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‘Abstract - Dispersivity has been recently

identified as a new rock characteristic and is
considered to be a measure of the ability of a rock
to allow mixing of two fluids inside a porous medium,
Knowing the dispersivity pf a stratum by conducting

a simple, and inexpensive core test, a potentislly
suitable zone/stratum may be found where the
toxic/hazardous waste from a mining operation can

be safely disposed.

INTRODUCTION

In a surface or underground mining
operation, the spoil piles and the
slurry legoons may be considered as the
major sources of groundwater
contamination, Where aquifers underlie
these sources, water with a low pH and
high total dissolved solids(TDS) can
percolate to ground water and
contaminate the aguifer,

) The unsteady mixing of contaminated
mine water discharge with the insitu
fresh water in the underground porous

1Paper presented at the combined
Fourth Biennial Billings Sympoeium on
Mining and Reclamation in the West and
The National Meeting of the American
Society for Surface Mining and
Reclemation, March 17-19, 1987.
illings, MT.

ZSubijoy Dutta, Research Associate,
Petroleum & Geol. Engineering,
University of Oklahoma, Morman, OK 7301%

Donald E. Kenzie, Professor,
Petroleum Geol, Engineering, University
of Oklahoma, Norman, 0K 73019,

Reza Shadizadeh, Research
Aasistant, Petroleum & Geol,
Engineering, University of Oklahonma,
Norman, OK 73019,

medium is governed by the dispersion
phenomenon. In a microscopically
disordered porous medium, two basic
mechanisms drive the dispersion process,

. They rise from the chaotic nature of the

porelevel velocity field forced on the
flowing fluid by the irregularity of the
pore space (Sahimi 1986). In a
disordered porous medium streamtubes get
disrupted and continually break-up.
These variations in lengths
streamlines traversing the system are
congidered to be the kinematic mechanism
of digpersion, As a result of changing
pore geometry, orientation, and local
pressure gradient of a streamline, the
speed along the streamline varies
‘eonsiderably in traversing the medium, '
These two basiec mechanisms cause a
concentration front of fluid particles
to spread as it advances through the
system, The extent of the spread of the
concentration front of the fluid
particles depend upon the dispersivity
of the medium (Dutta 1984).

Dispersion is considered as the
macroscopiec mixing caused by uneven flow
in fixed beds of real media ., A variety
of mechanisms on a macroscopic scsle are
considered to be responsible for the
observable macroscopic dispersion as
indicated by Greenkorn et al, in
Awerican Chemical Society Publication
(1970). Some of these mechanigms which
are considered to be responsible for
dispersion are listed as follows:

Eddy Bégﬁigaon. {ii) Tortuosity,
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(iii) Connectivity, (iv) Flow
restrictions, (v) Dead-end pores, and
(vi) Adsorption,.

This study was aimed at determining
this new characteristic of rock,
dispersivity, for different zones or
formations that are encountered in
surface and underground mining
operations, Upon completion of the
laboratory and field testing of several
different tight formations, the
dispersivity and the dispersion
coefficient for an effectively sealing
medium is expected to be establighed.
The dispersivity or the dispersion
coefficient for different formations
have been determined experimentally, The
sealing capability of these formations
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FIGURE 1 - DIPGSAL OF TOXIC/HAZARDOUS MINE WASTE
"IN A SELECTED ZONE -

are assessed from their dispersivity
value when compared to the reference
dispersivity number for an effectively

" gealing medium. A pictorial
representation of the application of
dispersivity in selecting the most
sealing zone in a surface mining
operation is shown in figure 1, The
selection process involves testing of
core samples from different lithologic
zones and determination of their
respective dispersion coefficient and
dispersivity. By comparing these values
with the reference dispersivity number
for an effectively sealing medium the
most sealing zone is selected.
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Dispersivity has been
characterized as a rock property very
recently by Menzie and Dutta et
al.(1986). Recent resecarch
performed by these investigators at the
University of Oklahoma has demonstrated
that the dispersivity of a roeck is as
important as the permeability or the
porosity in defining the characteristics
of a formation,

