to: 2,89
Source: ORNL-6241/V3 {in
p. 341

preparation)

Thermal conductivity (W/m=K)
Shale
South Africa
ranges from: 2,76
to: -
Source: ORNL-6241/V3 (in preparation)
" P. 343
Thermal conductivity (W/m=K)
Shale (1) ’
England
ranges from: 1,26
to: 1,80
Source: ORNL-6241/V3 (In preparation)
p. 34
Thermal conductivity (W/mK)
Shale (J)
Massachusetts
ranges from: 1,62
to: -~
Source: ORNL-6241/V3 (in preparation)
p. 341
Thermal conductivity (W/m=K)
Shale (m)
ranges from: 0,715
to: 2,20
Source: ORNL-6241/V3 (in
p. 340

preparation)

Therma! conductivity (W/m=K)
Shale (n)
ranges from: 1,38
to: 1,9
Source* ORNL=-6241/VY3 (in preparation)
P. 341
Thermal conductivity (W/m=K)
Shales
ranges from: 1,47
to: 2,00
Source: ORNL-6241/VY3 (In
p. 340

preparation)

Therma! conductivity (W/m=K)
Shates
Cailtornia
ranges from: 0,99 +/- 0,3
to: 1,63 +/- 0,3
Source: ORNL-6241/V3 (in preparation)
Pe M'

Thermal conductivity ratio (vertical/
horizontal)
Shale (g)
ranges from: 0,76
to: -
Source: ORNL=6241/V2 (in preparation)
p. 99
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Therma! diffusivity (cm(2)/h)
Clay
S. Paolo mine
ranges from: 20
to: -
Source: ORNL-+r-5110 (1981), p., 12

(5.56 x 10(~7) m(2)/s)

Therma| diffusivity (em(2)/s x 10(3))
Bentonlte (Na)
ranges from: 3,03 (3,03 x 10(-7) m(2)/s)
to: 3,47 (3,47 x 10(=7) m(2)/s)
Source: PNL-4452 UC-70 (1983), p, 18, 19

Therma!l diffusivity (ft(2) per hr)
Solls
Bristot, VA
ranges from: 0,0090 (2.3 x 10{(=7) m(2)/s)
to: 0,016 (4,13 x 10(=-7) m(2)/s)
Source: Y/OW1/SUB-7009/1 (1979), p. 21

Thermal diffusivity (f+(2) per hr)
Solls
Columbus, MS
ranges from: 0,016 (4,13 x 10(=7) m(2)/s)
to: 0.046 (1,19 x 10(=7) m(2)/s)
Source: Y/OW|/SUB-7009/1 (1976), p, 21

Thermal| dlffusivity (ft(2) per hr)
Solls (a)
Cleveland, TN
ranges from: 0,0115 (2,97 x 10(=7) m(2)/s)
to: 0,022 (5,68 x 10(=7) m(2)/s)
Source: Y/OW1/SUB=-7009/1 (19876), p, 21

Therma! diffusivity (t+(2) per tr)
Solls (b)
Murfreesboro, TN
ranges from: 0,0145 (3,74 x 10(-7) m(2)/s)
to: 0,0235 (6,06 x 10(~7) m(2)/s)
Source: Y/OWi/SUB=-7009/1 (1976), p, 21

Thermal diffusivity (m(2)/s)
Clay
Belglum

ranges from:

to:
Source:

8,1 x 10(=7)

Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Thermal| diffusivity (m(2)/s)
Clay
italy

ranges from:

to:
Source:

7.8 x 10(=-7)

Rad Waste Management and Nuclear
Fue! Cycle v, 6 (1985), p, 54
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13.3 Appendix C. MATERIALS
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Al lophane
lon exchange capaclty (meq/100 g)
ranges from: 70
to: =
Source: ORNL-6241/V2 (In preparation)
pe. 152

Arglliite
Sorptlon coaftlclaent (Kd) (ml/g)
ranges from: O
to: 1 x 10(5)
Source: ONW|=-486 (1983), p. 73

Attapuiglte
Sorptlon coetftliclent (Kd) (ml/qg)
ranges from: 1 x 10(=2)
to: 2 x 10(4)
Source: ONW|-486 (1983), p. 73

Benton!te
Dlffusivlity (m(2)/s)
ranges from: 1,3 x 10(-10)
to: -
Source: ONWI=-312 (1981), p, 14

Bentonlte
lon exchange capaclty (meq/100 g)
ranges from: 0,1
to: 100
Source: NUREG/CP-0052 (1983), p, 181

Benton!te
Sorption coefflclent (Kd) (mi/g?)
ranges from: 1
to: 2 x 10(5)
Source: Proc NEA Workshop OECD (1979a),
p. 304

Benton!{te (Ca)
Sorptlon coefflclent (Kd) (al/g)
ranges from: 2,5 x 10(4)
to: 1.1 x 10(5)
Source: ONWI=312 (1981), p, 35

Bentonite (Ca)
Sorption coefflclent (Kd) (m!/g)
ranges from: 2,5
to: 3,2
Source: ONWl=312 (1981), p, 35

Benton!te (Ca)
Sorptlon coetficlent (Kd) (ml/g)
ranges from: 1,2 x 10(3)
to: 865
Source: ONWiI-312 (1981), p, 35

Bentonlte (Na)
Sorptlion 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)
Sorptfon coefficlent (Kd)} (ml/q)
‘ raanges from: 0,4
to: 8,6
Source: ONWI|-312 (1981), p, 35

Benton!ite (Na)
Sorption coefflclent (Kd) (mi/g)
ranges from: 1,1 x 10(3)
to: 1,0 x 10(3)
Source: ONWI-312 (1981), p, 35

Bentonlte (Na)
Sorptlon coefficient (Kd) (mi/g)
ranges from: O
to: 4 x 10(4)
Source: ONWI=-486 (1983), p, 73

Bentonite (Na) (a)
Wyoml ng
ton exchange capaclty (meq/100 g)
ranges from: 68,6
to: -
Source: AECL-7825 (1984), p, 12

Benton!te (Na) ‘Accof |oc=350)
Sorption coefficlent (Kd) (mi/g)
ranges from: 1,3 x 10(3)
to: 1.1 x 10(3)
Source: ONWI=312 (1981), p, 35

Bentonlte (Na) (Accof|oc-350)
Sorption coefflclent (Kd) (mi/g)
ranges from: 1,2
to: 0,1
Source: ONWI-=312 (1981), p, 35

Bentonlte (Na) (Accofloc=350)
Sorptlon coeftlclent (Kd) (mi1/g)
ranges from: 1.5 x 10(3)
to: 1.5 x 10(3)
Source: ONWI=312 (1981), p, 35

Bentonlte (Na) (b)
Wyom!ng

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

to: -~
Source: AECL-7825 (1984), p, 12

Bentonlte (Na) (Sallne Seal=100)
Sorptlion coeffliclent (Kd) (mi/g)
ranges from: 2,6 x 10(3)
to: 3,8 x 10(3)
Source: ONWI=312 (1981), p, 35

Bentonite (Na) (Sallne Seal-100)
Sorption coefflclent (Kd) (mi/g)
ranges from: 2,8
to: 3.6
Source: ONWI-312 (1981), p. 35

Bentonite (Na) (Sa!lne Seal-100)
Sorptton coefflclent (Kd) (ml/g)
ranges from: 1.2 x 10(3)
to: 1,5 x 10(3)
Source: ONWI=312 (1981), p, 35

Benton!te and Quartz
Sorptifon coefficlent (Kd)} (ml/g)
ranges from: <1
to: 1 x 10(4)
Source; ONWI-486 (1983), p, 73
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Bentonlte and Sand
Sorption coefticlent (Kd) (ml/g)
ranges from: 490
to: 9.5 x 10(3)
Source: ONW|-486 (1983), p, 73

Chlorite (a)
fon exchange capaclty (meq/100 g)
ranges from: 10-40
to: -~
Source: ONW|-486 (1983), p, 67

Chlorite (b)
lon exchange capaclity (meq/100 g)
ranges from: 10
to: 40
Source: ORNl'.;gﬂl/VZ (in preparation)
Pe

Clay
Belgium
lon exchange capaclty (meq/100 g)
ranges from: ca, 20
to: ~
Source: Proc NEA Workshop OECD (1979a),
p. 88

Ctlay
Belgium
Sorption coefficlent (Kd) (ml/g?)
ranges from: 0,87
to: 6,12
Source: Pro¢9:7NEA Workshop OECO (1979a),
Pe

Clay (Na)
Belle Fourch
Sorption coefficient (Kd) (mi/qg)
ranges from: 5.6
to: 5.7 x 10(3)
Source: ONWI-486 (1983), p, 73

Glauconlite ,
lon exchange capacity (meq/100 g)
ranges from: 11
to: X
Source: om'.;gzu/vz (In preparation)
Pe

Halloysite
lon exchange capacity (meq/100 g)
ranges from: 5
to: 10
Source: ORNli;gzu/vZ (in preparation)
Pe

Hectorite
Sorption coefficlent (Kd) (mi/g)
ranges from: 0,4
to: 7.2 x 10(3)
Source: ONWI-486 (1983), p, 73

Hectorite and Sand
Sorption coefticlent (Kd) (ml/g)
ranges from: 400
to: 1300
Source: ONWi-486 (1983), p, 73

litite
Sorption coefficlent (Kd) (m(3)/kg) (?)
ranges from: 0,9

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

Iilite
Sorption coefficlent (Kd) (m(3)/kg) (?)
ranges from: 0,005
to: 0,02
Source: AECL-7812 (1983), p, 25

Illite
Sorption coeffliclent (Kd) (m(3)/kg) (?)
ranges from: 0,045
to: 0,090
Source: AECL~7825 (1984), p, 25

ii1tite
Sorption coefflclent (Kd) (mi/g)
ranges from: 0
to: 3 x 10(5)
Source: ORNL-6241/V2 (In preparation)
pe 132-133

1tite
Sorption coefficlient (Kd) (mi/g?)
ranges from: |
to: 3 x 10(6)
Source: Proc}ofEA Workshop OECO (1979a),
Pe

1ilite (a)
lon exchange capacity (meq/100 g)
ranges from: 10
to: 40
Source: ONW|-~486 (1983), p, 67

(itite (b)
lon exchange capacity (meq/100 g)
ranges from: 16

to: 50
Source: ORNL-6241/V2 \in praparation)
p. 152
Kaolinite

Sorption coefficlent (Kd) (m(3)/kg) (?)
ranges from: 0,003
to: 0,006
Source: AECL-7812 (1983), p, 25

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

Kaotinite
Sorption coefficlent (Kd) (m(3)/kg) (?)
ranges from: 0,02

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

Kaotllnlte
Sorption coefficlent (Kd) (ml/g)
ranges from: 0,1
to: 1,6 x 10(3)
Source: ONWi-486 (1983), p., 13
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Kaolinlte
Sorption coefficient (Kd) (m)/g)
ranges from: 0
to: 3 x 10(5)
Source: ORNL-6241/V2 (In preparation)
pe 132-133

Kaolinite .
Sorption coefficlent (Kd) (ml/g?)
ranges from: |
to: 2 x 10(4)
Source: Proc NEA Workshop OECD (1979a),
p. 304

Kaoilnite (a)
Georgla
Batch distribution ratio (Rd) (ml/g?7)
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: ONWI =486 (1983), p, 67

Kaollnlte (b)
Georgia
Batch distribution ratio (Rd) (ml/g?)
ranges from: 1,88 x 10(2)
to: 9,0 x 10(3)
Source: PNL-4452 UuC-70 (1983), p, 18

Kaolinite (b)
lon exchange capacity (meq/100 g)
ranges from: 2
to: 15
Source: ORNL=~6241/V2 (in preparation)
p. 152

Kaolinite (Ca)
Sorption coefficlent (Kd) (Log) (mi/g?)
ranges from: ca, 2,3
to: ca, 1,5
Source: Prog NEA Workshop OECD (1979a),
P, 282

Kaolinite (Ca)
Sorption coefflicient (Kd) (Log) (mi/g?)
ranges from: ca, 1,3
to: ca. (-1)
Source: ProceNEA Workshop OECD (1979a),
p. 282

Kaolinite (Na)
Sorption coefficient (Kd) (Log) (mi/g?)
ranges from: ca, 2,3
tc: ca, 1,3
Source: Procz:eNEA Workshop O0ECD (1979a),
p. 282

Kaollnite (Na)
Sorption coefficient (Kd) (Log) (ml/g?)
ranges from: >2
to: <0
Source: Proc NEA Workshop OECO (1979a),
pP. 282

Nontronlte
Sorption coeffliclent (Kd) (ml/g)
ranges from: O
to: 2,25 x 10(5)
Source: ONWI-486 (1983), p. 73

Palygorskite
lon exchange capacity (meq/100 g)
ranges from: 20
to: 30
Source: ORN%-624I/V2 (In preparation)
p. 152

Shale
Sorption coefficient (Kd) (ml/g)
ranges from: 57
to: 100
Source: ONW|=-486 (1983), p, 73

Shale
Sorption coefflclent (Kd) (ml/g)
ranges from: 200

to: 1,4 x 10(4)
Source: ONWI-486 (1983), p, 73
Smectite
Arlzona

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 ratlo (Rd) (mi/g?)
ranges from: 1,4 x 10(3)
to: 1,9 x 10(3)
Source: PNL-4452 UC-70 (1983), p. 18

Smectite
Wyomi ng
Batch distribution ratio (Rd) (mi/g?)
ranges from: 1,0 x 10(3)
to: 2,0 x 10(3)
Source: PNL=-4452 UC-70 (1983), p, 18

Smect i te
lon exchange capaclty (meq/100 g)
ranges from: 80
to: 150
Source: ONW!-486 (1983), p, 67

Smectite
Sorption coefficlent (Kd) (cm(3)/g)
ranges from: ca., 188
to: ca, 200
Source: NUREG/CP-0052 (1983), p. 186

(ml/g)

Smectite
Sorption coefficient (Kd) (m(3)/kg) (?)
ranges from: 0,06
to: 0,7
Source: AECL-7812 (1983), p, 25

Smectite
Sorption coefficlient (Kd) (m(3)/kg) (?)
ranges from: 0,034
to: 0,65
Source: AECL-7812 (1983), p. 23
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Smectite
Sorption coetficlent (Kd) (m(3)/kg) (1)
ranges from: 0,030
to: 0,6
Source: AECL-7812 (1983), p, 25

Smectite
Sorption coefflclent (Kd) (mi/g)
ranges from: O
to: 4 x 10(5)
Source: ORNL-6241/V2 (In preparation)
p. 132-133

Smectite
Arlzona
Sorption coefficlent (Kd) (mi/g)
ranges from: 260
to: 750
Source: ONWI-486 (1983), p, 73

Smectite
Texas
Sorption coefticlient (Kd) (ml/g)
ranges from: 310
to: 685
Source: Sci Basis for Waste Management
v (1982), p, 638

Smectite
Texas
Sorption coetfficient (Kd) (mi/g)
ranges from: 410
to: 400
Source: Scl Basis for Waste Management
v (1982), p, 638
Smectite
Texas
Sorption coefticlent (Kd) (mi/g)
ranges from: 310
to: 370
Source: Scl Basls for Waste M:nagement
v (1982), p, 638

Smectite
Wyoming
Sorption coefficlent (Kd) (ml/g)
ranges from: 170
to: 200
Source: Scl Basis for Waste Management
vV (1982), p, 638

Smectite
Sorption coefticient (ml/g)
ranges from: 200
to: 2,000
Source: ONWI-312 (1981), p, 13

Smectite (Ca)
lon exchange capaclfy (meq/100 g)
ranges from:
to: 150
Source: ORN%;gZJII\Iz (In preparation)
Pe

Smectite (Ca)
lon exchange capaclty (meq/g) (7)
ranges from: 93
to: '2
Source: ONWI=312 (1981), p, 24

Smectite (Ca)
Sorption coefficlent (Kd) (mi/g)
ranges from: 0.4
to: 1,1 x 10(4)
Source: ONW1-486 (1983), p, 73

Smectite (L1)
lon exchange capacity (meq/g) (?)
ranges from: 56
to: 20
Source: ONWI-312 (1981), p, 24

Smectite (Na)
lon exchange capaclfy (msq/100 g)
ranges from'
o: 150
Source: oanui;gznlvz (In preparation)
Pe

Smectite (No)
lon exchange capaclfy (meq/g) (7)
reanges from.

