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TABLE 1

percent change in the drilling rate and tensile strength of Dakota Sandstone in
water and sodium chloride solutions as compared to air.
R F

Percent change

Environment pH 3.0
Drilling Strength  Drilling
Air 0.0 0.0 0.0
Water +25.7 -50.0 +20.7
+25.1* :
102M NaCl  +20.1 440 +33.6

*Cash balance

al.. 1974; Tweeton et al., 1976) suggested a strong influ-

‘ence of chemical conditions on the mechanical proper-

ties of materials.

For example, Rehbinder (1931) indicated that liq-
uids, water in particular, played an important role in the
failure process of materials and that these effects could
be amplified by adding surface active reagents. Boozer et
al. (1963) reported a decrease in the ultimate strength of
sandstone when the pores were saturated with oleic acid
or amine solution.

In a different investigation, Hammond and Ravitz
1963 observed that water vapor caused a 40% to 50%
decrease in the fracture strength of silica compared to its
value in vacuum. Their data showed that environments
with polar molecules caused the maximum effect.

An example from their study indicated that sodium
citrate decreased the yield strength of Indiana limestone
by about 25%, as compared to the value obtained in wa-
ter alone. Westhrook and Jorgensen (1965) observed
that, in almost all the cases, water caused a decrease in
rock hardness.

In another study, Westbrook and Jorgensen (1968)
reported that organic and inorganic reagents produced
different effects on different minerals, such as MgO,
CaF,and quartz. :

They correlated the observed effects with surface-
charge properties of the materials in different environ-
ments. Engelman et al. (1967) reported granite to be
softer atits isoclectric point.

. Itis the objective of this research to investigate in-
d_uence of additives containing anions and/or cations of
different valency on the drilling rate
™ hard rocks. Correlation of drilling FIGURE 1
rates with i ; ;.

th mechanical and interfacial
Properties of drilled rocks, under
stmilar chemical conditions, is an-
other objective of this study.

pH 6.0

[] R

Strength Drilling
0.0 0.0

-32.0 +29.4
-42.0 +18.0

Schematic of the equipment used in the experiment.
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FIGURE 2
Effect of 0.01-M NaCl on the drill-
ing rate and tensile strength of
Dakota Sandstone (1.5. = 10° M
NaCl).
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FIGURE 3

Effect of 0.05% magnesium chloride
on the drilling rate and tensile
strength of Dakota Sandstone (1.S.=
102 M NaCl).
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The prepared sample disk was soaked for 24 hours
and then attached to the sample holder. Drilling was
conducted for 1.5 min al a constant pressure of 200 kPa
(30 psi). Both sides of the sample disks were drilled to
provide a duplicate test for cach sample. The cuttings
were collected, dried and weighed. The weight of the cut-
tings was compared to the product weight obtained in
the control test.

Tensile strength testing. These tests were performed
using the indirect tensile strength or the Brazilian test. in
which the rock sample is compressed between two paral

the following equation (Farmer, 1968)

S.=W/D?

where

W is the applied load and

[ is the distance between the points of loadng,

In these experiments, samples were taken out of so.
lution and immediately placed between the loading plat-
ens of a 110-t- { 100-st-) capacity hydraulic jack. The load
application rate was set at 450 ke/min (1,000 lb/man). The
test was repeated five times, and the average results are
reported.

Electrokinetic measurements. For zela poten i
measurements, core samples were ground inan ag e
mortar and then dry screened at 45 pm (325 mesh). Then,
(L5 g (0.02 oz) samples of -45 pm {-325-mesh) material
were mixed with the desired solution at the required pH
and then conditioned for 30 min by agitation using a
wrist-hand shaker. This suspension was then transferred
to the zeta meter cell.

Results and discussions

Effect of water, Water is found to increase the d k-
ing rate in sandstone as compared to the values abtai: d
in air, as can be seen in Table 1. The results show that un
increase of 20% in drilling rate could be achieved at all
pH levels, as compared to drilling in air. On the other
hand, tensile strength of the same samples has decreased
by at least 33%. Also, because NaCl is added Lo all the
tests to control the ionic strength, the effect of NaCl an
drilling rate and mechanical properties of sandstone are
also determined, as shown in Table 1. A slight increase in
drilling rate in neutral solutions is suggested by the d .
A detrimental effect is displayed at acidic and alka e
pH ranges (percent change values showed a decrease of
about 20% at pH 3.0 and at pH 10.5), The tensile
strength, however, decreased by about 42% with NaCl
addition at all pH levels. Thus, in comparison to waltef,
the drilling rate in sodium chloride selutions is found 10
increase or decrease depending on the pH conditions, as
suggested by the data shown in Fig. 2.1t is interesting Lo
nate the inverse relationship between tensile strength
and drilling rate.

