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ABSTRACT
Drilling through trouble zones, like; high pressure zone, shaly formation, thief zone, among
others requires special formulated drilling muds. One of such drilling muds is KCl-Polymer mud
to inhibit shaly formation; as water-based mud interactions with the formation leads to pipe
sticking. Formulating this KCl-Polymer mud requires enhanced polymers as viscosifiers to
achieve some of its basic drilling fluid functions. Regrettably, these polymers are imported and
the total dependence on these polymers is worrisome as it results to a high overall well drilling
cost in Nigeria. Therefore, this study evaluates the use of Detarium microcarpum and
Brachystegia eurycoma seeds as viscosifiers in the KCl-Polymer mud and results compared with
Polyanionic cellulose (PAC R) content for the same mud. The results obtained depict that the
Detarium microcarpum (Ofor) at 2 g content compared favourably with 1g content of PAC R as
viscosifier in the KCl-Polymer mud. Also, Brachystegia eurycoma (Achi) at 5 g content compared
with 1 g content of PAC R in the mud. Additionally, at 150 oF, the 5 g content Brachystegia
eurycoma (Achi) had negligible gel strength unlike its Detarium microcarpum (Ofor) counterpart
which had flat gel characteristic even at high temperature. Furthermore, the results depict that
the KCl-Polymer mud’s yield point (YP) was drastically reduced at low Detarium microcarpum
and Brachystegia eurycoma contents in the mud. Therefore, the viscosifying potential of the
Detarium microcarpum (Ofor) in KCl-Polymer mud for drilling through trouble formations can
be exploited; as it seems promising. This development will reduce: over dependence and
importation of foreign polymers, total drilling cost and boost the Nigerian economy.
Keywords: Detarium microcarpum; Brachystegia eurycoma; Viscosifiers; KCl-Polymer; Drilling
mud.

INTRODUCTION
Drilling fluids are used in the oil and gas
industry for the drilling of boreholes and
construction of oil wells [1]. They are
heterogeneous mixtures of clay, water and
other additives that aid the drilling
operations. Thus, they are sometimes seen
as the circulating blood of the drilling

operation. Depending on the continuous
phase, drilling fluid is classified either as
water-based mud (WBM) or oil-based mud
(OBM). Although a new class has been
introduced known as synthetic-based
drilling mud (SBM) because of the
environmental challenge of the oil-based
muds (OBMs) [2]. It is now a well-

established fact that the success of a drilling
operation relies to a large extent on the
physical/rheological properties of the
drilling fluid used for lubricating drill bits
[3]. Therefore, the importance of drilling
fluid otherwise known as ‘drilling mud’
cannot be over emphasized as the
knowledge of drilling fluid is a requisite in
the rotary drilling operation in the
petroleum industry [4]. Tailoring drilling
fluid is an important key to the success of a
drilling operation. Failure to do so can result
in costly problems, impediment on the
equipment longevity and performance, and
can ultimately jeopardize overall well
objective [5]. The composition of drilling
fluid depends on the requirements of the
particular drilling operations [6]. During
drilling, the deposit of solids in the form of a
cake contributes to the borehole stability
and limits the invasion of the permeable
zone by the liquid phase and reduces the
formation damage [7]. Thus, this
characteristic of the drilling mud to perform
deposition of solids to form cake is
controlled by its viscosity which is enhanced
by viscosifier (additive) such as polymers,
starch, etc. As such, different types of
polymers and chemicals are used by the
petroleum industry to design some drilling
muds
to
meet
some
functional
requirements such as appropriate mud
rheology, density, fluid loss control
property, etc. [8].
The use of conventional water-based muds
(WBMs) in drilling sensitive (shale)
formations results in the adsorption of
water associated with the drilling mud onto
the surface of shale [9]. Depending on the

