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ABSTRACT

CO; intrusion into the drilling fluid during bauxite
drilling can cause hydration swelling and dispersion of
clays and lead to massive foaming of them. Additionally,
the formation develops micro-nano fractures, which also
have a large difference in compressive strength and a
high percentage of bound water. Once the foreign fluid
invades, it will lead to wellbore destabilization and
reservoir damage. Thus, the designed drilling fluid
formulation does not contain solid phase particles such
as bentonite. And we obtained the optimal proportion of
hydrolocker, penetrant, and defoamer by Mixture
Designs. Then the shielding plugging theory was
introduced, and a temporary plugging gradation
consisting of acid-soluble inert particles, deformable
nano-sealers, and non-permeable sealers was
constructed with the aid of BridgePro software. And
other surfactants were optimized indoors to build a low-
damage, strong anti-CO; pollution water-based drilling
fluid. It could resist the high temperature of 150°C and
has a remarkable ability to lower surface tension
(17.3mN). The rolling recovery, the plugging rate, and
permeability recovery value can reach more than 90%,
the lubrication coefficient was around 0.125. The
constructed drilling fluid completed 9 wells in field
application, with an obvious reservoir protection effect
and an average increase of more than 20% in single-well
daily production compared to the expected daily
production. It will be an important reference for future
bauxite horizontal well drilling fluids to prevent CO;
contamination and reduce reservoir damage.

Keywords: CO, gas intrusion; Bauxite; Wellbore
destabilization; Reservoir damage

NONMENCLATURE
Abbreviations
LCMs lost circulation materials
PSD particle-size distribution

1. INTRODUCTION

Bauxite is a rock group rich in aluminous minerals and
dominated by chemical deposition with mechanical
deposition characteristics!*3. More recently, Changqing
oilfield has obtained 67.38x10* m3/d of high-yield
industrial gas flow from the Longdong area of the Ordos
Basin, achieving a breakthrough in a new unconventional
gas reservoir in the Paleozoic bauxite of the basin!.
During the previous on-site drilling process, it was found
that there was a high risk of gas intrusion of H,S, CO, CO,,
and other gases.

Previous studies have shown that CO; intrusion into
the drilling fluid during bauxite drilling can cause the
hydration dispersion of clays and lead to massive
foaming of them!> ®. Furthermore, the presence of HCO3"
can cause a significant decrease in the pH of the drilling
fluid, failing some surfactants suitable for alkaline
environments!” &, Additionally, the formation develops
micro-nano fractures, which also have a large difference
in compressive strength and a high percentage of bound
water!® 1% As the basic constituent of clays, Smectite and
Illite of clay minerals are hydrated easily when they come
in contact with water!*" 12, Due to the maturity of many
bauxite formations, numerous microcracks are present
and range from the nanometer to the micrometer
level®. The water infiltration will increase pore pressure
and thereby reduce the mechanical strength of bauxite.
Inevitably, due to the high-bound water in the bauxite,
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water lock damage develops around the bauxite pore
throat. Therefore, it is particularly important to
effectively prevent CO;intrusion, wellbore collapse, and
reservoir damage during the drilling process.

In response to the contamination caused by CO;
intrusion into the drilling fluid, it has been shown that
reducing the solid phase content in the drilling fluid is a
good option™ 7. And the drilling fluid in an alkaline
environment neutralizes some of the HCOs', to ensure
the stable rheological properties of the drilling fluid. In
addition, the incorporation of a defoamer can reduce the
foam generated by the drilling fluid after CO; intrusion.

Regarding Bauxite pore throats, it is an excellent
approach that nanoparticles were adopted to prevent
filtrate invasion to formation for reducing permeability
and plugging nano-micron pore throats®>**. In recent
decades, various plugging additives have been
developed such as nanoparticles, deformable particles,
latex particles, aluminum complexes, additives based on
modified Fes04 nanoparticles, nano-cellulose category,
solid particles include SiO,, TiO, or ZnO, etc!**8, It is
worth noting that the size distribution of LCMs is one of
the most important factors in plugging performance*?.
Some pioneering work has been done on bridging
theories involving the relationship between the PSD of
bridging particles and the size distribution of pore
throats in the rock?® 211, These plugging theories mainly
include the maximum density theory, the ideal packing
theory, the shielding temporary plugging theory, the
one-third rule, the two-thirds rule, the Dy rule, and the
ideal packing baseline method, etc?*33,

