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Abstract

Zero discharge (Z. D.) is a best solution to decrease the amount of contaminants. The treatment of waste drilling fluid by two
mixed flow reactors is studied in this paper. During drilling process, a large volume of drilling fluid is circulated in an open or
semi enclosed system, at elevated temperatures, with agitation, preparing an important potential for chemical exposure and
subsequent health effects. The role of the mud engineer or more properly Drilling Fluids Engineer is very critical to the entire
drilling operation because even small problems with mud can stop the whole operations on rig. So, the basic parameters which
are affected on the properties of drilling fluid are discussed in this paper. The obtained results are shown in the results and
discussion section. Results show the turbidity removal percentage can reach to the 95%, approximately.
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circulated in an open or semi enclosed system, at elevated
1. Introduction temperatures, with agitation, preparing an important potential
for chemical exposure and subsequent health effects. When
deciding on the type of drilling fluid system to use, operator
well planners require conducting comprehensive risk
assessments of drilling fluid systems, considering health
aspects in addition to environmental and safety aspects, and
strike a suitable balance between their potentially conflicting
requirements [6]. The results of these risk assessments
require to be made available to all employers whose workers
may become exposed to the drilling fluid system. Wastewater
engineers and ground water remediation specialists are
constantly confronted with the presence of fats, oils and
greases (FOGs) in the water, which must be removed either
to conform to discharge permit limits, or because it coats
other media or elements such as in an evaporator. Removing
FOG can be simple if it is not emulsified, i.e. it floats as
sheen on water. After all, oil and water do not mix, right?
Yes and no. It can be mechanically emulsified; in which case

Drilling fluid -mud - is usually composed by water, clay,
weighing material and a few chemicals [1]. Sometimes oil
may be applied instead of water, or oil added to the water to
give the mud certain desirable physical properties [2].
Drilling fluid is used to increase the cuttings made by the bit
and lift them to the surface for disposal [3]. But equally
important, it addition, provides a means of keeping
underground pressures in check. The heavier or denser the
mud, is the more pressure it exerts. Therefore, weighing
materials - barite - are mixed to the mud to make it exert as
much pressure as required to contain formation pressures [4].
The equipment in the circulating system consists of a large
number of parameters [5]. Drilling fluids are applied
extensively in the upstream oil and gas industry, and are
critical to ensuring a safe and productive oil or gas well.
During drilling process, a large volume of drilling fluid is
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letting the wastewater sit in a tank for a while will cause most
of it to rise to the surface. But some of it may stay in the
water, if the oil globules are small enough. What do we do
now? If the oil contains an "emulsifier" that was added to
cause it to dissolve in water, it 1is chemically
dissolved/emulsified, and requires addition of chemicals to
remove it from water. FOGs can potentially be an expensive
nuisance if they are not removed, because they coat pipe(s),
filtration media such as granular activated carbon, sand filters,
ion exchange resins, air stripper media, and the membranes
of ultra-filtration and RO (reverse osmosis) units. The
coating from FOGs creates the need for frequent change-outs
and/or cleaning. However, the newest membranes have a
cross flow mechanism mad consequently the oil does not
blind the pores, i.e. cause fouling! Yet, one must still deal
with the concentrate that now accumulates during the
operation, which may involve costly water hauling ($0.15-1.-
/gal). This concentrate also coats the heating elements of
evaporators, resulting in frequent clean-up and disposal of
this oil [7, 8]. One may find themselves in the following
scenario: You find yourself in compliance with the discharge
permit for oil (say 50 ppm) [9, 10]. The oil content of your
water is only 30 ppm. You have nothing to worry about, right?
Wrong! You are in violation of your permit with your COD
(chemical oxygen demand), the limit is 50 ppm, but you are
discharging 65 ppm [11, 12]. Oil is part of the COD, which
encompasses any organic compound that can be oxidized.
Therefore, if you remove half of the oil you are in
compliance. The COD could be a result of the presence of
ethyl alcohol or some other volatile compound that is
difficult to remove [13, 14]. The COD is defined as the
amount of oxygen, expressed in ppm, consumed under
specific conditions in the oxidation of organic and inorganic
matter contained in a wastewater or ground water. The BOD,
biochemical oxygen demand, also includes oil [15, 16]. It
estimates the degree of contamination of water supplies,
particularly those contaminated by sewage and industrial
waste. It is expressed as the quantity of dissolved oxygen (in
mg/l) required during stabilization of the decomposable
organic matter by aerobic biochemical action, usually
measured before and after a five day incubation period.
Several states have lowered the discharge limit for oil into
surface waters to 10 ppm, and the prospects for even lower
limits are likely. Any facility that wants to recycle its water,
and shoots for zero discharge, will have to deal with its oil in
the wastewater. So, it is desirable to learn how to deal with it.
To do this successfully requires some basic knowledge about
oil, its sources, chemical composition, and the technologies
required to remove it from water [17, 18]. It is the purpose of
this guide to supply this information [19-21]. The first
question the engineer should always ask when confronted
with the presence of oil is [22]: “What kind of oil is it?” If he

does not attempt to answer this question, he may be lucky
and choose the proper removal method, or he will get
stumped fight from the beginning [23-25].