68
Source: OHI-B!Z (1981), p. 24

Smectite (Na)
Sorption coefticlent (Kd) (mi/g)
ranges from: 0,2
to: 1 x 10(5)
Source: ONWI-486 (1983), p, 73

Vermiculite
Sorption coefficlient (Kd) (mi/g)
ranges from: 47
to: 1.5 x 10(3)
Source: ONW! =486 (1983), p, 73

Yermiculite
South Carollna
Sorption coefticlent (Kd) (mi/g)
ranges from: 8,9 x 10(2)
to: 1,01 x 10(4)
Source: Scl| Basls for Waste Management -
vV (1982), p, 638

Vermi cull te
South Carciina
Sorption coefticlent (Kd) (ml/g)
ranges from: 2 x 10(3)
to: 9.8 x 10(2)
Source: Scl Basls for Waste Management -
vy (1982), p, 638

Vermiculite
Sorption cosfficlent (Kd) (m!/g?)
ranges from: ca, 40
to: 4 x 10¢4)
Source: Prog':EA Workshop OECD (1979),
Pe
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Vermicullte
Sorptlon coeffliclent (Kd) (mi/g?)
ranges from: 30
to: 4 x 10(6)
Source: Proc NEA Workshop OECD (1979a),
p. 304

Vermicullte (a)
{on exchange capaclfy (meq/100 g)
ranges from:
to: 150
Source: ONWI-486 (1983), p, 67

Vermicul1te (b)
fon exchange capaclfy (meq/100 g)
ranges from: 100
to: 150+
Source: ORNL-6241/V2 (In preparation)
p. 152

Vermlcullte and Glbbs!ite
Sorption coefflclent (Kd) (mi/g)
ranges from: 77

to: 1520 B
Source: ONWI-486 (1983), p‘. 73

Vermicullte and Shale L
Sorptlon coefflclent (Kd) (ml/g
ranges from: 41
to: 1340 :
Source: ONWI-486 (1983), 15. 73

VermtculI1te and Smectite s
Sorptton coefflclent (Kd) (ml/g)
ranges from: 192

to: 3800 .
Source: ONW!-486 (1983), p, 73

Vermicullte and Zeollte (various)
Sorptlion coefflclonf (Kf) (ml/g)
ranges from:
to: 5 92 x 10(5)
Source: ONW)-486 (1983), p. 73
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Arglitite
Nevada
Density (bulk) (g/cm(3))
ranges from: 2,44
to: 2,71
Source: ORNL/Sub/84-64794/1 (1985),
p. 406

Argliiite
Nevada
Molsture content (%)
ranges from: 2
to: 4
Source: ORNL/Sub/84-64794/1 (1985),
p. 406

Arglilite
Nevada
Porosity (%)
ranges from: 8 to 16
to: 6 to 12
Source: ORNL/Sub/84-64794/1 (1985),
pe 406

Bentonite (a)
Density (bulk) (+/m(3))
ranges from: ca, 2,1
to: -
Source: Proc NEA Workshop OECD (1979b),
pe. 148

Bentonite (a)
Speciflc gravity (dimensionless)
ranges from: 2,21
‘o -
Source: Proc NEA Workshop OECD (1981),
P. 340

Bentonite (a)
Oregon
Speclfic gravity (g/cm(3))
ranges from: 2,73
to: -
Source: RHO-BWI-SA-80 (1981!), p, 6

(g/em(3))

Bentonlte (b)
Black Hills
Specific gravity (dimenslionless)
ranges from: 2,18
to: -
Source: Proc NEA Workshop OECD (1981),
p. 340

Bentonlite (b)
Oregon
Specific gravity (g/cm(3))
ranges from: 2,85
to: -
Source: RHO-BW|=-SA-80 (1981), p, 6

Bentonite (c)
Wyoming
Specific gravity (g/cm(3))
ranges from: 2,77
to: -
Source: RHO-EMI|-SA-80 (1981), p, 6

Bentonite (Ca)
Density (g/cmi3))
ranges firom: <1,7
to: ca, 2,14
Source: PNL-4452 UC-70 (1983), p, 24

Bentonite (Na)
Wyoml ng
Density (speciflc) (+/m(3))

(g/cm(3))
ranges frgm: 2,7
0! =
Source: KBS TEKNISK RAPPORT 74 (1978),
Pe 3
Bentonite (Na)

Wyomi ng
Specific gravity (dimensioniess)
ranges from: 2,66
to: -
Source: AECL-7825 (1984), p, 12

Bentonite (Na)
Specitic surface (m(2)/g)
ranges from: 519
to: 615
Source: AECL=-7825 (1984), p, 12

Bentonlte (Na) (a)
Density (bulk) (+/m(3))
ranges from: 1.8
g to: 2,0
. Source: KBS4TEKNISK RAPPORT 9 (1977),

b Pe .
Bentonite (Na) (a)
Density (g/cm(3))
. franges from: <1,8
to: 2,28
Soutrce: ONWI-312 (1981), p, 32

Bentonite (Na) (b) t
Density (bulk) (+/m(3)) (g/cm(3))
ranges from: 1,4
to: 1,7
Source: KBS TEKNISK RAPPORT 9 (1977),
P 4

Bentonite (Na) (b)
Density (g/cm(3))
ranges from:

to: ca, 2,9
Source: PNL-4452 (C-70 (1983), p, 21

(g/cm(3))

<1,8

Bentonlte (Na) (c)

Wyoming
Density (bulk) (rho x t/m(3)) (g/cm(3))

ranges from: 2,54
to: 1,08

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

Bentonlite (Na) and Sand
Wyoml ng

Specltic gravity (dimensionless)
ranges from: 2,635

to: -
Source: AECL-7825 (1984), p, 12



224

Bentonite (Na) and Sand
Speclitic surtace (m(2)/g)
ranges from: 284
to: -
Source: AECL-7825 (1984), p, 12

Bentonite (Na) and Sand (a)
Denslity (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))
ranges 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
Moisture content (%)
ranges from: 13

to: 22
Source: AECL-7812 (1983), p, 31

Bentonlte and Sand
Porosity (effective) (units not stated)
ranges from: ca 0,4
to: 0,002
Source: AECL~7812 (1983), p, 32

Chiorite
Density (dry) (presumed g/cm(3))
ranges from: 2,6
to: 2,96
Source: Y/OM|/SUB-7009/1 (1976), p, 9

Cilay
Belglum
Density (bulk) (kg/m(3))
ranges from: 2010
to: -
Source: Rad Waste Mansgement and Nuclear
fuel Cycle, v, 6 (1985), p, 54

(2,010 g/cm(3))

Clay
Englend
Density (bulk) (kg/m(3))
ranges from: 2210
to: -
Source: Rad Waste Mansgement and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

(2,210 g/em(3))

Clay
Italy
Density (butk) (kg/m(3))
ranges from: 2100
fo: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

(2,100 g/ca(3))

Clay
Loulsiana
Denslity (kg/m(3))
ranges from: 1,954
to: -~
Source: ORNL/Sub/84-64794/1 (1985),
p. 173

(1,954 g/em(3))

Ctay
Be lglum
Porosity (%)}
ranges from: 38,5
to: -
Source: Rad Waste Menagement and Nuclear
Fuel Cycle, v. 6 (1985), p, 54

Clay
England
Porosity (%)
ranges from: 30
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle, v. 6 (1985), p, 54

Cilay
italy
Porosity (%)
ranges from: 25
to: -~
Source: Rad Waste Management and Nuclear
Fue! Cycle, v. 6 (1985), p, 54

Clay
Hantord
Specitic gravity (g/cm(3))
ranges from: 2,71
to: -
Source: RHO-BWI~-SA-80 (1981), p, 6

Clay and Sand
Density (dry} (kg/mg(3)) (?)
ranges from: ca. 1.6
to: ca, 2,2
Source: RHO-BWI-SA~-80 (1981), p, 6

(g/cm(3)) (D)

Clays
VYold ratio (dimensionless)
renges from: cas, 1.5 to 3,0
to: ca, 0.5 to 0,6
Source: ONWI-312 (1981), p, 21

Clays and Shales
Eastern US
Density (grain) (average) (presumed g/cm(3))
ranges from: 2,69
to: =~
Source: Y/OM1/SUB=-7009/1 (1976), p, 10

tillite
Density (presumed g/cm(3))
ranges from: 2,65
to: 2,13
Source: Y/OM1/SUB-7009/1 (1976), p, 9

ithite
Porosity (effective) (units not stated)
ranges from: ca., 0.5
to: ca, 0,002
Source: AECL-7812 (1983), p. 32
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I111ite and Smectlite Shale
Density (presumed g/cm(3)) Michigan
ranges from: 2,64 Density (bulk) (g/cm(3))}
to: 1,48 ranges from: 2,2
Source: Y/OWi/SUB-7009/1 (1976), p. 9 to: 2.8
Source: ORNL/Sub/84-64794/1 (1985),
Kaollnlte p. 96
Density (dry) (Mg/m(3)) (g/cm(3))
ranges from: ca. 1.2 Shale
to: ca, 1.5 Ohlo
Source: AECL-7812 (1983), p, 35 Density (bulk) (g/cm(3))}
ranges from: 2,65
Kaollinite to: =
Density (presumed g/cm())) Source: ORNL/Sub/84-64794/1 (1985),
ranges from: 2,60 - 2,68 p. 108
to: 2,43
Source: Y/OW!/SUB-7009/1 (1976), p, 9 Shale
Montana
Kaollnlite Density (dry) (average) (Ibs/ft(3))
Porosity (eftfective) (units not steted) ranges from: 118 (1,890 g/cm(3))
ranges from: ca, 0.5 to: -
to: ca, 0.002 Source: Y/OMi/TM36/6, p. 6~1
Source: AECL-7812 (1983), p, 32
Shale
Kaolinlte Northern Great Plalins
Speclific gravity (dimensionless) Density (dry) (ib/cu ft)
ranges from: 2,60 ranges from: 95 (1,922 g/em(3))
to: = to: 110 (1,762 g/cm(3))
Source: Proc NEA Workshop OECD (1981), Source: ORNL/Sub/B4-64794/1 (1985),
P. 340 Pe 293
Kaollnite (Ca) Shale
Void ratio (dimensionless) Callfornia
ranges from: 2,5 Density (presumed g/cm(S))
to: 1,0 ranges from: 2,5
Source: ONW!-486 (1983), p, 38 . to:

Sourcet Y/OW{/SUB-7009/1 (1976), p, 12
Kaolinlte (Na) .

Void ratlo (dimensionless) Shale
ranges from: 2,5 Montana
to: 1,0 Density (wet) (average) (pounds/f+(3))
Source: ONWI-486 (1983), p, 38 ranges from: 135 (2,162 g/cm(3))
to: -
Kaolinlte and Sand Source: Y/OW) /TM36/6, p. 6-1
Density (dry) (Mg/m(3)) (g/em(3))
ranges from: 2,05 Shale
to: 1,45 New Mexlco
Source: AECL-7812 (1983), p. 31 Molsture content (%)
ranges from: 3.7
Kesolinite and Sand to: 6,2
Molsture content (%) Source: Y/ON1/TM36/6, p. 8-5
ranges from: 10
to: 30 Shale
Sourca: AECL-7812 (1983), p, 31 Ohio
Molsture content (natural) (%)
0i{ Shates ranges from: 2
Density (bulk) (presumed g/cm(3)) to: -
ranges from: ;.;(7)6 Source: Y/Oul /TM36/6, p, 5-14
to: 2,
Source: Y/OW|/SUB=7009/1 (1976), p, 13 Shale
Ohlo
Shale Molsture content (natural) (%)
ttlinols, Indiana and Kenfucky ranges from: 4
Density (bulk) (avorago) (g/cm(3)) to: ~
ranges from: 2.3 Source: Y/OM| /TM36/6, p. 4-12
to: 2,53

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



226

Shale
New Mexlco
Molsture content (rock) (%)
ranges from: 3
to: 11
Source: Y/OWl/TM36/6, p.

Shale
Porosity (%)
ranges from: 33
to: -
Source: Y/OM| /TM36/6, p. 3-24
Shale
Colorado
Porosity (%)
ranges from: 4,1
to: 5,1
Source: Y/OW|/SUB-7009/1 (1976), p. 14
Shale
Tennessee
Porosity (%)
ranges from: 0,5
to: 1,9
Source: ORNL;624|/V2 (in preparation)
pe 219

Shale
Ohio
Porosity (effective) (%)
ranges from: 4
to: -
Source: Y/OWi/TM36/6, p, 5-14
Shale
Porosity (effective) (unlts not stated)
ranges from: 0,05
to: 0,005
Source: ORNL-6241/V1
pe 33

(In preparation)

Shale
South Carolina

Porosity (effective) (units not stated)
ranges from: 0,005

to: -
Source: ORNL-6241/V2 (In preparation)
ps 52
Shale
Ohilo

Porosity (primary) (%)
ranges from: >3 %
to: -
Source: ORNL/Sub/84-64794/%1 (1985),
p. 108

Shale
Porosity (rock mass) (%)
ranges from: 3,0

o:
Source: Y/OW| /TM36/6, p. 7-8

Shale
Ohlo
Porosity (rock mass) (%)
ranges from: 8
to: -
Source: Y/OW\|/TM36/6, p, 4-12

Shale
Porosity (total) (unlts not statedq)
ranges from: 0,1
to: 0,01
Source: 0RN§-624I/VI (in preparatlion)
0. 33

Shale
Great Britain
Porosity (total) (units not stated)
ranges from: 0,020
to: 0,101
Source: ORN;;624I/V2 (in preparation)
Pe

Shale
Iftinols, Indlana, Kentucky
Porosity (total) (units not stated)
ranges from: 0,009
to: 0,046
Source: 0RN§;624I/V2 {(in preparation)
D-

Shale
Kansas
Porosity {(total) (units not stated)
ranges from: 0,073
to: 0,106
Source: 0RN;;624I/V2 (in preparation)
pl

Shale
Kentucky
Porosity (total) (units not stated)
ranges from: 0,074
to: 0,076
Source: ORNL-6241/V2 (in preparation)
Pe 52

Shale
Michigan
Porosity (total) (units not stated)
ranges from: 0,03
to: 0.10
Source: ORNL-6241/V2 (in preparation)
p. 52

Shale
Missouri
Porosity (total) (units not stated)
ranges from: 0,113
to: -
Source: ORNL-6241/V2 (in preparation)
pPe 52

Shale
Pennsylvania
Poroslty (total) (units not stated)
ranges from: 0,010
to: -
Source: ORNL-6241/V2 (In preparation)
D- 52
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Shale
Tennessee - N

Poroslty (total) (units not stated)
ranges from: 0,005

to: 0,019
Source: ORNL~6241/V2 (in preparation)
p. 52
Shale
Utah

Porosity (total) (units not stated)
ranges from: 0,009
to: -
Source: ORNL=6241/V2 (in preparation)
p. 52

Shale
Michlgan
Specitic surface (m(2)/g)
ranges from: 0,05
to: 1,2
Source: ORNL=5703 (1983), p, 109

Shale
Montana
Water content (average) (%)
ranges from:
to: -
Source: Y/OW| /TM36/6, p. 6-1

Shale (a)
Denslty (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/Y1 (in preparation)
p. 40

Shale (a)
Molsture content (natural) (%)
ranges from: O
to: 38
Source: Y/ON!|/TM36/6, p. 2-2

Shale (a)
Poros ity (%)
ranges from: 30
to: 5 to 10
Source: 0RN;;624|/V2 (in preparation)
p. 218

Shale (a)
Michigan
Porosity (%)
ranges from: 3
to: 10
Source: ORNL=-5703 (1983), p, 106

Shale (a)
i11inols, 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/Y2 (in preparation)
pe 99

Shale (a)
Poroslty (total) (units not stated)
ranges from: 0,03
to: -
Source: ORNL-6241/V2 (In preparation)
Pe 99

Shale (b)
Denslity (graln) (average) (presumed g/cm(3))
ranges from: 2,71}

to:
Source: Y/OW!/SUB-7009/1 (1976), p, 10

Shale (b)
Density (kg/m(3))
ranges from: 2,563
to: ~
Source: ORNL~6241/VY2 (in preparation)
P. 99

(2,563 g/cm(3))

Shale (b)
Molsture content (natural) (%)
ranges from: 1,5
to: =
Sourcea: Y/OW! /TM36/6, p, 7-8

Shale (b)
lllinols, Indiana, Kentucky
Porosity (%)
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 (1985),
p. 98

Shale (b)
Porosity (rock mass) (%)
ranges from: 0
to: 45
Source: Y/OM| /TM36/6, p, 2-2

Shale (b)
Porosity (total) (unlts not stated)
ranges from: 0,03
to: -
Source: ORNL-6241/V2 (in preparation)
p. 52

Shale (c)
Density (presumed g/cm(3))
ranges from: 2,4

to: -
Source: Y/OWI/SUB-7009/1 (1976), p. 8
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Moisture content (natural) (%)
ranges from: 18
to: -
Source: Y/Omi)/TM36/6, p, 3-24

Shale (c)
Porosity (total) (unlits not stated)
ranges from: 0,003
to: 0,056
Source: ORNL-6241/Y2 (In preparation)
p. 52

Shale (d)
Density (presumed g/cm(3))
ranges from: 2,65
to: -
Source: Y/OWl/SUB-7009/1 (1976), p. 8

Shate (d)
Northern Great Plains
Molisture content (natural) (%)
ranges from: 18
to: 38
Source: ORNL/Sub/84-64794/1 (1985),
Pe 293

Shale (d)
Ohio

Porosity (total) (units not stated)
ranges from: 0,03

to: -
Source: ORNL-6241/Y2 (in preparation)
p. 52

Shate (e)
Density (presumed g/cm(3))
ranges from: 2,2
to: -
Source: Y/OWI/SUB-7009/1 (1976), p, 8

Shale (e)
Western USA
Molsture content (%)
ranges from: 35
to: 15
Source: Y/OWI/TM36/6, p, 3~1

Shatle (e)
Pennsylvanta
Porosity (total) (units not stated)
ranges from: 0,0117
to: -
Source: ORNL=-6241/V2 (in preparation)
pe 92

Shale (f)
Density (presumed g/cm(3))
ranges from: 2,3
to: -
Source: Y/OWI|/SUB-7009/1 (1976), p, 8

