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ABSTRACT

Drilling fluid is indispensable to assure the safety and success of a drilling operation. Besides the
normal drilling fluid such as water-based mud or oil-based mud, a new kind of drilling fluid has
emerged recently, which consisted of the use of nanotechnology. The aim of this paper is to study
the cooling effect of nano-drilling fluid used in the petroleum industry. A dynamic model that
included a reservoir formation, a well, and a drill string in the drilling process with drilling fluid
circulation was built for this objective. Navier-Stoke equation was used for the fluid flow inside the
well and the drill string, while Darcy's equation was used for the flow inside the formation. The rise
of temperature due to friction was also accounted for in this model. Two types of drilling fluid were
used in the simulation: the normal drilling fluid and the one using nanotechnology. The change
of temperature in the wellbore and in the formation over time with these two types of drilling
fluid was observed at various positions: at the bottom hole where the drilling bit is constantly in
contact with the formation, and at other places further away from the bottom hole. The simulated
results showed that, although the temperature fluctuated in the two cases but on average, the
nano drilling fluid gave a better cooling effect in comparison with the normal one. This article is
the first study about the application of nanoparticles in drilling fluid in Vietnam using an integrated
modeling method. The approach proposed in this article can be applied efficiently in practical
applications of nano drilling fluid for petroleum drilling in Vietnam. However, it is noted that this
research treated typically the technical side of the application of nanotechnology in drilling fluid,
while it will be necessary to asset the financial aspect in order to make this technology a real-life
application.
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INTRODUCTION

Drilling fluids play an extremely important part in the
success of a drilling operation. The better drilling flu-
ids will help to solve and to restrict problems during
drilling process, especially in complex areas such as
unconventional reservoirs or HPHT wells (High Pres-
sure High Temperature). The use of nanotechnology
in drilling fluids is a new development but still limited
in fields due to its cost and also to its lack of research.
in 2012" discussed
the ability to enhance wellbore stability when using

In the past, Hoelscher et al.

nanoparticles to minimize shale permeability through
physically plugging the nanometer-sized poses, when
applying water-based drilling fluids in unconven-
tional shale formation. Zisis Vryzas and Vassilios Ke-
lessidis in 20172 provided an overview for the use of
nanoparticles to improve the drilling fluid’s proper-
ties. Subodh Singh and Ramadan Ahmed in 2010° in-
dicated the applications of nanotechnology in drilling
fluid as well as assessing economic and technical ben-
efits. However, these studies only give the most gen-
eral view about Nano-drilling fluid and these have not

been focused on the specific applications. The ad-
vantages of cooling and heat transfer are an impor-
tant matter of drilling fluids. Ponmani et al. in 2016*
showed that the use of CuO and ZnO nanoparticles
will improve thermal conductivity, electrical conduc-
tivity for drilling fluid. Reinhard Hentschke® as well
as Ravikanth S.Vajjha and Debendra K.Das® men-
tioned the reduction of the specific heat capacity of
nanofluids consisting of silicon dioxide, zinc oxide
and alumina nanoparticles, dispersed in a mixture of
water and ethylene glycol compared to the base fluid.
D. PKulkarni et al. in 2008’ compared the specific
heat capacity for aluminum oxide nanofluid of exper-
imental decrease more than theoretical value. In ad-
dition, Pan Baozhi et al. in 20148 simulated the heat
transfer process as well as the temperature wellbore
and formation during drilling and shut-in well in case
of lost circulation. However, these authors® did not
use a dynamic modelling with circulation of drilling
fluid, but rather with a static system.

In this paper, we built a model in COMSOL with
a drill string inside the wellbore to circulate drilling
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fluid from the surface through the drill string then
into the annular back to the surface. Moreover, the
surrounding formation was included in this model to
assess the cooling effect not only in the well but in
the formation as well. In addition, we included in the
model the calculation for the heat generated by the
friction between the drill bit and the formation dur-
ing drilling operation. Using the model, the variation
of the temperature inside the wellbore and inside the
formation in function of time was evaluated for two
types of drilling fluids (nano drilling fluid and nor-
mal drilling fluid). The results will then be compared
to assess the contribution of nano fluid regarding the
cooling effect.

