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No. Force field Scope of application

1 CVEF (Chakraborty et al., 2015) For organic molecules, protein simulation

2 OPLS (Sonibare et al., 2020) Suitable for liquid systems such as peptides, proteins, nucleic acids, organic
solventsetc.

3 PCEE (Sun, 1995) Suitable for organic matter, including polymers and kerogenetc.

4 COMPASS (Kondratyuk and Pisarev, 2019) Suitable for common organic and inorganic small molecules and
macromolecules, but also for the simulation of metals, metal oxides and
‘metal halides

5 SPCE (Vassetti et al,, 2019) Suitable for pure water systems

6 AMBER (Piana et al., 2020) Suitable for protein and nucleic acid systems, polysaccharides

7 GAFF (Wang et al., 2004) Pervasive organic small molecule force field with the same functional form
as the AMBER force field, fully compatible with the AMBER force field

8 CLAYFE (Tararushkin et al,, 2022) Peptide nucleic acids, liquid systems of organic solvents






OPS/images/feart-12-1401947/inline_1.gif





OPS/images/feart-12-1401947/inline_10.gif





OPS/images/feart-12-1401947/inline_11.gif
r — r4+dr





OPS/images/feart-12-1401947/feart-12-1401947-g009.gif





OPS/images/feart-12-1401947/feart-12-1401947-g010.gif





OPS/images/feart-12-1401947/feart-12-1401947-g011.gif





OPS/images/feart-12-1401947/feart-12-1401947-g003.gif
i





OPS/images/feart-12-1401947/feart-12-1401947-g004.gif





OPS/images/feart-12-1401947/feart-12-1401947-g001.gif
Determine the sarting.
Confguraion
3
g e
cacray minimizaton
3

Equibrian process

Dua Acquisiion Process
3
Anayss o D resuls






OPS/images/feart-12-1401947/feart-12-1401947-g002.gif
v:ff/”'!f//,’//‘/






OPS/images/feart-12-1401947/feart-12-1401947-g007.gif
H
.
:‘ e '0;004
; i
B






OPS/images/feart-12-1401947/feart-12-1401947-g008.gif





OPS/images/feart-12-1401947/feart-12-1401947-g005.gif





OPS/images/feart-12-1401947/feart-12-1401947-g006.gif





OPS/images/feart-12-1401947/crossmark.jpg
©

|





OPS/images/feart-12-1401455/feart-12-1401455-g004.gif





OPS/images/feart-12-1401455/feart-12-1401455-g005.gif
G prodoction (1)

i 4 .

fr—
s s
2
is

™ e e

i
j o J—

)

i

w  w

e

Ressrcir vomeass. MEs





OPS/images/feart-12-1401455/feart-12-1401455-g006.gif
QI o o
: H
§ oo H
7w H
L :
merd st
. o
2
5 1m @ o
£ w0 3
e il
o 0 p—
H | B e
o o s
o m w w w ow 0 m aw e o
0 — 0s et 2s
o
g Q3 Lo
Zam ] 2
£ z —
i Jo|Tr—— -
& £
. I 3
o« m w @ e me w e
L L

Reamisk o) M





OPS/images/feart-12-1401455/feart-12-1401455-g007.gif
bl 1 o
£oms — romcui
P T
o
0 o “@ " w0 0o
o o

e





OPS/images/feart-12-1401455/crossmark.jpg
©

|





OPS/images/feart-12-1401455/feart-12-1401455-g001.gif





OPS/images/feart-12-1401455/feart-12-1401455-g002.gif
Paleozoic

sasten k] couna | M09 T 4 egens
= =
£ e
2
5CF
z Sandy
3 E mudsione.
s
=

Upper Carboniferous

‘Taiyuan Formation

3 =
Quns
sondine
s—
v
T
it
=5s

15| i

po—
mcsone

e

Conl






OPS/images/feart-12-1401455/feart-12-1401455-g003.gif
ny g produciion  (x

Dally gas production ¢ (avie)

g o0
oo | mon v T | meos e
000 £
§ e

00 % 200
om0 2 o

o 3 »

[——— Gt

awo| w0 e, a0 |, Wo-o2191
om0 £ o
E 18
00 o
10000 2o

o 2

o 1 25 i i It

acw

Duiy s poaction (1)

ot seam ks

o

S0






OPS/images/feart-12-1401947/math_8.gif
g [Fin/24 1) - O+ - + |Film) - F(n/ 20
5 B/ + 1) oo+ i) - BRI

ROwt/2) = o

L
¥ ®)





OPS/images/feart-12-1401947/math_9.gif
lim < [#(t) - #0)|" z 6Dt )





OPS/images/back-cover.jpg
Frontiers in
Earth Science

Investigates the processes operating within the
major spheres of our planet

Advances our understanding across the earth
sciences, providing a theoretical background for
better use of our planets resources and equipping
us to face major environmental challenges.