1.1. Functions of Drilling Fluid

In the early days of rotary drilling, the primary function of
drilling fluids was to bring the cuttings from the bottom of the
hole to the surface [7]. Today it is recognized the drilling fluid
has at least ten important functions: A). Assists in making hole
by: A-1). Removal of cuttings, A-2). Cooling and lubrication
of bit and drill string, A-3). Power transmission to bit nozzles
or turbines. B). Assists in hole preservation by: B-1). Support
of bore hole wall, B-2). Containment of formation fluids. C). It
also: C-1). Supports the weight of pipe and casing, C-2).
Serves as a medium for formation logging. D-It must not: D-1).
Corrode bit, drill string and casing and surface facilities, D-2).
Impair productivity of producing horizon, D-3). Pollute the
environment [8, 9 and 10].

1.2. The Role of Drilling Fluid

Undoubtedly, the drilling fluid has vital role in drilling
process [11, 12]. Two basic items included; frictions and in
the recycling cycle.

1.3. Customized Solutions

Despite the excellent track record demonstrated by invert
emulsion fluids, operators continue searching for a water-
based system that will give comparable performance [13-15].
Increasing concern is placed on environmental impact of
operations, making water-based alternatives more attractive
[16-18].

Baroid has engineered high-performance water-based fluids
that emulate the performance of an invert emulsion fluid.
Each fluid system is customized to address specific drilling
challenges [19-21].

1.4. Review of the Study

Two pre-treatment reactors are used as basic unit in the
treatment unit in this paper. Types of reactors are selected as
mixed flow reactor and coagulation, flocculation and
sedimentation are occurred in this paper. The concentration
of nano coagulant can effective on the turbidity of treated
waste water. So, the turbidity of treated waste water is
evaluated in the results and discussion section. In addition,
the mixing rate of impeller in the first reactor is so effective
on the breaking or collapse of coagulants and also flocculants,
finally. The results are stated with correlations, ultimately.

Detailed investigation of experimental study about the usage
of nano ferric oxide in pre-treatment of waste drilling fluid is
reported in this survey.
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2. Material and Method

2.1. Drilling Waste Water as Entrance Feed

Waste drilling fluid with watery base in volume of 3000 cc is
used in the tests. At each run coagulation, flocculation and
sedimentation steps is performed. The nano coagulant and
auxiliary coagulants are used for making coagulants. The
coagulation step, flocculation step and the sedimentation step
are done, finally. The bonds of Sodium and hydroxide and
also Sodium and Carbonate are broken and the new bonds are
made by using nano coagulant and auxiliary coagulants.
Finally, the contaminants content are decreased in the three
steps of treatment.

2.2. The Proposed Pilot of Pre-treatment
Reactors

Two reactors with volume of 4000 cc which are made of poly
vinyl chloride are joined in series through pipelines. The
second tank is in lower level from the first tank and the outlet
fluid flows to the second one thoroughly. There is one globe
valve which connects the two tanks. The main nano
coagulant and also auxiliary coagulants are applied in the
first and second mixed flow reactors.

3. Results and Discussion

Experiments are held to qualify the pre-treatment
performance of drilling fluid in the proposed pilot scale two
series reactors. Since the drilling fluid is in water base so the
coagulation mechanism is chosen in pre-treatment unit.
Coagulation is handled by addition of nano mineral oxides to
waste drilling fluid. Coagulation performs chemically and
physically to agglomerate the dispersed colloids in waste
drilling water to form flocs and improve the sedimentation.
Figures 1, 2, 3 and 4 show the amount of turbidity versus
concentration of nano coagulant. The mixer rate of firs
reactor is changed during the experimental tests. 90. 100, 120
and 140 rpm are selected as mixing rate in the first reactor of
pre-treatment unit. As mentioned in the above, the mixing
rate of impeller in the first reactor can appear or disappear
the coagulants, so changing of mixing rate is investigated in
this work. Also, the concentration of injected nano
coagulants to the waste water sample is very important in the
cost estimation in the scale up process. The turbidity is a
basic item in determination of quality of drilling wastewater
treatment. So, the turbidity of treated drilling wastewater
after coagulation, flocculation and sedimentation steps are
evaluated in the Figures 1, 2, 3 and 4, experimentally. The
obtained results the positive effect of nano
concentration at the initial time of treatment process. The
experimental results illustrate the optimum mixing rate of
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Figure 1. Turbidity versus concentartion at 90 rpm and pH=8.
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Figure 2. Turbidity versus concentartion at 100 rpm and pH=8.
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Figure 3. Turbidity versus concentartion at 120 rpm and pH=8.
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Figure 4. Turbidity versus concentartion at 140 rpm and pH=8.
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4. Conclusion

Detailed investigation of experimental study about the usage
of nano ferric oxide in pre-treatment of waste drilling fluid is
reported in this survey. Contaminant removal from waste
drilling fluid by coagulation- flocculation- sedimentation
mechanisms is considered here. The effect of coagulant
concentration and fast mixing rates on turbidity is
investigated in this paper. Some correlations are presented to
predict the relation between the pre-treatment condition and
pre-treatment results. Results show the turbidity removal
percentage can reach to the 95% in the pH=8, rpm=100 and
the concentration of nano coagulant=100 ppm. In addition,
the experimental formulas are shown in the Figures. The
regression of each of curves are calculated by soft were,
finally.
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