Molecular diffusion acts as a
perpetual companion of the dispersion
process. It is more prominent when the
displacement velocity is very low, Even
in the absence of gross fluid movement,
a8 mixing zone is found to develop (Chen
et al, 1984) due to the random thermal
motion of the molecules, In a
displacement process, the dispersion
mechanism is predominant at higher flow
rates. When the interstitial velocity
is large enough, then, due to
insufficient time for diffusion to’
equalize within pore spaces, the effect
of diffusion need not be considered,
Perkins and Johnston (1963) have shown
that for Udp/D, > 50 the dispersion
mechanism dominates the mixing process,
Due to a relatively high flow rate used
in the displacement process of the
present study, the dispersion mechanism
is predominant,

In this paper we will describe
the experimental setup, theory and
procedure used for determining
dispersivity, and discuss the
correlations of dispersion coefficient
and dispersivity with other physical
characteristics of rocks, We will also
focus on the characteristics of
contaminants, present day problems
associated with mine waste disposal, and
the applicability of dispersion
coefficient and dispersivity in
selecting the most sesling zone for
disposal of toxic or hazardous mine
waste.

EXPERIMENTAL SETUP

A schematic diagram of the
experimental zetup is shown in figure 2,
From a block of aandstone, 1.5" and 2"




diameter cores were drilled by using a
coring bit, The cores were then dried
in an oven for 48 hours at a
temperature of 230 °F,

A new core mounting technigue has
been developed in this study to overcome
the problems such as: leakage,
channeling through interface, and
pressure limitation (<30/35 psig) etc.,
which wvere faced in the conventional
epoxy coating method, This new
technique inveolves coating a core with
liquid weld, (which is commercially
available as J-B Weld), and heavy duty
aluminum foil,

A coating of liquid weld is first
applied on the core and then smoothly
 wrapped with heavy duty aluminum foil.
The same process and sequence of coating
and wrapping is repeated twice for-

better integrity of the cuated core, The

core is then uniformly rotated while
being heated mildly for 2 hours and left
at room temperature (70 ©F) for 24 hours
for complete solidification of the
coating., Three pressure-holding clamps
were also used on the core for safety
and better wanageability of the core
assembly, - - .

. The liquid metal coated core is
held at the ends by two aluminum
end-plates, Two rubber gaskets are
placed between the end plates and the
core surface in order to prevent any
leskage from the sides. The core
agsembly is then tested wunder water
for leakage by injecting air from one

leak is observed the core assembly is
considered ready for experimentation.
However, before beginning the actual
experimental rum the core is again
oven~dried for 48 hours and the dry
veight of the assembly is first recorded
at the very outset of the experimental
run,

The complete experimental setup
used for the miscible displacement
process consists of a high pressure,
varieble volumetric rate, positive
displacement pump, graduated cylinders,
1/8" stainless steel tubing, pressure
gauge, and a wet test meter (flowmeter).

THEORY AND PROCEDURE

The basic equation governing the
dispersion phenomena originates from the
Fick's law of diffusion. Kramers and
Alberda (1953) rationalized that on the
basis of a cell-mixing model the
equation for concentration in a packed
tube with uniform flow can be expressed
as:

K &¢- U dCc . d¢
——2 -— e— = — -.otc-c-(l)
dx dx dt
where;

K = Dispersilon Coefficient,
8q. cm/sec,

dC = Change in Concentration.

U = Average Interstitial
Veloeity, cm/sec,

dt = Change in Time, sec,

snd into the core, The maximum dx = Change in length of the
available line pressure (95 psig) is .core, cm.-
used during the leakage test. ﬂhen'nq
Lamp
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FIGUAE 2 - SCHEMATIC DIAGRAM OF EXPERIMENTAL SETUP
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Analytical solutions to equation
(1) have been derived for various
boundary conditions by Brigham (1973),
For the idealized displacement, and
ignoring higher order terms, the
solution for solvent concentration for
the above equation can be written in the
form:

C = 0,5 erfe, 2 - Ut
( Kt))