Owing to the excellent surface tension reduction
ability of surfactants, organosilicon fluorinated and
nonionic surfactants have been widely applied!*® 2%, |n
particular, the penetrant itself has a fixation effect, so as
to orient the hydrophilic and lipophilic groups on the
water surface and further reduce the surface tension.
However, too low a surface tension in the drilling fluid
filtrate can lead to foaming!®> 2. Therefore, a certain
amount of defoamer must be added to maintain the
stability of the drilling fluid!®.,

In this paper, bentonite was removed from the
conventional water-based drilling fluid formulation to
reduce the contamination of drilling fluid by CO,.
Subsequently, the optimal ratio of hydro-locker,
permeation agent, and defoamer was optimized by
Mixture Designs to improve the reservoir protection
performance of drilling fluid, thus significantly reducing
the hydro-lock damage and foaming phenomenon. In
order to improve the wellbore stability, a three-stage
temporary plugging grade consisting of acid-soluble inert

particles, and deformable and non-permeable pluggings
was constructed with the aid of BridgePro software to
enhance the plugging ability of the drilling fluid. Finally,
the types and dosages of flow regulators, inhibitors, and
lubricants were selected to develop an anti-CO; pollution
and low-damage water-based drilling fluid for bauxite
horizontal wells based on field drilling fluids.

2. MATERIAL AND METHODS
2.1 Materials

All the bauxite samples with different burial depths
were taken from the Long 74 well in China Ordos Basin.
Deionized water, and saturated brine (26.47%) were
provided by Aladdin Reagent Co., Ltd., Shanghai, China.
Hydrolockers SSF (99.9%) came from Shanghai Kolaman
Reagent Co., Ltd, China. FC-1, JY-1, JFC, and GS were all
analytical and provided by China Beijing Inokai
Technology Co., LTD. Na,COs, CAB-35, SDS, BS-12, CTAC,
ABS, and hydrophobic silica nanoparticles were all
analytical and obtained from Xinbaohai Chemical
Technology Co., Ltd., China. The 1250 mesh calcium
carbonate particles were purchased from Yanan
Chaozheng Mud Company Limited, China. The nano-
nonpermeable plugging agent NP-1 (Dsp < 0.9um) and
the deformable nano-plugging DWF-1 (FLathp,150°cx3.5MPa <
35.0mL ) were provided by China Shandong Deshunyuan
Petroleum Technology Co.

2.2 Methods

2.2.1 Experimental method of bauxite properties

2.2.1.1 Physicochemical performance

The rock samples of the bauxite reservoir were
analyzed by X-ray diffractometer for mineral
composition. Then the hydration and dispersion
properties were evaluated by XGRL-4A digital roller
heating furnace and CST tester. These two experimental
steps were completed by referring to the Chinese
industry standards NB/T 10121-2018 and SY/T 5163-
2018 turn.
2.2.1.2 Microstructural analysis

First, the bauxite of the Long 74 well was processed
to remove the impurities on the surface, then dried at
room temperature for 48 h, and then cut into 0.5 cm? x
0.5 cm? cubes. The prepared portion of the rock samples
has adhered to a metal disk of conductive tape, then
metal sprayed for 20 min and finally used for testing with
SEM5000.
2.2.1.3 Mechanical properties

Deionized water and saturated brine were utilized to
soak the bauxite at a depth of 4228.05m in the reservoir



for 15 days. And then the mechanical properties were
evaluated using China XULIAN multifunctional rock
pressure tester. And this experiment is a reference to
Chinese corporate standards Q/SY 02020-2017.
2.2.1.4 Bound water distribution

MRI NMR was adopted to analyze the distribution
pattern of bound water in the pore throat of bauxite at
different burial depths. And the experimental method
follows the Chinese petroleum industry standard SY/T
6490-2007.

