WASTES OF OIL DRILLING: TREATMENT TECHNIQUES AND THEIR EFFECTIVENESS
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Abstract. In Hassi-Messoud’s oil industry, the
systems which are water based (WBM) are
generally used for drilling in the first phase. For
the rest of the well, the oil mud systems are
employed (OBM). In the field of oil exploration,
panoply of chemical products is employed in the
drilling fluids formulation. These components of
different natures and whose toxicity and
biodegradability are of ill-defined parameters are;
however, thrown into nature. In addition to the
hydrocarbon (HC, such as diesel) which is a major
constituent of oil based mud, we also can notice
spills as well as a variety of other products and
additives on the drilling sites. These wastes are
usually stored in places called (crud wastes).
These may cause major problems to the
ecosystem. To treat these wastes, we have
considered two methods which are: solidification/
stabilization (chemical) and thermal. So that we
can evaluate the techniques of treatment, a series
of analyses are performed on dozens of specimens
of wastes before treatment. After that, and on the
basis of our analyses of wastes, we opted for
diagnostic treatments of pollution before and after
solidification and stabilization. Finally, we have
done some analyses before and after the thermal
treatment to check the efficiency of the methods
followed in the study.
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l. Introduction

The development of the oil industry has created
many environmental problems that contribute in
the degradation of some natural ecosystems,
especially sheets of groundwater. The
environmental laws require adequate treatment of
these wastes in order to avoid any degradation.
The oil industry in the region of Hassi Messaoud
is very developed which produces industrial
waste with dangerous elements. During the
drilling a large quantity of solid and liquid
industrial wastes are generated. These releases
contain toxic chemicals such as heavy metals and
organic pollutants. (6). These elements cause
problems for the humans, animals (3) and plants.
(2). Additional information can be given by (8).
So, what are the treatment methods and their
effectiveness?

The study area is in the field of Hassi Messaoud,
which is about 850 km in the south of Algiers and
350km from the Tunisian border. (2).

The aim of this work is to find solutions that can
reduce or stop the influence of these toxic
elements. For this purpose we adopted a method
of work, beginning with a literature search for oil
drilling, drilling fluids and waste products used
(9). We made site visits to recognize near by the
identity of these wastes, their chemical
components and their influence on the
environment and we have seen the appropriate
means to treat these wastes and to a make limit
concerning their negative influence. It was found
that there are two methods of treatment which are
chemical and thermal (5). These methods based
on the utilization of cement inerting and
utilization of high temperatures to trap toxic



elements (4). More details on this process can be
given by (7).

This field work is made to diagnose the treatment
methods of these wastes, and make the
neutralizing of these toxic products efficteve.
Sampling of waste is done according to
conventional methods. Samples before and after
treatment during several phases of drilling to
make a homogeneous mixture, the latter are of the
oil drilling waste of Hassi Messaoud area before
and after each method of treatment, and then
transported these samples to the laboratory for
analysis and retrieve results that can improve the
use of these methods (use of equipment catalog of
heavy metals, CRD (2010)).

2. Results and Discussion
2.1. Results of analysis of the Crude wastes
(before treatment)

the results of analysis of Nine samples showed
that the toxic components are the hydrocarbon ,
heavy metals (Pb , Cu, Cr, Cd , Zn, Mn).The
concentrations of hydrocarbon exceed the
conventional norms in Algeria or the variation of
between 1.98 % and 9.61 %, the maximum value
was recorded in the sample 5 (9.61 %) , the
minimum value in the sample 4 (1.98 ) . while

norms.The concentrations of heavy metals from
14.1mg/l (sample 4) and 46.5mg/l (sample 2) for
the lead, between 0.1 mg/l (samplel) and 0.2
mg/l (sample 4) for cadmium, from 5.3mg/I
(sample 4) and 12.6 (sample 2) to the Zinc.and
between 1.2mg/l (sample 4) and 1.8mg/l (sample
1) to manganese. While the norms of lead,
copper, chromium, cadmium, zinc and
manganese are 01, 03, 0.1, 0.2, 05, and 01 in
succession. These norms are indicating in the
Official Gazette of the Republic of Algeria
(1993). Some environmental laws in the Official
Gazette 2005 version, (2005) and 2007 version
(2007).