'...(2)

where :
x = distance along the
length of the core, cwm,

Because of the asymptotic behavior
of the complimentary error function
{erfc), it is not practical to define
the mixing zone as that in which C
ranges from zero to unity. Instead, it
is customary to select arbitrary values
of concentration, such as 0,10 and 0.90, .
to define the mixing boundaries, . By - -
substituting the above values for C in
equation (2), we can solve for the zone
boundaries as follows:

xlo = 0.9052.2(Kt)0'5 + ¥t ||l(3)7

and
Xgg = -0.9062.2(xt)0-3 4+ ve .. (&)

where: . g
¥1o/90 = Distance to the 10X/90X

sclvent concentration,

A convenient method for
determining the dispersion coefficient
from the experimental data of s miscible
displacement process has been shown by
Brigham et al, (1961), The same method
vas little modified for better .precision
snd to check back the pore volume in
the present study. In this method, with
8 given pore volume, Vp, of the porous
media, and any volume, ¥, during
displacement through the media, a
parameter A was defined as follows:

h = [(V/Vp} - 1)]/( V/Vp) .c-.o.(s)
A plot of X against concentration
results in a straight line, which yields
the values of A corresponding to 903
(Mg ) and 10X (Ajp) displacing fluid
concentrations. The dispersion
coefficient, K was then calculated from
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the following equation (Perkins and
Johnston 1963) :

K = UL { Agg = Mg )2 .....(6)

A ———— i ——

(3.625)%

where:
L = Length of the core,
Clli .
K = Dispersion Coefficient,
sq. cm,/sec

. After determining the
dispersion coefficient, K, from equation
(6), the dispersivity, Od was calculated
‘by using the following equation

ad -K/U ---coooo---.-.---(-’)
" where; -

- ﬂd é_Dispersivity.'cm.

The experimental data needed to
calculate dispersivity by using the
equations listed above were obtained in
the following manner:

The pore volume and the porosity of
the core was first determined, The pore
volumes of the cores were determined by
complete liquid saturations of the
cores, In most of the experimental runs
Naphtha was used as the saturating
fluid. In the matched viscosity floods
Isoveg (96,75 Isooctane and 3,252
Vegetable o0il) or NC9010 (901 Naphtha
and 102 Crude oil) was used to saturate
the cores. The clean dry cores were
first weighed to get the dry weight(WI)
of the cores, They were weighed again
after complete saturation with the
liquid to get the saturated weight (W2),
The weight (H2 - K1) of the liguid in
the vold volumes wvhen divided by the
specific gravity of the liquid yielded
the pore volumes of the cores. From the
pore volumes and bulk volumes, the
porosities of the cores were determined.

After determining the pore volumes
and porosities, tlic cores vere apnin
cleaned by injecting air and drawving &
vacuum on the outlet end of the cores,.
The cleaning process was continued until
the original dry weight (W1l) wa=
obtained. The cores were then dried in
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the oven again, The toteal
permesbilities of the cores were then
determined for correlation purposes by
using the standard Klinkenberg (1941)
method, The cores were then saturated
completely for displacement
experimentations. The different types
and lengths of cores, resident
(saturating) and displacing fluids, and
viscosity retio, V (up/p,) used in the
experimental Runs are listed in table 1.

Table 1 -- Core Types and Fluids used
in the experimental Runs

Run Core v Displacing/

No. type (pr/pd) Resident fluid
4 Berea ss 17.12 Naphtha/Crude
5 Berea ss 17,12 Naphtha/Crude
6 Berea ss . 1.0 NC9010/Iscveg
7 Berea ss 17.12 Neaphtha/Crude
8 Berea ss 0.058 Crude/Naphtha
9 Berea ss 0.058 Crude/Naphtha

10 Berea ss
11 Berea ss
12 Beres ss

17.12 Naphtha/Crude
0.063 Crude/Naphtha
15.88 Naphtha/Crude

13 Berea ss 0.063 Crude/Naphtha
14 Berea ss 15,88 Naphtha/Crude
15 S.P.* ss 1.0 Isoveg/NC9010
16 5.P, ss - 1.0 Isoveg/NC9010
17 5.P." ss- =130 Isoveg/NC9010

* _ St, Peter Sandstone

During the miscible
displacements, the effluent
concentrations of the displacing fluid
were detern;ned by measuring the
refractive index of the effluent aixture
and obtaining the concentration values

- from the celibration curves prepared

prior to the displacement runs, The
displacing fluid was continued to be
injeeted until the effluent
concentretion of the displacing fluids
reached about 951 or more.