Shale (t)
Scotland
Porosity (total) (unlts not stated)
ranges from: 0,016
to: -
Source: 0RN§;624I/V2 (in preparation)
Pe
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Shale (g)
Density (presumed g/cm(3))
ranges from: 2,2
to: -
Source: Y/OWi /SUB=-7009/1 (1976),
Shale (h)
Dens ity (presumed g/cm(3))
ranges from: 2,5
to: -
Source: Y/OWi /SUB=-7009/1 (1976),
Shale (1)
Denslity (presumed g/cm(3))
ranges from: 2,0
to: -
Source: Y/OWI /SUB-7009/1 (1976),
Shale (j)
Guif Coast
Density (g/em(3))
ranges from: 2,}
to: 2,3
Source: Y/OWl /SUB-7009/1 (1976),
Shatle (k)
Gulf Coast
Density (presumed
ranges from:
to: -
Source: Y/OWl /SUB-7009/1

g/cm(S))
.58

(1976),

Shales
New York, Kentucky, Virginia and
Virginia
Density (butk) (average) (g/cm(3))
ranges from: 2,61
to: 2.68
Source: ORNL-5703 (1983), p, 37

Shatles
Black HllIs
Density (bulk) (presumed g/cm(3))
ranges from: 1,559
to: 2,038
Source: Y/Owi /SUB=-7009/1 (1976),

Shales
Eastern Canada

Denslity (bulk) (presumed g/cm(3))
ranges from: 2,07

to: 2,68
Source: Y/OW! /SUB-7009/1 (1976),
Shales
Ok | ahoma

Density (bulk) {presumed g/cm(3))
ranges from: 2,1
to: 2,62
Source: Y/OWI /SUB=-7009/1 (1976),

Shales
Western Canada
Density (bulk) (presumed g/cm(3))
ranges from: 2.43
to: 2,71
Source: Y/OW|/SUB=7009/1 (1976),

Pe

Pe

Pe

Pe

121

12

West

Pe

Pe

Pe

Pe

14

15

16

17
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Shales
Dens!ty (dry) (presumed g/cm(3))
ranges from: 1,55
to: 2,55
Source: Y/OWl/5UB-7009/1 (1976), Flg. |

Shales
Black Hllis
Dens!ty (graln) (average) (presumed g/cm(3))
ranges from: 2,66
to: -
Source: Y/Oml|/SUB-7009/1 (1976), p, 10

Shales
Kansas
Dens!ty (grafn) (average) (presumed g/cm(3))
ranges from: 2,72
to: =
Source: Y/OW1/SUB-7009/1 (1976), p. 10

Shales
Venezuela
Dens!ty (graln) (average) (presumed g/cm(3))
ranges from: 2,69
to: -
Source: Y/OW1/SUB-7009/1 (1978), p. 10

Shales
Dens!ty (i1bs/f+(3))
ranges from: 117 (1,874 g/cm(3))
to: 188 (3,011 g/em(3))
Source: Y/OW)/TM36/6, p, A-2, 3 & A

Shales
Dens!ty (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
Porosity (%)
ranges from: 0,7 (708 ?)
to: 0,1 (108 7)
Source: ORN%;gZAI/VZ (In preparation)
Pe

Shales
Appalachlan Basin
Porosity (%)
ranges from: ca, 3
to: -
Source: ORN;;ngl/VZ (In preparat!on)
Pe

Shales
I11tnols Baslin
Porostty (%)
ranges from: 0.9
to: 4.6
Source: ORNIETSZM/VZ (In preparatlon)
Pe

Shales (a)
Kentucky
Porosity (%)
ranges from: 3,3
to: 10,1
Source: ORNL-6241/Y2 (In preparation)
p. 219
Shales (b)
Kentucky

Poros!ty (%)
ranges from: 15
to: 3
Source: Y/OWi/5UB=-7009/1 (1976), p, 16

Shales
Michlgan Bas!n
Porosity (%)
ranges from: 3
to: 10
Source: ORN;;3241/V2 (In preparation)
Pe

Shales
Ok | ahoma
Porosity (%)
ranges from: 25
to: 2
Source: Y/OW1/SUB-7009/1 (1976), p. 16

Shales
USA and Europe
Porosity (%)
ranges from: 19
tos 1
Source: 0RN;;3241/V2 (In preparation)
Pe

Shales
Kentucky, New York, Virginia and West
Virginia

Porosity (average) (vol, %)
ranges from: 2,86 to 3,87

to: -
Source: ORNL-3703 (1983), p, 37

Shales
Pennsylvanla
Poros!ty (effective) (%) -
ranges from: 1,17
to: -
Source: 0RN;;8241/V2 (In preparation)
Do

Shales
South Carollna
Poroslty (effective) (%)
ranges from: ca, 0,5
to: -
Source: 0RN;;3241/V2 (In preparation)
Pe

Shales (a)
Denslty (bulk) (g/cm(3))
ranges fraom: 1,6
to: 2,5
Source: 0RN%;SZ4I/V2 (In preparatlion)
Pe
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Shales (a)
Moisture content (%)
ranges from: 1,3
- to: 38
Source: Y/OWl/TM36/6, p, A-13, 14 & 15

Shales (a)
Porosity (%)
ranges from: 3
to: 15
Source: ORNIE;gZM/VZ (In preparation)
P

Shajes (b)
Density (bulk) (presumed g/cm(3))
ranges from: 2,40
te: 2,43
Source: Y/OM|/SUB~7009/1 (1976), p, 16

Shales (b)
Porosity (%)
ranges from: 15 to 45
to: 3 to 20
Source: ORN;;SZMIVZ (fn preparation)
Pe

Shales (b)
Water content (vol %)
ranges from: 70 to 90
to: 5 to 10
Source: ORNI562M/V2 (in preparation)
p. 218

Shales (c)
Density (netural) {(presumed g/cm(3))
ranges from: 2,43
to: 2,65
Source: Y/OMI/SUB~7009/1 (1976), p, 18

Shales (c)
Porosity (%)
ranges from: 0.4
to: 7,2
Source: Y/OM!/SUB-7009/1 (1976), p, 18

Shales (d)
Porosity (%)
ranges from: 0,0
to: 44,8
Source: Y/OW1/TM36/6, p. A-12

Shales (o)
Germany
Porosity (%)
ranges from: 25
to: ca, 0
Source: Y/OM|/SUB-7009/1 (1976), p, 15

Smectite
Density (presumed g/cm(3))
ranges from: 2,2-2,7
to: 1,77
Source: Y/ /SUB-7009/1 (1976), p, 9

Smectite
Speclflic surface (m(2)/g)
ranges from: 800
to: ~
Source: NUREG/CP-0052 (1983), p, 182

Smectite (Ca)
Vold ratio (dimensfonliess)
ranges from: 7,0
to: 1,0
Source: ONWI-486 (1983), p, 38

Smectite (Na)
Vold ratic (dimensionless)
ranges from: 30,0
to: '.0
Source: ONW|-~-486 (1983), p, 38



Bentontite (Ca)
Hydraullc conductlivity (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 uc-70 (1983), p, 14

Bentonite (Ca) and (Na)
Permeabl Ity (m(2))
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ranges from: 1 x 10(-16) (9.7 x 10(-8)

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: ONWiI=312 (1981), p, 34

Bentonlte (Na)
Wyomlng
Hydraullc conductivity (cm/s)
ranges from: Not stated
to: 10(-9)
Source: ONW|-486 (1983), p, 61

Bentonlite (Na) (a)
Hydraullc conducttvity (cm/s x 10(12))
ranges from: <1 (<1 x 10(~12) cm/s)
to: ca, 8 (ca. 8 x 10(=-12)

cm/s)
Source: ONWI~312 (1981), p, 11

Bentonlte (Na) (b)
Hydraullc conductlvity (cm/s)
ranges from: ca, 1 x 10(-13)

to:
Source: ONWI=312 (1981), p, 10

Benton!te (Na) (c)
Hydraullc conductlvity (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 conductivity (cm/s)
ranges from: 6,6 x 10(-10)
to:
Source: ONWI-312 (1981), p, 33

Benton!te (Na) (e)
Hydraullc conductlvity (cm/s)
ranges from: 5,6 x 10(-13)
to:
Source: ONW1-=312 (1981), p, 33

Bentonite (Na) (f)
Hydraullc conductlvity (cm/s)
ranges from: 6 x 10(-12)
to: 6 x 10(-13)
Source: PNL-4452 UC-70 (1983), p, 13

Bentonite (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

Benton!te (Na) (h)
Permeabl Ilty (cm/s) (hydraullc conductivity)
ranges from: 1 x 10(=11)
to:
Source: ONWi=312 (1981), p, 10

Bentonite (Na) (I)
Permeabl | Ity (cm/s) (hydraullc conductlvity)
ranges from: 3 x 10(-8)
to: 1.5 x 10(-9)
Source: ONWI-312 (1981), p, 10

Bentonlte (Na) (])
Permeabl |1ty (m/s) (hydraullc conductivity)
ranges from: 5 x 10(=15) (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

Bentonlte (Na) (k)
Permeabl |1ty (m/s) (hydraullc conductlivity)
ranges from: ca, 1 x 10(-11) (cae 1 x
10(-9) cm/s)
to:
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

Bentonlte (Na) (1)
Permeabl! 11ty (m/s) (hydraullc conductlvl]ty)
ranges from: ca, 3 x 10(-11) (ca, 3 x
10(-9) cm/s)
to:
Source: KBS TEKNISK RAPPORT 9 (1977),
pe 4

Bentonlte (Na) (m)
Permeabl! I Ity (m/s) (hydraullc conductlvity)
ranges from: 1 x 10(-10) (1 x 10(-8)
cm/s) (maxImum)
to:
Source: IGSSTEKNISK RAPPORT 9 (1977),
Pe

Bentonlte (Na) and (Ca)
Varlous
Hydraullc conductivity (cm/s)
ranges from: 10(-4)
to: 10(=12)
Source: ONWI-486 (1983), p, 36

Benton!te (Na) and Sand
Hydravllc conductlvity (cm/s)
ranges from: ca, 10(=9)
to: ca., 10(-12)
Source: PNL-4452 uwC-~-70 (1983), p, 16
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Bentonlte and Sand
HydraulIc conductivity (m/s)

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

Bentonlte and Sand (a)
Oregon
Permeabl |1ty (cm/s) (hydraullc conductlivity)
ranges from: 9.5 x 10(=-8)
to:
Source: RHO-BWI-SA-80 (1981), p, 7

Bentonlte and Sand (b)
or

Permeabl IIty (cm/s) (hydraullc conductivity)
ranges from: <9,5 x 10(-8)

to:
Source: RHO-BWI=SA-80 (1981), p, 7

Bentonlte and Sand (c)
Wyomling
Permeab! |1ty (cm/s) (hydraul Ic conductivity)
ranges from: <9,5 x 10(-8)
to:
Source: RHO-BW!-=SA-80 (1981), p, 7

Bentonlte and Sand (d)
Wyomlng

Permeablilty (cm/s) (hydraullc conductivity)
ranges from: <9.5 x 10(-8)

to:
Source: RHO-BWI-SA=-80 (1981), p, 7

Bentonlte and Sand (e)
Wyomling
Permeablilty (m(2))
ranges from: 3 x 10(-18)
cm/s)

to:
Source: NUREG/CP-0052 (1983), p, 220

Bentonite and Sand (f)
Wyoming
Permeabdl Ilty (m(2))
ranges from: 8 x 10(~-18)
cm/s)

to:
Source: NUREG/CP-0052 (1983), p. 220

Clay
Permeablilty (m/s) (hydraullc conductivity)

(2,9 x 10(-9)

(7.8 x 10(-9)

ranges from: | x 10(=9) (1 x 10(~7)
cm/s)
to:
Source: mS‘TEKNIS( RAPPORT 9 (1977),
Pe
Clay
Loulstana

Hydraul lc conductivity (cwm/s)
ranges from: 10(=8) (est)
to:
Source: ““‘;ﬁ“"’“‘“"" 1 (198%5),
Pe

Hydraullc conductivlty (m/s)
ranges from: 10(-10) (1
to: 10(-12) (1
cm/s)
Source: Rad Waste Management and Nuclear
Fuel Cycle v. 6 (1985), p, 54

x 10(-8) cm/s)
x 10(~10)

Clay
England
Hydraullc conductivity (m/s)
ranges from: 10(~12)
cm/s)
to:
Source: Rad Waste Managemsnt and Nuclear
Fuel Cycle v. 6 (1985), p, 54

(1 x 10(=10)

Clay
Italy
Hydrauilc conductivity (m/s)
ranges from: 10(=11)
to:
Source: Rad Waste Management and Nuclear
Fuel Cycle v. 6 (1985), p, 54

Clay and Send
Hanford
Permeabl i1ty (cm/s) (hydraullc conductivity)
ranges from: <9,5 x 10(=8)
to:
Source: RHO-EM{|=S5A=80 (1981), p, 7

(1 x 10(=9) cwm/s)

Clays and Shales
Permeabl ity (md)

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: Proggm Workshop OECD (1979b),
Pe

iiitte (Co)
Hydraullc conductlivity (cm/s)
ranges from: 10(-10)
to: 10(-6)
Source: ONWI-486 (1983), p, 35

111lte (Na)
Hydrauilc conductivity (cwm/s)
ronges from: 10(~10)
to: 10(=7)
Source: ONWI-486 (1983), p, 35

Kaolinlte (a)
Permeabtilty (m(2))
renges from: 1 x 10(-16)
cn/s)

to:
Source: NUREG/CP-0052 (1983), p, 209
Kaoilnlite (b)
Permeabliity (m(2))

ranges from: 3 x 10(-17)
cw/s)

to:
Source: NUREG/CP-0052 (1983), p, 209

(9.7 x 10(-8)

(4.9 x 10(-8)
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Kaollnlte (Ca)
Hydraullc conductivity (cm/s)
ranges from: 10(-8)
to: 10(=5)
Source: ONWI-486 (1983), p. 35

Kaollntte (Na)
HydraulIc conductivity (cm/s)
ranges from: 10(-8)
to: 10(=3)
Source: ONWI=-486 (1983), p, 35

KaolInlte and Sand
Permeab! ity (m(2))
ranges from: 2 x 10(-16)
cm/s)

(1.9 x 10(=-7)

tos
Source: NUREG/CP-0052 (1983), p, 209

Shale
Groundwater travel distance (m)
ranges trom: 6
to: 40
Source: ORNIS;GZH/VI (In preparation)
Pe

Shale
I tilnols Basin

Hydraul Tc conductlivlty (cm/s)
ranges from: 10(-9)

to:
Source: ORNIi;gZHIVZ (In preparation)
Pe

Shale
Tennesses
Hydraulte conductivity (cm/s)
ranges from: 6 x 10(-1Q)
to: 3 x 10(=11)
Source: omi;gzu/vz (ln preparation)
Pe U

Shale '
Hydrauilc conductivlity (horlzontal) (m/s)

ranges from: 1 x 10(-10) {1 x 10(-8)
cm/s)
to: 1 x 10(=12) (1 x 10(~10)
cm/s)
Source: ORN|5;624IIVI (In preparattion)
Pe
Shatle
I1itnols

Hydrauilc conductlivity (horizontal) (m/s)

ranges from: 2 x 10{=11) (2 x 10(~-9)
cm/s)
to:
Source: oamz;szu/vz (tn preparation)
Pe
Shale
Maryland

Hydraullc conductivity (horlzontal) (m/s)
ranges from: 0,0(?) (0,0 em/s) (?)
to: 1 x 10(=9) (1 x 10(~7)
cm/s)
Source: (RNI‘.;&"/VZ (In preparation)
Pe

Shale
Michlgan

Hydraullc conductivity (horlzontal) (m/s)
ranges from: 1 X 10(-11) (1 x 10(~-9)

cm/s)
(2 x 10(=6)

2 x 10(~8)
cm/s)

Source: ORNL-6241/V2 (In preparation)

P 42

to:

Shale
Pennsylvanla
Hydraullc conduct!ivity (horlzontal) (m/s)

ranges from: 3 x 10(=11) (3 x 10(=9)
cm/s)
to:
Source: ORNL=6241/V2 (In preparat!on)
P 42
Shale
Pennsyivanla

Hydraullc conductivity (horlzontal) (m/s)

ranges from: 1 x 10(-11) (1 x 10(-9)
cm/s)
to:
Source: CRNk;624|/V2 (In preparation)
Pe

Shale
South Carollna

Hydraullc conductivity (hortzontal) (m/s)
ranges from: 1 x 10(=13) (1 x 10(=11)

cm/s)
to: | x 10¢=10) (1 x 10(-8)
cm/s)
Source: CRN:;GZAIIVZ (In preparation)
Pe

Shale
South Carollina
Hydraultc conducttvity (horlzontal) (m/s)
ranges from: 1 x 10(=12) (1 x 10(~10)
cm/s)
to:
Source: (RN:;CZAIIVZ (I1n preparatton)
Pe

Shale
South Dakota
Hydraullc conductivity (horlzontal) (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: (RN:;GZM/VZ (In preparation)
Pe
Shale
Tennessee

Hydraui lc conductivity (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: ORN:;&AI/VZ (In preparation)
Pe
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Shaile
Hydraullc conductivity (vertical) (m/s)
ranges from: 1| x 10(-11) (1 x 10¢(-9)

cm/s)
to: 1 x IO(-IS) (1 x 10¢(=11)
cm/s)
Source: CRNI}.;GZAI/VI ('n preparation)
Pe

Shale
Hydraullc conductlvity (vertical) (m/s)
ranges from: 1 x 10(-12) (1 x 10(=-10)
cm/s)

to:
Source: ORNL-6241/V2 (In preparatlion)
pe 99

Shale
inflow (ml/mln per m)
ranges from: | x 10(-1)
to: 5 x 10(~1)
Source: ORNI53624I/VI (In preparation)
Pe

Shale
Inflow (mi/min per m)
ranges from: 10
to: <1
e: ORNL-6241/V2 (1n preparation)
p. 106

