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Abstract. Drilling mud is a fluid use& assist the drilling process. The composition and physical
properties of the mud greatly influence a drilling operation. Drilling operations that penetrate
formations with shale content have the potential to experience drilling problems related to shale
hydration. To get a good ability to prevent shale hydration, mud is added with polymeric and
polyamine KCI additives (shale inhibitors) with the aim of stabilizing shale in contact with
drilling fluid, as well as preventing drill cuttings from forming colloids. The results obtained in
the KCI polymer mud composition at temperatures of 80°F, 250°F, and 300°F for mud weight
were 9.3 ppg, 9.1 ppg, and 9 ppg, respectively. Funnel viscosity was 40 sec/qt, 36 sec/qt, and 34
sec/qt. Tap rates were 4.8 cc, 6 cc, and 6.6 cc. Mud cake remained at 1 mm and pH also remained
at 9. While the results obtained on polyamine mud composition at temperatures of 80°F, 250°F,
and 300°F for mud weight were 9.2 ppg, 8.9 ppg, and 8.8 ppg, respectively. Funnel viscosity
was 26 sec/qt, 20 sec/qt, and 17 sec/qt. Tap rate of 10 cc, 13.8 cc, and 15 cc. Mud cake of 1 mm,
2 mm, and 2 mm. pH remains at 9. The data obtained shows that the results of the physical
properties of polymeric KCI mud are better than polyamine mud.

1. Introduction

People could not understand the term drilling mud in ancient times. Water was the only means of lifting
drill shale or cutting. Then, as time went on, drilling technology has progressed. Drilling mud was first
used to increase the success rate of a drilling operation. Determining the type and content of mud is
critical for increasing the success and smoothness of a drilling operation. In this scenario, the
appropriateness of the mud type and composition with the formation conditions to be drilled can reduce
drilling costs . [1]-[3]

Drilling mud is crucial in a drilling process. Rxilling that is fast, safe, and affordable is heavily
determined by the circumstances and mud system$#sed. The condition under question here is how the
mud's characteristics or rheology [4]. While the mud system referred to here is a specific sort of mud
that must be used while taking into accgunt formation and borehole conditions. Non-disperse KCl
polymer muds must sustain or preserveﬁ-le hydratiqgs and dispersion process of the drilled shale
formation as much as feasible. The most typical metho® to limit the quantity of water that reacts with
the shale by blanketing the cutfigg formed by the shale with polymer as quickly as possible to avoid
additional reactivity with water'®¥|, [5]
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It is possible to conclude that KCI polymer mugyis a mud used to control chemical reactions in shale
strata. Because the primary element is water, thiS#fud is a sort of water base mud. This mud is most
suited for use in formations with laminar shale, clay, and limestone rock types, as well as rocks with a
high amount of sloughing shale and clay swelling. The most common mud system utilized in drilling is
polymeric KCl mud. The technology is built around an anionic encapsulating polymer fluid, which
encapsulates drill cuttings during hole cleaning. In water, KCl degrades into K" and Cl" ions. K" ions
will replace Na* ions in the stabilization of shale minerals. As a result, in plate shale, K" ions are bound
much stronger than Na* ions with plate clay between clay and water, reducing the repulsion force
between plate clay particles in water. The stronger the attraction between clay, the more water is released
from the system. This is due to the fact that K* ions have a large atomic radius, which can close the shale
microfracture and prevent water from entering the microfracture, reducing shale drying (hydration). [6]—
[8]

The polyamine used is a quarternary ammonium salt that inhibits water absorption in shales and clays
(water absorption) while also preventing dispersion (non dispersion). Polyamine is a shale inhibitor
material that has many advantages over KCl, including its environmentally friendly nature. Since 1980,
various polyamine research and development has been conducted, but it has not been able to completely
replace the function of KCl as a shale inhibitor. [9], [10]

Because of its ability to stabilize clay when drilling through water-sensitive shale, polyamine is used
in high-performance water-based drilling fluids. Wellbore stability has historically been a major concern
during drilling operations due to the possibility of water-sensitive shale formations hydrating when in
contact with aqueous drilling fluids. Clay hydration in water-sensitive formations causes wellbore
degradation via two mechanisms: swelling and clay dispersion. Swelling of clay from the formation
frequently results in hole tightening and increased pipe sticking, whereas dispersion frequently results
in hole washout and shale weakening. [11], [12]

The purpose of this study was to compare the results of physical properties between KCI Polymer
Mud Composition with Polyamine at Various Temperatures.