Calculations and interpretsations
of data were performed by plotting the
parameter : vs, effluent concentration
of the displacing fluid, A sample plot
of \ vs, effluent concentration of
Isoveg for Run #16 is shown in figure 3,
The effluent concentration profile were
also plotted against pore volumes
injected for getting the pattern of
displacement, A sample plot for Run #16
showing the concentration profile is
shown in figure 4,
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. LFFLUENT CANCENTRATIUN PROFILES
An alternative method used by Rumer FOR DFFERENT RUNS

(1962) to calculate the dispersion

100
coefficient was also used Lo calculate

the values of dispersion coefficient for el
some of the Runs in order to check the 90- Rm1#11\/r/
accuracy of the method used. The value

of the dispersion coefficient, K, for 0.

some of the Runs calculated by Rumer's Run #14

method matched within 4% of the values
obtained by the h-method used in this
study.

70
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EXPERIMENTAL RESULTS 50
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The experimental results obtained
for Run #4 through #17 are summarized
in table 2, Plots of X vs, effluent:
concentration profiles for Run #14, and . )
"#17 are shown in figure 5, The effluent . H
concentration profiles for Run #14, and -
#17 against pore volumes injected are
shown in figure 6,
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EFFLUERT CONCENTRATION PROFILES

T T T T
FOR DIFFERENT RUNS 0.0 0.5 1.0 1.5 2.4 2.5 3.0 3.5

s PORL VALLME INJECTED
=" FIGURE 8- EFFLUENT CONC. ¥S PY INJECTED
1.0 A
] Run #4 —_— RN
’ Bérea ss core T --.._ & Iy . - im -
0.5 K = 0.0292 £q cm/see ‘?“-'t Table 2 Experimental Results
- L =15.24 cm 4
Run ¢ kK %4 k L u
-0.s],— {Z) (mD) 2 (cm) (cm/sec)
, Run #17 t (cm) (em™ /sec)
-Lm: S5.P. &5
_ X = 0.0008 4 22.6 225 6.17 0.023 13.97 0,0037
A sq cm/sdc 5 22.6 15 1.45 0,006 13.97 0.0038
L ! L= 25.4 cm 6 18.1 90 0,37 0,002 15.24 0,0059
2 -2.0 7 18.1 90 3,3 0.017 15.24 0,0050
R \ 8 18.1 90 0.07 0.0004 15,24 0.0050
-2.5- 9 19.6 98 0.08 0.0004 15.24 0,0047
10 19.6 98 3,3% 0,017 15,24 0.0049
. 11 19.8 143 0,12 0.0056 15.24 0,0048
12 19.8 143 3.93 0,0196 15.24 0,0050
-3.5 13 22.8 680 0,13 00,0006 15.24 0,0042
’ l4 22.8 680 6,30 0.0292 15.24 0.0046
ol - 15 11.8 2.1 0,03 0,0005 15,24 0.0155
s 16 11,9 3,0 0.04 0,0006 15.24 0.0154
4. 17 9.8 1.6 1.06 0,0008 25,40 0.0008
-5.0. . * - ¢ = Porosity; k = Permeability;
D 10 = 30 un L) &6 70 60 80 100 K = Dispersion Coefficient;
EFFLUENT COMCENTRATION 1X) ) Oy = Dispersivity; L =Length of
core;

FIGURE 5~LATIDA ¥S EFFLUENT CON TIONS U = Average Interstitiesl Velocity.




DISCUSSION AND CORRELATION

Permeability Correlation:

The experimental results indicate
that of all the relationships observed
so far between the dispersion
coefficient of a rock and its other
physical properties, the most
conspicuous relationship is found to
exist between the permeability and the
digspersion coefficient,

. - From the experimental results
listed in table 2, it may be noted that
for the Berea sandstone cores the
dispersion coefficient, K, and the
dispersivity, @4, increased with the
permeability, .k, of the cores. This
observation matches the findings of
Dutta (1984) and Harleman et al, (1967),
Miscible flooding experiments with Berea
~sandstone cores conducted by displacing
erude o0il with naphths showed a definite
linear relationship between dispersion
coefficient, K, (sq em/sec.) and
permeability, k (mD), of the cores, A
plot of permeability against dispersion
coefficient for different experimental
rung is shown in figure 7, A
generalized equation governing this
relationship can be written as:
K = a log (k) + € suveesaaalB)

where:
. K

k
a,c

Dispersion Coefficient, em2/sec
Permeability, mD : ’
constants.

LI .

