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Abstract. Drilling fluid is a vital element of the drilling process. Any drilling fluid must have canmon properties
that facilitate sffeand satisfactory canpletion of thewell.

The main canponent of water basemud isclay (mostly bentonite). The present consumption of bentonite clay
in the drilling operationsin Saudi Arabia alone can reach over 100,000 tonsayear and all of itis imported fran
USA. This trend is expected to continue as dilling activity increases. The large consumption and the high
importation cost of this material lead to anattempt to finda local substitute.

Clays in Saudi Arabia are represented by numerous canmercial stocks. The use d these lacal clays in the
drilling activities can save a huge anount of hard currency that otherwise would be spent on imparting it fran

abroad.

Several attempts weremace to investigate shale outcrop precipitates in the kingdom. Thiswork focuses on the

possibility of the utili zation of local bentonite clay minerals asa basic material for drilling fluidsused to drill cil
and gaswells. The only known bentonite outcrop in the kingdom isin Khulay s area, 70 km north Jeddah adjacent
to Makkah-Madinah road.

API specifications for acceptable drilling mud was the base for evaluating the local bentonite. The properties
of the local mud can be improved econamically by adding some cheep materials to the prepared mud to enhance
its viscosity and filtration loss (such as CMC, Drispac poly mer, and bentonite extencers). Also, shearing speed
can be used as an enharcement method to improve the dispersion rate of the clay suspension, and hence increase
viscosity and decrease filtration loss. But, the used shearing speed should be limited to a practical and econamical
speed.

The bentonite extender can be either a salt or a polymer, it enhances viscosity buildup by dightly flocculating
the bentonite suspension. Sodium carbonate is an example of a salt that can be added as an extender. Soaking raw
bentonite with a solution of sodium salt resulted, through ion exchange, in a higher sodium bentonite content.

More effective extenders than inorganic salts are the highmolecular weight linear polymers.

Introduction

Drilling fluids ae a vitd factor in drilling a
successful wdl. Any drilling fluid must have
common propeties, which faclitate safe and
saisfactory completion of the wdl such as:
e Bottom hole deaning and removd of cuttings to
the surface
Controlling high pressure zones.
Cooling and lubricating down hole drilling
equi pment.
e Forming bore hole wal supporting filter cake.
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e Supporting the drill string and casing weight.
o Allowing the interpretetion of dectri c logs.

T hese functions are controlled by the reheol ogica
and filtration properties of mud. Theman component
of waer base mud is day (mostly bentonite). One
definition of a day is tha it will bresk upon
dispersion into particdes smaler than 2 microns when
placed in water. Bentonite is a geologicd term for a
rock which contains montmorillonite as its maor
component.

A good bentonite for a drilling fluid requires
montmorillonite with sodium and cddum as the
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minor-cations associated with its exchange sites. A
drilling grade bentonite must readily disperse in
water to produce athixotropic or shear thinning fluid
which possesses gd strength and a low fluid loss to
the formation (Mud School, 1996).

Raw bentonite

Commercid grades of bentonite occur as rdaivey
thin beds of dtered volcanic ash very dose to the
surface. Consequently, bentoniteis dmost exdusively
recovered by a strip mining method. An integrd part
of mining bentonite is prdiminary core drilling to
determine the thickness and extent of the deposit and
to provide sampes for the estimation of the physicd
properties and ore grades within thedeposit.

Tomest these product requirements, the bentonite
ores ae fed as is to the plant processing facility.
Most bentonite products require that the ore should
be dried in arotary drier to less than 15% moisture
content. Additiond drying occurs during further
processing. Products required to be granular in nature
are recovered by sieving the drier discharge.

Findy ground products are typicdly produced by
milling dried ore through aroller mill which grindsto
less than 200 mesh or finer particle sizing. Soda ash is
added in concentrations up to 20 pounds per ton to
lower grade bentonite ores which contain an excess of
divdent cations a the montmorillonite exchange sites
improving theviscosity properties of the find product.