shale type, this occurrence may lead to
various reactions like swelling, cutting
dispersion and increase in pore pressure
[10], during drilling operations. The increase
in formation pore pressure in turn creates
wellbore instability of varying degree as the
drilling operation progresses. Therefore, to
overcome this formation sensitive challenge
with conventional WBMs, Potassium
Chloride (KCl)-Polymer based muds are
used to inhibit or limit chemical interaction
of shale formations. William [11]
maintained that the KCl/Polymer mud is
suitable for drilling potential productive
sands. In addition, Sadiq [12] opined that
KCl/Polymer mud advantages include:
higher shear thinning, high true yield
strength, improved borehole stability, good
bit hydraulic and reduced circulating
pressure losses. So far, companies involved
in design and production of drilling fluid in
Nigeria for the oil and gas sector have over
the years imported the materials to
produce mud or in some cases imported
already designed and produced drilling mud
[13]. This has been a major challenge to the
indigenous companies involved in the oil
and gas as they have to import these
materials at high costs. In this regard, the
indigenous companies find it difficult to
compete favourably with their foreign
counterparts. Thus, with the emergence of
local content in the oil and gas industry by
the Federal government under the auspices
of Nigerian National Petroleum Corporation
(NNPC) there is need to find local drilling
mud materials that can substitute the
foreign ones. Such local raw materials of
interest in recent studies are Detarium

microcarpum and Brachystegia eurycoma
seeds popularly known as Ofor and Achi
respectively. Interestingly, some studies in
the literature by Uhegbu et al. [14], Mariod
et al. [15], Aviara et al. [16], among others
have
provided
the
physiochemical
properties of these seeds. Therefore, this
study will not consider characterizing these
seeds for the evaluation of their viscosifying
potentials in KCl-Polymer drilling mud.
Therefore, this study evaluates the use of
local seeds: Detarium microcarpum and
Brachystegia eurycoma as viscosifier in KClPolymer based drilling mud.
MATERIALS AND METHODS

The
Detarium
microcarpum
and
Brachystegia eurycoma seeds (as depicted
in Plates 1a and 1b respectively) were
obtained from local market in Uyo, Akwa
Ibom State, Nigeria. The seeds were sorted
to remove unviable ones and then washed
to remove debris, roasted for 10 - 15 min
and soaked immediately in distilled water
for 1 h. The cotyledons were extracted from
the seeds and soaked overnight in distilled
water. Thereafter, the water was decanted
and the cotyledons were sun-dried for four
(4) days. Finally, the cotyledons were
ground and sieved to 125 µm to obtained
fine powder. The powders were stored in
air-tight containers to avoid contamination.

Seeds Preparation

Plate 1a: Detarium microcarpum (Ofor)
Mud Formulation
According to William [11], the basic
components of KCl-Polymer mud are: fresh
water or sea water, KCI, inhibiting polymer,
viscosity building polymer, stabilized starch,
caustic soda and lubricants. Table 1
presents the basic compositions of the base

Plate 1b: Brachystegia eurycoma (Achi)
KCl-Polymer mud used for this study. After
weighing the various additives as indicated
in Table I, 350 mL of fresh water was filled
in the mud cup and place under the
Hamilton Beach Standard mixer. The
various components (additives) were added
to the fresh water to formulate the KClPolymer mud based on the indicated mixing

order presented in Table I. Also, the base
mud properties are presented in Table III.
Ofor and Achi muds (i.e. without addition of
On the other hand, three mud samples with
PAC R) were formulated based on the
different local seeds content of 2 g, 3 g and
components indicated in Table II. These
5 g were prepared to evaluate their
formulated KCl-Polymer muds were allowed
potential in KCl-Polymer mud rheological
to age for 24 h before testing for their
properties. In addition, the KCl-Polymer
various mud properties. The determined
mud samples were hot rolled at 150 oF for
mud properties were pH and rheological
16 h to assess their performance at high
properties: apparent viscosity, plastic
temperature. Thus, the base KCl-Polymer
viscosity, yield point and gel strength based
mud and the formulated Ofor and Achi
on the API Specification 13B [17]
muds with 3 g and 5 g contents were used
recommended practice for field testing
for the hot roll evaluation.
water-based drilling fluids. The obtained
Table I: Base Mud Compositions
Mud components
Content
Mixing order
Mixing during (min)
Fresh water, (mL)
350
1
-Barite, (g)
10
2
5
Soda ash, (g)
0.25
3
2
Caustic soda, (g)
0.25
4
2
Potassium Chloride, (g)
25
5
5
PAC R, (g)
1.0
6
5
PAC L, (g)
1.0
7
2
Biocide, (mL)
0.5
8
2
Table II: Base Compositions for Ofor and Achi Muds
Mud components
Ofor Mud
Achi Mud
Mixing Time (min)
Fresh water, (mL)
350
350
-Barite, (g)
10
10
5
Soda ash, (g)
0.25
0.25
2
Caustic soda, (g)
0.25
0.25
2
Potassium Chloride, (g)
25
25
5
Ofor, (g)
1.0
-5
Achi, (g)
-1.0
5
PAC L, (g)
1.0
1.0
2
Biocide, (mL)
0.5
0.5
2
Mud Properties Determination
The mud pH and rheological properties
were determined as described from
previous studies [18,19,20].
RESULTS
AND
DISCUSSION
A comparison of Detarium microcarpum