2.2.2 Optimization of hydro-locking agents

2.2.2.1 Determination of surface tension

A JC2000C1 contact angle measuring instrument was
adopted to evaluate the surface tension reduction
abilityof different hydrolockers. A microsyringe was used
to obtain the solution prepared by them. When the
sample in the syringe formed a droplet at the end of the
syringe needle and the droplet approached the
maximum diameter, the droplet image was saved. The
droplet image was processed by software to obtain the
surface tension value of the agents.
2.2.2.2 Preparation of solutions

Refer to China Petroleum Industry Standard SY/T
5350-2009, a specification for evaluating hydrolockers
for drilling fluids. The experiment was selected to
conduct under room temperature (25°C). The
hydrolocking agent of a specific concentration was then
added with 100 mL water and stirred the aqueous
solution via 11000r/min for 1 min. Next, the aqueous
solution was immediately poured into a 500 mL
graduated cylinder while starting timing and recording
the maximum foam volume Vm of the initial foam.
Finally, the percentage of the generated foam in the
aqueous solution was calculated.
2.2.2.3 Mixing optimization experiments

The mixing optimization method can reduce the
number of experiments, and study the interaction
between several design factors. In contrast, orthogonal
experiments can only analyze isolated experimental
points. Thus, the mixing optimization method was
performed to optimize the surface tension, which was
used as the evaluation index to optimize the
concentration of different desiccant lockers. Moreover,
the total percentage of their dosage added during the
experiment was maintained at 0.5%.
2.2.3 Optimization of plugging additives

2.2.3.1 Optimization method
The results of scanning electron microscopy
experiments indicated that the size of microfractures

developed in bauxite was 0~8 um. Drawing on the theory
of shielding temporary plugging?” 2%, 1250 mesh calcium
carbonate particles were introduced, which can form
bridges at the rock pore throats. Then the nano-
nonpermeable plugging agent NP-1 was utilized to
further fill and reduce the permeability of the plugging
zone. Finally, the deformable nano-plugging DWF-1 was
introduced to seal the irregular micrographs still present
in the pores.

The dosage of the three blocking agents was
optimized by BridgePro from PVI. The particle size
distribution characteristics were also analyzed by a
Malvern Zetasizer nanoparticle size potentiostat.
2.2.3.2 Performance evaluation

Referring to Chinese Standard SY/T 5241-1991
evaluation procedures for water lossless agents for
water-based drilling fluids, the plugging performance of
formulation was measured in a high-temperature
environment via a PPA high-temperature and high-
pressure filtration apparatus. And the experimental
conditions were set at 150°Cx3.5MPax30min. The
experimental process started with the addition of the
preferred plugging formulation to the field drilling fluid
formulations  without bentonite, followed by
performance measurements. And the formulation of the
on-site drilling fluid was
1.5%bentonite+0.1%Na,CO3+4%SMP+2%SFT+0.3%PAC-
HV+1.0%AP-1+5.0%KCl+2.0%XCS-3.

2.2.4 Drilling fluid performance assessment

2.2.4.1 Preparation of the drilling fluid

After mixing experiment and BridgePro optimization
to obtain the proportioning of hydrolocker and plugging
agent, the formulation of the drilling fluid was
determined. The composition of the formulation is that
4%SMP+2%SFT+0.3%PAC-HV+1.0%AP-1+5.0%KCl +
2.0%XCS-3+0.5% hydrolocker+6.0% plugging agent.
Then, the drilling fluid treatment agents were added to
900 ml of water at room temperature (25°C),
respectively. And the suspension was stirred at
8000r/min for 30 minutes to obtain the drilling fluid
sample.
2.2.4.2 Evaluation of the performance of drilling fluid

First, we divided the prepared drilling fluid (900mL)
into nine groups and numbered each of them. The
evaluation performance of drilling fluid mainly included
five parts: CO; pollution resistance, plugging
performance, suppression performance, reservoir
protection performance, and lubricity performance.
Read Table 1 for the relevant evaluation standards of
drilling fluid performance.



Table 1 Stands for the determination of various performances of drilling fluid

Measurement performance

National, petroleum industry and enterprise standards

CO2 pollution resistance

Plugging performance

Suppression performance

Reservoir protection performance

Lubricity performance

GB/T 16783.1-2014 Water-based drilling fluid field test steps
Q/SY/ 5840-2007 China’s petroleum enterprise -standard
Indoor test method for drilling fluid bridging and plugging materials

SY/T5613-2000 China’s petroleum industry-standard
Mud shale's physical and chemical properties

SY/T 6540-2002 China’s petroleum industry-standard
China’s lab testing method of drilling and completion fluids damaging oil formation

SY/T 6094-1994 China’s petroleum industry-standard Evaluation procedures for lubricants

for drilling fluids

Table 2 XRD analysis of bauxite mineral compositions.