Discover the latest
Research Topics

Frontiers

Avenue du Trounal-Fédéral 34
1005 Lausane, Switzerland.
fontiersinorg

Contactus

+41(0121 5101700
fontiersn org/about/contact






OPS/images/feart-12-1401455/feart-12-1401455-g015.gif
AR Wator praducebe T i

w

o om  am oo oo

Prosare dop e (MPid)

o om o o o7 on
o ey st ST





OPS/images/feart-12-1401455/feart-12-1401455-t001.jpg
Gas Percentage of Percentage Permeability/mD CBM

production/(m*/d)  pressure drop/% change of content/(m?/t)
permeability/%

17,515.18 70.00 2.10 1.60 0.69 23.50
11,185.40 72.00 5.90 L10 0.77 21.30
9,623.57 89.00 350 150 0.67 22.40
7,563.00 83.00 350 130 0.75 24.50
5,813.68 33.30 20.90 0.95 0.62 212
3,840.53 27.60 30.20 0.88 0.70 20.20
1,897.08 27.60 19.00 0.87 0.69 17.10
807.51 7.00 3.90 0.59 0.54 16.30
503.35 11.40 6.00 0.27 0.63 18.80
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arameter  Factor 1 ctor2 Factor3 Factor4

Na* 42,002 2631 415 1517
Mg 3.96 802 0 1939
Cat¥ 14.46 0 3322 3.26
ar 5184 4043 33.98 52.56
80, 0 437 24.96 7.75
NO,” 155 0 182 202
cd 0.05 001 0 0.008
cr 0.02 085 0.024 0.05
Pb 0.014 018 0.04 044
Fe 125 343 170 0

Mn 0.05 033 0.06 0.03
Ni 0013 0.10 0.02 0.03
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eters  Unit  Minimum  Maximum  Me: eters = Unit  Minimum Maximum = Mean
pH 64 89 802 cd mgL | 0.000 0070 003
Temp. L’ 175 43 345 cr mgL | 0002 0.190 0.10
EC ‘ pSfem | 268 11,79 210 Cu mgL | 0010 23 221
TDS mg/L 160 8884 1592 Fe mg/L | 0.030 27.65 328
Na* mg/L 18 1845 328 Mn mg/L | 0.002 0910 015
K mg/L 13 77 28 Ni mgl | 0.009 0290 0.09
Mg mgl | 2 583 101 Pb mgl | 0020 0620 025
Ca? mg/L 10 818 130 Zn mgL | 0.000 0110 0.03
ar mgL | 40 5220 843 &H %50 8041 ~63.54 -77.18
$0,* mg/L 16 550 95 80 %o -10.71 ~7.40 -10.06
HCO,” mgl | 89.67 2033 1418
[l Xy mg/L 0 17.6 41
NO;” mg/L 14 182 55
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Nanoparticle Al Si Ca Fe Zn (el

Figure 2A 1361 34.64 492 142 28.49 1517 151
Figure 2C 19.69 38.72 5.65 139 19.81 11.94 278

Figure 2E left 18.41 74.56 7.02

Figure 2E right 22,08 68.57 896
Figure 3A 1672 74.63 174 334 311
Figure 4A 1627 456 27.32 463 221 33.43 875 139
Figure 5A 14.56 3453 457 140 3184 11.37 146 |
Figure 5C 14.61 374 2649 470 223 35.80 10.17 144
Figure 6A 21.81 3385 463 102 19.92 15.25 338
Figure 6C 29.76 443 1652 174 13.08 3269
Figure 7A. 1846 36.19 215 1100 1245 1629
Figure 7C 3.58 24.64 55.63 14.99
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Fressure, MFa
Viscosity, mPass

Fluid compressibility, MPa ™"
Total compressibility, MPa™
Porosity, dimensionless
Permeability, mD

Radial distance, m

gm™

Saturation, %
Velocity, m's™

Oil relative permeability, dimensionless
Reservoir thickness, m

Time, d

Water relative permeability, dimensionless
Capillary pressure, MPa

Entry capillary pressure, MPa

Capillary pressure exponent, dimer
Irreducible water saturation, %

Residual oil saturation, %

‘Water phase

Oil phase

Initial state
Fracture system
Reformation area

Whcaike s
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Contribution to PV (%) Contribution to SSA (%)