Raw bentonite processing

| fthe minerd composition of abentoniteis such
that its viscosifying power is insuffi cient, an extender
can be added. The extender can be dther a sdt or a
polymer, and it enhances viscosity buildup by
slightly flocculating the bentonite suspension.

There are only two simple methods available for
increasing bentonite qudity:

1. lon exchange.

2. Extender addition.

The first method has no drawbacks if the
bentonite is properly washed after the trestment. The
addition of an extender, however, can give riseto an
unexpected bentonite performance in particular
when polymeric extenders have been added.

T he tendency to hydrate, which is greater in some
cday than in others, determines whether chemicd
tretment is needed to achieve the properties desired
for aparticular drilling situation.

Sodium carbonate is an example of asdt tha can
be added as an extender. In some cases, it is dready

present in the bentonite because it can dso be used
for pretreament. Sosking raw bentonite with a
solution of sodium sdt results throughion exchange,
in higher sodium montmorillonite content.

Anionic polymers, such a a Polyarylae
(Cypan), are used to increase the yidd per ton of a
bentonite blend. In concentrations as low as
0.1 pound per ton of bentonite these polymers
can increase the viscosity of 6% dispersions of
the bentonite to produce an over 90-barrd yidd
per ton product. The current API specifications
ensure that bentonite is not over treaed with
the polymer.

Non-dispersabl e patices of 75 micrometers or
larger must be mantaned bdow 4.0 wt%. These
non-dispersable patides are from quartz, fddspar,
mica and other minerds in the naturd deposits. Ther
patidesizeis controlled in processing by grinding to
less than 200 mesh (75 microns).

Bentonite quality

Bentonite qudity is determined mainly by four
paameters:

1. The content of

montmorillonite

2. The type of counter-ions presents on the

montmorilloniteplad es.

3. The presence or absence of asmadl amount of

extending polymer.

4. The size and charge of the montmorillonite

plades.

Pure bentonite should contan only montmo-
rillonite. In prectice, because of the dedining
reserves of high-qudity bentonite, other materid
such asillites, kaolinites, chlorites (dl days), quartz,
and fddspa are wusudly present. Because
montmorillonitic days have the highest swdling
cgpacity (which is responsible for viscosity buildup
and the formation of alow-permeability filter cake),
the presence of the other maerids will have an
adverse effect on bentonite qudity.

materid othe than

Bentonite hydration

W hen exposed to weter, bentonite adsorb water and
swell. The degree of sweling is controlled by the
caion associaed with the day structure. For sodum
bentonite, day inerlayer sweling can be twice the
swdling of the cdcium bentonite. Indrilling fluids the
degree of day swdling or the viscosity of the hydrated
day is the messure of its qudity. The degree of
cacdum presencein day isreflected on its viscosity.
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Bentonite quality evaluation

Bol caried out severd tests to prove that
commercid bentonites were extended by using
polymers so that it can perform beter properties
when used in preparing drilling fluids and to satisfy
the APl and the OCMA standads (Koninkijka,
1986).

Also, the vaiaion in chage and size of the
bentonite pladets will affect the swdling
charecteristics of the materid and thus the qudity.

Generd qudity standards for bentonite are lad
down in OCMA and API specifications (Téable 1).
Both methods include only tests & room temperature
on suspension indistilled weter.

Table 1. APl and OCMA specifications
Property API Requirements

OCMA
Requirements

Fann-600 reading

(7% wt bentonite) >30 ----
Yield point <3 .
API filtrate <15mL
Wet sieving residue on
sieve No. 200 < 4wt% <25wt%
Wet sieving residue on
100 mesh screen <2wt%

Bol tested vaious commercidly avaldble
bentonites for the presence of polymer extenders,
incuding a non-oil fidd product which is a high
purity grade bentonite. Thisnon-oil fidd bentonite, in
practice, is not inended to be used for viscosity
devdopment and thus, most probably, does not
contan any extending chemicds. Nether of the
specifications of the other tested bentonites
mentioned the presence of any extending chemicd
(Koninkijka, 1986).