Sourc

Permeabl! ity (tt/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/OWI/TM36/6 (1978), p, 5=14

Shale
Permeabl 11ty (horlzontal) (ft/yr) (hydraullc

conductivity)
ranges fron: 0,01 (9.7 x 10(=9) cm/s)
Source: Y/QUI/TM36/6 (1978), p, 3-24
Shale
Ohlo
Permeablilty (horlzontal) (ft+/yr) (hydraullc
conductivity)
ranges from: 0,1 (9,7 x 10(-8) cm/s)
to:
Source: Y/OWi/TM36/6 (1918), p, 4-12

Shale
Permeabl |1ty (md)

ranges from: 5 x 10(=2) (4,9 x 10(=7)
cm/s)
tot
Source: Y/OW!/5UB-7009/1 (1976), p, I
Shale
Callfornla
Permeabl ity (md)
ranges from: 4 x 10(-4) (3.8 x 10(=10)
cm/s)

to:
Source: Y/OWI/SUB-7009/1 (1976), p. 11

Shale
Coloradc
Permeabl i1ty (md)

ranges from: <0,05 (<4,9 x 10(=7)
cm/s)
to:
Source: Y/OW|/5UB-7009/1 (1976), p. 14
Shale
Gult Coast

Permeabl i1ty (md)

ranges from: 1 x 10(-8) (9.6 x 10(-15)
em/s) (1)
to: 2,5 x 10(=-9) (2.4 x

10(~-15) cm/s) (1)
Source: Y/OM|/SUB-7009/1 (1976), p. 11

Shale
Mlichligan
Permeablilty (md)
ranges from. 0,001 (1 x 10(-9) cm/s)
2,0 (1.9 x 10(=6) cm/s)
Source: ORNL/5703 (1983), p. 109

Shale
Mlchigan
Permeabl i1ty (md)
ranges from: 0,001 (1 x 10(-9) cm/s)
to: 2,0 (1.9 x 10(-6) cm/s)
Source: W%Sub/“-éﬂ“/l (1985),
P

Shale
Permeabl i1ty (vertical) (factor of K
horlzontal)
ranges from: 1/2Kh
to: 1/10Kh
Source:s Y/OWl/TM36/6 (1978), p, 2-2

Shale
Permeabl i1ty (vertical) (#t/yr) (hydraullc

conductivlity)
ranges from: 0,005 (5 x 10(~9) cm/s)
Source: Y/OW|/TM36/6 (1978), p., 3-24

to:
Shale
Ohlo
Permeabl ity (vertical) (ft/yr) (hydraullc

conductivity)
ranges from: 0,05 (5 x 10(-8) cwm/s)
to:
Source: Y/ON|/TM36/6 (1978), p, 4-12

Shale
Speclific storage (l/ll)
ranges from: | x 10(=6)

to:
Source: ORNL-6241/V2 (1a preparation)
Pe 99

Shale
Specliflic storage (1/m)
ranges from: 4,3 x 10(=7)
to: 2,8 x 10(=6)
Source: oam;_-’ezu/vz (1n preparation)
Pe
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Shale
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: GRNIS;&M/VI (in preparation)
Pe

Shale (a)
Hydraullc conductivity (horizontal) (m/s)

ranges from: 1 x 10(=11) (1 x 10(-9)
cm/s)
to:
Source: CRNliagZHIVZ {In preparation)
P.

Shale (a)
Permeabl |1ty (ft/yr) (hydraullc conductivity)
ranges from: 0,1 (9.7 x 10(=8) cm/s)
to: 0,05 (4,8 x 10(-8) cwm/s)
Source: Y/OW!/TM36/6 (1978), p, 7-8

Shale (a)
Permeabi ity (md)

ranges from: 1,1 x 10(-4)
10(=-10) cm/s)
to:

Source: Y/0MWi/SUB=-7009/1 (1976), p. ‘1

Shale (b)
Hydraullic conductivity (horizontal) (m/s)

(1,1 x

ranges from: t x 10(~16) (1 x 10(=-14)
cm/s)
to: 1 x 10(=-11) (1 x 10(=9)
cm/s)
Source: ORNIi-624l/V2 (In preparation)
p. 42

Shale (b)
Great Plalns
Permeabl Ilty (cm/s) (hydraullc conductivity)
ranges from: 1 x 10(-6)
to: 1 x 10(~-10)
Source: ORN%Sub/B4-64794/I (1985),
Pe 3

Shale (b)
Permeablilty (mlcrodarcles)
ranges from: 100 (1 x 10(~7) cm/s)
to: 0,01 (1 x 10(=9) cm/s)
Source: ORNI‘.;SZHIVZ (In preparation)
Pe

Shale (c)
Hydraulic conductivity (horizontal) (m/s)

ranges from: 1 x 10(=11) (1 x 10(-9)
cm/s)
to: 7 x 10(=9) (7 x 10(=7)
cm/s ) .

Source: ORN%;GZM/VZ (In preparation)
Pe

Shale (d)-
Hydraulic conductlivity (horizontal) (m/s)

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
Shale (e)
Permeabi |1ty (horizontal) (ft/yr) (hydraulle
conductivity)
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/OW|/TM36/6 (1978), p. 2=2
Shales
East Coast

Hydraullc conductlvity (cm/s)
ranges from: 10(-7)
to: 10(-11)
Source: ORNL=-6241/V2 (in preparation)
p. 220

Shales -~
Michigan and Appalachian Basins
Hydraullc conductivity (cw/s)
ranges from: 10(-6)
to: 10(=9)
Source: ORNL=6241/V2 (In preparation)
p. 220

Shales
Northern Great Plains
Hydraullc conductivity (cm/s)
ranges from: 10(-6)
to: 10(-10)
Source: ORNL-6241/V2 (In preparation)
p. 220

Shales
Permeabl 11ty (md)

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: Y/OW| /SUB-7009/1 (1976), p. |1
Shales
fiiinols

Permeabl i1ty (md)

ranges from: 2 x 10(~-6) (1,9 x 10(-12)
cn/s)
to:
Source: Y/OW1 /SUB-7009/1 (1976}, p, 11
Shales
Montana.__

Permeabl )ity (md)
ranges from: 6 x 10(=4)

cm/s)
to:
Source: Y/Ohl| /SUB-~7009/1

(5.8 x 10(-10)

(1976), p. N
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Shales
New Mex!co
Permeabl i1ty (md)
ranges from: 2 x 10(-6)
cm/s)

(1,9 x 10(=-12)

to:
Source: Y/OWl/SUB=7009/1 (1976), 1"

Pe
Shales
Ok lahome
Permeabl i1ty (md)
ranges from: 8 x 10(-4)
cm/s)

(7.7 x 10(=10)

to:
Source: Y/OW|/SUB=7009/1 (1976), 1

Pe
Shales
Texas
Permeablt Ittty (md)
ranges from: 3 x 10(-4)
cm/s)
7 x 10(-6)
cm/s)
Source: Y/OW|/SUB=7009/1

(2.9 x 10(=10)
(6.7 x

(1976),

10(-12)
1"

to:

Pe

Shales
Utah
Permeab!t |1ty (md)
ranges from: 7 x 10(-6)
cm/s)
to:
Source: Y/OM|/SUB=7009/1

(6.7 x 10(~-12)

(1976), p, 11

Pe
Shales (c) .
Hydraullc conductivity (cm/s)
ranges from: 10(=-8)
to: 10(-11)
Source: ORNL-6241/V2 (In
p. 218

preparation)

Shales (d)
Hydraullc conductlivity (em/s)
ranges from: 10(-9)
to: 10(=11)
Source: ORNL-6241/V2 (In
p. 219

preparation)

Shales (e)
Permeabl |1ty (m(2))
ranges from: 10(~17)
cm/s)

(9.7 »x 10(-9)

to: 10(-21) (9.7 x 10(=-13)
cm/s)
Source: ORNL-6241/V2 (1n preparation)
p. 199
Shales (f)
Varlous

Permeablilty (ft/yr) (hydraullc conductlivity)
ranges from: 1,0 x 10({-4) (9,7 x
10(-11) em/s)
1.1 x 10(3) (1.1 x 10(-4)

cm/s)

Source: Y/OW|/TM36/6 (1978), p, A-16

to:

S11tstone/Mudstone
South Carolina
Hydrautlc conductlvity (hortzontal) (m/s)

ranges from: | x 10(=13) (1 x 10(=11)
cm/s)
to: 5 x 10(-10) (5 x 10(-8)
cm/s)
Source: ORNL~6241/V2 (In preparatlon)

p. 43

STity Clay :
Hydraullc conductivity {(cm/s)
ranges from: 5 x 10(-6)
to: ca, 2 x 10(-B)
Source: ONWi-486 (1983), p, 39
JStity Clay
Hydraultc conductivity (em/s)
ranges from: 5 x 10(-6)
to: 10(-7)
Source: ONWI-486 (1983), p.

Smectite (Ca) (a)
Hydraullc conductivity (cm/s)
ranges from: 10(-11)
to: 10(-6)
Source: ONW!-486 (1983), p.

39

35

Smectite (Ca) (b)
Permeabl Tty (m(2))
ranges from: 3 x 10(-18)
cm/s)
to:
Source: NUREG/CP-0052 (1983), p. 209

(2,9 x 10(-9)

Smectite (Ca) and Sand
Permeabl i1ty (m(2))
ranges from: 4 x 10(-17)
cm/s)

to:
Source: NUREG/CP-0052 (1983), p. 209

Smectite (Na) (a)
Hydraullc conductlivity (cm/s)
ranges from: 10(-11)
to; 10(-7)
Source: ONWI-486 (1983), p, 35

(3,9 x 10(-8)

Smactite (Na) and Sand
Permeabl ity (m(2))
ranges from: 5 x 10(-19)
cm/s)

(4,9 x 10(-10)

-H
Source: NUREG/CP-0052 (1983), p. 209

Volclay sallne seal and Sand
Hydraullc conductlvity (cm/s)
ranges from: 2,9 x 10(~12)
to: 4,1 x 10(-12)
Source: ONW{=~312 (1981), p, 33
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Arglitite
Buik modulus (contlned) (GPa)
ranges from: 14,0 (1,4 x 10(4) MPa)
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Argiifite
Coheslon (unconfined) (MPa)
ranges from: 8 x 10(-1)
to: -
Source: Proc7NEA Workshop OECD (1979b),
P. 8

Arglilite
Compressive strength (unconfined) (MPa)
ranges from: 4,75
to: -~
Source: Proc NEA Workshop OECD (1979b),
pe 87

Arglliite
Friction angle (Internal) (deg)
ranges from: 35
to: -
Source: Pro¢8:7NEA Workshop OECD (1979b),
Pe

Arglliite
Polsson's ratio
ranges from: 0,30
to: -
Source: Prog_’NEA Workshop OECD (1979b),
Pe

Argillite
Tensile strength (MPa)
ranges from: 3,5
to: =
Source: ProgINEA Workshop OECD (1979b),
Pe

Argliilite (a)
Young's modulus (GPa)
ranges from: 3,7 (3,7 x 10(3) MPa)
to: 16 (MPa)
Source: ng;NEA workshop OECD (1979b),
Pe

Argl lilte (b)
Young's modulus (unconfined) (GPa)
ranges from: 3,74 (3,7 x 10(3) MPa)
to: =~
Source: Proce:_’NEA Workshop OECD (1979b),
Pe

Bentonite
Wyomlng
Plasticlity (liquid 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-BWI-SA=-80 (1981), p, 6

Bentonite
Wyoming
Plasticity (plastic limit) (%)
ranges from: 33,6
to: -
Source: RHO-BW|-SA-80 (1981), p, 6

Bentonlte
Wyoming
Polsson's ratio
ranges from: 0,15

fo: -
Source: ONW|-486 (1983), p, 63

Bentonlte
Swelllng distance (mm)
ranges from: 1
to: 1
Source: ONWI-312 (1981), p, 16

Bentonlte
Oregon
Swel ling pressure (MPa)
ranges from: ca, 0
to: ca, 1.8
Source: AECL-7812 (1983), p, 34

Bentonite
Wyoml ng
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

Source: OMII-486 (1983), p., 63
Bentonite (a)

Oregon
Plasticity ()iquld limit) (%)
ranges from: 209,6
to: =
Source: RHO-BWI-SA=-80 (1981), p, 6

Bentonite (a)
Oregon
Plasﬂclfy (plastic Index) (%)
ranges from: 168,58
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Bentonlite (a)
Orego
Placﬂclfy (plastic limit) (%)
ranges from: 41,0
to: =
Source: RHO=BW{-SA-80 (1981), p, 6

Bantonite (a)
Oregon

Plasticity (shrinkage Iimit) (%)
ranges from 8,47

Source: Rm-BHI-SA-N (1981), p, 6



Bentonite (a)
Swelling (%)
ranges from: 5
to: 20
Source: KBS TEKNISK RAPPORT 9 (1977),
Pe 5

Bentonite (2)
Swelling pressure (kPa)
ranges from: 30 (0,03 MPa) (?)
to: 110 (0,11 MWPa) (7)
Source: KBS TEKNISK RAPPORT 9 (1977),
P. 6

Bentonite (b)
Oregon
Plasticity (llquid limit) (%)
ranges from: 212,69
to: -
Source: RHO-BWI=-SA-80 (1981), p, 6

Bentonlite (b)
Oregon
Plasticity (plastic index) ($)
ranges from: 174.6
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Bentonite (b)
Oregon
Plasticity (plastic limit) (%)
ranges from: 38,1
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Bentonlite (b)
Oregon
Plasticlty (shrinkage Iimlt) (%)
ranges from: 8,96
to: -
Source: RHO-BWI-SA=-80 (1981), p, 6

Bentonlite (b)
Swelllng (%)
ranges from: 15
to: 30
Source: KBSsTEKNISK RAPPORT 9 (1977),
P.

Bentonlite (b)
Swelllng pressure (iPa)
ranges from: 30 (0,03 MWPa) (?)
to: 200 (0,20 MPa) (?)
Source: IGSGTEKNISK RAPPORT 9 (1977),
Pe

Bentonlte (c)
Swelling (%)
ranges from: 1
to: 50
Source: ONWI-486 (1983), p, 49

Bentonlte (c)
Swelling pressure (WPa)
ranges from: 0,7
to: ca, 70
Source: AECL-7812 (1983), p, 33
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Bentonlite (Ca)
Swelling pressure
ranges from:

(WPa)
31,4

. to: -
Source: ONWI=-312 (1981), p. 31

Bentonlte (Na)
. Wyoming
Ptasticlity (liquid limit) ($)
ranges from: 2
to: -
Source: AECL-7825 (1984), p, 12

Bentonite (Na) (a)
Compressive strength (unconfined) (pst)
ranges from: 55,5 (3,8 x 10(=1) MPa)
to: -
Source: ONWI=-312 (1981), p. 22

Bentonlte (Na)  (a)
Plasticity (liquid Iimi+) (%)
ranges from: 98
to: ~

Source: AECL-7825 (1984), p, 12
Bentonlte (Na) (a)
Wyoml ng
Plasticlty (plastic limit) (%)
ranges from: 50
to: =
Source: AECL-7825 (1984), p, 12
Bentonlte (Na) (a)
Wyomi ng
Ptasticlty (plasticity Index) (%)
ranges from: 210
to: =
Source: AECL-7825 (1984), p, 12
Bentonite (Na) (a)
Shear strength (kPa)
ranges’ from: 1,600 (1,6 WPa)
to: <15 ( <1,5 x 10(=2) WPa)

Source: KBS TEKNISK RAPPORT 74 (1978),
pe 16

Bentonite (Na) (a)
Swellling pressure (WPa)
ranges from: >10
to: =~
Source: ONWI-312 (1981), p, 15

Bentonite (Na) (b)
Compressive strength (uniaxial) (MPa)
ranges from: 8,9
to: =~
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 14

Bentonite (Na) (b)
Wyoming
Plasticlty (plastic limit) (%)
ranges from: 19
to: -
Source: AECL-7825 (1984), p, 12
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Bentonite (Na) (b)
Wyoming
Plasticity (plasticlty index) (%)
ranges from: 79
to: -
Source: AECL-7825 (1984), p, 12

Bentonite (Na) (b)
Shear strength (MPa)
ranges from: 4,5
to: -
Source: KBS‘TEKNISK RAPPORT 74 (1978),
p. 14

Bentonite (Na) (b)
Swel ling pressure (MPa)
ranges from: 57,7
to: -
Source: ONWI=312 (1981), p, 31

Bentonite (Na) (c)
Swelllng pressure (MPa)
ranges from: 21,7

to:
Source: ONWI=312 (1981), p, 31

Bentonite (Na) (d)
Swelling pressure (MPa)
ranges from: ca, 72
to: -
Source: RHO-BW|-SA-80 (1981), p, 6

Bentonite (Na) (e)
Wyoming
Swel ling pressure (MPa)
ranges from: ca, 3
to: ca, 8
Source: AECL-7825 (1984), p, 16

Bentonlte (Na) (f)
Wyoming
Sweliing pressure (MPa)
ranges from: ca, 2
to: ca. 20
Source: AECL-7825 (1984), p, 16

Bentonlte (Na) (g)
Wyoming
Swelling pressure (MPa)
ranges from: 1
to: 8
Source: KBSsTEKNISK RAPPORT 74 (1978),
Pe

Bentonite (Na) (h)
Wyomi ng
Swellling pressure (MPa)
ranges from: 2
to: 23
Source: ONWI-486 (1983), p, 51

Bentonite (Na) (1)
Wyoming
Swelling pressure (MPa)
ranges from: 3
to: 26
Source: ONW|-486 (1983), p, 51

Bentonite (Na) (j)
Wyoming
Swelling pressure (MPa)
ranges from: 3
to: 27
Source: ONW|-486 (1983), p, 51

Bentonite and Sand (a)
Oregon
Compressive strength (unconfined) (MPa)
ranges from: ca, 0
to: ca, 1.8
Source: RHO-BWI-5A-80 (1981), Fig, 4

Bentonite and Sand (a)
Oregon
Swelling pressure

ranges from: ca, O
to: ca, 1.8
Source: RHO-BWI=SA-80 (1981), Fig, 3

(WPa)

Bentonlte and Sand (a)
Oregon
Young's modulus (MPa)
ranges from: ca, 55
to: ca, 80
Source: RHO-BWI-SA-80 (1981), Fig, 5

Bentonite and Sand (b)
Wyoming
Compressive strength (unconfined) (MPa)
ranges from: ca, 0
to: ca, 3
Source: RHO-BWI-S5A-80 (1981), Fig, 4

Bentonlte and Sand (b)
Wyoml ng
Swelling pressure

ranges from: ca, O
to: ca, 2.2
Source: RHO-BW|-SA-80 (1981), Fig, 3

(MPa)

Bentonlte and Sand (b)
Wyoming
Young's modulus (MPa)
ranges from: ca, 45
to: 60
Source: RHO-BW|-SA-80 (1981), Fig, 5

Clay
Belglum
Coheslion (MPa)
ranges from: 1 x 10(=1)
to: 1
Source: Rad Waste Management and Nucleeor
Fue! Cycle v,6 (1985), p, 54

Italy
Coheslion (MPa)
ranges from: 1 x 10(-1)
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54
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Clay
Belglum
Friction angle (angle ot shear resistance)
(deg)
ranges from: 19
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Friction angle (angle of shear resistance) (deg)

ranges from: 25
to: -

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

Clay
Belgium
Plasticlty (liquid limit) (%)
ranges from: 77,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Clay
England
Ptlasticity (liquld limlt) (%)
ranges from: 55
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Clay
Hanford
Plasticity (tiquid timit) (%)
" ranges from: 44.6
to: -
Source: RHO-EWI-SA-80 (1981), p, 6

Clay
Hanford
Plasticity (llquid limit) (%)
ranges from: 63,9
to: -
Source: RHO-BWI-SA-B0 (1981), p, 6

Clay
italy
Plasticity (liqulid limit) (%)
ranges from: 50
to: -

Source: Rad Waste Management and Nuclesr .