METHODOLOGY

Nano-drilling fluid is created by adding nanoparti-
cles (10-9 m) in a base fluid to improve the properties
of drilling fluid which can solve more effectively the
common problems encountered during drilling oper-
ation. The addition of nanoparticles will change rhe-
ology, mechanics, thermal properties and other prop-
erties of drilling fluids.

Nano-drilling fluid has outstanding features such as
heat transfer, gel formation, drag and torque re-
duction, formation consolidation, corrosive control 2.
The applications of nanotechnology in drilling flu-
ids bring a lot of expected results. Nanoparticles
regulate the rheology and many other properties of
drilling fluid quickly and easily through adjusting the
shape, type, size and concentration of nanoparticles
in drilling fluids®. In addition, nanoparticles en-
hance the drilling fluid’s stability when drilling into a
complex stratigraphy. A smart drilling fluid that has
optimal properties with a wide range of application
and better performance is hence created. Nanoparti-
cles in drilling fluid improve wellbore stability, reduce
fluid loss and formation damage, increase cutting lift-
ing capacity and cutting suspension, improve well-
bore strengthening and thermal stability to protect
the equipment’s span life especially in drilling HPHT
wells?.

Some outstanding applications of nano-drilling fluid
can be listed as follows:

« Control loss fluid and wellbore stability espe-
cially when drilling into shale formation.

« Improve cutting lifting capacity to reduce the
problem of being stuck.

o Reduce torque and drag force.

« Cooling and thermal stability when drilling in
an HPHT environment.
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This article will be focused on the cooling effect and
heat transfer of the nano-drilling fluid and compare
with normal drilling fluid to highlight the potential
superiority of nano drilling fluid. The addition of
CuO and ZnO nanoparticles in drilling fluids helps
to increase thermal conductivity hence the heat trans-
fer is faster. According to the experiments, CuO
nanoparticles help to increase the thermal conductiv-
ity in range from 28% to 53% and ZnO nanoparticles
help to enhance thermal conductivity by 12% to 23%2,
depending on concentration and size of particles.

At the same time, CuO and ZnO nanoparticles help to
decrease specific heat capacity of drilling fluids which
contributes to a faster heat exchange as well as a bet-
ter cooling effect. After these nanoparticles are added
into the drilling fluid, the drilling fluid’s specific heat
capacity can be changed according to Equation 1°:

(1-¢)Cpr M
Where Cp, ¢, Cpu and Cpf are respectively specific

Cpn f = ¢Cpn +

heat capacity of nano fluid, nanoparticles and base
fluid, kJ/kg.°C; ¢ is the particle volumetric concen-
tration.

In addition, Equation 2 is used to determine the
nanofluids specific heat capacity when nanoparticles
are added®:

- (Ppncpn + (1 - (P)pfcpf

Cong = (2)
pry pnf

Where p,r, pu, Py are respectively the density of
nanofluid, nanoparticles and base fluid, kg/m3. The
particle volumetric concentration is determined:

Y
M,
o=ty
Pn pPr f

Where y is the mass ratio, Mf is the mass of the base
fluid, M, is the total mass of the nanoparticles.
Equation 3 presents variation of heat transfer in the
formation in the process of drilling fluid invasion:

aT
{(Pc)eqy +pCuVT =V. (kquT) + leq
= @k+(1=9)kn(pC)ey = @pC+ (1= 9) PuCin

Where k and k,;, are thermal conductivity coefficients
of the fluid and the matrix, W/m.°C; C and C,, are
the specific heat capacity of the fluid and the matrix,
kJ/kg.°C; p and pm are the density of the fluid and
the matrix, kg/m3 ; Q is the heat source, W/m?3; Qs
the formation porosity; u is the velocity vector, m/s.
The heat transfer of drilling fluid in the well is de-
scribed in Equation 4:

aT
{Pcdfy +pCapu VT +V.q = Qq= —kVT (4)

®3)
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Where p is the density of drilling fluid, kg/m?; Cdf
is the specific heat capacity of drilling fluid, kJ/kg.’C;
u is the velocity vector, m/s.

Drilling fluid is circulated from the surface through
drill string to the bottom hole and then follows the
annular back to the surface. The flow in the wellbore
is described by Navier-Stokes in Equation 5:

{p% tpuV)u=V. [,p21+p (Vu+ (Vu)T)}

+FpV. (1) =0 (F, Fy, F)
S 7£+ *£+
= ax nga ay pg)” aZ pgz

Where p is the density of drilling fluid, kg/m3; P is
hydraulic pressure (the drilling fluid pressure), Pa; F
represents the external stress, N/m?; g is gravity accel-
eration, m/s?; u is the velocity vector, m/s.

