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ABSTRACT

Different drilling fluid systems are designed according to mineral composition, lithology and wellbore stability of
different strata. In the present study, the conversion of a non-dispersed polymer drilling fluid into a low potas-
sium anti-collapsing drilling fluid is investigated. Since the two drilling fluids belong to completely different types,
the key to this conversion is represented by new inhibitors, dispersants and water-loss agents by which a non-
dispersed drilling fluid can be turned into a dispersed drilling fluid while ensuring wellbore stability and reason-
able rheology (carrying sand—inhibiting cuttings dispersion). In particular, the (QYZ-1) inhibitors and (FSJSS-2)
dispersants are used. The former can inhibit the hydration expansion capacity of clay, reduce the dynamic shear
force and weaken the viscosity; the latter can improve the sealing effect and reduce the filtrate loss. The results
have shown that after adding a reasonable proportion of these substances (QYZ-1: FSJSS-2) to the non-dispersed
polymer drilling fluid, while the apparent viscosity, plastic viscosity, structural viscosity and fluidity index under-
went almost negligible changes, the dynamic plastic ratio increased, and the filtration loss decreased significantly,
thereby indicating good compatibility. According to the tests (conducted in the Leijia area), the density was
1.293 g/cm3, and after standing for 24 h, the SF (static settlement factor) was 0.51. Moreover, the filtration loss
was reduced to 4.0 mL, the rolling recovery rate reached 96.92%, with excellent plugging and anti-collapse
performances.
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1 Introduction

As an important part of unconventional oil and gas, tight oil has gradually gained a higher position in the
world energy supply structure and has gradually become an important part of the world oil and gas [1–4].
Leijia-lacustrine carbonate rock is one of the PetroChina Liaoning Liaohe Oilfield Company (Panjin,
China) key exploration and development in the future [5–9]. Early due to the formation research is not
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thorough, drilling fluid performance and wall stability matching is not perfect, easy to cause quaternary thick
mud cake and shrink diameter card, designed two sets of drilling fluid system, higher drilling costs, seriously
affected the economic benefits of tight oil development. Based on the complex and diverse mineral
composition of terrestrial mud shale in Shahejie Section of Leijia area and the obvious chemical
composition differences among different lithologic combinations, non-dispersive polymer drilling fluid
and low potassium anti-collapsing drilling fluid were designed in S2 and S3 intervals, respectively, but the
conversion of drilling fluid types and systems was not achieved, resulting in the problem of low drainage
and reuse rate of drilling fluid. It also increases environmental safety risks and drilling fluid costs [10–16].

In order to realize low economic cost, safety and environmental protection in Leijia area, a systematic
study was conducted on the geology of tight oil in Leijia area and the supporting technology of drilling fluid
[17–19], using the technical idea of the transformation of non-dispersed to dispersed drilling fluid type, the
reasonable ratio of inhibitor QYZ-1 and dispersant FSJSS-2 was developed [20–24]. Based on this, this study
constructed a set of low-potassium anti-collapsing drilling fluid system transformed by non-dispersible
polymer drilling fluid, and tested its rheological properties, inhibition properties, enhanced suspension
properties and thermal stability. Rheological properties, filtration loss, rolling recovery rate and
suspension stability all met the requirements of drilling fluid field use [25,26]. The effects of changes in
soil loading, density, rheology and salt content on the conversion of non-dispersed polymer drilling fluid
were tested [27–29]. It was concluded that the system was not affected by the above factors and met the
needs of different strata and different lithology, and was successfully converted into S3 formation,
providing a feasible low-potassium anti-collapse drilling fluid scheme, which greatly improved the
repeated utilization rate of drilling fluid and helped to ensure the effective green development of Shahe
Street section [30].

2 Indoor Experiments

2.1 Experimental Materials and Apparatus
The materials and equipment used are shown in Tables 1 and 2.

Table 1: Experimental material types and manufacturers

Material name Manufacturer

Bentonite Shandong Huawei Bentonite Co., Weifang, China

Superfine calcium carbonate Nanjing Cendong New Material Co., Nanjing,
China

FA-367 Hebei Yanxing Chemical Co., Renqiu, China

NH4PAN, NH4Cl, NaOH, QYZ-1, FSJSS-2 Macklin

rock core, PAC-Lv, NaCl, White pitch, lubricant,
barite

On-site availability

Table 2: Types and manufacturers of experimental equipment

Equipment name Manufacturer

Medium pressure filter loss meter NS-1 Kenmore Instruments (Shanghai) Co., Shanghai, China

Six-speed rotational viscometer D6B Kenmore Instruments (Shanghai) Co., Shanghai, China
(Continued)
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2.2 Experimental Methods