Fuel Cycle v,6 (1985), p, 54

Clay
Hanford
Plasticity (plastic index) ($)
ranges from: 18,8
to: -
Source: RHO=-BWl|=S5A-80 (1981), p, 6

Clay
Hantord
Plasticlty (plastic Index) ($)
ranges from: 40,8
to: ~
Source: RHO-BWI-SA-80 (1981), p, 6

Cilay
Be lglum
Plasticity (plastic (imlt) (%)
ranges from: 26,5
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Clay
England
Plasticlty (plastic limlt) (%)
ranges from: 26
to: -
Source: Rad Waste Msnagement and Nuc lear
Fuel Cycle v,6 (1985), p, 54

Clay
Hanford
Plasticity (plastic limit) (%)
ranges from: 25,8
to: -
Source: RHO-BW!-SA-80 (1981), p. 6

Clay
Hantord
Plasticlty (plastic IImit) (%)
ranges from: 23,1
to: -
Source: RHO-BWI-SA-80 (1981), p. 6

Clay
italy
Plasticlty (plastiz Hmit) (X)
ranges from: 25
to: -
Source: Rad ds3te Management and Nuclear
Fuel Cycie v,6 (1985), p, 54

Clay
Loulsiana
Plasticity (plasticlity index) (%)
ranges from: 40
to: -
Source: Wl'.;gub/84-64794/l (1985),
Pe

Clay
Hanford
Plasticity (shrinkage limit) (%)
ranges from: 19,75
to: -
Source: RHO-BW|-SA-80 (1981), p, 6

Clay
Belgium
Shear strength (undralned) (MPa)
rangss from: 0,6
to: -
Source: Rad Waste Management and Nuc lear °
Fuel Cycle v,6 (1985), p. 54

Ciay
England
Shear strength (undrained) (MPa)
ranges from: 1,2
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54
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Clay
Italy
Shear strength (undrained) (MPa)
ranges from: 1,5
to: =~
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p. 54

Clay
Loulslana
Strength (MPa)
ranges from:
to:
Source: 0RNL/Sub/84-64794/1 (1985),
pe 173

0|9

Clay
Balglium
Young's modulus (elastic modulus) (MPa)
ranges from: 170
to: -
Source: Rad Waste Management and Nuc lear
Fuel Cycle v,6 (1985), p. 54

Clay
Italy
Young's modulus (elastic modutus) (MPa)
ranges from: 300
to: -
Source: Rad waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Illite
Plasticity (plasticity Index) (%)
ranges from: 0
to: 90
Source: ONWI-486 (1983), p, 45

iitite
Sweltling (%)
ranges from: <2
to: 20
Source: ONWI=-486 (1983), p, 49

Iilite (Ca)
Jackson County,
Plasticlity (liquid Ilmlf) (¢9)
ranges from: 69
to: -
Source: ONWi=-4856 (1983), p, 43

Iilite (Ca)
Jackson County, OH
Plasticlty (plastic {Iimit) (%)
ranges from: 36
to: -
Source: ONWI-486 (1983), p, 43

lillte (Ca) (a)
Fithilen, IL
Plasticlty (1iquid l1imit) (%)
ranges from:
to: -
Source: ONWI-486 (1983), p, 43

Illtte (Ca) (m)
Fithlan, IL
Plasticlty (plastic limlt) (%)
ranges from: 40
to: -
Source: ONWI-486 (1983), p, 43

I11te (Ca) (b)
Grundy County, IL
Plasticity (liquld limit) (%)
ranges from: 100
to: -
Source: ONW|-486 (1983), p, 43

tilite (Ca) (b)
Grundy County, IL
Plasticity (plastic timit) (%)
ranges from: 42
to:
Source: 0NHI-486 (1983), p, 43

Iilite (Na) (a)
Friction angle (residual) (tan)
ranges from: 0,3
to: 0,7
Source: ONWI-486 (1983), p, 47

titite (Na) (b)
Friction angle (reslidual) (tan)
ranges from: 0,47

to: 0,7
Source: ONWi=-486 (1983), p, 47

tilite and Bentonite (a)
Swel ling ()
ranges from:
to: 54
Source: ONWI-486 (1983), p, 49

i1lite and Bentonlite (b)
Swelllng (%)
ranges from: <2
to: 30
Source: ONWI-486 (1983), p, 49

Lilite and Kaolinite
Swelling (%)
ranges from: <2
to: <10
Source: ONWI-486 (1983), p, 49

Kaolinite
Compressive strength (unconfined) (psi)
ranges from: IOO 3 (6,9 x 10(-1) WPa)
to:
Source: own-slz (1981), p, 22

Kaol Inite
Friction angle (residual) (tan)
ranges from: 0,27
to: 0.7
Source: ONW|-486 (1983), p, 47

Kaollnite
Plasticity (plasticity Index) (%)
ranges from: O
to: 35
Source: ONW|-486 (1983), p, 45



Kaolinlte
Swelling (%)
ranges from: <2
to: 4
Source: ONw|=-486 (1983), p,

Kaolinite (Ca)
Anna, 1L
Plasticity (liquid timit) (%)
ranges from: 73
to: -
Source: ONwWI-486 (1983), p,

Kaolinite (Ca)
Dry Branch, GA
Plasticlty (liquld limit) (%)
ranges from:
to: -
Source: ONWI =486 (1983), p,

Kaolinite (Ca)
Anna, IL
Plasticlty (plastic 1imit) (%)
ranges from: 36
to: -
Source: ONW1-486 (1983), p.

Kaolinlte (Ca)
Dry Branch, GA
Plasticity (plastic iimit) (%)
ranges from: 26

to: -
Source: ONW1-486 (1983), p.

Kaolinlte and Bentonite
Swelling (%)
ranges from: 2
to: 35
Source: ONWI-486 (1983), p,

0ft Shales
Compressive strength (MPa)
ranges from: 35
to: 138
Source: ORNL/Sub/84-64794/1
p. 348

Ol Shales
Compressive strength (MPa)
ranges from: 138
to: 172
Source: ORNL/Sub/84-64794/1
p. 348

011 Shales
Polsson's ratlo
ranges from: 0,2
to: 0,3
Source: ORNL/Sub/84-64794/1
p. 348

01| Shales
Polsson's ratio
ranges from: 0.15
to: 0,20
Source: ORNL/Sub/84-64794 /1
p. 348

49

43

43

43

43

49

(1985),

(1985),

(1985),

(1985),

242

01l Shales
Young's moituius (MPa)

ranges fram: 7,000 (7 x 10(3))

. 17,500 (1.75 x 10(4))
Sor* ./Sub/B4-64794/\1 (1985),
A8
04! Shal:
Young's Pa)
ran o >21,000 ( >2,1 x 10(4))
to: =~
Soxt,cco: ORNL/Sub/84-64794/1 (1985),
p. 348
Shale

Bulk modulus (psl)
ranges from: 7,6 x 10(5)
MPa,
to: -
Source: Y/OW1/TM36/6 (1978), p, 7-8

(5.2 x 10(3)

Shale
Butk modulus (ps})

ranges from: 77,8 x 10(3) (5.4 x 10(2)

MPa)
to: -
Source: Y/Ow!l/TM36/6 (1978), p, 3-24
Shale
Ohlo
Bulk modulus (psli)
ranges from: 6,5 x 10(5) (4,3 x 10(3)
MPa)
to: -
Source: Y/OMi/TM36/6 (1978), p, 5-14
Shale
Ohlo
Bulk modulus (psi)
ranges from: 1,1 x 10(5) (7.6 x 10(2)
MPa
to; -
Source: Y/OWi/TM36/6 (1978), p, 4-12
Shale
Ohlo

Coheslon (psi)
ranges from:
to:
Source: Y/OW|/TM36/6 (1978), p, 5-14

5,900 (4,1 x 10(1) MPa)

Shale
Ohlo
Coheslon (psl)
ranges from: 14
to: -
Source: Y/OW1/TM36/6 (1978), p, 4-12

(1 x 10(=1) WPa)

Shale
indiana
Compressive strength (MPa)
ranges from: 11
to: 115
Source: mNLGSub/a4-64794/l (1985),
p. 6
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Shale
Compressive strength (psl)
ranges from: 8,5 x 10(3}
MPa)
to: -
Source: Y/OW| /TM36/6 (1978), p, 6-3

(5.9 x 10(1)

Shale
New Mexlco
Compressive strength (psl)
ranges from: 1,000 (6,9 MPa)
to: 6,000 (4,1 x 10(1) MPa)
Source: Y/OWl /TM36/6 (1978), p. B-5

Shale
New Mexlco
Compressive strength (psl)
ranges from: 1,000 (6,9 MPa)
to: 8,000 (5.5 x 10(1) MPa)
Source: Y/OMi/TM36/6 (1978), p. 8-2

Shale
Ohio

Compresslive strength (urlaxial) (MPa)
ranges trom: 13,8

to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 108
Shale
Ohlo

Compressive strength (unlaxial) (psi)
ranges from: 1 x 10(4) (6,9 x 10(1)
MPa)
to: -
Source: Y/OW!|/TM36/6 (1978), p. 5-14

Shale
Ohlo
Compressive strength (uniaxial) (psl)
ranges from: 2 x 10(3) (1.4 x 10(1)
MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p, 4-12

Shate
Ohlo
Friction angle (deg)
ranges from: 23.4
to: -
Source: Y/OW!/TM36/6 (1978), p, 5-14

Friction angle (deg)
ranges from: 22
to: -

Source: Y/OWl| /TM36/6 (1978), p, 4-12

Shale
Montana
Plasticlty (liquidity Index)
ranges from: -0,11
to: =
Source: Y/OW|/TM36/6 (1978), p, 6-1

Shale
Great Plains
Plasticity (plasticlity index) (%)
ranges from: 30
to: 110
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Shale
Polsson's ratlo
ranges from: 0,2
to: -
Source: Y/OW|/TM36/6 (1978), p, 3-24

Shale
Ohio
Polsson's ratlo
ranges from: 0,1
to: -
Source: Y/OW1/TM36/6 (1978), p, 5-14

Shale
Ohlo
Poisson's ratio
ranges from: 0,25
to: =
Source: Y/OWI/TM36/6 (1978), p, 4-12

Shale
Ratio of strength to overburden stress
ranges from: 1,3
to: 6,0
Source: ORNI5;624|/V1 (in preparation)
Pe

Shale
Shear modulus (ps})
ranges from: 6,2 x 10(5)
MPa)

4.3 x 10(3)

to: -
Source: Y/OW!|/TM36/6 (1978), p, 7-8

Shale
Shear modulus (psli)
ranges from: 58,3 x 10(3)
MPa)

(4 x 10(2)

to: -
Source: Y/OW|/TM36/6 (1978), p, 3-24

Shear modulus (psl)
ranges from: 6,8 x 10(5) (4,7 x 10(3)
MPa)
to: -
Source: Y/OM1/TM36/6 (1978), p, 5-14

Shale
Ohlo
Shear modulus (psi)
ranges from: 6,8 x 10(4) 4,7 x 10(2)
MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p, 4-12
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Shale
Canadsa
Swel ling (potentlal) (%)
ranges from: 2
to: 20
Source: ORNIi;Sub/84-64794/l (1985),
Pe

Shale
Great Plalns
Swelltng (potentlal) (%)
ranges from: 3
to: 5
Source: ORNL/Sub/84-64794/1 (1985),
Pe 293

Shale
Swelllng pressure (MPa)
ranges from: 10

to: 0,5
Source: KBS_,TEKNISK RAPPORT 74 (1978),
Pe
Shale
Ohto

Tenslle strength (psl)

ranges from: 200 (1.4 MPa)
to: -~

Source: Y/MI/TM36/6 (1978), p. 5-14

Shale
Young's modulus (elastlc modulus) (pst x 10(6))
ranges from: 1,48 (1 x 10(4) MPa)
to: -
Source: Y/OW1/TM36/6 (1978), p. 6-3

Shale
Great Plalns
Young's modulus (elastic modulus) (psl x
10(6))
ranges from: 0,02 (1,4 x 10(2) MPa)
to: 0,014 (9,6 x 10(1) MPa)
Source: ORNIZ.‘;Sub/“-GUN/I (1985),
p. 293

Shale
Young's modulus (pst)

ranges from: 1,4 x 10(5) (9.7 x 10(2)
MPa)
to: -~
Source: Y/OM1/TM36/6 (1978), p. 3-24
Shale
Ohlo
Young's modulus (pst)
ranges from: 1,5 x 10(6) (1 x 10¢4)
MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p. 5~14
Sheile
Ohlo
Young's modulus (ps?)
(1,2 x 10(3)

ranges from: 1,7 x 10(5)
MPa)

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

Shale (a)
Coheslon (psl)
ranges from: 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/cm(2))
ranges from: 122 (1,2 x 10(1) MPa)
to: 25 (2,5 MPa)
Source: Y/OWI/TM36/6 (1978), p, 6-13

Shale (a)
Compressive strength (unlax!al) (psl)
ranges from: 70 (4,8 x 10(-1) MPa)
to: 3,7 x 10(4) (2,5 x 10(2)

MPa)
Source: Y/OW|/TM36/6 (1978), p, 2-2

Shale (a)
Compressive strength (unlax!al) (ps!)
ranges from: 2,1 x 10(3) (1,4 x 10(1)
MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p, 3-24

Shale (a)
Frictlon angle (deg)
ranges from: 4,2
to: 56
Source: Y/OW|/TM36/6 (1978), p, 2-2

Shale (a)
Friction angle (deg)
ranges from: 5,3
to: -
Source: Y/OMi/TM36/6 (1978), p, 3-24

Shale (a)
Great Plalns
Plasticlty (itquld itmlt) (%)
ranges from: 36
to: 113
Source: ORNlé;?ub/M-Gl?%/l (1985),
Pe

Shale (a)
Great Platlns
Plasticlty (plastic iImit) (%)
ranges from: 20
to: 62
Source: ORNL/Sub/84-64794/1 (1985),
pe 291

Shale (a)
Polsson’s ratlo
ranges from: 0,03
to: 0,50
Source: Y/MI|/TM36/6 (1978), p, 2-2

Shale (a)
Tens!le strength (pst)
ranges from: 0 (0O MPa) (?7)
to: 1,540 (1,1 x 10(1) MPa)
Source: Y/OWI|/TM36/6 (1978), p, 2-=2
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Shale (a)
Young's modulus (MPa)
ranges from: 10
to: 32
Source: ORNL-6241/V1 (1n preparation)
p. 47

Shate (b}
Coheslon (ps!)
ranges from: 6 x 10(3)
MPa)

(4,1 x 10(1

to: -
Source: Y/OWI /TM36/6 (1978), p. 7-8

Shate (b)
Montana
Compresslve strength (kg/cm(2))

ranges from: 25 (2,5 MPa)
to: 55 (5.4 WPa)
Source: Y/OW|/TM36/6 (1978}, p, 6-13

Shale (b)
Great Plalns
Compressive strength (psl)
ranges from: 70 (4,8 x 10(=1) MPa)
to: 2,530 (1.7 x 10(1) MPa)
Source: ORNL/Sub/B4-64794/1 (1985),
Pe 293