After comparing the results of the previous
elements their norms and standards who indicate
in the reference (11).

we can say that there are values that exceed the
maximum limits for example in (sample 1) the
value of lead is equal to 32.6 mg /I, so it exceeds
the norm of lead that is equal to 0.1 mg/I, and the
same value for the zinc in the (sample 2) is equal
to 12.6 exceeds the maximum value (0.5 mg/l)
and the same for manganese.

For oils Tenures there are two values that exceed
the norms in the 5 and 6 samples (9.61%>5%).
According to the above table so the hydrocarbon
and heavy metals are harmful elements
conventionally.

Table. 1: Results of the test of hydrocarbon and heavy metals for the crude wastes (before treatment)

samples Heavy metals concentration in mg/I Content
of oils
Lead | copper | chromium | Cadmium | Zinc | manganese | (%)
(pb) | (Cu) (Cn) (Cd |[(Zn)| (Mn)
1 32.6 00 00 0.1 8.5 1.8 4.40
2 46.5 00 00 0.1 12.6 2.1 4.00
3 15.8 00 00 00 7.4 1.7 4.65
4 14.1 00 00 0.2 5.3 1.2 1.98
5 / / / / / / 9.61
6 / / / / / / 6.56
7 / / / / / / 9.40
8 / / / / / / 3.2
9 / / / / / / 2.2
2-
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2.2. Results of analyzes before and after
solidification / stabilization

According to the results shown in the table 3 (last
page), it was found that the concentrations are
generally less than maximum limit indicated by
the Algerian state and Sonatrach. But we record a
value that exceeds the maximum values for
example the value of lead in (sample 1) is equal to
1.8mg/l > 1 mg/l, to justify this result we suppose
that the amount of cement added is not sufficient
to trap the metal.

On the other hand we record the content of
chromium in the treated samples is equal to
0.23mg/l which is higher than those of untreated
samples 00mg/l; thus the presence of this metal in
the cement used for solidification is the origin of
this augmentation.

2.2.1 Optimization of the method of
solidification/stabilization (chemical method).

2.2.1.10ptimization of cement

From the figure, it was found that the content of
hydrocarbons in the presence of a fixed
concentration of sodium silicate, is inversely
proportional to the concentration of added cement
but, it can also be noticed, that between the values
of the concentration of cement between (200 and
300 kg/m®) the reduction is not very important
(from 5.08 to 4.28 % for almost double the
amount of cement added). This can be justified by
the fact that cement creates a solid matrix which
protects the film formed by the sodium silicate
and enhances encapsulation. The content of
hydrocarbons decreases as we add cement, but by
reaching a certain value of the quantity of cement
added. The content of hydrocarbons continues to
decrease but at a slower manner. The effect of the
cement is more interesting at high hydrocarbon
levels.
For economic reasons (the cost of cement), so we
have an optimal concentration of cement equal to
200kg/m? and tries to improve the solidification
with sand.
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Fig. 1. Changes in the content of hydrocarbons
according to the concentration of CPA425
cement.

2.2.1.2. Optimization of sand
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Fig. 2. Changes in the content of hydrocarbons
according to the concentration of sand.

According to the shape of the curve, we can say
that the result obtained above is improving as we
add sand. The hydrocarbon content is decreased
by 6.56% (the sand concentration is zero) to
5.21% after addition of 100 kg of sand, this is
logical because this because latter it strengthens
the matrix formed by the cement (solidifying).
We stopped at a concentration of sand equal to
100kg/m?® (we will consider in the following as
optimal) for two reasons:

*The decrease in the hydrocarbon content is very
low, almost 1% to 100 kg/m?® of sand.

 The particle size of the sand can increase the
permeability of our treated waste, thus making it
less resistant to the infiltration liquids inside the
matrix.