For Berea sandstone with Naphthe
displacing Crude oil having a viscosity
ratio ( p./pg) of 17.12 this empirical
equation can be written as:

K

0.01487 log (k) - 0,012,..(9)

Similarly, values of these
constants for different rocks and
different viscosity ratios of the
resident (u.) and the displacing (py) .
fluids cen alaso be determined.
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Yiscosity Correlation:

To obtain a standard dispersion
coefficient (Ks}, a viscosity ratio
correction factor was introduced, " A
standard dispergion coefficient (Ks) is
defined as the dispersion coefficient
obtained from a miscible flooding
process with & viscosity ratio of the
resident fluid to the displacing fluid
ag one, i.e., when the displacing fluid
and the resident fluid has the same
viscosity.

Puring the experimental runsg in
8 Berea sandstone core using different
viscosgity ratios of fliude, different
dispersion coefficients wvere obtained,
From the results obtained the following
empirical relationship was found to best
msteh the values of dispersion
coefficients,

Ks = K ( prlpd)n ....;..........(10)




or,
Ks = K (v )™ . ..... cerrenena(11)
where:
Ks = Standard dispersion

coefficient, sq. cm/sec,

K = Dispersion Coefficient at
any given viscosity ratio,
sq. cm/sec,

Y = “r/ py

Prja = Dynamic viscosity of
‘ resident/displacing
fluid.
n = empirical constant exponent.

For the Berea core having a
permeability of 90.0 mD, the value of
the exponent 'n' was determined to be
-0.71., The change in the value of this
exponent ‘n', if any, with rocks of
different physical properties is under
investigation. Equation (11) can thus be
" written as: ' :

Ks = k (v)~9:71

esecaassacss(l2)

Actual value of standard dispersion
coefficient, Ks, for a Berea sandstone
core was obtained by a miscible
displacement with matched viscosity (V =
1) in Run #6. The values of Ks for the
same core in other Runs (#7, and #8)
with unmatched viscosity ratios were
calculated by using equation {(12), The
calculated values of Ks matched closely
with the actual, experimentally
determined, value of Ks.

In the game manner, -if the )
"standard dispersion coefficient, Ks, is
known, the dispersion coefficient, K,
for any given viscosity ratio, V, can be
calculated by using equation (12).

Selection of Disposal Sites:

Characteristics Qf Contaminants -

The principal ground-water
contaminants from mine waste are
acidity, dissolved solids, metals,
radioactive materials, color, and
turbidity (Miller 1980). While many of
the contaminants are not toxic, they can
be present at levels in excess of U.S.
Publiec Health Service and EPA drinking
water. standards (USDH 1962).
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The most prevalent contamination
problem associated with coal mining is
the formation and discharge of large
volumes of acid. Acid formation wil1l
occur when precipitation brings water
into ceontact with pyrites {metallic
sulfide)., The exposure of pyritic
minerals to air and water results in
their oxidation to form sulfuric acid,
Beyond the basic chemical relationship
between pyrites, oxygen, and water, it
is suspected that the acid formation may
be influenced by complex biochemical
reactions involving one or more types of
bacteria, Although not completely
dependent upon acidity, the solubility

,of metals varies with pH, and acidic

tunoff and seepage may contain high
metal ion concentrations.

The oxidation of pyrite in the
presence of water results in generation
of both sulfuric acid and ferrous
sulfate, The sulfate levels in coal
mine drainage and in the receiving
aquifers may be as high as several
thousand ppm and are quite commonly in
excess of the recommended limit of 250
Ppm. This 1imit has been set for
reasons of taste; water containing
higher concentrations can be safely

consumed although certein sulfate salts

function as laxatives.

Following the initial oxidation of
pyrite and the production of ferrous
sulfate, subsequent oxidation will
normally produce a ferric sulfate, The
end result is the release, in associated
aquifers, of substantial quantities of
iron at concentrations in excess of the
recommended limit of 0.3 ppm {USDH
1962). Iron at this level is not
harmful to health, but it tends to
impair taste and discolor water under
certain conditions, Precipitates of
iron and related iron bacterial colonies
can clog plumbing, water transmission
lines and water-supply wells. High
levels of dissolved iron are commonly
noted in ground water that has been
contaminated from coal mining activities
as reported by Miller (19B0),

Acid dissolves many minerals,
producing soluble salt solutions., 1In
this way, the dissolved solids
concentration can become quite high,
Metals frequently associated with
metallic ore deposits such as copper,
zine, cadmium, and manganese also are



dissolved by acid mine drainage. The
combination of mcidity, high dissolved
gsolids concentration, and metals makes
the presence of the acid mine water very
undesirable in either surface or ground
water (Miller 1980).