and Brachystegia eurycoma seeds as
viscosifiers in KCl-Polymer mud otherwise
referred to as Ofor and Achi muds
respectively in this study with PAC R was
presented in Table III. The obtained mud
rheological properties: apparent viscosity,
plastic viscosity and yield point from the

local seeds (i.e., Ofor and Achi) muds were
less than the base KCl-Polymer mud with
PAC R at the same 1 g content. This
observation was attributed to the fact that
PAC R is a modified polymer enhanced for
the purpose of mud viscosifying as additive.
Interestingly, the both local seeds muds
have the same 10 sec and 10 mins gel
strength with the base KCl-Polymer mud.
Additionally, the obtained gel strength
values of the base KCl-Polymer and the local
seed muds indicated that they all have flat
gel strengths; as the obtained 10 seconds
and 10 mins gel strengths were the same
values. This implied that the Ofor and Achi
muds’ gel strengths would remain constant

during non-circulating time, which is a good
requirement for drilling operations. It
meant that these muds will not become
thick during tripping out of hole; as thick
mud will require high pump power to
initiate mud circulation when drilling
operation commences again. On the other
hand, Fig. 1 depicted the rheogram (i.e.,
shear stress - shear rate profile) of the KClPolymer muds, namely: base, Ofor and Achi
muds. Fig. 1 indicated that the base mud
which contained PAC R had higher
rheological values than the Ofor and Achi
muds. This resulted in the high shear stress
- shear rate profile of the base mud than
the locally formulated muds.

Table III: Mud Properties for the Base KCl-Polymer Muds
Mud Properties
Base Mud
Ofor Mud
Achi Mud
pH Value
11.0
11.0
11.0
Apparent Viscosity, (cP)
16.5
10.5
9.0
Plastic Viscosity, (cP)
14.0
9.0
7.0
Yield Point, (Pa)
4.31
1.44
1.92
Gel Strength, (Pa):
0.48/0.48
0.48/0.48
0.48/0.48
Table IV presents the results for the various
mud properties obtained at different seed
contents of Ofor and Achi in the KClPolymer mud. The comparisons of the
results with the base mud showed that
increase in the local seed contents in the
KCl-Polymer mud improved their mud
rheology. This development meant that the
local seeds would require more contents in
the mud to perform like the PAC R studied.
As observed in the Table IV, the Ofor mud
properties at 2 g content were comparable
with the base mud’s properties. Whilst Achi
mud at 2 g content; even at 3 g, were less
comparable with the base mud. These
observations were further depicted in the
rheogram; as presented in Fig. 2 and 3. As

observed in Figs. 2 and 3, at 2 g content, the
Ofor mud’s shear stress - shear rate profile
was close to the base mud’s profile than the
Achi mud’s profile. For the 3 g content, the
Ofor mud’s profile was higher than the base
mud. This indicated that the increased Ofor
content improved its viscosfying potential in
the KCl-Polymer mud. As stated earlier, the
Achi mud’s profile at 3 g content was less
than the base mud’s profile. Nevertheless,
at 5 g content, the Ofor and Achi muds’
rheological properties were higher than the
based mud. The Ofor mud’s properties
were far higher, but Achi mud’s properties
were slightly higher than the base mud in
Table IV and Fig. 4. This indicates that more
content of Achi was required in the KCl-

Polymer mud to enhance its viscosifying
potential in order to be compared with that

of PAC R.