(1) Non-dispersed polymers drilling fluid preparation

Preparation of non-dispersed polymer drilling fluid preparation in accordance with the Drilling fluid
Material Code (GB/T 5005-2010). Configuration process: Firstly, 150 mL base slurry with a density of
1.06 g/cm3 was added to the drilling fluid cup and stirred at high speed for 5–10 min; Under high speed
stirring, 10 mL of 10% NaOH solution was added to increase the dispersity of drilling fluid. Then 7.5 g
of NH4Cl, 50 ml of FA-367 with a concentration of 2%, 7.5 g of NH4PAN, 5 mL of PAC-Lv (10%),
17.5 g of emulsified asphalt, 12.5 g of ultra-fine CaCO3 were added successively, and finally 500 mL of
water was added.

(2) Drilling fluid basic performance test

The measurement of rheology, shear force, density and filtration loss at room temperature was carried
out according to “Oil and Gas Industry—Drilling Fluid Field Test” (GB/T 16783.1-2014). Rheology
property: Use D6B six-speed rotary viscometer at 3, 6, 100, 200, 300, 600 rpm to measure shear force
and calculate rheology. API filtration: The filtration vector of drilling fluid filtrate at 1 MPa was measured
by NS-1 medium pressure filtration analyzer; Density: The density of drilling fluid was measured by
YYM liquid densimeter. Based on the horizontal scale, the drilling fluid was filled in one end of the
liquid cup until it spilled into the hole of the lid, wiped the lid, adjusted to balance, and finally the
density value was read.

(3) Core soak test

The S3 core powder from Shahe Street in Leijia area of Liaohe Oilfield was crushed through an 80-mesh
sieve, and three 8 g core powder were taken out. Core slices were formed after pressing at 10 MPa for 15 min.
The size of core was 3.026 cm × 0.575 cm. The core pieces were placed into clean water and low potassium
anti-collapsing drilling fluids respectively, and the changes of core pieces morphology in different soaking
fluids at different times within 24 h were observed and recorded, so as to determine the anti-collapsing effect
of different soaking media.

(4) Rolling recovery rate measurement

The rolling recovery rate was determined by reference to the Standard of the Oil and Gas Industry of the
People’s Republic of China—Test Method for Physical and Chemical Properties of Mud Shale (SY-T 5613-
2018). Certain core particles are dried and weighed, and the core particles with mass m are placed in a high-
temperature aging tank containing drilling fluid to be measured and rolled at a high temperature. After
rolling, the liquid and rock samples in the tank are transferred to a sampling screen with a diameter of
0.42 mm for screening and washing, and then the rock samples are transferred to a weighing bottle (m1)

Table 2 (continued)

Equipment name Manufacturer

Liquid density meter YYM Kenmore Instruments (Shanghai) Co., Shanghai, China

Expansion experiment press JSP-15FS Changzhou Dedu Precision Instrument Co., Changzhou,
China

Rock crusher SE-750 Yongkang Shengxiang Electric Co., Jinhua, China

Drilling fluid high-speed mixer GJS-
B12K

Qingdao Xinruide Petroleum Instrument Co., Qingdao, China
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that has been dried and weighed. The weighing bottle containing the sample was put into a blast oven at
105°C ± 3°C for drying to constant weight, and then taken out and put into the dryer for cooling to room
temperature before weighing. The mass was recorded as m2, and the hot roll recovery rate was calculated
according to formula (1).

x ¼ m2 � m1

m
� 100% (1)

(5) Settlement stability measurement

The settlement factor is calculated in accordance with the Specification for Drilling Fluid Materials
(GB/T 5005-2010). The drilling fluid with the required specific gravity was prepared, aged at 130°C in a
stainless steel tank and left for a period of time (2–24 h). The density specific gravity (r1) at the upper
part of the heavy drilling fluid column and the density specific gravity (r2) at the bottom of the liquid
column were determined respectively, and then the static settlement factor was calculated according to
formula (2).

SF ¼ r2
r1 þ r2

(2)

3 Results and Discussion

3.1 Experimental Thinking of System Transformation
According to the characteristics of wellbore instability, difficulty in carrying drilling cuttings and high

difficulty in reservoir protection in S3 interval, Combined with the non-dispersive polymer drilling system
(3% bentonite + 0.1% NaOH + 1.5% NH4Cl + 0.25% FA − 367 + 0.1% PAC − lv + 1.5% NH4PAN + 3.5%
+ 2.5% CaCO3 + white asphalt + barite (r = 1.20∼1.22 g/cm3), Low potassium anti-collapsing drilling fluid
belongs to coarse dispersive drilling fluid, necessary to use a heat-resistant inhibitor. Finally, QYZ-
1 inhibitor with rheological improvement and FSJSS-2 dispersant with strong sealing performance were
selected.