Mineral Depth(m) Quartz(%) Potassium feldspar(%) Aluminite(%) Anatase(%) Clay(%)
. 4045.60 0.6 0 96.1 0 4.3
Bauxite
4229.08 0 0.6 90.1 2.5 6.8

Table 3  Clay mineral compositions of bauxite.

Mineral Depth(m) Kaolinite(%) Chlorite(%)

Elysium(%)

I/Mon interlayer(%) Interlayer ratio (%)

4045.60 0 1
4229.08 0 7

Bauxite

60 39 20
61 32 20

3. RESULTS AND DISCUSSION
3.1 Bauxite properties

3.1.1 Clay mineral compositions

The XRD analysis results of bauxite samples were
shown in Tables 2 and 3, accordingly. The bauxite
samples are mainly hydrous alumina with a small
percentage of clay minerals. The clay minerals of bauxite
samples are mainly illite (average 60.5%), followed by
I/M interlayer (average 35.5%), and the interlayer ratios
are both 20%, indicating that the stratigraphic rocks have
some weak hydrated swelling characteristics.

3.1.2 Clay mineral compositions

The experimental results of hydration dispersion
performance are presented in Figure 1. The primary and
secondary rolling recoveries under clear water
environment were above 80%, and the average
absorption time of CST capillary was 12.77s, indicating
the weak hydration dispersion of rock samples from
bauxite reservoirs.

3.1.3 Microstructure of bauxite

The test results were displayed in Figure 2. The
analysis indicated that the bauxite is developed with
dissolution holes (<1um), microporous fractures,
interlayer fractures, etc. The size of microfractures in the
rock sample is mainly within 0~8um, and there is a

potential risk of leakage during drilling, which should
focus on improving the plugging ability to drill fluid.
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Fig. 1. Bauxite recovery experiments and CST test results
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Fig. 2. Scanning electron micrograph of bauxite



Table 4 Mechanical performance results

Surrounding pressure/ Length/ Diameter/ Poisson coefficient of restitution/ Compressive strength/

Number MPa cm cm ratio MPa MPa Note
1# 40.8 5.028 2.477 0.27 42528 149.27 dry
2# 40.8 5.005 2.477 0.46 20014 49.83 deionized water
3# 40.8 5.025 2.477 0.52 19846 48.75 saturated brine

3.1.4 Mechanical properties of bauxite

As shown in Fig.3 and Table 4, the compressive
strength of the rocks was significantly weakened after 15
days of immersion in different media. The compressive
strength of the rock was reduced by 66.61% and 67.34%
after clear water and saturated brine soaking,
respectively. It indicated that the intrusion of foreign
fluids in the reservoir will reduce the mechanical
strength of the rock and cause wellbore collapse.

(a) (b)
Fig. 3. (a) Photographs of bauxite before soaking
(b) Photographs of bauxite after soaking for 15 days

3.1.5 Bound water distribution

The experimental results are presented in Figure 4.
Overall the left peak (bound water) of all rock samples
was much stronger than the right peak (movable water),
and the percentage of bound water in the saturated
water of cores was all up to more than 90%. It reveals
that the fluid endowment state is mainly bound water
state, so the main factor causing reservoir damage may
be water lock damage[?°31,
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Fig. 4. T2 imbibition test results of different bauxite rocks

3.2 Optimization of hydrolocking agents

3.2.1 Category preference

The evaluation results are shown in Table 5. The
detergent SSF, penetrant JFC, and defoamer GS have
weak foaming performance and low surface tension
(<25mN/m). It was attributed to the fact that SSF fluorine
atoms are electronegative and have high ionization
energy and oxidation potential, which can reduce the
fluid surface tension®> 331 Furthermore, the oriented
arrangement of hydrophilic and lipophilic groups in the
molecular structure of JFC on the fluid surface can reduce
the core-bound water saturation®* 3%, Defoamer GS can
inhibit the foaming of the solution and improve the
effect of unlocking water. These three surfactants
provide a synergistic effect to unlock the water!?> 3!,

Table 5 Experimental design and results.