The results of his work show tha only two
products are not extended. They are the same two
products that fail to meg OCMA requirements. He
conduded tha the fact that the pure non-oil fidd
bentonite fails to mest the OCMA reguirements lead
to the condusion that the OCMA and the API
standards are very high. And, the fact that the other
less purity bentonite fulfill the APl and OCMA
speci fications more than the pure bentonite would
lead to the condlusion tha extenders were added to
these bentonites.

He recommended tha the APl and OCMA
standards should be lowered. This would exdude the
addition of polymer extenders to bentonite by the
producers as their product would ful fill the standards

of the APl and OCMA without adding polymer
extenders (Koninkijka, 1986).

Bentonite in Saudi Arabia

Bentoniteis imported from USA, which makes it
an expensive materid. Drilling operations consume a
large quantity of bentonite. The large consumption
and the high cost of this maerid lead to trying to
find alocd substitute

Severd atempts were made to investigate shd e
outcrop precipitates in the kingdom. First attempt was
made by Dahab et al. to investigate Um Raduma
shde outcrop 200 km esst of Riyadh. It was
atapuligite, which is a sdt resistance day usudly
used to prepare sdt water base drilling fluids. They
concduded tha this locd atgpuligite is a good
substitute for the imported atapuligite, which is
cdled Zeogd (Dahab, 1987).

T he atempt was continued to find a substitute for
the imported bentonite Musad et al. investigated
many other locations. They collected day samples
from different locations in the kingdom. The tested
day samples were mostly kaolinite, which is a low
sweling day usudly not used in drilling fiuid
formulation (Al-Awad, 1998).

There are severd locations for day outcrops in
the kingdom. But, the only known bentonite outcrop
isin the Khul ays area, 70 km north Jeddah adj acent
to the Makkah-Madinah road. Khulays bentonite
deposit has proven reserves ranging from 420
thousand tones (proven) to 28.9 million tones
(indicated) and 38.9 million tones (possible)
(Spencer, 1986). Buk samples were taken from this
location and tested for ther suitability to be used in
drilling fluids.

Experimental Work and Results

Sample preparation

Bulk samples of raw bentonite were obtaned
from Khulays area. The raw bentonite was crushed to
avery smdl size then it was milled by a bal-mill
machine to avery finesize The resulting powder was
sieved by using a 45-micron openings mesh.

Clay identification

The X-ray diffraction and the SEM methods are
considered as the most rdiable methods to identify
day minerds. They ae easy and fast identification
methods. The result of the X-ray method is an
osdllaing curves with severd high peaks. T he pesks
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aetheidentity of thetested clay. Each day type can
give a certain distinctive and one or more pesks that
are used to distinguishit from other day types.

The X-ray diffractometer tests of the imported
bentonite and Khulays day show a vey good
agreement between the resulted pesks, which verify
that Khulays day is bentonite.

T he difference between the two results is indicated
a the pegks of the locd bentonite d = 334 and d =
7.096. T hefirst one indicaes the presence of quatzin
high concentration, while the second indcaed the
presence of smdl concentretion of kaolinite (Fig. 1).

The SEM results show a dear image of the d ay
patides of the locd bentonite (Fig. 2), while the
SEM results of the imported bentonite show clay
patides covered with a smooth materid, which is
bdieved to be an extending polymer (Fig. 3). The
results of the SEM give a good boost to the
condusions of Bol tha imported bentonites are
extended by using polymers, so tha it can perform

Fig. 1. X-ray-diffraction results for the local and the imported
bentonite.

Fig. 2. The SEM image of the local bentonite.

better properties when used in prepaing drilling
fluds and to saisfy the APl and the OCMA
standards.