2.2.1.3. Optimization of sodium silicates

On this curve, it is found that the percentage of
hydrocarbons decreases to a value equal to 6.25
%, which corresponds to a concentration of
sodium silicate of 10 I/m3. After this value it is
obtained practically a bearing (or a very small
decrease) in silicate form a covering around the
contaminant and attracts Cat++ (from the
cement). The latter in turn attract other



molecules silicates. This force of attraction
becomes weak gradually as the silicate covering
are superimposed on each other and this is what
explains the shape of the graph. The Retention of
hydrocarbons stagnant, once when it was
exceeded a certain concentration of sodium
silicate, in our case the concentration is 10 I/m3
(when it is considered as optimal).
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Fig. 3. Changes in the content of hydrocarbons
according to the concentration of sodium silicates.

2.2.1.4. Optimization of activated carbon.

From the presented curve, it is found that the
content of hydrocarbons decreases to a value
equal to 5.88% which corresponds to a
concentration of the activated carbon equal to 30
kg/m?, after this value the hydrocarbon content
rises.

We notice again that our graph has an optimum,
which is moving towards a concentration not to
exceed, to avoid the contaminants immigration.
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Fig. 4. Changes in the content of hydrocarbons
according to the concentration of the activated
carbon.
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2.2.1.5. Test result of solidification of the matrix:
resistance of free compression

According to the graph above, we see that the
resistance of free compression for our sample
treated increases as we add cement.

We have two things: firstly making concrete from
the treated waste, requires the addition of large
quantities of cement, secondly, the pre-treatment
sample was very brittle.
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Fig. 5. Variation of the mechanical resistance as a
function of the concentration of CPJ425 cement.

2.2.2.The content of the oil before and after
the heat treatment (TDU or TPS).

From the results recorded in the previous table it
was found that our treatment (thermal treatment)
is very effective for the hydrocarbon, besides the
results of the analysis of the sample after
treatment respond to fully the norms (lower to the
maximum tolerated values). But heavy metals
retain the same concentration before and after
treatment. So, this method is effective for
hydrocarbon, and its inverse for heavy metals.



Table. 2: Results before and after treatment

Samples | Mass of | Test hydrocarbon
oil sample concentration
expressed | expressed (%)
in (9) in (9)

Before 3.20 100 3.20

treatment

After traces 100 traces

treatment

3. Conclusion

Based on the results obtained at the end of this
study, we argue that oil discharges present risks to
the environment because of their compositions
which exceed the maximum limits conventional
by the Algerian state (degree of contamination of
discharges of approximately 9.61 % of the oil, so
this value exceeded the 5% crud waste).
According to the application of the methods of
treatment it is found that the method of
solidification is effective for the trap of heavy
metals, So the optimum concentrations ( 200
kg/m?®) for the cement, (100 kg/m®) for the sand,
(10 I/m®) for the silicate and (30 kg/m?) for the
activated carbon .

On the other side, the thermal treatment is
effective for the pollution of hydrocarbons (some
traces).

From the results shown in table 2, it is found that
the method of solidification is not a final solution
(according to the forces of free compression and
moisture that can Liberation of toxic elements so
this is the filtration of these toxic elements into
the water table.

For a good result of treatment, it is necessary to
apply a combination of solidification and heat
treatment.
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Table. 3: Concentrations of heavy metals

Heavy metals concentration in mg/I

hydro
Samples Lead copper | chromiu | Cadmiu | Zinc | Manganes | carbon
(Pb) (Cu) m m (Zn) e conce
(Cr) (Cd) (Mn) ntratio
n
(%)
Sample 1 32.6 00 00 0.1 8.5 1.8 4.40
before
treatment
Sample 1 1,8 00 00 0.1 0.56 0.1 1.40
after
treatment
Sample 2 46.5 00 00 0.1 12.6 2.1 4.00
before
treatment
Sample 2 00 00 00 0.1 00 00 1.30
after
treatment
Sample 3 15.8 00 00 00 7.4 1.7 /
before
treatment
Sample 3 00 00 0.23 00 00 00 0.53
after
treatment
Sample 14.1 00 00 0.2 53 1.2 1.98
4
before
treatment
Sample 4 00 00 0.34 0.1 00 00 151
after
treatment
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