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Decreasing pressure losses by applying drilling mud with nanoparticles
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Abstract: During mud circulation pressure losses occur in all sections of the wellbore: surface pipeline, inside drill string, drill bit and
around drill string. The sum of the pressure losses calculated for each section is equal to the total pressure loss in the system, i.e. the
pressure that is read on the manometer of the mud pump. The mud flow through annulus (between drill pipes/collars and open hole/casing)
causes an increased pressure loss for the certain flow rate which increases the pressure exerted on the wellbore wall, so it is important to
manage it. In this paper, the influence of SiO2 nanoparticles on the rheological properties of bentonite mud was examined. After that, for a
typical wellbore construction and selected mud flow was calculated their influence on pressure losses in the area around drilling pipes and
collars. The pressure losses were determined using the Bingham model which provides an easy way to obtain data of acceptable accuracy
for the case of application in conventional vertical wells. The results indicate that the addition of SiO, nanoparticles can reduce the pressure

loss during mud circulation, in some cases by more than 50%.
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1. Introduction

The conventional drilling tools consists of drill pipes and drill
collars that bring mechanical energy which include rotation and
weight on bit, as well as hydraulic energy. Whole drilling tools are
pulled out of the wellbore each time a drilling bit or bottomhole
assembly (BHA) needs to be replaced or the depth of the casing
shoe has been reached. After that, the casing pipes is lowered into
the wellbore and cemented. In Figure 1 is presented typical

wellbore construction.
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Surface casing
339,7 mm (13 3/8")

Conductor casing
558,8 mm (22")

Drill bit diameter
4445 mm (17 1/2")

Drill bit diameter
311,1 mm (12 1/4')

Intermediate casing
244,5 mm (9 5/8")

Drill bit diameter
215,9 mm (8 1/2™)

Production casing
139,7 mm (5 1/2")
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Fig 1. Typical wellbore construction [1].

The mud circulation cycle consists of several components or
intervals, with pressure losses occurring on each of them. The sum
of the pressure losses during each interval is equal to the total
pressure loss in the system, i.e. the pressure measured on the mud
pump. Figure 2 shows a simplified mud flow in the wellbore during
drilling.

Knowing the flow of fluids that have different rheological
properties in the annular space (between drill pipes/collars and
wellbore walls/casing) is important because the precise
determination of the flow properties of different fluids is the basis
for planning and designing hydraulic analysis of well during
planning of wellbore construction [2]. A significant increase in
pressure loss due to flow resistance occurs in a confined space
(annular) which requires its precise assessment. Determining the

pressure loss due to friction (flow resistance) is useful for
calculating the required power of the mud pump, the pressure at the
bottom of the wellbore, and the maximum pressure at the wellhead.
Accurate determination of pressure loss is also important from an
economic point of view. Calculating the pressure reduction in the
annular space due to flow resistance allows an appropriate
assessment of the flow conditions, which is crucial to reduce
problems and avoid high costs during drilling.

]
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1-inside drill pipe

2-mud motor or MWD

3-drill bit

4-around drill pipes and drill collars

Fig 2. Simplified schematic of the mud circulation.

Consideration of drilling fluid flow conditions according to API
procedures involves the application of either an exponential or
Bingham plastic rheological model [2]. These models and the
corresponding hydraulic calculations provide a simple way to obtain
data of acceptable accuracy for the case of applications in
conventional vertical wells and for the application of simple mud
composition, such as bentonite muds.

Previous studies of the influence of nanoparticles on the
rheological properties of drilling muds indicate that the influence of
nanoparticles on the rheological properties of drilling mud cannot
be determined with certainty because there have been cases of
increasing and decreasing rheological parameters of tested mud for
certain types of added nanoparticles [3-6]. So far, the positive
influence of SiO, nanoparticles on most other properties has been
determined, and in this paper their influence on rheological
properties has been examined. Also, the pressure reduction
according to the Bingham model has been calculated and the
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influence of nanoparticles addition on the pressure loss is
investigated.

2. Required data for calculation

The flow regime is a type of fluid flow in pipelines. Fluid flow
in pipes can be plug-shaped, transitional from plug-shaped to
laminar, laminar, transitional from laminar to turbulent and
turbulent [7]. In hydraulic calculation, laminar or turbulent fluid
flow is most often considered.

Since this paper only deals with the pressure loss calculation in
the annular space (labeled with number 4 at Figure 2), the procedure
for determining the pressure loss (Table 1) and relevant formulas
(Table 2) are presented below.