In regions where mining proceeds in
alkaline roeks, such as limestone,
dissolution of the rock may produce
water with a high pH. Basic mine water
has a relatively low complement of heavy
metals because most form insoluble salts
under conditions of high pH. However,
the water can s3till be highly
mineralized, - Calcium and magnesium ions
are frequently found in significant
concentrations, making the water hard,

Although carbon is the most
important element found in coal, as many
as 72 other elements have been
associated with some deposits. The ash
formed by bituminous coals of West
Virginia consists of about one percent
each of sodium, potassium, calcium,
aluminum, silica, iron, and titanium.

- In addition, ‘26 metals were present in
trace amounts, including lithium,
rubidium, chromium, cobalt, copper,
gallium, germanium, lanthanum, nickel,
tungsten, and zirconium {(Longwell 1969),

Hethane and hydrogen sulfide are
quite commonly found in the geologic
formations associated with cocal as well
ag in the various disposal areas; waters
in the vicinity of coal mines may be
highly charged with disaolved gases
(Collier 1964),

. In many metal mining operations,
the ore contains a large amount of
worthless roeck that must be separated
from the mineral before the ore can be
smelted or refined, This process of
concentrating the ore, known as
beneficiation, is usually performed at
the nearest possible site to the mine to
eliminate costly transportstion of
unwanted rock. The most common
concentrating techniques are flotation
and acid separation (Miller 19B0).

The waste from concentrating
operations, referred to as tailings, can
be in solid or liquid form. The solid
is composed of minerals associated with
the metallic compound being

beneficiated, As an example, the waste
from a typical copper beneficiating
operation contains quantities of lead,
zine, gold, and silver; smaller amounts
of arsenic, antimony, bismuth, selenium,
tellurium, nickel, cobalt, and cadmium;
and trace quantities of germanium,
indium, tin, and thallium, 8) Solid
waste from the beneficiation of other
metallic ores contains many of the same
substances, Liquid waste fron
beneficiating operations contains water
and acids {usually nitric or sulfuric}),
in addition to the minerals mssociated
with the solid tailings. Thus, waste
from the concentrating phase of ore
processing contains large quantities of
toxic substances and can be a serious
source of ground-water contamination.

Underground and surface uranium
mining practices have been found to
greatly increase the concentration SSof
digssolved radium-226 in ground water,
This is believed to be the result of:
(i) exposure and oxidation of the ore
body, and (ii) contact of mine drainage
water with spilled ore and wastes within
the mine( Kaufmann et al, 1975),

Present Day Problems -

DPisposal of toxic mine wastes pose
a big problem to the operator in both
surface and underground mining industry,.
These wastes can not be disposed by the
normal disposal systems, such as, slurry
lagoons, and tailings etc, Operators
have to transport the toxic/hazardous
wagtes to an EPA/USDH-approved
disposal sites for that specific type of
waste, Even, lubricants, and other oil-
spilla from the mine shops have to be
transported to an approved aite for
disposal,  Most of the toxic wastes
generated in eastern and northesstern
Oklahoma are taken to Tulsa, Oklahoma or
outside the astate for disposal. Similar
problems are faced by many other
operators elsewhere in the U,S,

In an attempt to resolve this
problem the authors suggest that if =a
sealing zone could be identified in the
overburden (0B) or underburden (UB)
strata of a strip mine, then the toxic
waste could be safely disposed in that
atrata and capped/cemented on the top as
shown in figure 1. The wastes disposed




in this manner will not contaminate or
reach the groundwater.