2. Method

This study was carried out at Universitas Trisakti’s Laboratory of Drilling and Production Engineering.
The first step was to collect six mud samples. The first three samples are polymeric KCl mud
compositions with the same material that will be tested at 80°F, 250°F, and 300°F. While the fourth
through sixth samples are polyamine mud compositions containing the same materials that will be tested
at temperatures of 80°F, 250°F, and 300°F, respectively. Fresh water is used in the polymer KCI mud
composition. KOH is used to control the pH. As viscosifiers and water loss controllers, bentonite and
pac-LV are used. It can also be used to make mud cakes because it controls water loss. As biopolymers
and rheology modifiers, XCD and PHPA are used. [13], [14]

The main ingredient of mud, KCI polymer, is a shale inhibitor that can replace Ca** ions with K*
ions. K-Soltex was developed as a shale inhibitor and to strengthen K" ions derived from KCI polymer.
Barite can be used as a weighting agent or to increase density, thinner, fluid loss control, and dispersant
with lignosulfonate. Finally, defoamer is used to reduce foaming. The ingredients in the polyamine mud
composition are the same as those in the polymer KCI1 composition, except that the polymer KCI and K-
Soltex ingredients are replaced with polyamine, which acts as a shale inhibitor. With the same
ingredients, it will then be heated in the oven for 1 hour at temperatures of 80°F, 250°F, and 300°F, with
a comparison of the results between the KCI polymer mud composition and polyamine. [15]-[17]

3. Result and Discussio

Laboratory research onhe physical and rheological properties of drilling mud necessitates
standardization of drilling mud properties that have become standard provisions of the research. This
mud is produced in two systems: KCL and Polyamine. Table 1 shows the standard specification data for
KCI and Polyamine mud at 80 °F, 250 °F, and 300 °F temperatures.

@
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Table 1. Composition Comparison Results of Polymeric KCI Sludge with Polyamine.

Physical KCI Polimer Polyamine

properties Unit
of mud 80°F 250°F 300°F 80°F 250°F 300°F

Mud 9.3 9.1 9 9.2 8.9 8.8 pp
Weight £
lfunnc?l 40 36 34 26 20 17 sec/qt

Viscosity
Plastic 20 17 15 14 10 8 cp
Viscosity
Yield Point 24 19 17 17 12 10 Ibs/100 ft?
Apparent 32 26.5 23.5 22.5 16 13 cp
Viscosity
600 RPM 64 53 47 45 32 26 -
300 RPM 44 36 32 31 22 18 -
200 RPM 40 33 28 27 18 15 -
100 RPM 35 29 24 23 13 11 -
6 RPM 20 14 11 10 7 5 )
3 RPM 16 11 8 7 5 3 _
Gel
strength 10 16 11 8 7 5 3 Ibs/100 ft?
seconds
Gel
strength 10 26 20 16 14 10 6 1bs/100 ft?
minutes
Screening 4.8 6 6.6 10 13.8 15 cc
rate
Mud cake 1 1 1 1 2 2 mm
pH 9 9 9 9 9 9 -

The density of mud is the maggaper unit volume of mud that influences the buoyant effect on a solid
particle; the higher the densitﬁ an object, the greater the mass per volume. A Mud Balance tool is
used in laboratory research to determine density of mud. Figure 1 shows the results of measuring the
density of KCL and Polyamine muds at various temperatures.
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Figure 1. Mud weight of KCI and Polyamine.

The viscosity of the mud is critical in raising a drill shale (cutting) to the surface. The higher the
viscosity in a mud, the easier it is to lift the drill flakes; however, as the viscosity decreases, the drill
flakes become more difficult to separate from the cuttings. Viscosity is the resistance to mud flow during
circulation, which can occur due to a shift between drill mud particles.
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Figure 2. Funnel Viscosity of KCL and Polyamine.

Plastic viscosity is a flow resistance caused by friction between solids in mud, liquid solids, and
friction between liquid layers. The following is the result of reading the Plastic Viscosity value with the
Fann VG meter tool in Figure 3.
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Figure 3. Plastic Viscosity of KCL and Polyamine.