3.2 Study on the Influence of Different Factors Change on Transformation

3.2.1 Effect of Bentonite Content on Inter-System Conversion
Test 6 groups of non-dispersed polymer drilling fluids with different bentonite content (2%∼4.5%), and

select the flow index and apparent viscosity, plastic viscosity change smaller 2 groups (3% and 3.5% of
bentonite content), its performance before and after the transformation of such as shown in Table 3.

As can be seen from Table 3, the apparent viscosity, plastic viscosity and structural viscosity all increase
with the increasing of bentonite content before conversion, and the changes of fluidity index, dynamic plastic
ratio and filter vector are minimal. After conversion, compared with before conversion, the apparent viscosity

Table 3: Influence of bentonite content on the system before and after transformation

Bentonite
content

State Apparent
viscosity/
mPa⋅s

Plastic
viscosity/
mPa⋅s

Structural
viscosity/
mPa⋅s

Fluidity
index

Dynamic
plastic ratio

API
filtration/
mL

3% Unconverted 56.5 39.0 16.5 0.61 0.46 6.0

Converted 52.5 36.0 17.5 0.61 0.47 4.2

3.5% Unconverted 61.5 42.0 19.5 0.60 0.47 6.2

Converted 49.5 29.0 20.5 0.50 0.72 4.4
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and plastic viscosity increased at 3% bentonite content, and decreased at 3.5% bentonite content. The
changes of viscosity parameters were within a reasonable range, while the filter vector decreased to 4.2
mL at 3% bentonite content, indicating that the dispersive fluid loss reducer FSJSS-2 was introduced into
the non-dispersive polymer drilling fluid. Its filter vector reducer has the effect of greatly reducing water
loss; Moreover, the effect of filter vector and rheology is very small according to the change of soil content.

3.2.2 Effect of Weighted Density on Inter-System Transition
Six groups of non-dispersed polymer drilling fluids with different density weights (ρ =

1.0203∼1.310 g⋅cm−3) were tested. Two groups of drilling fluids with densities of 1.0203 and 1.206
g⋅cm−3 with better rheology and lower filter vector were selected. The performance pairs before and after
conversion were shown in Table 4.

Table 4 shows that when the drilling fluid density is 1.020 g⋅cm−3, the apparent viscosity, plastic
viscosity, structural viscosity and fluidity index change little before and after conversion, the dynamic
plastic ratio increases from 0.30 to 0.40, and the filter vector decreases to 4.4 mL. When the drilling fluid
density was 1.020 g⋅cm−3, the apparent viscosity and fluidity index still changed little, the plastic
viscosity decreased to 29 mPa⋅s, the structural viscosity increased to 20.5 mPa⋅s, the dynamic plastic ratio
increased from 0.61 to 0.72, and the filter vector also decreased to 4.4 mL. Before and after the
conversion, the rheology was stable and the fluid loss decreased significantly, all of which met the target
range of drilling demand.

3.2.3 Effect of Rheology on Inter-System Conversion
Four groups of non-dispersed polymer drilling fluids with different rheological properties were prepared,

and the properties before and after conversion were compared, as shown in Table 5.