Categor Aqueous Surface tension  Foaming rate
gory solution /mN/m /%
- 0.5%SSF 20.72 6.8
Organosilicon
fluorine 0.5%FC-1 26.45 6.5
0.5%JY-1 31.89 5.2
Nonionic 0.5%JFC 23.56 4.8
0.5%GS 27.28 1.6
0.5%SDS 36.83 8.5
Anionic
0.5%ABS 49.92 6.5
. 0.5%BS-12 48.69 9.0
Amphoteric
fonic 0.5%CAB-35 56.45 7.2
Cationic 0.5%CTAC 55.72 6.8
Hydrophobic 0.5%

. . . 76.33 0.5
solid particles nanoparticles

3.2.2 Mixing optimization experiments

Based on the Mixture Designs design principle, the
dosage of SFF, JFC, and GS was optimized using surface
tension as the evaluation index. The experimental design
and results are presented in Table 6 and Figure 5. It



Table 6 Mixing experimental design and results

Number A B C Surface tension
GS/% JFC/% SFF/% /mN/m
1 26.5 73.5 0.0 47.3
2 69.0 12.8 18.2 36.5
3 0.1 49.8 50.1 32.4
4 100.0 0.0 0.0 50.8
5 49.7 0.0 50.3 25.6
6 100.0 0.0 0.0 46.5
7 21.3 7.4 71.3 17.5
8 50.4 48.8 0.8 46.4
9 50.4 48.8 0.8 42.8
10 0.0 0.0 100.0 21.6
11 1.8 73.5 24.6 40.5
12 49.7 0.0 50.3 24.2
13 0.0 100.0 0.0 46.0
14 32.7 32.5 34.8 38.7
15 32.7 32.5 34.8 38.5
16 0.1 49.8 50.1 30.4

Note: Surface tension =48.5A+46.67B+21.53C-11.49AB-40.51AC-11.63BC-132.02A2BC+1412.05AB2C-642.60ABC?; R?=0.9827; Adj R2=0.9629

indicates that the equations were fitted with high
accuracy and experimental confidence (R? = 0.9827 and
Adj R? = 0.9629). Among the interactions, the interaction
of the antifoam agent SFF (A) and the defoamer GS (C)
was extremely significant for the surface tension. And
the lowest surface tension could be obtained when the
percentage of GS, JFC, and SFF reached 21.3%, 7.4%, and
71.3, respectively.

surface tension (mN/m)

cm
Fig. 5. Interaction effect of SFF, JFC, and GS addition on
surface tension

3.3 Optimization of plugging formulations

3.3.1 Optimization results

The results of the ratios of the three plugging agents
are presented in Figure 6a. The percentages of calcium
carbonate particles, NP-1, and DWF-1 are 50.4%, 23.7%,
and 25.9%, respectively. The results of the particle size
distribution evaluation are shown in Figure 6b. The

particle size distribution of this plugging formulation
ranges from 0.01 to 10 um, and the median particle size
is 4.47 um, which indicates that the plugging formulation
can effectively seal the microfractures in the bauxite
formation.

I 1250 mesh calcium carbonate particles
I DWF-1
B NP1

23.7%

25\

Fig. 6. (a) Design results of the optimal plugging formulation
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Fig. 6. (b) Design results of the optimal plugging formulation



Table 7

Comparison of drilling fluid performance against CO2 contamination

Experimental

3 . .
Number condition p/g/cm PV/mPa-s AV/mPa's YP/Pa YP/PV  FLHTHP/mL pH
Before aging, 1.40 27.0 41.0 14.0 0.52 15.0 9.0
On-site drilling fluids
After aging 1.35 27.0 38.5 11.5 0.43 20.0 8.5
On-site drilling Before aging, 1.40 30.0 43.0 150 050 14.4 7.0
fluids+1.0%Na>COs After aging 1.41 28.0 39.5 115 041 25.2 7.0
On-site drilling Before aging, 1.40 39.0 56.0 17.0 0.44 38.6 6.5
fluids+3.0%NaCOs After aging 1.41 38.0 53.5 155  0.40 45.4 6.0
Anti-CO pollution and low- Before aging, 1.20 18.0 43.0 25.0 1.39 4.5 9.5
damage drilling fluid After aging 121 18.0 38.5 205 1.14 55 9.5
Anti-CO2 pollution and low Before aging, 1.40 24.0 53.0 29.0 1.21 6.0 9.5
damage drilling fluid+1.0%