Table IV: Mud Properties of the increased Ofor and Achi Content
Mud Properties
Base Mud
Ofor Mud
Achi Mud
Content
-2g
3g
5g
2g
3g
5g
Apparent
16.5
16.5
38.5
47.0
12.5
14
24.5
Viscosity, (cP)
Plastic
Viscosity,
14.0
13.0
26.0
30.0
11.0
10.0
19.0
(cP)
Yield Point, (Pa)
4.31
3.35
11.97
16.28
1.44
3.83
5.27
Gel Strength, (Pa):
0.48/0.48
0.48/0.48 0.48/0.96 0.96/1.44 0.48/0.48 0.48/0.96 0.48/0.48
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Fig. 2: 2 g Ofor and Achi Muds vs. Base Mud
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Fig. 4: 5 g Ofor and Achi Muds vs. Base Mud

On the other hand, Table V and Figs. 5 and
6 present the results after the base mud
and 3 g and 5 g content of the local seed
muds were hot rolled at 150 oF for 16 h.
Comparison of the muds’ properties:
apparent viscosity, plastic viscosity and
yield point, indicate that Ofor muds have
higher properties than the base and Achi
muds. These high mud properties in turn
resulted to the high shear stress - shear rate
profile (Figs. 5 and 6) obtained for Ofor mud
when compared to the base and Achi muds.
Additionally, at 5 g content, the Achi mud
has the same mud properties and shear
stress - shear rate profile with the base
mud; as observed in Table V and Fig. 6
respectively. Furthermore, the obtained 10
secs and 10 mins gel strengths for the based
and Ofor mud at 3 g and 5 g content were

the same (Table V). However, the Achi muds
have negligible 10 sec and 10 min gel
strengths after the hot rolling test. This
indicated that high temperature would
seriously affect the solid holding potential
of the Achi mud during non-circulation
period. In addition, comparisons of the
muds’ properties before and after hot
rolling as presented in Table 6 showed the
percentage decrease in the various KClPolymer muds’ properties. The results
(Table VI) indicated that the muds’ yield
point was the most affected mud property
at high temperature. However, when the
content of the local seeds were increased in
the KCl-Polymer mud, the percentage
decrease of the mud yield point was
reduced; as it was in the case for the 5 g
content Ofor and Achi muds.

Table V: The KCl-Polymer Muds’ Properties after Hot Rolling at 150 o F
Mud Properties
Base Mud
Ofor Mud
Achi Mud
Content
-3g
5g
3g
5g
Apparent Viscosity, (cP)
10.0
16.5
24.0
4.0
10.0
Plastic Viscosity, (cP)
8.0
14.0
17.0
3.0
8.0
Yield Point, (Pa)
1.92
2.39
6.70
0.96
1.92
Gel Strength, (Pa)
0.48/0.48 0.48/0.48 0.48/0.48
---
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Fig. 6: 5 g Ofor and Achi Muds vs. Base Mud after hot rolling

Table VI: Percentage decrease in the
Mud Properties
Base Mud
Content
-Apparent Viscosity, (%)
39.39
Plastic Viscosity, (%)
42.86
Yield Point, (%)
55.56

KCl-Polymer Muds’ Properties after Hot Rolling
Ofor Mud
Achi Mud
3g
5g
3g
5g
57.14
48.94
71.43
59.18
46.15
43.33
70.00
57.90
80.00
58.82
75.00
63.64

CONCLUSION
The viscosifying potentials of any drilling
mud additives are basically to improve the
mud’s rheological properties and in some
cases modify the mud filtration loss
characteristic. In the Petroleum industry,
these viscosifiers are enhanced polymers
that have been for decades for both waterbased and oil-based muds. Regrettably,
most of them are imported which involves
foreign exchange and other contingencies,
that will in turn impact on the overall
drilling cost. Therefore, there is need to
substitute the foreign additives with the
locally available material(s). Thus, the study
confirms that KCl-Polymer based mud, 2 g
of Ofor content compare favourably with 1

g of PAC R (Polyanionic Cellulose), whilst
Achi required 5 g to compare with that
same PAC R content in the mud. Also, the
local seeds (i.e., Ofor and Achi) in KClPolymer mud have a flat gel strength
characteristic but at high temperature Achi
solid holding potential (gel strength)
becomes negligible. Furthermore, with low
local seeds content, the KCl-Polymer mud
yield point reduced drastically at high
temperature while the performance of Ofor
content in the KCl-Polymer mud as
viscosifier was higher than Achi.
Further studies should be undertaken to
determine the optimum content of these
local seeds that would compare favourably
to PAC R in drilling mud.
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