Core samples may be taken from the
highwalls (figure 1) and their
dispersion coefficients and dispers—
jvities determined by using the tech-
niques described in the previous
sections of this paper, For example,
out of the 5 OB and 1 UB strata (figure
1), if zone #3 is found to have a
standard dispersion coefficient, Ks3, of
0.le-06 sg. cm/sec, then it may be
considered as one of the sealing media
in the tested OB and UB zomes. TIf the
dispersion coefficients of any of the
gstrata do not fall below 1,0e-06 sgq.
cm/sec, then it may be inferred that no
sealing medium exists amongst the tested
OB and UB strata, The reference
standard dispersion coefficient number

for an effectively sealing medium is yet

to be established. Investigations are
"being continued presently on some 0B and
UB core samples from the "Dixie Girl™
zinc mine (presently inactive) in Marion
County, Arkansas, for better
understanding of an effectively sealing
medium, Continuous core samples have
been taken from this mine area. The
samples include cores from the Plattin
formatien, 5t. Peter sandstone, Newton
gandstone, and Everton dolomite. A few
samples from the St. Peter sandstone
have been tested so far. They were found
te have dispersion coefficients ranging
from 5,0e~04 to B.De-04 sgq. cm/sec,

CONCLUSIONS

A standard technique for
determining the dispersion coefficient
and dispersivity has been developed in
this study. By using the diaspersion
measurement techniques ss described in
this paper, the extent of unsteady
mixing of the contaminated mine water
discharge with the underground fresh
water can glso be determined for
different OB and UB zones.

The diapersion coefficient and the
dispersivity value of different OB and
UB strata from any strip mine operation
can be experimentally determined by
using the proposed technique as
described earlier in this paper. Thus,
by comparing the dispersivity value of

different OB and UB strata with the
predetermined dispersivity of an
effectively sealing medium, the extent
of sealing capability of each 0B and UB
zones will be determined.

The advantages of using the
dispersion charecteristics of a rock
over the permeabilities are summarized
below:

(i) Permeability of a rock varies
with the types of fluids

injected., For example, permeability of
a Berea sandstone core to water may be
about 45 mD, whereas the permeability of
the same core to crude oil may be 10 mD.
With the viscosity eorrection factor,
the standard dispersion coefficient of a
core was found to be the same, even when
different fluids were used to conduct
the displacement experimentatiions.

(ii}) The experimental
determination of dlsper31V1ty
is much simpler and easier than the
measurement of absolute permeability of
a rock, Also, No permeability
measurements are necessary for
determination of dispersivity.

{(iv) Permeability is inversely
proportional to the pressure
drop, and is completely pressure
dependent., Dispersivity is independent
of the pressure and velocity. However,
flow rate has some bearing on dispersion
coefficient.

While pursuing for a atandard
technique, s new metallic method of
coating the sample cores for laboratory
studies has been developed during this
investigation,

Dispersivities of several berea
sandestone cores were experimentally
determined and attempts were made to
correlate dispersivity and dispersion

‘characteristics with other rock

characteristics., The most significant
and direct relationship of the
dispersion characteristics was found to
exist between the dispersion coefficient
and the total permeability of a core.

A correlation has also been
developed to correct the viscosity




effect of the displacing and the
displaced fluid on the dispersivity of a
reservoir rock,

Amongst a few other correlations
being attempted presently, Koval's
(Koval 1963) heterogeneity factor,
H-factor, for the Berea sandstone cores
also showed some particular trend of
variation with the corresponding
dispersivities and dispersion
coefficients,

Experimental results are also being
obtained on several core samples in
order to investigate the impact of other
physical properties of the displacing
and the resident fluids used in the
miscible flooding experiments for
determination of dispersivity, and the
dispersion coefficient, Several
physical characteristics are also being
measured on the same core samples for
testing other possible relationships
with-dispersivity, ‘The ultimate goal of
this investigation is to determine the,
dispersivities and standard diaperaion
coefficients of various OB and UB
strata, which are commonly encountered
in surface and underground mining
operations and to establish a reference
dispersion coefficient number for an
effectively sealing medium,

NOMENCLATURE

Cross sectional area, sg. cm
Particle diameter, cm

=3
o
un

Concentration

Diffusivity, ecm2/aec,

Molecular diffusion coefficient,
sq. cm/saec,

Heterogeneity factor

Dispersion coefficient, cm2/sec.
Permeability, mD ‘
Yolumetric flow rate, cec/gec.
Length, cm

Saturation, Z of pore volume
Time, sec. ’
Temperature, oF

Average Interstitial Velocity,
em/sec.