We use Darcy’s law in Equation 6 to describe the fluid
flow in porous medium in the reservoir:

d d
{5, (pr@) +V (psu) = On. (Pr9) ©
P, Kn
=pslor+(1-9),] 4= —'leVPr

Where pyis the density of the reservoir fluid, kg/m3;
P, isthe reservoir pressure, Pa; K, is the reservoir per-
meability, 1073 um?; u  is the formation fluid viscos-

ity, Pa.s.
The convection heat transfer is determined in Equa-
tion 7:
aT
—k=—|r=0a(T; - T (7)
an r=0o(T1 —T)Ir

Where o is the convection heat transfer coefficient,
W/(m2.°C); T| and T, are respectively the tempera-
ture of hot source and warm source.

Figure 1: The modeling of the wellbore and the for-
mation around the wellbore.

To evaluate the cooling effect brought by two types
of drilling fluid, a dynamic model (Figure 1) that in-
cluded wellbore and formation with a height of 10 m,
wellbore and formation around the wells with radius

of 0.2 m and 4 m, respectively. In the wellbore, a drill
string is built to simulate the drilling fluid circulation.
Assuming that the flow inside the well is a free flow so
the Navier-Stokes (Equation 5) can be used, while the
flow in the formation is governed by Darcy’s equation
(Equation 6). The heat transfer process in the forma-
tion and in the well are described in Equations 3 and
4, respectively. The software COMSOL was used to
implement the model. The model was validated using

da(t§)extracted from literature review®.

RESULTS AND DISCUSSIONS

The cooling effect in the annular during
drilling operation

We firstly consider the process of heat transfer in the
annular during drilling operation. The temperature of
the drilling fluid varies in annular during this process
due to friction between the drill bits and the forma-
tion. That generated heat can damage and reduce the
span life of the drill bits, especially in HPHT wells.
A good drilling fluid with good thermal conductiv-
ity can deal with this problem efficiently. To find out
how the nano drilling fluid can help in this case, we
made a modelling of the drilling process with a circu-
lation of drilling fluid in a wellbore with a radius of
0.2 m, and in a drill string with an internal diameter
of 0.1 m and 0.05 m in thickness. We drill into a for-
mation with porosity of 15%, permeability of 20 mD.
In the model, the initial temperatures of the drilling
fluid and the formation are 126°C and 50°C, respec-
tively. In the drilling process, the extra heat gener-
ated by friction is considered to be 16°K according
to Xiu Chang et al.'?. Changes in thermal conduc-
tivity of the drilling fluid were modelled using results
from literature review. CuO nanoparticles added can
increase the thermal conductivity with a range from
28% to 53%, and ZnO nanoparticles enhance thermal
conductivity by 12% to 23%2. In addition, CuO and
ZnO nanoparticles will make the specific heat capac-
ity of drilling fluid to decrease so that the specific heat
capacity of nano-drilling fluid is lower than normal
drilling fluid.

We conducted successively the simulation with nor-
mal drilling fluid and nano-drilling fluid. Figure 2 il-
lustrates the three representative points from bottom
hole to surface inside the annular which were cho-
sen so that the cooling effect caused by normal fluid
and nanofluid could be compared. The coordinates of
these points are: A(0.125; 0.125; 0.1), B(0.125; 0.125;
3.5), C(0.125; 0.125;7). In addition, the modelling of
the circulation of drilling fluid in drill string and an-
nular is shown in Figure 3. A more detailed illustra-
tion of the drill string and the annular is presented in
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Figure 2: The three points A, Band Cinside the annular where cooling effect caused by nanofluid and normal fluid

will be compared.

Figure 3: The modelling of the circulation of drilling fluid in drill string and annular.

Figure 4.