Na,COs+Barite After aging 1.40 27.0 47.0 20.0 0.74 6.4 9.0
Anti-CO2 pollution and low Before aging, 1.40 28.0 48.5 205 0.73 6.6 9.0
damage drilling fluid+3.0%

Na,COs+Barite After aging 1.39 22.0 41.0 19.0 0.86 7.0 8.5
Anti-CO2 pollution and low Before aging, 1.50 40.0 62.5 22,5 0.56 18.8 8.0
damage drilling fluid+5.0%

Na,COs+Barite After aging 1.49 42.0 65.5 23,5 0.55 21.2 7.5

Note: Hot-rolling experiment:150°Cx16h; Filtration loss experiment in high temperature and pressure: 150°Cx3.5MPax30min.

3.3.2 Performance evaluation

The results of the plugging performance tests at
different dosages were shown in Fig.7. The
instantaneous volume of FLymyp can be reduced to 4.5 mL
at a dosage greater than 6.0%. Satisfactorily, the
reduction of the instantaneous plugging property was up
to 72.5%. It demonstrated that the preferred
combination of plugging agents can better plug pores
and microfractures of different sizes. Thus, it can
effectively carry out instantaneous plugging and play a
role in stabilizing the wellbore.
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Fig. 7. Plugging performance evaluation results

3.4 Performance assessment of formulation

After mixing experiment and  BridgePro
optimization to obtain the proportioning of hydrolocker
and plugging agent, the composition of the formulation
is that 4% SMP + 2% SFT + 0.3% PAC-HV + 1.0% AP-1 +
5.0% KClI + 2.0% XCS-3 + 0.5% hydrolocker + 6.0%
plugging agent. Among them, the hydrolocker SSF:JFC:
GS=71.3%:7.4%:21.3%, and the plugging agent CaCOs:
NP-1: DWF-1 = 50.4%:23.7%:25.9%.

The experimental results of CO, pollution resistance
were shown in Table 7. The viscosity and shear of the
field drilling fluid increase accordingly, and the volume of
water loss increased rapidly with the incorporation of
COs?%. It indicated that the upper limit of CO; pollution
resistance of the field composite salt drilling fluid was
1.0 %. However, the upper limit of CO, contamination
resistance of anti-CO; pollution and low damage drilling
fluid has been increased to 3.0%, which proves its good
resistance to contamination.

3.4.2 Plugging performance

Different sizes of rock slabs from 500mD-6700mD
were selected to evaluate the plugging performance of
drilling fluid by a PPA permeability plugging tester, and



the experimental results were presented in Figure 8.
Under different rock slab conditions, the filtration loss of
drilling fluid (150°C X 3.5MPa X 30min) was less than
10mlL, indicating that it can form high-quality mud cake
quickly, achieve dense plugging and improve the stability
of the wellbore.

Sy

Anti-CO2 pollution and low

& drilling fluid
e iy damage drilling fluid

Fig. 8. (a) Pictures of plugging of 6700mD rock slab

35

Bl Onsite drilling fluids

1 Anti-CO2 pollution and low damage drilling fluid
30 -

500 950 2800 5500 6700
Permeability of rock slabs/mD

Fig. 8. (b) Results of filter loss of different rock slabs

3.4.3 Suppression performance

The bauxite at a burial depth of 4229.08m was
selected for the experiment. And the inhibition
performance of drilling fluid under a high-temperature
environment of 150°C was evaluated by utilizing XGRL-
4A digital roller heating furnace and HTTP-C4 high-
temperature and high-pressure shale expander. The
experimental results are shown in Figure 9. The primary
and secondary rolling recovery rates of drill cuttings after
adding drilling fluid were as high as 98.46% and 95.02%,
respectively. The linear expansion of cuttings under high
temperature and pressure conditions was only 0.164
mm. It was reduced by 1.663 mm and 1.092 mm
compared to the deionized water and field drilling fluids,
respectively. It indicated that the constructed drilling
fluid has good inhibition and can significantly improve
the stability of the wellbore.

