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PURPOSE

Sandstones are important sources of ground water. It is
therefore necessary to understand their properties. One me-
thod to study the behavior of ground water movement at depth

in aguifers is through laboratory experiments.

It is the purpose of this paper to report the results of
experiments on the hydraulic conductivities of sandsbones
under a wide range of confining pressures. Three upper Creta-
ceous sandstones were used in the experiments; lesa Verde and
Middle Mancos Sandstones from Carthage (Socorro County) and
Point Tookout Sandstone from the San Jusn Basin (McKinley

County), New lMexico. Their properties are showvn in Table 1,
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APPARATUS AND PROCEDURES

The triaxial compression apparatus was described by
Durtesche (1973, Fige 2). Core samples, approximately 1"
diameter and 2,.5" long, were placed between the upper
and lower platen in the ftriaxial celle. Clamps and plastic
jacket were used to prevent the confining oil from entering

- the core spaces (Fig. 1)

The triaxial load was supplied by electro-hydrsulic

pump with manual control (Fig. 2).

The initial confining pressure was 1000 psi in order

to hgve enough sealing pressure betwween the plastic jacket

SL

(@)
e

and the core; this pressure was increased by 100
increments. The maximum confining pressure was 4000 psi,

corresponding to overburden pressure of 4000 feet.

Pore pressure must be high enough to force the water
to pass to the core (Figa 2). Since porosities of lliddle
Mancos and Mesa Verde Sandstones Weré less than that of
Poih% Tookout Sandstone {pore pressure 45 psi), higher
pore pressures were required (1500 and 1000 psi) for:
measurable flow rates (Pig. 6,7 and 8). The amount of
water that pass through the core and the time Weré recored
simultaneously and are shown in Fig.8, 9 and 10). The
decrease in pore pressure with time Was.also recoried,

and is-shown in Fig. 6, 7 and 8).
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The change of core length, which corresponds to a poro-
sity change, was measured by ILVDT (linearly variable

differential transformer).
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CALCULATION OF
HYDRAULIC CONDUCTIVITY

The hydraulic conductivities were calculated by the
use of Darcy's law.

Q= KA.-L}-—% Q = the flow of water through the
core in cmi/sec.

A = oross-seo'tjj,q;nal area oi the
core in cm< -

L = length of core in cm.

Ah= the different in head tetween
the Top aad Hotiow ol Tae core
in ca.

Ah in cm. can be calculated from the initial and final
pore pressure by. the following relation:
Py o= Initial Pore Pregsure +Final Pore Presure

i 2
Pr = Atmospheric pressure = 14.7 psi

Hel

) &

where 1 psi = 2.31 ft. of water, and 1 ft.= 30.48 cm.
Ah = P x 2,31 x 30.48 (=) cm. of water,

POROSITY

It was assumed that the sandstone sample consisted of

grains of quartz which has density of 2,65 gm/cm?

D, = Mg : Do = density of core sample
vV o
c me = mass of core
Vo = volume of core sample
Dq = g DQL = density of quartz
V.
aq my = mass of quartz
Vq = volume of quartz
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and

Poroeity = Ve— Vg = D;— D¢

POROSITY CHANGE

From the IVDT measurements the reduction in length of
the core, 8h, can be determined after applying oonfining
pressure (horizontal or lateral) and axial load (vertical or
longitudinal). The change of volume of the core and the poro=-

sity change were calculated from Z‘DO and AL,

Givens: L = original length of the core

o =
Do = original diameter of the core
AL = the reduction in the length of the core
AD = the reduction in the diameter of the

core

Elong = Jlongitudinal strain

Eqiat = 1lateral strain
AV = volume change.

The confining pressure and va;xial préssure were kept ap=—
proximately the same during the experiment. Therefore, the

latitudingl strain is equal to the longitudingl strain, or

Blat = Elong
and AL_ - AD 9
To Do
.or- AD = DgA



The original volume of the core is ﬂDgLO.

The volume of the core after strain is ‘E(DO—DOAL)Z(LO—AL)
4 Lo )

The change in volume, AV, is therefore‘EDgLo~ﬁ1DO—DO£Q)2(waAL).
4 4 L

0
AV = TD2L, -(_[[[Dg - 2D2AL D(%@)QJ (To - AT)
4 4 Lo Lo
Since AL is very small compared to Ly, the term Dg(é;)z are
neglected and Fo
AV = %WD(%AL
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PREVIOUS WORK

Hydraulic conductivities may be determined both by field

and by laboratory methods.

Field pumping btests in wells are used for determining
aquifer coefficients of permeability by hydrologists (cf.
Theis, 1963). The well is pumped at a constant rate, and the
drawdown is measured at the same time. A graph of time of
pumping versus drawdown is plotted, and the hydraulic condu e~

tivity is caleculated by applying Theis's equation.