Yield Point measures the attraction of solid particles in mud. Low yield points can lead to barite
precipitation and poor hole cleaning. A high Yield Point, on the other hand, can result in increased
circulation pressure, is difficult to stir in the tank, and has a tendency to retain gas in the mud. Figure 4
depicts the results of the Yield Point measurements of KCl and Polyamine muds at various temperatures.
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Figure 4. Yield point of KCL and Polyamine.

@he gel strength of mud jg a measure of its resistance to flow from a stationary state. When the mud
is at rest or not circulating,ae gel strength should be high enough to prevent cuttings from moving
downward. Gel strength measurements are usually taken twice for standardization, once at the beginning
of 10 seconds or right after sludge circulation is stopped and again after 10 minutes or right when
circulation resumes. Figure 5: Gel strength value results after 10 seconds of calculation
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Figure 5. Gel Strenght 10 sekon of KCL and Polyamine.
Figure 6 depicts the results of the 10-minute gel strength calculation for the KCL and Polyamine sludge
systems:
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Figure 6. Gel Strenght 10 minute of KCL and Polyamine.

The rate of drilling mud filtering is made up of both solid and liquid components. Because the
wellbore wall has pores in general, the mud's liquid component will enter the borehole wall. The sieve
rate is an indication of the amount of liquid entering the formation that is affected by temperature,
pressure, and solids. The invaded zone is the area infiltrated by mud, while the incoming liquid is known
as the filtrate.
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Figure 7. Water loss of KCL and Polyamine.

The sieve rate's goal is to form a mud cake on the borehole wall. A good mud cake is thin to reduce
the possibility of pinching the drill pipe, strong to help stabilize the borehole, and solid to ensure that
the filtrate that enters the formation is not excessive. A good mud cake is thin to reduce the possibility
of pinching the drill pipe, strong to help stabilize the borehole, and dense to ensure that the filtrate that
enters the formation is not excessive. Thick mud cake will clamp the drilling pipe, making it difficult to
lift and rotate, while the filtrate that enters the formation will damagc®he formation and can cause
damage to the formation.
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Figure 8. Mud cake of KCL and Polyamine.

. Conclusion
e following conclusions can be drawn based on the findings of the research data:

1. When the composition of polymeric KCI sludge and polyamine is compared, the physical properties
of polymeric KCI sludge are better than polyamine because, on the one hand, KCI is a polymer.
However, if you want to use a more environmentally friendly mud, polyamine can be used.

2. The mud weight results for the KCI polymer mud composition at temperatures of 80°F, 250°F, and
300°F were 9.3 ppg, 9.1 ppg, and 9 ppg, respectively. The funnel viscosity was 40 sec/qt, 36 sec/qt,
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and 34 sec/qt. Plastic viscosities of 20 cp, 17 cp, an&S cp. Yield points of 2%8/ 100 ft%, 19 1bs/100
ft?, and 17 1bs/100 ft>. Gel strenggia, 10 seconds of 16%0s/100 ft>, 11 Ibs/100 ft?, and 8 1bs/100 ft>. Gel
strength after 10 minutes was 20%0s/100 ft?, 20 Ibs/100 ft>, and 16 1bs/100 fi>. The slick rates were
4.8 cc, 6 cc, and 6.6 cc. The mud cake remained at 1 mm, and the pH remained at 9.

3. For mud weight, the results for polyamine mud composition at 80°F, 250 °F, and 300 °F were 9.2
ppe, 8.9 ppg, and 8.8 ppg, respectively. The funnel viscosity was 26 sec/gé 20 sec/qt, and 17 sec/qt,
respectively. 14 cp, 10 cp, and 8 cp plastic viscosity. Yield points of 17%0s/100 ft%, 12 1bs/100 ft?,
and 10 Ibs/100 ft* are available. Where the yield point must be greater than thgplastic viscosity in
order for the mud to lift the cutting to the surface. 10 sagonds of gel strength of 70s/100 ft2, 5 1bs/100
ft2, and 3 1bs/100 ft>. 10 minutes of gel strength of 14%0s/100 ft2, 10 1bs/100 ft%, and 6 1bs/100 ft°.
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