0 120
1 The primary rolling recovery rate
1 The secondary rolling recovery rate

The primary rolling recovery rate/%
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Fig. 9. (a) Results of heat roll recovery experiments

2.4
=== Deionized water
e On-site drilling fluid
£ 2.1 | e ANti-CO, pollution and low damage drilling fluid
E ol e
o
E1s
£
S12
w
5
209
B
T o6
£
3
0.3
0.0 L 1 1 L
0 5 10 15 20 25

Hours / h

Fig. 9. (b) Linear expansion test results at high temperature
and pressure

3.4.4 Reservoir protection performance

The reservoir protection performance of the drilling
fluid was evaluated through the LDY50-180A core flow
meter and the JC2000C1 contact angle measuring
instrument. The experimental results were presented in
Table 8, and the plugging rate and permeability recovery
rate of the anti-CO; pollution and low-damage drilling
fluid on the core (4229.08m) were up to more than 90%.
In addition, the surface tension of the filtrate was
reduced by 68.1% compared with that of the field drilling
fluid. It indicated that the constructed drilling fluid had
good reservoir protection.

3.4.5 Lubrication performance evaluation

The LEM-4100 high-temperature and high-pressure
dynamic lubricator were selected to evaluate the
lubricity of the anti-CO; pollution and low-damage
drilling fluid, and the experimental results were
presented in Table 9. The lubrication coefficient of the



Table 8 Evaluation results of reservoir protection performance

Surface
. 3.2 3,12 32 ; o, °
Categories K1/103um K2/103um?  K3/103um Plugging rate/%  Recovery rate/% tension/mN
On-site drilling fluid 3.2333 0.4612 85.7 86.9 54.2
Anti-CO2 pollution and 32718 0.2154 93.4 91.6 17.3

low-damage drilling fluid

Note: Ki: Initial penetration; K,: Permeability after plugging; Ks: The permeability measured after cutting the core end face by 5 mm and

then reversing the replacement.

Table 9 Evaluation results of lubrication performance of drilling fluids at high temperature and pressure

Categories

Friction coefficient

Torque/in-lbs

On-site drilling fluid
Anti-CO2 pollution and low-damage drilling fluid

0.162 31.2
0.125 21.8

Note: Contact force 50 psi, pressure 3.5 MPa, temperature 150°C.

drilling fluid was 0.125, which was 22.8% lower
compared with the field drilling fluid. It indicated that the
drilling fluid can effectively reduce the friction of drilling
tools and prevent complex accidents such as mud packs
and stuck drilling in the downhole.

3.4.6 Field Experiment

Up to now, the anti-CO; pollution and low-damage
drilling fluid have been applied to 9 wells in the field, and
there were no complicated accidents such as wellbore
collapse during the drilling process. In particular, the
actual production capacity of a single well has increased
by more than 20% compared with the expected original
production capacity (Fig.10). It proves the advantages of
the technical performance of this drilling fluid, which not
only can safely complete the drilling target but also has
obvious reservoir protection effect.
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Fig. 10. Single well capacity profile in the late field test

4. CONCLUSIONS

(1) Bauxite rocks are developed with microporosity,
and there is a large difference in the compressive
strength of the rocks. During the drilling process, there is
not only the risk of leakage but also the risk of foreign

fluids intruding into the formation and causing the
reduction of the cementation strength of the Imon
interlayer. Eventually, the bauxite will collapse and
become unstable.

(2) Since the fluid endowment state in bauxite
saturated water is mainly bound water. Once the
reservoir is invaded by foreign fluids, it is prone to form
a hydrolock and cause serious reservoir damage.

(3) The constructed drilling fluid was able to resist
3.0% CO2 contamination. Moreover, the drilling fluid has
remarkable surface tension reduction ability (17.3mN),
and the rolling recovery rate, plugging rate, and
permeability recovery value of bauxite were all over 90%,
which has good plugging performance and reservoir
protection performance. And the actual production
capacity of a single well has increased by more than 20%
compared with the expected original production
capacity.
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