Also, patide size andyses were caried out for
the less than 45 micron powder of the locd bentonite.
These andyses were done by using Mdvern Laser
Sizer instrument. T he results show that the size range
of the bentonite partides is between 0.03-20 micron
with a mean size of 3.1 micron, and 90% of the
patices are less than 10 micron (Fig. 4).

As day patides ae less than 4 micron in size,
this result is a refl ection of the presence of quartz as
silt partides, which would affect the cl ay suspension
properties. These partides should be removed to get
better performance of the locd bentonite.

Testing local bentonite
A drilling mud consisting of 5-15% by weight of
locd bentonite was prepared and an equivaent mud

z@kuy

Fig. 3. The SEM image of the imported bentonite.
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consisting of imported bentonite (Macogd or
Aquagd) was dso prepared. The resulted muds were
tested for viscosity, filtration loss and pH. Then, a
comparison was performed between these types of
muds.

Figure 5 shows the gpparent viscosity of muds
prepared from imported and locd bentonite. This
figure shows a big difference in the viscosity between
the two muds especidly a high concentration. But,
the viscosity of locd mud is still higher than that of
high yidd drilling day (Baroco) muds.

Figure 6 shows the filtretion loss a 30 min for the
two days. Filtration results agan show a big
differencein filtration loss between the two muds

Figure 7 shows the pH of the mud prepared from
the two days. The pH of the locd bentonite mud is
lower than tha of the imported bentonite mud by
nearly 0.6.

Improving local clay performance

Locd Dbentonite should satisfy the API
specifications to compete with the imported
bentonite. This can be done economicdly by adding
some chegp materids to the prepared mud to enhance
its viscosity and filtration loss. Also, shearing speed
can be used as an enhancement method to improve
the dispersion state of the day suspension, and hence
incresse viscosity and decrease filtration loss. But,
the speed used should not exceed practicd and
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Fig. 5. Effects of claywt% on apparent viscosity of drilling mud.
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Fig. 6. Effect of clay wt% on filtration loss of drilling mud.

economicd shearing speed limit. In dl following
tests, the locd bentonite concentration was kept a
7%.

Results

Effect of increasing shearing or mixing speed

Incressing shearing speed from 6000 to 15000
rpm causes a great improvement in viscosity and
filtration loss of the locd bentonite mud (Figs. 8 and
9). There was 200% increase in viscosity and 35%
reduction in filtration loss. It seems tha this method
of improving locd day mud properties is an effective
method, but it has some economica and equipment
limitations Economicd limitations are due to the
high energy needed to reach high shearing speed.
Equipment limitations are rdated and determined by
the mixing equipments a the rig site Thus, this
method of improving mud properties can be used if
these limitationsare satisfied at therig site.

Effect of adding CMC (sodium carboxymethyl
cellulose)

The CMC isalong chan of molecules, which is
used to reduce filtraion loss and increase mud
viscosity & a temperature less than 250°F and for
sdts concentration less than 50000 ppm. T he addition
of CMC to the mud prepared from the loca bentonite
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Fig. 7. Effect of clay wt% on the pH of the drilling mud.
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causes an increase in viscosity to double & a
concentration of 6 gm/l of mud (Fig. 10), but this
concentration is rdatively high. At a concentration of
1 gm/l, there was a sharp reduction in filtration loss
from 50 to only 21 ml (Fig. 11).
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Fig. 9. Effect of drilling mud mixing speeed on filtration loss.
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mud.

Effect of adding Drispac (polyanionic cellulose
polymer)

Drispac is along chain polymer of high molecular
weight. Smal amount of this additive can both
improve viscosity and reduce water loss even a a
high sdt concentraion and high down-hole
temperature. The addition of Drispac to the mud
prepared from the locd bentonite causes a huge
reduction in filtration loss. At a concentraion of
1 gm/l, this reduction reaches the API requirements
(Fig. 12). To reach the API reguirements concerning
the viscosity, 2 mg!| should be added to the locd
bentonite mud (Fig 13).