Shale (b)
Compressive strength (unlaxlal) (psl)
ranges from: | x 10(4) (6,9 x 10(1)
MPa)
to: -
Source: Y/OMI|/TM36/6 (1978), p, 7-8
Shale (b)
Frictton angle (deg)
ranges from: 26

to: -
Source: Y/OWI|/TM36/6 (1978), p, 7-8

Shale (b)
Great Plalns
Friction angle (tnternal) (deg)
ranges from: 8
to: 25
Source: ORNL/Sub/84-64794/1 (1985),
pe 293

Shale (b)
Great Plalns
Plasticity (Ilquld 1imit) (%)
ranges from: 55
to: 202
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Shale (b)
Great Plalnes
Plasticlty (plasttc IImit (%)
ranges from: 22
to: 39
Source: ORNL/Sub/84-64794/1 (1985),

pe. 293

Shale (b)
Polsson's ratlo
ranges from: 0,15
to: -
Source: Y/OWi /TM36/6 (1978), p, 7-8
Shale (b)
Tens!le strength (ps!)
ranges from: 200
to: -
Source: Y/OWI/TM36/6 (1978), p. 7-8

(1.4 Wa)

Shale (b)
Young's modulus (MPa)
ranges from: 10
to: 32
Source: ORNL=-6241/V1 (In preparation)
p. 47

Shale (c)
Coheston (pst)
ranges from: 206
to: -
Source: Y/OWI|/TM36/6 (1978), p, 3-24

Shale (c)
Frictton angle (dllation angle) (deg)
ranges from: 45

(1.4 Wa)

to: =5
Source: Y/OWI|/TM36/6 (1978), p, 2=2
Shale (c)
Ohto

Tenslle strength (MPa)
ranges from: 0,34
to: -
Source: ORNL/Sub/B4-64794/1 (1985),
p. 108

Shale (c)
Young's modulus (psl!)
ranges from: 2 x 10(3)
MPa)
to: 6.4 x 10(6) (4.4 x 10(4)
MPa)

Source: Y/OW!| /TM36/6 (1978), p, 2=2

Shale (d)
Great Plalns
Coheslon (psl!)
ranges from: 2 (1.4 x 10(=2) MPa)
to: 30 (2 1 x 10(=1) MPa)
Source: 0RNL/Sub/84-64794/I (1985),
Pe. 293

(1.4 x 10(1)

Shale (d)
Frictlion angle (Internal) (deg)
ranges from: 14,2

to: 51,0
Source: ORNL-6241/V1 (In preparation)
pe 47
Shate (d)
Ohlo

Tenslle strength (psl)

ranges from: 50 (3.4 x 10(-1) MPa)
to: =

Source: Y/OW|/TM36/6 (1978), p, 4=12
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Shale (d)

Young's modulus (psi)
ranges from: 1.6 x 10(6)
MPa)
to: -
Source: Y/OWi)/TM36/6 (1978), p, 7-8

(1.1 x 10(4)

Shale (e)
Tensile strength (psi)
ranges from: 50
to: -
Source: Y/OW| /TM36/6 (1978), p. 3-24

(3.4 x 10(-1) MPa)

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)
“a)
Source: (RNI‘.SSZM/VZ (In preparation)
Pe

Shales
Western Ohilo
Compressive strength (MPa)
ranges from: 20
to: 32
Source: ORNL{Sub/84—64794/1 (1985),
Pe 7

Shales
Varlous
Tensile strength (psi)
ranges from: <100 ( <6,9 x 10(=1) MPa)
to: 1,538 (1,1 x 10(1) MPa)
Source: Y/OW|/TM36/6 (1978), p. A-7

Shales (a)
Compressive strength (uncontined) (MPa)
ranges from: 25,2
to: 113,6
Source: ORNII.;SZAVV) (In preparation)
Pe

Shales (a)
Polsson's ratio
ranges from: 0,11

to: 0,31
Source: ORNL-6241/v¥3 (in preparation)
p. 110
Shales (a)
Shear modulus (Pa x 10(10))
ranges from: 0,1 (1 x 10(3) MPa)

to: 100 (1 x 10(6) MPa)
Source: ORNL-6241/V2 (in preparation)
p. 199

Shales (a)
Young's modulus (GPa)
ranges from: 9,9 (9.9 x 10(3) MPa)
to: 31,7  (3.17 x 10(4) MPa)
Source: ORNL-6241/¥3 (in preparation)
pe 110

Shales (b)
Varlious
Compresslve strength (unconflned) (psl)
ranges ftrom: <100 ( <6,9 x 10(-1) MPa)
to: 3.7 x 10(4) (2,5 x 10(2)

Wa)
Source: Y/OWI/TM36/6 (1978), p. A-4,5,6

Shales (b)
Varlous
Polsson's ratlo
ranges from: 0,03
to: 0,77
Source: Y/OWl/TM36/6 (1978), p, A=1}

Shales (b)
Varlous
Shear modulus (psl)

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)

Source: Y/OWI/TM36/6 (1978), p. A-10

Shales (b)
Young's modulus (Pa x 10(10))
ranges from: 1 (1 x 10(4) MPa)

to: 500 (5 x 10(6) MPa)
Source: ORNL-6241/v2 (in preparation)
p. 199
Shales (c)
Various

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|/TM36/6 (1978), p, A-8,9

Shales, Mudstones, S||tstones
Various
Plasticity (liquld timit) (%)
ranges from: 17,8
to: 224
Source: Y/OWi/TM36/6 (1978), p, 6-20 to

-26

Shales, Mudstones, Siltstones
Various
Plasticlty (plastic limit) (%)
ranges from: 16,0
to: 45,5
Source: z/gzmuse/o (1978), p. 6-20 to

Shales, Mudstones, Siltstones
Verlous
Plasticity (plasticity Index) (%)
ranges from: 1,8
to: 192
Source: z/(2H6IITM36/6 (1978), p. 6-20 to

Smectite (Ca)
Belle Fourche, SD
Plasticity (tiquld Vimit) (%)
ranges from: 177
to: -
Source: ONWi-486 (1983), p, 43



Smectite (Ca)
Cheto, AZ
Plasticity (llquid Iimit) (%)
ranges from: 155
to: -
Source: ONW1-486 (1983), p, 43

Smectite (Ca)
Omsted, IL
Plasticity (llquid iImit) (%)
ranges from: 123
to: -
Source: ONWI-486 (1983), p, 43

Smoctite (Ca)
Pontotoc, MS
Plasticity (1iquid 1imit) (%)
ranges from: 166
to: =
Source: ONWI-486 (1983), p, 43

Smectite (Ca)
Belle Fourche, SD
Plasticlity (plastic limit) (%)
ranges from: 63
to: -
Source: ONw|=-486 (1983), p, 43

Smectite (Ca)
Cheto, AZ
Plasticlity (plastic Iimit) (%)
ranges from: 65
to: -
Source: ONW|-486 (1983), p, 43

Smectite (Ca)
Omsted, IL
Plasticity (plastic timit) (%)
ranges from: 79
to: -
Source: ONW!i-486 (1983), p, 43

Smectite (Ca)
Pontotoc, MS
Plasticlity (plastic 1imit) (%)
ranges from: 65
to: -
Source: ONWI-486 (1983), p, 43

Smectite (Na)
Plasticlity (plasticity Index) (%)
ranges from: 0
to: 500
Source: ONWI-486 (1983), p, 45

Smectite (Na) (a)
Friction angle (residuat) (tan)
ranges from: 0,09
to: 0,7
Source: ONWI=-486 (1983), p, 47

Smectite (Na) (b)
Friction angle (residuai) (tan)
ranges from: 0,18
to: 0,7
Source: ONWi-486 (1983), p, 47
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Smectite (Na), Kaolinite, Sand Mixtures (a)
Osage, NY
Compressive strength (pst)
ranges from: 76,5 (5,3 x 10(~1) MPa)
to: 541.0 (3.7 Wa)
Source: ONWI=312 (1981), p, 24

Smectite (Na), Kaolinlte, Sand Mixtures (b)
Osage, NY
Compressive strength (psli)
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
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Arglittte
Coef{lclenf of llnear expanslon (deg C(~1))
(K(=1))
ranges from: 8 x 10(-6)
to: 15 x 10(-6)
Source: Proc NEA Workshop OECD (1979b),
pe 77

Argllilite (a)
Therma| conductivity (matrix) (W/m-deg C)
(W/m-K)
ranges from:
to: -~
Source: Proc NEA Workshop OECD (1979b),
p. 87

Arglililte (b)
Thermal conductivity (matrix) (W/m-deg C)
(W/mK)
ranges from:
to: ~
Source: Proc_’NEA Workshop OECD (1979b),
p. B

ca, 1,80

ca, 1,48

Argliilite (c)
Nevada
Thermal conductivity (W/m=K)
ranges from: 1,28
to: 2.7
Source: ORNL-6241/V3 (in preparation)
pe 341, 342

Bentonlte (a)
Heat conductivity (W/m-deg C)
conductivity) (W/m=K)
ranges from: 0,5
to: 2,0
Source: KBS TEKNISK RAPPORT 9 (1977),
Pe 8

(thermal

Bentonlite (b)
Thermai conductivity (W/m=-deg C)
ranges from: ca, 0,75
to: -
Source: Proc NEA Workshop OECD (1979b),
pe 148

W/m=X)

Bentonite (c)
Thermal conductivity (W/m=deg C)
ranges from: 0,7
to: 3,0
Source: Proc NEA Workshop OECD (1981),
pe 342

(W/mK)

Bentonite (Ca)
Thermal conductivity (W/m-deg C)
ranges from: 0,71
to: 1,10
Source: PNL-4452 UC-70 (1983), p. 20

(W/m=K)

Bentonite (d)

Thermal conductivity (W/m~deg C) (W/m=)
ranges from; 0,5
to: 1,0
Source: Proc NEA Workshop OECD (1981),
p. 342

Bantonite (e)

Therma! conductivity (W/m-deg C) (W/m-K)
ranges from: 0,9
to: 1.3
Source: ONW!-486 (1983), p., 63
Bentonite (f)
Thermal conductivity (W/m-deg C)  (W/m=K)

ranges from: 1
to: 3,5
Source: ONwWl-~486 (1983), p, 63

Bentonite (g)
Wyoml ng
Thermal conductivity (W/m-deg C)
ranges from: ca, 0.0
to: ca, 1,2
Source: Proc NEA Workshop OECD (1981),
p. 334

(W/m=K)

Bentonlte (h)
Wyoml ng

Therma! conductivity (W/m-deg C) (W/m=K)
ranges from: 0,78
to: -
Source: ONW|-486 (1983), p, 6!
Bentonite (Na)
Therma| conductivity (W/m=deg C)  (W/m=K)

ranges from: 0,52
to: 0,96
Source: PNL=-4452 UC-70 (1983), p, 20

Bentonite (Na)

Thermat diffusivity (em(2)/s x 10(3))
ranges from: 3,03 (3,03 x 10(=7)

m(2)/s)

3,47

m(2)/s)

Source: PNL-4452 UC-70 (1983), p, 18, 19

to: (3,47 x 10(~7)

Bentonite and Crushed Granite (a)
Wyoming
Thermal conductivity (W/m-deg C)
ranges from: 2,7
to: 0.8
Source: Proc NEA Workshop OECD (1981),
Pe 334

W/m=K)

Bentonlte and Crushed Granlite (b)
Wyomlng
Thermal conductivity (W/m-deg C)
ranges from: ca, 0,6
to: ca, 1.5
Source: Proc NEA Workshop OECD (1981),
pe 334

(W/m=K)

Bentonite and Satt (a)
Thermal conductivity (W/m=K)
ranges from: 1,12
to: 0,99
Source: ONwl-486 (1983), p, 53

Bentonite and Salt (b)
Thermal conductivity (W/m=K)
ranges from: 1,01
to: 1,12
Source: ONwl=-486 (1983), p, 53
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Bentonite and Sand (a)
Thermal conductivity (W/m-deg C)
ranges tfrom: 0,5
to: 2,0
Source: ONW!-486 (1983), p, 63

(W/m=K)

Bantonlte and Sand (b)
Thermal conductivity (W/m=K)
ranges from: 0,58-0,80
to: 1.06-1,17
Source: ONWI-~486 (1983), p, 53

Clay

Belglum
Speclfic 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

Italy
Specliflc 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

Clay
S. Paolo mine
Thermal conductlivity (W/m~deg C)  (W/m=K)
ranges from: 0,014 (1.4 W/mK)
to: 0,016 (1.6 W/mK)
Source: ORNL-tr=5110 (1981), p, 12

Clay
England
Thermal conductivity (W/m=K)
ranges from: 1,56
to: -
Source: Rad Waste Management and Nuc lear
Fuel Cycle v. 6 (1985), p, 54

-

Thermal conducﬁvlfy W /m=K)
ranges from: 1,
fon -
Source: Rad Waste Management and Nuclear
Fue! Cycle v, 6 (1985), p, 54

Clay
S. Paolo mine
Thermal diffusivity (cm(2)/h)
ranges from: 20 (5,56 x 10{-7) m(2)/s)
to: -
Source: ORNL-tr-5110 (1981), p, 12

Clay
Belgium
Thermal ditfusivity (m(2)/s)
ranges from: 8,1 x 10(=-7)
tos =
Source: Rad Waste Mana
Fuel Cycle v,

ment and Nuclear
(1985), p. 54

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

Clay (a)
Belglum
Thermal conductivity (matrix) (W/m-deg C)
(W/m-K)
ranges from: ca, 0.3
to: -
Source: Proc NEA Workshop OECO (1979b),
p. 87

Clay (b)
Belglum
Thermal conductivity (W/m-K)
ranges from: 1,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Clayey Sandstones
Heat conductivity (millical/cm-s-deg C)
(therma) conductivity)

ranges from: 2,5 (1,05 w/m=XK)

to: -

Source: Y/OW!|/SUB~7009/1 (1976), p, 23
Hectorite
Therma! conductivity (W/m~deg C)

ranges from: 0,5

to: 2 t0o 3
Source: ONWI-312 (1981), p, 18

(W/m—K)

Itlite (a)
Therma) conductivity (W/m-deg C)
ranges from: ca, 0,6
to: ca, 1,6
Source: Proc NEA Workshop OECD (1981),
p. 336

W/m-K)

f1lite (b)
Therma | conduc?lvlfy (W/m-deg C)
ranges from: 1,4
to: 4 0
Source: Proc NEA Workshop OECD (1981),
P. 342

(W/m=K)

11ilte (c)
Thermal conducﬂvlfy (W/m-deg C)
ranges from: 0,8
to: 1.8
Source: Proc NEA Workshop OECD (1981),
pe 342

(W/mK)

I11lte and Crushed Granite
Therma| conductivity (W/m-deg C)
ranges from: ca, 0.9
to: ca, 1.9
Source: Proc NEA Workshop OECO (1981),

pe 336

(W/m=K)
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Kaoclinlte (a)
Thermal conductlivity (W/m-deg C)
ranges from: 1,7
to: 3.5
Source: Proc NEA Workshop OECO (1981),
p. 342

(W/m=K)

Kaollnlte (b)
Thermal conductivity (W/m-deg C)
ranges from: 0,9
to: 2,0
Source: Prog:;EA Workshop OECD (1981),
Pe

(W/m¥)

Kaolinite and Crushed Granite
Therma |l 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/Ib-deg F)
ranges from: 0,20 (8.4 x 10(2)
J/Kg=K)
to: -
Source: Y/OW|/TM36/6 (1978), p. 7-8

Shale
Therma! conductivity (W/m-K)
ranges from: 1,42
to: 1,94
Source: ORNL-6241/V3 (in preparation)
P. 341

Shale
Kansas
Therma! conductivity (W/m=K)
ranges from: 0,7
to: 4.3
Source: ORNL-6241/V3 (in preparation)
p. 343

Shale
Michigan
Therma | conducﬂvlfy W/m=K)
ranges from: 2,64
f :
Source: 0RNL-624|/V3 (In preparation)
p. 341

Shale
Orange Free State
Therma! conductivity (W/mK)
ranges from: 1,97
to: 2,89
Source: ORNIS;?ZM/VS (in preparation)
Pe

Shale
South Africa
Thermal conductivity (W/m=K)
ranges from. 2.76
Source: 0RNL-624|/V3 (in preparation)
p. 343

Shale (a)
Coefficient of linear thermal expansion (deg
F(-1))
ranges from: 4 x 10(-6)
K( )
to:
Source: Y/ONI/TM36/6 (1978), p, 2-2

(2,2 x 10(-6)

Shale (a)
Heat capaclty (J/Kg-K)
ranges from: 5.5 x 10(2)
to: 1,042 x 10(3)
Source: 0RNL5624IIVI (In preparation)
p. 4

Shale (a)
England
Therma| conductivity (mllilcal/cm-s-deg C)
ranges from: 2,2 (9,2 x 10(=1) W/mK)
to: 5.3 (2,22 W/m=XK)
Source: Y/OWl /SUB=~7009/1 (1976), p. 26

Shale (b)
Coeffliclent of linear thermal expansion
(horizontal) (deg F(=1))

ranges from: 4.5 x 10(-6) (2,5 x
10(-6) K(~1))
to: =

Source: Y/OW|/TM36/6 (1978), p, 7-8

Shate (b)
Heat capacity (J/Kg-)
ranges from: 7.12 x 10(2)
to: 1,170 x 10(3)
Saurce: 0RNL-6241/V3 (in preparation)
p. 345

Shale (b)
Therma! conductivity (horizontal)
(BTU/hr=ft+=deg F)

ranges from: I 1 (1.9 W/mXK)
to:

Source: Y/GH/TMSG/S (1978), p, 7-8
Shatle (c)

Coefticlent of |inear thermal expansion
(vertical) (deg F(~1))

ranges from: 9 x 10(-6) (5 x 10(-6)
K(=1))
to: -
Source: Y/OWi/TM36/6 (1978), p, 7-8

Shale (c)
Specific heat (J/Kg-deg C)
capacity) (J/Xg=K)

ranges from: 7,96 x 10(2)

(specitic heat

to: -~
Source: GINL_-’624I/V2 (in preparation)
Pe 5

Shale (c)
Therma| conductivity (horizontal) (J/s m-deg
c) (W/m—K)
ranges from: 1.89
to: ~
Source: 0RNI§;624I/v2 (in preparation)
Pe
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Shale (d)
Thermal conductlivity (horizontal) (W/mK)
rangss from: 1,52
to: 2,26
Source: ORNL-6241/V1 (in preparatlion)
p. 40

Shale (e)
Thermal conductivity (vertical)
(BTU/hr=-tt=-deg F)
ranges from: 0,8
to: -
Source: Y/OWl/TM36/6 (1978), p, 7-8

(1,4 W/m=K)

Shate (f)
Thermal conductivity (vertical) (W/m=K)
ranges from: 1,21
to: 1,57
Source: ORNkBGZMIVI (In preparation)
Pe

Shale (g)
Thermal conductlivity ratto (vertical/
horlzontal) .
ranges from: 0,76
to: =
Source: (RN;;GZ‘I/VZ (In preparation)
Pe

Shale (h)
England

Thermal conductivity (m!itical/cm-s-deg C)
ranges from: 3.0 (1,26 wW/mX)

to: 4,3 (1,80 W/m=XK)
Source: Y/OM|/SUB~7009/1 (1976), p, 26
Shale (1)
England

Therma! conductivity (W/m-K)
ranges from: 1,26
to: 1,80
Source: ORN;?ZAI/VS (In preparation)
Pe

Shale (J)
Massachusetts

Therma| conductivity (W/m-K)
- ranges from: 1,62

to: =
Source: ORNL=6241/V3 (In preparation)
Pe 34
Shale (k)

Sunderland, MA
Thermal conductivity (mll)ilcal/cm-s-deg C)
ranges from: 3.87 (1,62 W/mK)
to: 4.25 (1,78 w/mK)
Source: Y/OMi|/SUB=7009/1 (1976), p, 28

Shale (1)
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

Shale (m)
Therma! conductivity (W/m=K)
ranges from: 0,715
to: 2,20
Source: ORNL=-6241/V3 (In preparation)
p. 340

Shate (n)
Therma! conductivity (W/m=K)
ranges from: 1,38

to: 1.9
Source: ORNL~6241/V3 (In preparation)
p. 341
Shales

Thermal conductivity (vertlical) (W/m=K)
ranges from: 1,21
to: 1,57
Source: ORNti;gZM/VS (tn preparation)
Pe

Shales
Therma!l conductivity (W/m=K)
ranges from: 1.47
to: 2,00
Source: ORNL-6241/V3 (In preparation)
p. 340

Shales
Callfornla
Therma! conductivity (W/mK)
ranges from: 0,99 +/- 0,3
to: 1,63 +/- 0,3
Source: (RNli‘-624I/V3 (In preparation)
Pe

Shates (a)
Coetfflictent of Ilnear thermal expans!
(K¢=1)) .
ranges from: 2,5 x 10(-6)
to: 15,8 x 10(-6)
Source: ORN;gZ‘l/VS (ln preparation)
Pe

Shates (a}
Heat capactty (8TU/Ib=deg F)
ranges from: 0,16
to: 0.20
Source: Y/OM| /TM36/6 (1978), p, A=19

Shales (a)
Therma ! conductivity (horlzontal) (W/m=K)
ranges from: ca, 1,60
to: ca, 2,20
Source: CRNI'.-'-gZCI/VS (In preparation)
Pe

Shates (b)
Coeffliclent of therma! expanston (K(-1))
ranges from: 2,9 x 10(=6)
to: 12,9 x 10(=6)
Source: ORNL-6241/V1 (In preparation)

p. 47
Shales (b)
Spectfic heat (J/Xg=K) (spect fic heat
capaclty)

ranges from: 5,30 x 10(2)
to: 1.042 x 10(3)

Source: ORNI‘.-'-gZAl/VS (In preparation)
Pe

(6,7 x 10(2) J/Xg=K)
(8.4 x 10(2) J/Xg=K)
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Shales (b)
Various
Therma! conductivity (BTU/tt-hr-deg F)
ranges from: 0,34 (5.9 x 10(-1) W/m-K)
to: 1,77 (3,1 w/m=K)
Source: Y/OW|/TM36/6 (1978), p. A-18

Sitt/Clay Soll (a)
Therma! conductivity (W/m-deg C)
ranges from: 0.8
to: 2,0
Source: OMW1-486 (1983), p, 54

(W/m=K )

Si1t/Clay Soll (b)
Thermal conductivity (W/m-deg C)
ranges from: 0.4
to: 0,85
Source: NNWI-486 (1983),

(W/m=K)

p. 54

Stit/Clay Soll (c)
Thermal conductivity (W/m-deg C)
ranges from: 0,5
to: 1,1
Source: ONWI-486 (1983), p, 54

(W /m=K)

Silt/Clay Soll (d)
Therma! conductivity (W/m-deg C)
ranges from: 0,6
to: 1.3
Source: ONWI=-486 (1983), p, 54

(W/mK)

SI11t/Clay Sol! (e)
Therma! conductivity (W/m-deg C)
ranges from: 0,7
to: 1,5
Source: ONW|~486 (1983), p, 54

(W/m=K)

Stit/Clay Soll (t)
Therma! conductivity (W/m-deg C)
ranges from: 0,75
to: 1,75
Source: ONWI-486 (1983), p. 54

Solls
Bristol, VA
Thermat conductivity (Btu per hr-sq ft) (deg
F per ft) (?)
ranges from: 0,14
to: 0,60
Source: Y/OW|/SUB=7009/1

(W/m=K)

(1976), p, 20

Solls
Columbus, MS
Thermat conductivity (Btu per hr-sq ft) (deg
F per t+) (1)
ranges from: 0,28
to: 2,28

Source: Y/OM1/SUB=7009/1 (1976), p, 20

Solls
Therma| conductlivity (k x 10(4)) (?)
ranges trom: 3
to: 5
Source: Y/OW|/SUB~7009/1 (1976), p, 19

Solls
Thermal conductivity (k x 10(4)) (?)
ranges from: 3-4

to: 8-12
Source: Y/OW|/SUB-7009/1 (1976), p, 19
Solls
Bristol, VA

Thermal diffusivity (¢t(2) per hr)
ranges from: 0,0090 (2,3 x 10(-7)
m(2)/s)
to: 0,016
m(2)/s)
Source: Y/OW1/SUB-7009/1 (1976), p. 21

(4,13 x 10¢(=-7)

Salls
Columbus, MS
Therma! ditfusivity (#1t(2) per hr)
ranges from: 0,016 (4,13 x 10(-7)
m(2)/s)
to: 0,046
m(2)/s)
Source: Y/OWI/SUB-7009/1 (1976), p, 21

(1,19 x 10¢=7)

Solls (a)
Cleveland, TN
Therma! conductivity (Btu per hr-sq ft) (deg
F per 1) (?)
ranges from: 0,15
to: 0,94
Source: Y/OWI/SUB-7009/1 (1976), p. 20

Solls (a)
Cleveland, TN
Thermai 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/OW!/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) (1)
ranges from: 0,21
to: 0.84
Source: Y/Omi/SUB~7009/1 (1976), p, 20

Solls (b)
Murfreesboro, TN
Thermal diffusivity (£+(2) par hr)
ranges from: 0,0145 (3,74 x 10(-7)
m(2)/s)
to: 0,0235
m(2)/s)
Source: Y/OW!/SUB=7009/1 (1976), p, 21

(6,06 x 10(=7)
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13.4 Appendix D. FORMATION NAMES



257

Boom C lay
Belglum
ton exchange capaclity (meq/100 g)
ranges from: ca, 20
to: -
Source: Proc NEA Workshop OECO (1979a),
p. 88

Boom Clay
Belglium
Sorption coefficlent (Kd) (mi1/g?)
ranges from: 0,87
to: 6,12
Source: Proc NEA Workshop OECD (1979a),
p. 97

Conasauga Shale
Sorption coefficltent (Kd) (ml/g)
ranges from: 57
to: 100
Source: ONWI-486 (1983), p, 73

Conasauga Shale
Sorption coefficient (Kd) (ml/g)
ranges from: 41
to: 1340
Source: ONW|=-486 (1983), p, 73

Dewey Lake Redbeds
Sorption coefficlent (Kd) (mi|/g)
ranges from: 200
to: 1.4 x 10(4)
Source: ONWi-486 (1983), p, 73

Eleana Arglliite
Sorption coefficient (Kd) (ml/g)
) ranges from: O
to: 1 x 10(5)
Source: ONWI-486 (1983), p, 73



Antrim Shale
Michlgan
Density (buik) (g/cm(3))
ranges from: 2,2
to: 2.8
Source: ORNL/Sub/84-64794/1 (1985),
p. 96

Antrim Shale
Michligan
Porostty (g)
ranges from: 3
to: 10
Source: ORNL=-5703 (1983), p, 106
Antrim Shale
Michlgan
Porosity (%)
ranges from: 3
to: 10
Source: ORNL/Sub/84-64794/1 (1985),
p. 98

Antrim Shale
Michigan
Speclfic surface (m(2)/q)
ranges from: 0,05
to: 1,2
Source: ORNL=-5703 (1983), p, 109

Arnheim and Waynesville Fms
Ohlo
Molsture content (natural) (%)
ranges from: 2
to: -
Source: Y/OWi/TM36/6, p, 5-14

Arnheim and Waynesville Fms
Ohlo :
Porosity (effective) (%)
ranges from: 4
to: =
Source: Y/OW1/TM36/6, p, 5-14

Boarpaw Shale
Montana
Density (dry) (average) (1bs/tt(3))
ranges from: 118 (1,890 g/cm(3))
to: -
Source: Y/OW1/TM36/6, p. 6-1

Bearpaw Shale
Montana
Density (wet) (average) {pounds/f+(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/OWl/TM36/6, p, 6-1
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Blue Clay
Italy
Density (butk) (kg/m(3))
ranges from: 2100
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

(2,100 g/cm(3))

Blue Clay
ttaly
Poroslty ($)
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/cm(3))

Boom Clay
Be I glum
Porosity (%)
ranges from: 38,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

Chagrin Shale
Ohlo
Molsture content (natural) (%)
ranges from: 4
to: -
Source: Y/OWl/TM36/6, p, 4-12

Chagrin Shale
Ohio
Porosity (rock mass) (%)
ranges from: 8
to: -
Source: Y/OMW|/TM36/6, p, 4-12

Chanute Shale
Kansas
Porosity (total) (units not stated)
ranges from: 0,073
to: 0,106
Source: ORNL-6241/V2 (in preparation)
p. 52

Chattanooga Shale
Kentucky
Porosity (total) (units not stated)
ranges from: 0,074
to: 0,076
Source: 0RN;—624|/V2 (in preparation)
P. 52

Conasauga Shale
Tennessee
Porosity (%)
ranges from: 0,5
to: 1.9
Source: 0RN;-624I/V2 (In preparation)
P. 219



Conasauga Shale
Tennessee

Porosity (totat) (unlits not stated)
ranges from: 0,005

to: 0,019

Source: ORNL-6241/¥2 (in preparation}
p. 52
Eleana Argitlite

Nevada
Denslity (bulk) (g/cm(3))
ranges from: 2,44
to: 2,71
Source: ORNL/Sub/84-64794/1
p. 406
Eleana Arglilite
Nevada
Moisture content (%)
ranges from: 2
to: 4
Source: ORNL/Sub/84-64794/1
p. 406
Eleana Arglllite
Nevada
Porosity (%)
ranges from:

(1985,

(1985),

8 to 16

6 to 12

Source: ORNL/Sub/84-64794/1
p. 406

to:

(1985),

Graneros, Greenhorn, Nlobara and Plerre
Shales
Black Hillis

Density (builk) (presumed g/cm(3))
ranges from: 1,559

to: 2,038
Source: Y/OW1/SUB-7009/1 (1976), p. 14
Green Rlver Fm
Density (bulk) (presumed g/cm(3))
ranges from: 1,506
to: 2,57
Source: Y/OW|/SUB-7009/1 (1976}, p. 13
Haml Iton Shale

Missourl
Porosity (total) (unlts not stated)
ranges from: 0,113

to
Source: ORNL-6241/¥2 (in preparation)
p. 52
Ireton Fm
Western Canada

Density (bulk) (presumed g/cm(3))
ranges from: 2,43
to: 2,71
Source: Y/OW!/SUB-7009/1 (1976), p, 17
Lewis Shale
New Mexlco
Molsture content (%)
ranges from: 3,7
to:

6,2
Source: Y/OW!/TM36/6, p, 8-5
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Mancos Fm
New Mexlco
Moisture content (rock) (%)
ranges from: 3
to: 11
Source: Y/OWt/TM36/6, p, 8-3
Martinsburg Shale
Pennsy lvanla

Porosity (total) (unlts not stated)
ranges from: 0,010

to: -

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

Muddy Shale

Co lorado
Porosity (%)

ranges from: 4,1
to: 5.1
Source: Y/OW!l /SUB-~7009/1
New Albany Shale
t1linolis,

(1976), p. 14

Indlana and Kentucky
Density (bulk) (average) (g/ecm(3))
ranges from: 2,36
to: 2,53

Source: ORNL=-5703 (1983), p, 76
New Albany Shale

{1ltnols, (ndlana, Kentucky
Porosity (%)

ranges from: 0,95

to: 4,64

Source: ORNL/Sub/B4-64794/1 (1985),
p. 85

New Albany Shale

Ittinols, Indlana and Kentucky

Porosity (average) (vol, %)

ranges from: 0,95
to: 4,64
Source: ORNL-5703 (1983), p. 76

New Albany Shale

I1linols, Indlana, Kentucky

Porosity (total) (unlts not stated)

ranges from: 0,009
to: 0,046

Source: ORNL-6241/Y2 (In preparation)
p. 52

Olentangy and Huron Shale

Ohlo

Porosity (primary) (%)

ranges from: >3 %
to: -

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

»

Olentangy and Huron Shales
Ohlo

Denslity (bulk) (g/cm(3))
ranges from: 2,65

to: -

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. 92

Oxford Clay
England
Density (bulk) (kg/m(3))
ranges from: 2210
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v. 6 (1985), p. 54

(2,210 g/em(3))

Oxford Clay
England
Porosity (f)
ranges from: 30
to: =
Source: Rad Waste Management and Nuclear
Fuel Cycle, ve. 6 (1985), p, 54

Panther Creek Clay
Density (g/ecm(3))
ranges from: <1,7
to: ca, 2,14
Source: PNL~4452 UC=70 (1983), p, 24

Plerra Shale
Northern Great Plains
Density {(dry) (ib/cu ft)
ranges from: 95 (1,522 g/em(3))
to: 110 (1,762 g/cmi(3))
Source: ORNL/Sub/84-64794/1 (1985),
Pe 293

Pierre Shale
Western USA
Molsture content (%)
ranges from: 35
to: 15
Source: Y/OWl/TM36/6, p, 3-1

Pjerre Shale
Molsture content (natural) (%)
ranges from: 18
to: -
Source: Y/OW|/TM36/6, p, 3-24

Plerre Shale
Northarn Great Plains
Molsture 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/OWI/TM36/6, p. 3-24

Plerre, Bearpaw and Claggett Shales
Moisture content (natural) (%)
ranges from: 38
to: 12
Source: Y/OW|/SUB-7009/1 (1976), p. 14

Porter's Creek Clay
Loulsiana
Density (kg/m(3))
ranges trom: 1,954
to: -
Source: ORNL/Sub/84-64794/1 (1985),
pPe 173

(1,954 g/cm(3))
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Antrim Shale
Mlchlgan
Permeabll!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
Mtchlgan
Permeabl! |1ty (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

Arnhe!m and Waynesvl!lle Fms
Ohlo
Permoablilty (#t/yr) (hydraullc conductiv!ty)

ranges from: 10(~3) (9,7 x 10(=-10)
cm/s)

to: 10(=-4) (9,7 x 10(~11)
cm/s)

Source: Y/OW!/TM36/6 (1978), p, 5-14

B8lue Clay
Italy
Hydraullc conductlvlity (m/s)
ranges from: 10(-11)
to:
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

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

Boom Clay
Belglum
Hydraul lc conductivity (m/s)
ranges from: 10(-10)
to: 10(-12)
cm/s)
Source: Rad Waste Management and Nuc lear
Fuel Cycle v, 6 (1985), p, 54

(1 x 10(-8) cm/s)
(1 x 10(=10)

Chagr!ln Shale
Oh'to
Permeablilty (horltzontal) (tt/yr) (hydraullc
conductivity)
ranges from: 0,1
to:
Source: Y/OWI|/TM36/6 (1978), p., 4-12

(9.7 x 10(=8) cm/s)

Chagrin Shale
Ohlo
Permeabl ity (vertlical) (ft/yr) (hydrauile
conductivity) .
ranges from: 0,05
to:
Source: Y/OWI/TM36/6 (1978), p, 4=12

(5 x 10(-8) cm/s)