Table 4: Influence of density on the system before and after transformation

Drilling fluid
density/
g⋅cm−3

State Apparent
viscosity/
mPa⋅s

Plastic
viscosity/
mPa⋅s

Structural
viscosity/
mPa⋅s

Fluidity
index

Dynamic
plastic
ratio

API
filtration/
mL

1.020 Unconverted 40.0 31.0 9.0 0.71 0.30 5.8

Converted 39.5 33.0 6.5 0.78 0.20 4.4

1.206 Unconverted 52.5 36.0 16.5 0.47 0.61 6.0

Converted 49.5 29.0 20.5 0.5 0.72 4.4

Table 5: Influence of rheology on the system before and after transformation

Number State Apparent
viscosity/
mPa⋅s

Plastic
viscosity/
mPa⋅s

Structural
viscosity/
mPa⋅s

Fluidity
index

Dynamic
plastic ratio

API
filtration/
mL

1 Unconverted 61.5 42.0 19.5 0.60 0.47 6.2

Converted 56.5 39.0 17.5 0.61 0.46 4.2

2 Unconverted 51.5 32.0 19.5 0.54 0.62 5.6

Converted 55.0 38.0 7.0 0.61 0.46 4.4

3 Unconverted 49.0 40.0 9.0 0.76 0.26 5.0

Converted 53.0 37.0 16.0 0.62 0.44 4.2

4 Unconverted 61.0 41.5 19.5 0.59 0.45 6.2

Converted 49.5 29.0 20.5 0.50 0.72 4.4
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The data in Table 5 show that the rheological properties of the two drilling fluids do not fluctuate much
before and after conversion, and the fluid loss decreases significantly. Therefore, both drilling fluids can be
successfully converted into low-potassium anti-collapsing drilling fluids. Among them, the filter vector of the
first group is reduced to 4.2 mL, which has strong sealing performance, and the fourth group, especially the
dynamic plastic, reaches 0.72, which has the ability of suspension and sand carrying. Therefore, adding 1%
QYZ-1 + 3%FSJSS-2 non-dispersed drilling fluid viscosity or dynamic plastic ratio does not affect the
conversion, can smoothly implement the conversion of drilling fluid system and type, improve its water
loss performance, and rheological properties are stable.

3.2.4 Effect of Salt Content on Intersystem Transformation
Water, 1% NaCl and 2% NaCl were added to the drilling fluid system before and after conversion, and

the specific experimental results were shown in Table 6.

The results in Table 6 show that after NaCl was introduced into the non-dispersed polymer drilling fluid,
the apparent viscosity and filter vector decreased, the plastic viscosity and fluidity index increased, and the
dynamic plastic ratio decreased significantly to below 0.2. With the increase of NaCl concentration in the
converted low-potassium anti-collapse drilling fluid, the apparent viscosity and plastic viscosity are
increased, the dynamic plastic ratio and flow index change little, the water loss decreases, and the water
loss reduction effect is better, which meets the application requirements of the field drilling fluid.

Pressed core pieces (S3 interval) were implanted with clean water, 1%NaCl and 2%NaCl respectively to
convert low-potassium anti-collapsing drilling fluids. As shown in Fig. 1 below.

As shown in Fig. 1, S3 interval core pieces showed no significant change after soaking in clean water for
2 h, and 1 cm cracks appeared in the upper layer 24 h later, and cracks appeared in the upper edge 24 h later.
S3 interval core pieces were immersed in the transformed low-potassium anti-collapsing drilling fluid with
1% NaCl added. After soaking for 2 h, a tiny crack of 0.1 cm appeared at the edge of S3 core pieces.
After 24 h, the edge crack deepened and no collapse occurred. S3 core pieces were immersed in
converted low-potassium anti-collapsing drilling fluid with 2% NaCl added. After soaking for 2 h, 0.6 cm
cracks appeared at the edge of S3 core pieces, and no significant changes were found at the cracks 24 h
later. No collapse occurred in the rest parts, indicating that the converted low-potassium anti-collapsing
drilling fluid had excellent anti-collapsing effect.

Table 6: Influence of salt content on the system before and after conversion

State NaCl
concentration

Apparent
viscosity/mPa⋅s

Plastic
viscosity/mPa⋅s

Fluidity
index

Dynamic
plastic ratio

API
filtration/
mL

Unconverted 0 52.5 36.0 0.61 0.47 6.0

1% 45.75 39.0 0.80 0.18 5.6

2% 48.0 41.0 0.80 0.17 5.0

Converted 1% 50.0. 44.0 0.84 0.14 4.6

2% 52.0 47.0 0.87 0.11 4.4
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3.3 Performance Evaluation of Converted Drilling Fluid

3.3.1 Basic Performance Evaluation
Take an appropriate amount of prepared drilling fluid and add barite powder according to the national

standard GB/T 16783.1-2014 “Oil and Gas Industry Drilling Fluid Field Test Part 1: Water-Based Drilling
Fluid”. The experimental results are shown in Table 7.

As shown in Table 7, after the introduction of barite powder, the viscosity of the low-potassium anti-
collapse drilling fluid system increased by half, the dynamic-plastic ratio and flow index remained
basically unchanged, the filtration loss wall-building performance was greatly improved, and the filtration
loss was as low as 4 mL, which met the basic requirements of on-site drilling construction (≤4 mL). It
can be seen that the new inhibitor QYZ-1, dispersant FSJSS-2 and aggravating agent introduced in this
system have good compatibility.