Effect of divalent ions. The data in Fig. 3 shaws [
effect of MgCl, on both drilling rate and tensile strength,
as compared to water alone. An appreciable (>20%) de-
crease in the drilling rate is observed in the neutral pH
range. Increasing or decreasing the solution pH resultsin
reducing this detrimental effect. It is interesting to men-
tion that, although the drilling rate n these solulions i#
about 20% less than in water, it is still higher than the
drilling rate in air. Also, in this case. it can be stated T 1L
a5 the additive decreases the tensile strength, an @
provement in the drilling rate is obtained and vice veisd
In MgCl, solutions, the observed increase in drilling tate
and decrease in tensile strength in the alkaline solugion
may be attributed to the adsorption of positively charged
surface active species (MgOH®) on the negatively
charged sandstone particles. The change in zeta potential
value form negative to positive when MgCl, is added af
pH 10.5 is a good indication of adsorption of Mg(OH)
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gandstone in presence of difierent environments as compared to NaCl solutions (1.S5. =102 M
alall). -
pH 3.0 pH 6.0 pH 10.5
% Change % Change % Change
Zeta Zeta Zeta
Drilling potential, Drilling potential, Drilling potential,
Environment rate Tensile mV rate Tensile mV rate Tensile mV
Water 4.3 -10.4 7.0 -12.4 +17.3 -17.0 -17.0 9.7 -30.0
3.8* -6.8*
102 M NaCl! 0 0 -7.0 0 0 -13.0 0 0 -27.0
0.01% AICI, -15.7 +15.6 +8.0 1.4 +1.9 +18.0 3.7 +5.1 -26.0
-15.4* +18.8* -4.6% -1.5* +6.5*
0.05% -2.9 +5.3 4.0 -24.5 +24.1 5.0 +13.5 -19.4 +5.0
MgCl, -4.1* +7.3*
0.2% Na,CO, -5.4 +13.0 7.0 -8.0 +21.8 14.0 +7.4 -12. -33.0
-7.2% -11.7*
10*M Amine -11.6 +6.2 8.0 -20.0 +22.9 15.0 +8.7 -64 -20.0
-8* +12.4*

*Duplicate tests

The effect of divalent anion (CO,?) is studied by
using sodium carbonate solutions at different pH condi-
tions. The results are given in Fig. 4 and in Table 2. The
data indicate that the addition of Na,CO, causes a de-
crease in the drilling rate and an increase in the tensile
strength in acidic and neutral pH solutions. In alkaline
solutions, however, an improvement in the drilling rate is
observed. Zeta potential data, given in Table 2, suggest a
slight change in zeta potential, indicating no adsorption
is taking placc. it is also well known that CO,2 does not
adsorb on negatively charged sandstone. The reasons for
the observed changes in drilling rate and strength values
as the pH increases are not clear at this time, and further
investigation is needed in this regard.

_ Effect of trivalent cations. To study the effects of
trivalent cation, (Al*%), AICI, solutions were used, and
the results are plotted in Fig. 5. The results show that this
addntgve infliences the tensile strength and drilling rate
only in acidic conditions. These effects could be due to
adsorption of positively charged cations (Al*? and
Al(OH),*) on the negatively charged sandstone surface.

€se species are predominant at low pH values. This
adsorption could also be responsible for the changes in
Zeta potential values given in Table 2.

Effect of dodecylammonium chloride (DDAC)). The
effect of organic additives such as DDACI was investi-
Sated, and i%- results are shown in Fig. 6. Also, in this
anf:le’ the inverse relationship between tensile strength
in thdnlllpg rate can be noted. A decrease of nearly 20%

¢ drilling rate is evident in the neutral pH range.
tag’:":j"?r, a small measurable beneficial effect is ob-
COulfi 1n the alkaline medium (pH 10.5). This effect
tive] possibly b_e attributed to the adsorption of posi-
ar Y charged, highly surface-active species (ion-molecu-

complexes) in this pH range on a negatively charged

Ndstone s; Face, . !
tnsone s The decrease in zeta potential value at

2V mav alea ha duva tn tha ndnncmtian AF

of such highly surface-active species (in alkaline amine
solutions) is confirmed by several researchers, as re-
viewed by El-Shall (1980).

Conclusions

The effects of different additives on drilling rate, ten-
sile strength and zeta potential of sandstone (represent-
ing hard rock formations) were investigated. Under the
tested conditions, the results suggest the following:

Drilling rates in wet conditions are much higher than
in air.

The drilling rate can be enhanced, compared to drill-
ing in water alone, under selected conditions of re-
agent type and pH solutions.

The drilling rate is found to increase under chemical
conditions that reduce the tensile strength.

FIGURE 4
|
Effect of 0.02% sodium carbonate
on the drilling rate and tensile
strength of Dakota Sandstone (1.S. =
102 M NaCl).
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