Table 1: The procedure for determining the pressure loss
[According to 8].

v — flow rate of the drilling mud in the annular space (m/s)
T1022 - Shear stress at shear rate of 1022 s (Pa)

7511 - Shear stress at shear rate of 511 5™ (Pa)

pi — mud density (kg/m®)

T, — Yield point (Pa)

up — plastic viscosity (Pa-s)

D, — drill bit diameter or inside diameter of casing (m)

D, - outside diameter od drill pipe/collar (m)

| — pipe length (m)

3. Laboratory testing
Laboratory testing was performed at the Faculty of Mining,

After the mud pump flow rate has been selected, it is necessary to | Geglogy and Petroleum Engineering, University of Zagreb, Croatia.

1| determine the flow rate of the drilling mud in the annular space fora | 1y order to examine impact of the addition of SiO, nanoparticles on
given construction of the wellbore. S . .

- - — the pressure loss around drill pipes and drill collars during mud

For the Bingham plastic model, it is necessary to calculate the irculation. fi £ drilli d d and subiected

2 plastic viscosity and yield point. Input parameters for the calculation circulation, Tive ty_pes. ordrilfing muds were prepared and subjecte
of rheological models are obtained by laboratory analysis of mudon | (0 laboratory testing: bentonite-based drilling mud as base mud
arotary viscometer. (BM) and four drilling muds contain SiO, (Table 3). Drilling muds
Based on the obtained rheological parameters, it is necessary to | Were prepared according to American Petroleum Institute
determine the type of flow, depending on the selected rheological | Standards, API Specifications 13A and API 13B-1 [9]. SiO,
model. The type of flow is determined by calculating the Reynolds nanoparticles were in the form of an aqueous suspension and were

3 number and comparing the obtained value with the critical value. added to bentonite-based mud until nanoparticles concentration
For Bingham plastic fluids the critical value of the Reynolds reach 1 wit% and 3 wi%. Average particle size used in this
number is 2100. If the calculated values of the Reynolds number are laboratory testing was 20 nm and 60 nm (Figure 3).
higher than the critical ones, turbulent flow formulas are used,
otherwise laminar flow formulas are used. Table 3: Drilling mud formulations [According to 10-11].

Fluids whose viscosity depends on the shear rate, such as muds,

4 behave like non-Newtonian fluids. To distinguish Newtonian fluids . BM + BM + BM + BM +
from non-Newtonian fluids, the concept of effective viscosity was Mud additives | BM 1% 3% 1% 3%
introduced and it should be calculated. 60nm 60nm 20nm 20nm

5 Calculate the pressure loss, depending on the type of flow (laminar Water () 1 1 1 1 1
or turbulent).

Bentonite (g) 70 70 70 70 70
Table 2: The equations used for calculation of the pressure loss in
annular [According to 8]. NaOH (g) 2 2 2 2 2
Flow rate of the 40 PAC LV (g) 2 2 2 2 2
drilling mud in v = = =
the annular space - [D:' — Dl_) Aque(_)us ;
Tio22 — Ts manopartcles | - | % | 5| ®3 | 1w
Plastic viscosity f, = 1022 511 ?Q)
(v P 1022-511
Yieldpoint () | Tg = Ty922 — 2(T1922 — T511)
98- (D, —D,) v>p,
Reynolds number Be = 8 (D, Y Pi
T (D, —Dy)+12-v-p,
Laminar flow
+—0
H = H ;
Effective 7 12—1’
viscosity D,—D,
Turbulent flow
B = Hy
Laminar flow . icl din lab .
48 -] FTIRE” Fig 3. Nanoparticles used in laboratory testing.
p= 2 After preparation of drilling muds, densitiy and rheological
(D: —D 1)

Pressure loss Turbulent flow

_0,1275-1-p"% - v'®-p
P (D>~ D)2

0.2
g

Where:

properties were measured. The used equipment and conditions are
shown in table 4.
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Table 4: Laboratory test equipment and conditions.

According to equations in Table 2 were determined plastic
viscosity and yield point values for all tested muds and shown in