Conasauga Shale
Tennessee
Hydraul lc conductivity (cm/s)
ranges from: 6 x 10(-10)
to: 3 x 10¢(-11)
Source: ORNL=-6241/V2 (in preparation)
p. 220

VL |

8\").‘» v~

& g

Conasauga Shale
Tennessee
Hydraullc conductlivlty (horlzontal) (m/s)
ranges from: 3 x 10(-13) (3 x 10(=11)
cm/s)
to: 2 x 10(=-12)
cm/s)
Source: ORNL-6241/V2 (!n preparation)
p. 42

(2 x 10(-10)

Maquoketa Shale
1illnols Bas!in
Hydraullc conductivity (cm/s)
ranges from: 10(-9)
to:
Source: ORNL-6241/V2 (ln preparation)
p. 220

Maquoketa Shale
I1ltnols
Hydraullc conductlvlty (hortzontal) (m/s)

ranges from: 2 x 10(=-11) (2 x 10(=9)
cm/s)
to:
Source: ORNL-6241/V2 (1n preparation)
p. 42
Muddy Shale
Permeabl!itty (md)
ranges from: 5 x 10(=2) 4,9 x 10(-7)
cm/s)

to:
Source: Y/OWI/SUB-7009/1 (1976), p, I

Muddy Shale
Colorado
Permeablilty (md)

ranges from: <0,05

cm/s)

(<4,9 x 10(=7)

to:
Source: Y/OMi/SUB=7009/1 (1976), p, 14

Oxford Clay
England
Hydraullc conductivity (m/s)
ranges from: 10(~12)
cm/s)
to:
Source: Rad waste Management and Nuc lear
Fuel Cycle v. 6 (1985), p. 54

(1 x 10(~10)

Panther Creek Clay
Hydraul!c conductivity (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 (horlzontal) (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 preparatlon)
pe. 43
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Pierre Shale
Great Plains
Permeabl | 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
Permeabl | ity (horizontal) (ft/yr) (hydraulic
conductivity)
ranges from: 0,01 (9.7 x 10(=9) cm/s)
to:
Source: Y/OW|/TM36/6 (1978), p. 3-24

Plerre Shale
Permeabl Iity (md)
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
Permeabl I1ty (vertical) (tt/yr) (hydraulic
conductivity)
ranges from: 0,005 (5 x 10(=9) cm/s)
to:
Source: Y/OW|/TM36/6 (1978), p, 3-24

Plerre, Bearpaw and Claggett Shales
Northern Great Plains
Hydraullc conductivity (cm/s)
ranges from: 10(-6)
to: 10(-10)
Source: ORNL=6241/V2 (in preparation)
p. 220

Porters Creek Clay
Loulsiana
Hydraullc conductivity (cm/s)
ranges from: 10(=8) (est)
to:
Source: ORNL/Sub/84-64794/1 (1985),
p. 175
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Arnhelm and Waynesviile Fms
Ohic
Butk 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 Waynesvi|le Fms
Ohlo
Cohesion (psl)
ranges from: 5,900
to: ~
Source: Y/OW1/TM36/6 (1378), p, 5-14

(4,1 x 10(1) MPa)

Arnheim and Waynesville Fms
Ohlo
Compressive strength (unlaxial) (psl)
ranges from: | x 10(4) (6,9 x 10(1)
Wa)
to: -
Source: Y/OM!| /TM36/6 (1978), p, 5=-14
Arnhelm and Waynesville Fms
Ohlo
Friction angle (deg)
ranges from: 23,4
to: -
Source: Y/OMi/TM36/6 (1978), p, S-14
Arnhelm and Waynesville Fms
Ohlo
Polsson's ratlo
ranges from:
to: -
Source: Y/OWi /TM36/6 (1978), p,

0.1
5-14

Arnheim and Waynesville Fms
Ohio
Shear modulus (psi)
ranges from: 6,8 x 10(5)
Wa)
to: =
Source: Y/OWl/TM36/6 (1978), p,

(4,7 x 10(3)

S5~14

Arnhelm and Waynesville Fms
Ohlo
Tensl!le strength (psl)
ranges from: 200 (1,4 Wa)
to: =

Source: Y/OW|/TM36/6 (1978), p. 5-14
Arnhelm and Waynesvilile Fms

Ohlo
Young's modulus (psi)

ranges from: 1,5 x 10(6)

MPa)
to: =
Source: Y/W|/TM36/6 (19718), p,

(1 x 10(4)

S5=-14

Bearpaw Shale
Montana
Compressive strength (kg/cm(2))
ranges from: 122 (1,2 x 10(1) MPa)
to: 25 (2,5 WPa)

Source: Y/OW!/TM36/6 (1978), p., 6~13

Bearpaw Shale
Mon tana
Compressive strength (kg/cm(2))
ranges from: 25 (2.5 Wa)
to: 55 (5.4 Wa)
Source: Y/OM|/TM36/6 (1978), p, 6-13

Bearpaw Shale
Montana
Plasticity (liquidity Index)
ranges from: =0,11
to: -
Source: Y/OM| /TM36/6 (1978), p, 6-1

Blue Clay
{taly
Coheslon (MPa)
ranges from: 1 x 10(=1)
to: -
Source: Rad Waste Management and Nuctlear
Fuel Cycle v,6 (1985), p, 54

Blue Clay
Italy
Friction angle (angle of shear resistance)
(deg)
ranges from: 25
to: =
Source: Rad Waste Management and Nuclear
Fuei Cycle v.6 (1985), p, 54

Biue Clay
1taiy
Plasticity (liquid limit) (%)
ranges from: 50
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Blue Clay
Italy
Plasticity (plastic Iimit) (%)
ranges from: 25
to: -
Source: Rad Waste Ma nt and Nuclear
. Fuel Cycle v,6 (1985), p, 54
Blue Clay
italy
Shear strength (undrained) (MPa)
ranges from: 1,5
to: -~
Source: Rad Waste Management and Nuclear
Fuel 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: 1 x 10(-1)
to: |
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p. 54
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Boom Clay
Belgium
Friction angle (angle of shear reslistance)
(deg)
ranges from: 19
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Boom Clay
Belglum
Plasticity (llquld limit) (%)
ranges from: 77,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Boom Ciay
Belglum
Plasticity (plastic limit) (%)
ranges from: 26.5
to: =
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p, 54

Boom Clay
Beiglum
Shear strength (undralned) (MPa)
ranges from: 0,6
to: =
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Boom Clay
Be iglum
Young's modulus (elastic modulus) (MPa)
ranges from; 170
to: =
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Chagrin Shale
Ohio
Bulk modulus (psl)
ranges from: 1.1 x 10(5)
MPa)
to: =
Source: Y/OW|/TM36/6 (1978), p, 4-12

(7.6 x 10(2)

Chagrin Shale
Ohlo
Coheslion (psl)
ranges from: 14
to: -
Source: Y/OWl /TM36/6 (1978), p, 4=-12

(1 x 10(=1) WPa)

Chagrin Shale
Ohlo
Compressive strength (unlaxial) (MPa)
ranges from: 13,8
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 108

Chagrin Shale
Ohlo
Compressive strength (uniaxlial) (psl)
ranges from: 2 x 10(3) (1.4 x 10(})
MPa)
to: -
Source: Y/OW1/TM36/6 (1978), p. 4-12
Chagrin Shale
Ohlo
Friction angle (deg)
ranges from: 22
fo: -
Source: Y/OW|/TM36/6 (1978), p, 4-12

Chagrin Shale

Ohlo
Polsson's ratlo

ranges from: 0,25

to: -

Source: Y/OM|/TM36/6 (1978), p. 4-12
Chagrin Shale

Ohlo
Shear modulus (ps!)

ranges from: 6.8 x 10(4)

MPa)

to: =
Source: Y/OW) /TM36/6 (1978), p,

(4.7 x 10(2)

4-12

Chagrin Shale
Ohlo
Tensile strength (MPa)
ranges from: 0,34
tor -
Source: leiggub/BA-sﬂﬂll (1985) ,»
Ps

Chagrin Shale
Ohto
Tenslle strength (psl)
ranges from: 50 (3,4 x 10(=1) WPa)
to: -
Source: Y/OM| /TM36/6 (1978), p, 4-12

Chagrin Shale
Ohilo
Young's moduius (psl)
ranges from: 1,7 x 10(5)
MPa)
to: -
Source: Y/OM|/TM36/6 (1978), p. 4-12

(1.2 x 10(3)

Eleana Arglilite
Bulk modulus (conflined) (GPa)
ranges from: 14,0 (1,4 x 10(4) MPa)
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Eleana Argltiite
Cohesion (unconflined) (MPa)
ranges from: 8 x 10(-1)
to: =
Source: Prog_'NEA Workshop OECD (1979b),
Pe
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Eleana Argillite
Compresslive strength (unconfined) (MPa
ranges from: 4,75 i
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Eleana Argillite
Friction angle (Internatl) (deg)
ranges from: 35
to: -
Source: Proc_’NEA workshop OECO (1979b),
p. 8

E leana Argliilte
Polsson's ratio
ranges from: 0,30
to: -
Proc NEA Workshop OECD (1979b),
pe 87

Source:

Eleana Arglillite
Tenslte strength (MPa)
ranges from: 3,5
to: -
Source: ProcINEA Workshop OECD (1979b),
Pe B

Eleana Argliiite
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

Eleana Arglilite
Young's modulus (unconfined) (GPa)
ranges from: 3,74 (3.7 x 10(3) MPa)
to: -
Source: Proc NEA workshop OECD (1979b),
p. 87

Hucknall Shale
Compressive strength (psl)
ranges from: 8,5 x 10(3)
MPa)
to: -
Source: Y/OWl/TM36/6 (1978), p, 6-3

(5.9 x 10(1)

Hucknall Shale
Young's modulus (elastic modulus) (psl x
10(6))
ranges from:
to: =
Source: Y/OM|/TM36/6 (1978), p. 6-3

1,48 (1 x 10(4) MPa)

Lewis Shale
New Mexico
Compressive strength (psi)

ranges from: 1,000 (6,9 MPa)

to: 6,000 (4,1 x 10(1) MPa)
Source: Y/OM|/TM36/6 (1978), p, 8-5
Mancos Fm
New Mexlco

Compressive strength (psl)
ranges from: 1,000 (6,9 MPa)
to: 8,000 (5,5 x 10(1) MPa)
Source: Y/OMI/TM36/6 (1978;, p, 8-2

Maquokaeta Group
Indlana
Compressive strength (MPa)
ranges from: 11
to: 115
Source: ORNL/Sub/84-64794/1 (1985),
p. 60

Oxford Clay
England
Plasticlty (llquid limit) (%)
ranges from: 55
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p. 54

Oxford Clay
England
Plasticity (plastic limlit) (%)
ranges from: 26
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Oxford Clay
Engtland
Shear strength (undrained) (MPa)
ranges from: 1,2
to: =
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p. 54

Plerre Shale
Bulk modulus (ps}i)
ranges from: 77,8 x 10(3)
MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p, 3~24

(5.4 x 10(2)

Plerre Shale
Coheslon (psl)
ranges from: 206
to: -
Source: Y/OW!1/TM36/6 (1978), p, 3-24

(1.4 Wa)

Plerre Shale
Great Plains
Coheslion (psl)
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

Plerre Shale
Great Plalns
Compressive strength (pst)
ranges from: 70 (4.8 x 10(-1) MPa)
to: 2,530 (1,7 x 10(1) MWPa)
Source: ORNL/Sub/84-64794/1 (1985),
pe 293

Plerre Shale
Compresslve strength (unlaxlal) (psi)
ranges from: 2,1 x 10(3) (1.4 x 10(1)
MPa) :

o =

f
Source: Y/OW)/TM36/6 (1978), p. 3-24
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Plerre Shale
Friction angle (deg)
ranges from: 5,3
to: -
Source: Y/OW|/TM36/6 (1978), p, 3-24

Pierre Shale
Great Plains
Friction angle (internal) (deg)
ranges from: 8
to: 25
Source: ORNL/Sub/84-64794/1
pe 293

(1985),

Plerre Shale
Great Plains
Plasticlty (liquid limit) (%)
ranges from: 36
to: 113
Source: ORNL/Sub/84-64794/1
pe 291

(1985),

Plerre Shale
Great Plains
Plasticity (liquid limit) (%)
ranges from: 55
to: 202
Source: ORNL/Sub/84-64794/1
p. 293

(1985),

Plerre Shale
Great Plains
Plasticlty (plastic timit) (%)
ranges from: 20
to: 62
Source: ORNL/Sub/84-64794/1
p. 291

(1985),

Plerre Shale
Great Plains
Plasticity (plastic 1imit) (%)
ranges from: 22
to: 39
Source: ORNL/Sub/B84-64794/1 (1985),
p. 293
Plerre Shale
Great Plains
Plasticity (plasticity Index) (%)
ranges from: 30
to: 110
Source: ORN;/Sub/84-64794/1 (1985),
Ps 293

Plerre Shale
Polsson's ratio
ranges from: 0,2
to: -~
Source: Y/OW|/TM36/6 (1978), p, 3-24

Plerre Shale
Shear modulus {psli)
ranges from: 58,3 x 10(3)
MPa)
to: -
Source: Y/OM|/TM36/6 (1978), p, 3-24

(4 x 10(2)

Plerre Shale
Great Plains
Swelllng (potential) ()
ranges from: 3
to: 5
Source: ORNL/Sub/84-64794/1 (1985),
pa 293

Plerre Shale
Tens!le strength (psi)
ranges from: 50 (3.4 x 10(=1) MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p, 3-24

Plerre Shale
Great Plains
Young's modulus (elastic modulus) (psl x
10(6))
ranges from: 0,02 (1,4 x 10(2) MPa)
to: 0,014 (9,6 x 10(1) MPa)
Source: G!le.éiub/&4-64794/1 (1985),
Pe

Plerre Shale
Young's modultus (psl)
ranges from: 1,4 x 10(5)
MPa)
to: -~
Source: Y/OM|/TM36/6 (1978), p, 3-24

(9.7 x 10(2)

Plierre Shale (equlvaient)
Canada
Sweliing (potential) (%)
ranges from: 2
to: 20
Source: ORNL/Sub/84-54794/1 (1985),
pe 293

Porters Creek Clay
Loulstana
Plasticity (plasticity index) ($)
ranges from: 40
to: -
Source: ORNL/Sub/B4-64794/1 (1985),
pa 173

Porters Creek Clay
Louisiana
Strength (WPa)
ranges from: 0,19

tos -
Source: ORNL/Sub/84-64794/1 (1985),
pe 173
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Blue Clay

1taly
Specific heat (J/Kg-K) (specliflic heat
capaclty)

ranges from: 9,21 x 10(2)

to: -
Source: Rad Waste Management and Nuc lear
Fuel Cycle v, 6 (1985), p, 54

Blue 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

Biue Clay
1taly
Therma!l diffusivity (m(2)/s)
ranges from: 7,8 x 10(-=7)
to: ~
Source: Rad Waste, Management and Nuclear
Fuel Cycle v. 6 (1985), p, 54

Boom Clay

Belglum
Specltic 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

Boom Clay
Beliglium
Thermal conductivity (matrix) (wW/m=-deg C)
(W/m=K)
ranges from: ca, 0,3
to: -~
Source: Prog_,NEA Workshop OECD (1979b),
Pe

Boom Clay
Beiglum
Thermal conductivity (W/mK)
ranges from: 1,5
foo -
Source: Rad Waste Jhnagomanf and Nuclear
Fugl_t‘??ﬁ Ve 6 (1985), p, 54

Boom Clay
Belgium
Thermal dlffuslvliy &m(2)/s) .
ranges from: 18 B x 10(=7)
tos i- ;
Source: Rad ¥aste Management and Nuclear
Fuel Cycle v. 6 (1985), p. 54

gL

Conasauga Shale . :
Thermal conducflvl'ry (mafrlx) (W/m=deg C)
(W/m=X)

ranges from: >0§7 to 2,1 .
to: 1 « !
Proc NEA uorksnop OECD (1979b),
p. B7

Source:

Conasauga Shale
Therma! conductivity (W/m=K)
ranges from: 0,715
to: 2,20
Source: ORNL=-6241/V3 (In preparation)
p. 340

Eleana
Therma! conductivity (matrix) (W/m-deg C)
(W/m=K)
ranges from: ca, 1,80
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Eleana
Therma! conductivity (matrix) (W/m-deg C)
(W/m=)

ranges from: ca,
to: -
Proc NEA Workshop OECD (1979b),
p. 87

1.48

Source:

Eleana Argliiite
Coefficient of |Inear expansion (deg C(-1))
(K¢=1))
ranges from: 8 x 10(-6)
to: 15 x 10(=-6)
Source: Proc NEA Workshop OECD (1979b),
p. 77

Eleana Argltilite
Nevada
Thermal conductivity (W/m=K)
ranges from: 1,28
to: 2,7
Source: ORNL=6241/V3 (in preparation)
p. 341, 342

Keroco Shale
Orange Free State
Thermai conductivity (W/m=K)
ranges from: 1,97
to: 2,89
Source: ORNL=-6241/Y3 (In preparation)
Pe 34

Nonesuch Shale
Michigan
Therma| conductivity (W/m-K)
ranges from: 2,64
°' -
Source: ORNL-6241/V3 (in preparation)
p. 341

Oxford Clay
England
Therma| conductivity (W/m-K)
ranges from: 1,56
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54
$
Plerre Shale
Thermal conductlivity (W/m=K)
ranges from: 1,42
to: 1,94
Source: ORNL=-6241/V3 (In preparation)
Pe 341
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