Sample ID
micropores Mesopores Macropores micropores Mesopores Macropores
7.9-1 3562 60.52 386 57.60 4220 020
Z11-2 3092 64.79 429 53.04 46.73 022
7128 3784 59.89 227 5734 4253 013
7133 3468 64.46 086 58,09 41.85 005
7154 4430 54.70 1.00 60.62 3932 0.06
7185 4353 49.74 674 6272 3693 035
7196 3742 55.84 674 6047 39.18 035
2227 | 4214 56.29 157 58.07 4185 0.08
2258 ‘ 39.65 55.90 445 6182 37.94 024
2379 3698 57.37 565 5847 4125 029
7-45-10 3538 60.81 381 5659 43.20 020
7.70-B 2820 66.07 573 5476 44.90 034
Average 3722 58.87 391 5830 4149 021
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Sample ID Depth BET-SSA (m?/g) BJH-PV (m®/g) BET-APD (ni

7-9-1 39738 2285 0.02993 381 25983 28761 262
Z-11-2 3972.1 3008 0.03070 378 26211 28655 323
7-12-B 39717 3162 0.02939 383 26314 28607 5.40
7133 39702 3332 003246 325 26512 29016 641
Z-15-4 3968.6 3740 0.03080 353 2.6591 28826 653
Z-18-5 3966.4 3269 0.03090 390 2.6321 28634 316
7-19-6 3965.0 31.82 003219 328 26188 29110 333
Z-22-7 3962.9 22556 0.02522 405 26234 28599 259
7258 39603 2585 0.02715 385 26255 28697 338
7-37-9 39505 2755 0.03141 386 26112 28706 225
Z-45-10 39434 2694 0.03366 356 26162 28881 310
2-70-B 39206 19.39 0.02054 459 25970 28331 177

Note: BET-SSA, refer to BET, specific surface area; BJH-PV, refer to BJH, pore volume; BET-APD, refer to BET, average pore diameter; LV, refer to Langmuir volume.
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Mineral composition Clay composition (%)

Depth (m) TOC (%)

Cal Dol Clay /s | ©

791 397376 273 43 38 08 104 21 416 62 25 13

z-112 397212 386 58.2 40 11 20 15 232 53 34 13
7128 397174 488 593 48 108 2 27 202 75 16 9
7133 397024 478 375 39 13 256 38 179 56 44 0
Z-15-4 3968.61 538 667 34 38 1.2 45 104 59 4 0
7185 3966.38 3.96 370 54 05 81 75 415 78 12 10
7-19-6 396495 409 549 24 36 9.0 59 242 73 20 7
727 396291 266 393 ‘ 75 43 105 25 359 61 ‘ 23 1
2258 3960.29 361 342 65 21 28 12 332 69 21 10
2:37-9 395054 299 338 47 57 100 46 412 78 15 7
Z7-45-10 3943.40 349 292 7.0 6.6 15.6 12 404 72 21 7
7.70-B 392059 175 376 80 30 32 17 65 61 19 20
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‘Wellbore diameter (mm)

33338

Drill string 13 1/8 “PDC +9 1/2”Torque Impactor + Double Female Connector 630730 +9 “Drill Collar"2 + 8”Connector 731630+ “Float
Assembly Valve + 8”Drill Collar" 1 +“ High Frequency Vibration Measurement Pup +8” Drill Collar*11 + 8 “Jar*1 + 8” Drill Collar*2 + §
“Connector +5 1/2”Drill Pipe*500 m
Restrictions (1) Gravity of the BHA. (2) Contact between drill bit and bottom hole. (3) Contact between drill string and well wall
WOB (kN) 80-200
Rotation speed (r/min) 40-100
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Error statistic (mm)

Methodology Minimum value Maximum values Average value Upper quartile

icp 00 ‘ 42 23 26

SD 04 ‘ 825 29.1 29.1
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Number

Research purpose

Study drill string buckling and motion trajectory

Study the specific influence law of different rotation
speeds on drill strings movement

Study the specific influence law of different axial loads
on the movement of dril strings

Test mef

d and procedure

“To provide rotational speed and WOB for simulating
drill strings, a camera is employed to record the
movement of the drill string from both the top and
side of the wellbore. The buckling changes of the drill
pipe are subsequently edited using video editing
Software, and the trajectory of the drill string is traced

and depicted

Apply a force of 40N to the drill pipe and adjust the
motor speed uniformly from 1 to 6 RPS. Record the
critical time it takes for the drill pipe to transition from
a rotating state to a whirl state. Use the camera to
calculate the number of turns at the mark_3 point
position at different speeds within 30 s. Subsequently,
analyze the influence of rotation speed on the buckling
deformation of the drill pipe. Determine the swing
frequency of the drill string at different rotation speeds
and analyze how rotation speed affects the swing
frequency of the drill pipe