Croft et al. (1971) described a method for calculating

permeability from resistivity curves of electric logs of

water wells. They correlated the graph Tfor estimating the
permegbility from the grain size analyses of Jones and Buford
(1951) with the observation of Alger (1966) that the smaller
the grain size, the smaller the value of the formation factor
of the aquifer (Croft et al., 1971, Fig. 1). They constructed
a graph of permeability versus formation factor (Fig. 2). The
formation factor (F) is the ratio RO/RW, where R, is the re-
sistivity of water - saturated rock and Ry is the resistivity
of the water in the well. By reading R, and R, from the elec-
tric log of the well they calculated the formation factor F,
then determined thé permeability from the graph (Croft et al.,
1971, Fig. 2). The values of permeabilities obtained by this
method were comparable to the permeabilities obtained from

the pumping tests.
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Another method often used by drainage engineers for de-
termining hydraulic conductivity (or permeability) in situ is
the auger holg method (c¢f. Iuthin, 1966). This method consists
of digging an auger hole into the soil below the water table.
After first determining the eleVatidn of the water table by

allowing the water surface in the hole to reach ecuilibrium

with the soil water, the hole is pumped out to g new water

level elevation; then the rate of rise of water in the hole
is measured. From these measurements the hydraulic contucti-

vity is calculated.

In the laboratory, hydraulic conductivities of unconsoli-
dated materials are measured by an instrument called a permes—
meter (c¢f. Bear, 1972). TFor consoliaated materials, petroleum
engineers use an air permeameter to measure permeabilities of
0il = bearing rocks (cf. Leverson, 1965). Crook et al. (1971)
developed the "four point test" by applying Darcy's law for a
quick determination of permeability using water. The method
required the measurements of the time for known amounts of
water (1, 2, 3 and 4 ml.) to permeate through the cylindrical
core. The core must not be less than'4 cm long and 2.54 cm
in diameter in order to keep the pool of water shallow, so
the difference in the head of the watér is approximately equal
to the length of the core and time for wéter to pefmeate’into
the core is small (Crook et al., 1971, Fig. 6). The permeabi-

1ity for each measurement was calculated by using equation (5)

4(Cfook et ale, 1971). The permeability of the core was taken
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as the average value of the four calculatced pérﬁc¢bi1ibioc‘
)
Relatively 1ittle hag been reported In tho Iitelniuro
on the effect of confining pressure on e proomilics ol
> sandgtcnes,
An incrense of confining pressure on the cores produced
; a deérease in permeabilities to air and porosgities of oil-
bearing sandstones (cf. Fatt and Davis, 1952, Fatt, 1953,
Wyble, 1958, and lMcIlachie et al, 1958). Their experiments
, showed that the decrease in permeability on the confining.
~ pressure was not éystematic, Por Bradford Sandstone with
an average porosity of 11 % at 5000 psi Confihing pressure,
j the permeability decreased 50 % Wyble, 1958, Fig. 3). TFor
4
Weir Sandstone with a porosity of 15 % at 5000 psi confining
pressure, the permeability decreased 65 % (ijle, 1958, Fig.
4). |
Handin et al (1963%) measured the permeabilities of Berea
Sandstone (lissippian) by a capillary-pressure method and
) changes in porosities by a triaxial compression test. The
original porosity of the sample was 18.2 %, they calculated
the permeability of 217 miilidarcys (2.2x10_4cm/©ec) and
) the porosity change under confining pressure at 2000 bars
was 17.6 % (Handin et al, 1963, Table I).
) Early studies were done on samples using an air appa-—

g

ratus. . :The study by Daw (1971) involved the use of water.
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He developed a modified Hoek-Franklin triaxial cell to neasure
gsamples of rock of low permeability (10"3 t0 10719 cn sec).
The Hoek-Franklin triaxial cell is smaller and more conve-
nient for the testing than the one used in the present study,
which is shown in Fig. 1 (Hoek and Franklin, 1968, Pig., 1).
The modified Hoek-Franklin triaxial cell was designed for

the permeability measurement purpose (Daw, 1971, Fig. 1).

The original steel loading platens were replaced by solid
brass cylinders designed to retain a 1 in. long sample, and
each cylinder contain a 5 mm diaﬁeter flow channel. He also
observed that for measurements using a liquid with rock of
low permeability (less than 1On50m/%ec) high injection pressures
were reouired to provide conveniently measurable flow rates
and correspondingly higher pressures were redulred on the

plastic jacket,
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RESUTLT AND CONCLUSION

A summary of experiments for each sandstone are shown
in curves (Fig. 3 to 11). The data listed and curves include
the experimental condition of confinining pressure, pore
pressure, hydraulic conductivity and porosity of samples,

The hydraulic conductivity at 1000, 2000, 3000 and 4020 psi

for Middle Mancos and Mesa Verde Sandstones (Fig. 3 and 4)

were calculated by‘taken the average the flow rate for

each 100 psi pore pressure drop (Fig. 6, 7, 8 and 9). The
hydraulic cnductivities for Point Lookout Sandstone (Fig. 5)
were calculated from the flow rate at constant pore pressure

(45 psi).

L

W

Although it has been shown that there is no close corre
lation between permeability and porosity (cf. Crook, 1973,
Pige 4), these experiments suggest that higher hydraulic

conductities are associated with more porous rocks.

The experimental results show that hydraulic conductivie
ties and porosities of sandstones decrease as the confining
préésure increases (Fig. 3, 4, 5 and 11). Rates of asymptonic
decréase in hydraulic conductivities of sandstones varied
from formation to formation. Rapid decrease takes place over
the range of confining pressure 1000 — 3000 psi and a moxre
gradual decreases above this range. Therefore, the study of

ground water hydrology of different sandstones aquifers must

into account the behavoir of rock that make up of each aquifer.

The study of hydraulic conductivities of sandstone over this
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"",;_to 4000 feet".;ﬂ -
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