(a1) water (soak 0h) (a2) water (soak 2h) (a3) water (soak 24h)

(b1) 1%NaCl (soak 0h) (b2) 1%NaCl (soak 2h) (b3) 1%NaCl (soak 24h)

1cm crack

(c1) 2%NaCl (soak 0h) (c2) 2%NaCl (soak 2h) (c3) 2%NaCl (soak 24h)

0.6cm crack

Figure 1: Effect of salt content on inhibition of conversion of low potassium anti-collapsing drilling fluid
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3.3.2 Evaluation of Inhibition
An appropriate amount of S3 interval shale cuttings and four kinds of low-potassium anti-collapsing

drilling fluids of different densities were taken from the Middle Shahejie Formation in the Leijia area of
Liaohe Oilfield (2.2.2 section), and the rolling recovery rate of shale cuttings was determined according
to standard SY/T56133-2016 “Test Method for Testing Physical and Chemical Properties of Mud Shale
by Drilling Fluids”, as shown in Fig. 2 below.

As shown in Fig. 2, the 16-h rolling recovery rate of drilling fluid system No. 1 (r = 1.020 g/cm3) was
94.38%, and that of drilling fluid system No. 2 (r = 1.150 g/cm3) was 96.40%. The rolling recovery rate of
drilling fluid system No. 3 (r = 1.206 g/cm3) for 16 h was 96.80%, and that of drilling fluid system No. 4 (r =
1.210 g/cm3) for 16 h was 96.92%, both of which had excellent ability to inhibit core dispersion and good
inhibition performance of low-potassium anti-collapsing drilling fluid. The thermal roll recovery rate is
higher than 93%, which fully meets the drilling requirements of complex formation in tight oil and gas
reservoirs.

3.3.3 Evaluation of Sedimentation Suspension Performance
The settlement stability reflects the ability of the weighting agent particles in the weighted drilling fluid

to maintain uniform distribution in the drilling fluid. The low potassium anti-collapse drilling fluid was

Table 7: Basic properties of the converted low potassium anti-collapsing drilling fluid system

Type Density
g/cm³

Apparent
viscosity/
mPa⋅s

Plastic
viscosity/
mPa⋅s

Structural
viscosity/
mPa⋅s

Fluidity
index

Dynamic
plastic ratio

API
filtration/
mL

Before
aggravating

1.073 28 22.0 6.0 0.72 0.28 5.2

After
aggravating

1.401 47.5 37.5 10.0 0.72 0.27 4.0

94.38

96.4
96.8 96.92

1 2 3 4
92

93

94

95

96

97

98

Formulations (different densities)

)
%(yrevoce r

gni ll o
R

Figure 2: Rolling recovery rate test at different densities
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weighted to the target density (r = 1.293 g/cm³). The settlement and suspension performance of the
transformed low potassium anti-collapse drilling fluid was tested, and the results are shown in Table 8.

The experimental data in Table 8 show that the fluid suspension stability of the converted low-potassium
anti-collapsing drilling fluid not only has good weighting performance and high weighting density, but also
fully meets the general weighting requirements of the bottom boundary at a depth of 3500 meters. Moreover,
it has very good weight stability (SF is 0.50) and suspended cuttings stability. After 24 h of static drilling, the
upper and lower densities of drilling fluid are identical, and the SF values are both 0.50, reflecting excellent
suspension stability, which can meet the needs of wellbore stability in S3 interval and prolong the wellbore
collapse period.

4 Conclusion

(1) After applying a reasonable proportion of agent (QYZ-1: FSJSS-2) to the S3 interval, the non-
dispersed polymer drilling fluid can be successfully converted into low potassium anti-collapsing drilling
fluid, successfully adapting to the S3 interval. The system is almost unaffected by bentonite, density,
rheology and salt, and the introduction of NaCl reduces rheology, which can appropriately reduce the
amount of dispersant FSJSS-2.

(2) Laboratory experiments show that the viscosity, flow resistance and power consumption of the
converted low-potassium anti-collapsing drilling fluid decrease. The filtration loss is as low as 4 mL, and
the filtration wall building performance is greatly improved. There were no significant changes in the
flow pattern index and the dynamic plastic ratio. The rolling recovery is 96.92%, which has excellent
inhibition performance. The low-potassium anti-slumping drilling fluid (r = 1.293 g/cm3) was weighted
and stood for 24 h, and the SF (static settling factor) was 0.50, which had excellent weighted suspension
performance and sand carrying performance.

(3) Through the joint action of inhibitor QYZ-1 and dispersant FSJSS-2, not only the moderate
dispersion of drilling fluid is controlled, but also the temperature resistance of drilling fluid is improved,
fully meeting the needs of rheology, water-loss wall building and anti-collapse of drilling fluid at high
temperature. The new system forms the technology of converting drilling fluids to each other for reuse in
different sections or runs of the same well, greatly improving the reuse rate of drilling fluids and saving
economic costs.
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