Volume injected, ce

Pore Volume, cc

= -N¢]
R

cCHrnEo XD
nny Wi nnn

<
o
noh

Greek Letters:

@3= Dispersivity, cm

¢ = Porosity, I

A= [(v/vp) - 1370 V/VD)
p = Dynamic viscosity, cp

89 -

ACKNOWLEDGMENTS

We thank the U.S5 Department of Energy
for supporting our investigation on the
dispersion characteristiec of an o0il
reservoir rock. Our sincere thanks are
also due to Dale -Dalton, and Bryan L.
Watts, consulting geologists for the
"Dixie Girl" zinc mine,

REFERENCES

Brigham, W.E, 1973, Mixing equetions in
various geometries., SPE paper
4585, Las Vegas, Nevada,

September 30, 1973

Brigham, W.E., Reed, Phillip W., and
Dew, John N. 1961, Experiments on
mixing during miscible -

displacement -in porous media, SPE .

- -Journal, March ‘1961, '

Cheng, Shing-Ming, Allard D.R., and Anli
Jun 1984. Factors Affecting
Selvent Slug Size Requirements in
Hydrocarbon Miscible Flooding.
SPE/DOE, Vel. 1 [April 1984],.

Collier, C.R., &and others 1964,
Influences of strip mining on the -
hydrolegic environment of parts of
Beaver Creek, Kentucky. p. 85. U.S
Gevological Survey, professional
paper 427-B,

Dutta, Subijoy 1984,
0il Reservoir Rock Property. M.S,
Thesis, University of Oklahona,
Norman, Oklahoma

Harleman, D.,R.F,, and Shamir, Uri y.
1967, Dispersion in layered
porous wmedia. Journal of
Hydraulics Division, Proceedings
of the American Society of Civil
Engineers (September, 1967],

Kaufmann, R. F., Eadie, G, G. , and
Russel, C. R. 1975, Summary of
ground-water quality impacts of
uranium mining in the Grants
Mineral Belt, New Mexico, U, S.
Environmental Protection Agency,
Technical Note ORP/LV-75-4,

Klinkenberg, L. J., The permeability of
porous media to liquids and gases.
p. 200, Drilling and production
production practices, American
Petroleum Institute,

Koval, E.J., 1963, A Method For

Disperaivity as an ’




Predicting the Performance of
Unstable Miscible Displacement in
Heterogeneous Media., p. 145-154,
SPE Journal [June 19631,

Kramers, H., and Alberde G., 1953,
Frequency vesponse analysis of
continuous flow systems, p. 173

~181., Chemical Engineering Science,
Vol 2

|httos://doi.ora/10.1016/0009-2509(53)80039-4 |

Longwell, C, R., Flint, R, F,, and
Sanders, J, E. 1969, Physical
Geology. John Wiley and Sons, New
York, NY.

Menzie, Donald E., Dutta, Subijoy,
Shadizadeh, Reza, and Warner, Mark
J. 1986, Dispersivity as an oil

reservoir rock characteristic,
Annual report sent to U.S,
Department of Energy for
publication [November 19861

Miller, David, W. 1980. p. 327-331.
Waste disposal effects on ground
water, Premier Press, Berkeley, CA.

Nauman, E.B. and Buffhami, B,A.
1983, Mixing in Continuous Flow
Systems. John Wiley and Sons, New
York, NY.

Perkins, T.K. and Johnston, 0.C.
A review of diffusion and
dispersion in Porous Media. p,
84, SPE Journal [March, 1963]

1963,

70~

Rumer, Ralph R,, Jr, 1962, Longitudinel
dispersion in steady and unsteady
flow. Proceedings of ASCE, .Journal
of Hydraulics Division, vol, 88,
No. HY4 [July, 1962].

Sahimi, M., Hughes, Barry D., Scriven,
L.E., and Davis. H.T, 1986.
Dispersion in flew through Porous

B media -I. One Phase Flow, p, 2103

-2122, Chemical Engineering
Science, Vol, 41, No, 8 [September
19861]. .

[http://dx.doi.org/10.1016/0009-2509(86)87128-7 |

U. S, Department of Health, Education,
and Welfare 1962, p. 61, Public
Realth Service drinking water
standards [Revised 1962],

30



Richard
Text Box
http://dx.doi.org/10.1016/0009-2509(86)87128-7

http://dx.doi.org/10.1016/0009-2509
Richard
Text Box
https://doi.org/10.1016/0009-2509(53)80039-4

https://doi.org/10.1016/0009-2509