Apply sequential pressure to the drill string within the
range of 20-300N, maintaining a rotation speed of
approximately 2RPS. Record the critical time required
for the drill rod to transition from a rotation state toa
whil state. Utilize the camera to count the revolutions
at the mark_3 position under varying WOB within
30s. Following this, analyze the impact of different
WOB on the buckling deformation of the drill pipe.
Calculate the swing frequency at this point under
different WOB and assess the influence of WOB on the
swing frequency of the drill pipe
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Parameter

WOB (N) 2040\60\80\100115012001250\300

Rotation Speed [Rotations per second 1\213\4\5\6\6.5
(RPS)]
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Number Name Simulation model
1 ‘The material type Polyamide (PAG)
2 Modulus of elasticity (GPa) 23
3 Poisson ratio 0.394
4 Density (g/cm3) 110
5 Outer diameter (mm) 165
6 Internal diameter (mm) Solid rod
7 Length (mm) 5,000
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Parameter lue
Formation pressure 30
Permeability of matrix area 5 mD
Permeability of reformation area 40 mD
Porosity of matrix area 9 %
Porosity of reformation area 2 %
Viscosity of Water 1 mPass
Viscosity of Oil 3 mPass
Rock compressibility of matrix area 5x107 Pa’!
Rock compressibility of reformation area 3x10°% Pa”!
Initial saturation of oil phase 078 -
‘Threshold pressure gradient 0.05 MPam™
Stress sensitivity factor of matrix area 0.042 -
Stress sensitivity factor of reformation area 0072 -
Injection pressure 50 MPa
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Parameter Value

Permeability 10
porosity 20 %
Initial saturation of water phase in reservoir 0 %
Injection rate 0.00001 ms!
Area of cross section 1 m?
Viscosity of displacement phase 1 mPass
Viscosity of displaced phase 2 mPass
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rameter

Time-dependent solver

Value

MUMPS

‘Time stepping method Backward Differentiation Formulas -
Maximum BDF order 3 -
Minimum BDF order 1 -

Event tolerance 001 -

Consistence initialization Backward Euler -
Fraction of initial step for Backward Euler 001 =
Initial time step 0.001 Day

Maximum time step

Day
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Shale Micropore Mesopore Macropore Micropore Mesopore Macropore
lithofacies PV/cm®.gt PV/cmi.gt PV/cm3.gt proportion/%  proportion/%  proportion/%
SAL(1) 0.0038 0.0096 00028 2358 59.15 1727
AISML (3) 0.0057-0.0064 0.0110-0.0115 0.0024-0.0025 2007-3236 (3071) | 5532-5823(5678) | 123-1270 (1251)
(0.0061) (0.0112) (0.0025)
ASL (4) 0.0054-0.0059 0.0071-0.0091 0-0.0035(0.0017) | 3381-37.85(3583) | 44.49-62.15 (5332) 0-21.71(10.85)
(0.0057) (0.0084)
SLG) 0.0077-0.0083 0.0073-0.0088 0.0033-0.0035 38.98-43.63 (4130) | 38.33-4455(4144) | 16.47-18.04 (17.26)
(0.0080) (0.0081) (0.0034)
CIASL (2) 0.0054-0.0088 0.0031-0.0059 0.0009-0.0009 4429-6835(563) | 24.49-48.34 (3642) 7.16-7.37 (7.26)
(0.0071) (0.0045) (0.0009)

Notes: (1) refers to the number of samples.
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Strata Samples  Depth/m Lithofacies TOC Quartz+Feldspar+ Clays Calcite+Dolomite

(%) Pyrite (%) (] (%)
D1 3,866.90 Silica-rich argillaceous shale 0.97 18 52 0
(SAL)
D2 3,875.40 Argillaceous/siliceous 214 39 9 12
mixed shale (A/SML)
D3 3,877.09 Argillaceous/siliceous 225 16 37 17
mixed shale (A/SML)
D4 3,879.38 Argillaceous siliceous shale 356 52 39 9
Longmaxi (ASL)
Formation T
D5 3,882.40 Argillaceous siliceous shale 233 56 2 12
(ASL)
D6 388264 Argillaceous siliceous shale 229 57 30 13
(ASL)
D7 3,887.76 Argillaceous siliceous shale 236 53 2 13
(ASL)
D8 389172 Siliceous shale (SL) 440 77 18 5
DY 3,891.94 Calcareous/argillaceous 400 65 10 25
siliceous shale (C/ASL)
D10 3,895.54 Calcareous/argillaceous 312 74 1 15
siliceous shale (C/ASL)
Wafeng D11 3,895.70 Siliceous shale (SL) 525 76 17 7
Formation T 1 1
D12 3,897.40 Siliceous shale (SL) 371 78 19 3
D13 3,898.50 Siliceous shale (SL) 5.06 87 6 7
D14 3,898.90 Argillaceous/siliceous 235 50 32 18
mixed shale (A/SML)
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