Test Equipment Conditions Table 6.
Mud balance Table 6: Plastic viscosity and yield point data for all tested muds.
Atmospheric
Density pressure and Plastic vield poi
temperature T (°C) Mud type VISCOSIty pp I: d(gg)lnt
(mPas) ©
BM 12,6 58
BM + 1% 60nm 12,1 51
] 25 BM + 3% 60nm 13,9 4,1
Atmospheric
Rheology pressure, temperature BM + 1% 20nm 14,5 8,6
25, 50 and 75 °C
»ouan BM + 3% 20nm 16,6 45
BM 11,6 71
BM + 1% 60nm 11,7 53
50 BM + 3% 60nm 12,3 4,3
4. Results and discussion BM + 1% 20nm 15,2 4
Rheological properties were tested at 25, 50 and 75 °C using BM + 3% 20nm 16,5 41
OFITE Viscometer 900. The following table 5 show the relation of BM 91 7
shear stress measured at shear rate of 5.1, 10.2, 170, 340, 510 and '
1020 s* according to American Petroleum Institute Standards, API BM + 1% 60nm 8 7,3
Specification API 13B-1 [9].
75 BM + 3% 60nm 8,5 52
Table 5: Shear stress measured at a certain shear rate for all tested
muds [According to 10]. BM + 1% 20nm 10,5 9,5
BM+ | BM+ | BM+ BM + BM + 3% 20nm 14 4,6
Shear
T (°C) rate BM G%JZOm 6?(3(:1/0m 2%)?1/0m Zg(r)fr)n According to equations in Table 2, the pressure loss values per
1) 1 m of pipe length was determined for all tested muds (Table 7).
Shear stress (Ib/100 ft°) The pressure loss was calculated around the drill collars which has
outside diameter of 0.1288 m (6 1/4") and drill pipes which has
1020 | 36,5 | 343 359 45,9 42,2 outside diameter of 0.127 m (5). Drill bit diameter was 0.2159 m (8
1/2°) with the mud pump flow rate of 1,600 I/min. The density of
5101 239 222 22,0 314 255 the base mud (BM) was 1030 kg/m®. By adding SiO, nanoparticles
340 190 | 175 17,1 25,5 19,4 at a concentration of 1 wt% mud density increased to 1040 kg/m®,
25 while adding 3 wt% of nanoparticles density increased to 1060
170 | 133 | 11,8 | 108 18,6 12,4 kg/m?.
102 | 61 | 43 2,7 9,0 2,2 Table 7: Pressure loss per 1 m of pipe length.
51 6,1 4,7 3,3 10,0 2,2 BM BM + BM BM
. Mud BM +1% 3% | +1% | +3%
1020 | 37,3 | 33,7 331 45,1 41,2 T (°C) flow 6onm | 60nm | 20nm | 20nm
510 25,5 22,2 20,8 29,8 24,7 Pressure loss (Pa/m)
340 [ 21,2 17,6 17,1 25,9 18,6 Around
50 drill 344 313 279 485 314
170 | 155] 129 | 122 | 200 12,5 - pipe
102 | 86 | 65 49 10,4 25 Around
drill 975 975 1018 942 | 1056
51 9,6 7,1 59 12,2 2,5 collar
1020 | 41,6 | 30,2 27,1 39,8 37,1 Around
drill 395 321 277 437 301
510 | 325 | 222 18,6 29,2 22,9 50 pipe
340 | 30,6 | 19,8 15,3 27,1 18,2 Around
75 drill 962 967 994 876 | 1053
170 | 28,6 | 17,6 12,4 24,1 12,5 collar
102 | 249 | 124 | 63 | 161 33 Around
drill 601 378 291 499 298
51 |286| 133 6,7 17,3 33 - pipe
Around
drill 1051 899 921 913 | 1021
collar
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Table 8 shows the reduction of pressure losses values in the
annulus compared to the value obtained with the base mud. The best
results are marked in green and it can be seen that the addition of
SiO; nanoparticles in most cases reduced the pressure loss. Also, it
can be seen that the effect of nanoparticles is more pronounced at
higher temperatures, and the best result was obtained by adding
SiO, nanoparticles at a concentration of 3 wt% at 75 °C (reduction
of 51.6% with 60 nm nanoparticles and 50.4% with 20 nm
nanoparticles).

Table 8: The reduction of pressure losses values in the annulus
compared to the value obtained with the base mud.

BM + BM + BM + BM +
Mud 1% 3% 1% 3%
TCO | fiow 60nm 60nm | 20nm 20nm
Pressure loss (Pa/m)
Around
drill -9,0% -18,9% 41,0% -8,7%
pipe
25
Around
drill 0,0% 4,4% -3,4% 8,3%
collar
Around
drill -18,7% -29,9% 10,6% -23,8%
pipe
50
Around
drill 0,5% 3,3% -8,9% 9,5%
collar
Around
drill -37,1% -51,6% -17,0% -50,4%
pipe
75
Around
drill -14,4% -12,4% -13,1% -2,9%
collar
5. Conclusion

In this study was determined the impact of SiO, nanoparticles
on rheology parameters of bentonite-based drilling mud. Used SiO,
nanoparticles had different particle sizes (60 and 20 nm) and was
added in two different concentrations (1 wt% and 3wt%). After the
parameters of the Bingham model were determined, the pressure
loss in the annular for one typical wellbore construction was
determined in order to more clearly observe the positive influence
of SiO, nanoparticles. Based on laboratory testing, the following
conclusions can be drawn:

e In most tested muds the nanoparticles had a positive effect
on reducing the pressure loss in the annular.

e The effect of nanoparticles is more pronounced at higher
temperatures.

e  The best result was obtained by adding SiO, nanoparticles
at a concentration of 3 wt% at 75 °C.

However, these data provide a good basis for further testing
with new nanoparticles added in different concentrations.
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