Effect of adding NaOH

The effect of adding NaOH must take in
consideration not only the effect of sodium ions, but
dso the effect of hydroxyl ions. Adding sodium into
the mud system causes the viscosity to incresse
possibly as aresult of base exchange This is more
obvious in Cabase days, as some sodium ions
would replace cdcium ions, which improves day
dispersion and resulted in higher viscosity.

As the addition of NaOH to the mud would
incresse the pH, its concentration should be limited to
a certan vaue tha would keep the pH around 9. In
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Fig. 13. Effect of adding Drispac on the viscosity of drilling
mud.
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mud.
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the present case, to get a good enhancement in the
viscosity, the concentration of NaOH should be
higher than 1 gm/I. But, this concentration will result
in a pH higher than 11 (Fig. 14), which is an
unacceptable levd of pH. Thus the use of NaOH to
enhance locd day performanceis not recommended.

Effect of adding bentonite extender

T he extender can be either asdt or apolymer, and
it enhances viscosity buildup by slightly flocculating
the bentonite suspenson. Sodium carbonate is an
example of a sdt tha can be added as an extender.
Soaking raw bentonite with asolution of sodium sat
resulted, through ion exchange, in a higher sodium
bentonite content. More effective extenders than
inorganic sdts are the high molecular weight linear
polymers.

Adding sodium carbonate salt (soda ash)

One of the factors affecting the tendency of ion
exchange in day is the rdative concentraion of
sodium caions. By adding Na,CO;, an enhancement
of properties was expected as some of the Na-cations
could occupy some surface locaions and increasing
the swelling tendency of clay.

Figure 15 shows the effect of adding Na,CO;
(soda ash) a different concentraions on locd
bentonite mud viscosity, as bentonite concentration in
the mud was kept & 7%. At a concentration of 4 gm/|
of mud, the mud viscosity was doud e

Figure 16 shows the effect of NaCO; (soda ash)
on mud filtraion loss @& 30 minutes. At 4 mg/l
filtretion loss decreases by 25% only, which
necessitates adding another additive to reduce it to
bdow 15 cc.

The addition of Na,CO5; will increase the pH of
the mud to 9, which isan acceptabl e vdue (Fig. 17).

Comparing enhanced local bentonit with imported
bentonite

Figure 18 shows mud viscodty of locd bentonite
ater enhancement by adding soda ash and Drigac
compared with imported bentorite T he performance of
locd bertonitewas campeting with theimported one.

Figure 19 shows mud filtration loss of enhanced
locd bentonite compared with the imported one. The
two filtration losses are nearly identicd.

The cdculated yidd for the imported bentonite
was 95 bbl/ton, and that of the enhanced locd
bentonite was 85 bbl/ton. Thisyidd can be incressed
over 90 bbl/ton by introducing an additiond 0.5%
Drispac.
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Conclusion

1. Based on the aove results and in order to
produce a product which can compete with the
imported bentonite and to meat the API standards,
the following product formulation is suggested:
Enhance the performance of the loca bentonite by
adding sdt extender (sodaash) & aconcentration
of 5% and by adding chegp polymer such as
Drispac a a very low concentration of 0.5% of
the added bentonite. T hese are necessary because
the imported bentonite is not a raw bentonite It
was dready extended by adding polymers, as it
was proven in the literature and in this study.

2. Theviscosity and the filtration loss of the 7% wt
imported bentonite mud is nearly identicd with
the viscosity of the 8% wt enhanced locd
bentonite mud.

3. Depending on the published Baroid drilling fluid
additives prices, the cost of the enhanced locd
bentonite, with a yied higher than 90 bbl/ton, is
less than 46% of the imported bentonite cost. This
estimation needs further investigations concerning
local bentonite mining cost, processing, packing
and transportation.
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