Figure 5 showed the temperature inside the annular
during drilling operation. It is deduced from the re-
sult that nano-drilling fluid has a better cooling ef-
fect and a more efficient heat transfer, which demon-
strates the outstanding characteristics of its thermal
conductivity and specific heat capacity. The results
showed that the temperature at point A is stabilized at
a high temperature, which can logically be explained
by the fact that the bottom hole is affected continu-
ously by the frictional heat, so the bottom hole always
needs to be cooled to avoid the risk of reaching higher
temperature. The good heat transfer of drilling fluids
makes the temperature at the bottom hole to be al-
ways cooler and more stable. With nano drilling fluid,
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the temperature at the bottom hole is slightly lower
in comparison with normal drilling fluid. However,
the higher the distance between the observation point
and the bottom hole is, the clearer the positive effect
of nanofluid is observed. Using nanofluid, the aver-
age temperature at the upper position is found higher
and the difference in average temperature at some po-
sitions can reach up to 2°C in comparison with using
normal drilling fluid. Another positive effect of the
nano-drilling fluid is that the temperature does not
increase too high and also does not decrease too low,
so the temperature stays more stable during a drilling
operation.

In Figure 6, we compare the heat transfer and the cool-
ing effect of two types of drilling fluid in the annu-
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Drilling fluid inside
drill string

Drilling fluid
inside annular

The formation

Figure 4: Illustration of the drill string, the annular and the circulation paths of the drilling fluid inside drill string

and inside annular.
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Figure 5: The temperature of the well at different points A, B and C when using nano-drilling fluid and normal

drilling fluid.
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Figure 6: The temperature of the well after 1, 3 and 5 hours.

lar. Thanks to the very small size of nanoparticles
and their high surface area per unit volume, the pres-
ence of CuO, ZnO nanoparticles in drilling fluid re-
sults in a better thermal conductivity and a lower spe-
cific heat capacity, which in turn accelerates the heat
exchange process. In addition, nano-drilling fluid
makes the heat transfer more quickly between loca-
tions and the temperature is transferred to the surface

more rapidly.
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The cooling effect in the formation

Another application of drilling fluids is the cooling ef-
fect in the formation. When a drilling operation is
taking place, the drilling fluid may invade the forma-
tion and the heat exchange process occurs between
the drilling fluid and the formation. A sandstone
model is built with a porosity of 15% and a perme-
ability of 20 mD. The formation surrounding the well-
bore is 4 m in radius and the other parameters follow
the wellbore model used in section 3.1. Simulation
of the cooling effect of two types of drilling fluid was
conducted and we consider three observation points
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from near the wells to further away with their coor-
dinates are respectively D(2;1;5); E(3;1;5); F(4;1;5) for
comparison between nano drilling fluid and normal
drilling fluid (Figure 7).

Figure 8 presents the temperature inside the forma-
tion when the drilling fluid circulation is taking place.
In formation, nano-drilling fluid still presents a better
cooling effect than normal drilling fluid. The temper-
ature at the point D (the nearest point from the well-
bore) is the most reduced, and the nano fluid brought
higher reduced temperature in comparison with the
normal one. The farther away the position is, the less
the temperature decreases.

As mentioned above, by adding nanoparticles into
drilling fluid, nanoparticles not only enhance the
thermal conductivity but also reduce the specific
heat capacity of nano-drilling fluid. Lower specific
heat capacity and higher thermal conductivity re-
sults in a higher rate of heat transfer, which leads
to a quicker cooling effect. According to the Equa-
tion 1 and 2, CuO, ZnO nanoparticles added in the
drilling fluid will reduce the specific heat capacity of
drilling fluid, because the specific heat capacity of
CuO, ZnO nanoparticles are much smaller than that
of the drilling fluid. Therefore, the specific heat ca-
pacity of nano drilling fluid is smaller than normal
drilling fluid. One the other hand, the thermal con-
ductivity of CuO, ZnO nanoparticles are larger than
that of the drilling fluid, consequently the thermal
conductivity of drilling fluid is increased.

Figure 9 presents the result of the cooling effect with
two types of drilling fluid. In the formation, the tem-
perature of the reservoir around the wellbore is cooled
when the drilling fluid invades the formation. But far
away from wellbore, the amount of drilling fluid is less
because of low porosity as well as the speed of invasion
reduces due to the friction with matrix. In addition,
the drilling fluid absorbs heat during the invasion pro-
cess resulting in the cooling effect decreasing. There-
fore, further away from the well, the temperature of
the reservoir is not much reduced, the change is not
significant and the temperature is more stable. The
speed cooling at the bottom hole is lower than above
layers due to the effect of heat generated by the fric-
tion between the drill bits and formation. Figure 9
also indicates that the cooling effect of nano-drilling
is faster with a shorter time in comparison with nor-
mal drilling fluid. These results indicate clearly that
the cooling effect of nano-drilling fluid is better than
normal drilling fluid both formation and wellbore, be-
cause the nanofluid with a better thermal conductiv-
ity and a lower specific heat capacity will result in a

faster heat transfer between locations. Especially in
the wellbore, the temperature is spread to the surface

more rapidly and the more stable heat transfer which
contributes to the reducing of the temperature at the
bottom hole. The surrounding area is also cooled
quickly and the average temperature is much reduced.
All things emphasize the superiority of nano-drilling
fluid compared to normal drilling fluid.

CONCLUSIONS

This research allowed us to deduce the following con-
clusions:

1. The thermal conductivity of nano-drilling fluid
increases when nanoparticles are added in
water-base mud and oil-base mud.

2. The specific heat capacity of nano-drilling fluid
is smaller than that of normal drilling fluid.

3. With nano-drilling fluid, the heat transfer is bet-
ter and more efficient.

4. Inside the annular, the heat transfer exerted
by nano-drilling fluid is faster than by normal
drilling fluid.

5. Inside the formation, the cooling effect of nano-
drilling fluid is better than normal drilling fluid
and the amount of reduced temperature can
reach 7°C.

Nano-drilling fluid, therefore, offers positive effects
such as helping to reduce the temperature and to sta-
bilize the temperature, especially in complex stratig-
raphy and in high-pressure high-temperature wells.
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M6 hinh héa kha nang lam mat ctia dung dich khoan st dung cong
nghé nano

Pham Son Tung’, Nguyén Mai Tan Pat

TOM TAT

Dung dich khoan déng mot vai trd quan trong trong viéc ddm bdo an toan va thanh céng clia qua
trinh khoan. Bén canh cac loai dung dich khoan théng thudng nhu dung dich khoan géc nudc hay
dung dich khoan géc dau, cé mét loai dung dich khoan mdi bat dau dugc nghién ctu thai gian
gan day, dé la dung dich khoan st dung cong nghé nano. Muc dich cla bai bdo nay la nghién
cdu hiéu qua lam mat ctia dung dich khoan nano dugc st dung trong nganh dau khi. Nghién ctu
da xay dung moét mé hinh déng bao gém via, giéng va can khoan dugc mé phong trong trang
thai dang dién ra qua trinh khoan, véi su tuan hoan dung dich khoan trong cét can khoan, di vao
khoang khong vanh xuyén va tré ngugc lén bé mat. Phuong trinh Navier-Stoke dugc st dung cho
dong chdy ctia dung dich khoan bén trong cot can khoan va khoang khéng vanh xuyén, trong khi
phuaong trinh Darcy dugc s& dung cho dong chdy ctia dung dich khoan va bén trong via. Su gia
tang nhiét d6 do ma sat gay ra gitra choong khoan va da via & day giéng cling dugc tinh dén trong
mo hinh nay. Hai loai dung dich khoan dugc s&r dung trong mé phéng: dung dich khoan thong
thudng va dung dich khoan st dung cong nghé nano. Su thay déi nhiét do trong long giéng va
thanh hé theo thai gian clia hai loai dung dich khoan nay dugc quan sat & mot s6 vi tri khac nhau:
& day giéng noi mai khoan thusng xuyén tiép xtc vai da via, va & mot vai diém khac trong long
giéng hodc trong via. Két qua mé phdng cho thay, mac du nhiét dé dao dong trong ca hai trudng
hop st dung hai dung dich khoan khac nhau, nhung tinh trung binh thi dung dich khoan nano
cho hiéu qua lam mat t&t hon so véi dung dich khoan théng thuong. Bai bao nay la nghién cdu
dau tién vé ing dung hat nano trong dung dich khoan & Viét Nam bang phuong phap mé hinh
tich hgp. Cach tiép can dugc dé xudt trong bai béo nay cé thé dugc st dung hiéu qua cho cac Ung
dung thuc té dung dung dich khoan nano cho khoan dau khi tai Viét Nam. Tuy nhién, can luu y
rang nghién ctu nay mai chi xét dén khia canh ky thuat clia viéc ing dung cong nghé nano trong
dung dich khoan, trong khi d6 viéc nghién ctu vé khia canh tai chinh dé dua céng nghé nay vao
thuc té sé la rat can thiét.
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