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Abstract Synthetic rock samples are widely used during oil exploration and production in rock physics, rock mechanics
and petrophysics to simulate natural rock in the case of the lack of adequate natural rock samples or an alternative solution
mimicking natural rock characteristics. Hence, the synthetic rock samples can help to investigate hydrocarbon accumulation and
migration, geophysical characteristics and the physical and chemical mechanisms in reservoir rocks. We review the experimental
methodologies used to construct synthetic rock samples including cementation, sintering, cold/hot pressing, 3D printing and
the cooling-pressing process. Based on these methodologies, synthetic samples are used to mimic sandstone, fractured porous
rocks, shales, carbonates and gas hydrate. Synthetic rock samples can be used in experiments on seismic scattering, anisotropy,
attenuation, seismo-electric effects, wave-induced fluid flow mechanism, shale brittleness and sweet point analysis, elastic/
electric/mechanic properties of gas hydrate, etc. Synthetic rock samples present more and more similarity to natural rocks in
pore structure, porosity, permeability, pore characteristics, mineral components, fluid saturation, micro-structure, etc. When
focusing on unconventional reservoir rocks, such as tight sandstone, fractured rocks, shales, carbonates and gas hydrate,
synthetic rocks with controlled parameters can provide samples with a single variable to investigate fluid flow, elastic properties,
electromagnetism properties, mechanical properties. These can be used to quantitatively characterize the fluid flow transportation,
elastic wave propagation, electromagnetism field, rock failure and other physical or chemical mechanisms, hence help to
reduce the ambiguity and improve the accuracy in hydrocarbon exploration and production. Together with natural rocks, using
synthetic rocks can reveal the effects of rock properties on rock physics characteristics. However, the application of synthetic
rocks for rock mechanics laboratory study still has some limitations. The rock mechanics properties related to pore structure,
mineral components, grain size, cementation, etc., synthetic rocks are not yet reliable enough to simulate natural rock mechanics
characteristics. Meanwhile, the main targets for petroleum exploration and production are becoming unconventional reservoirs
with more complex reservoir properties. Hence the feasibility and accuracy of simulating reservoir rocks with comprehensive
complexities should be closely examined during laboratory study based on synthetic rocks. In general, synthetic rock still has
some intrinsic drawbacks compared to natural rock (simple pore structure, different cementation, comparatively high porosity and
permeability, etc.). Techniques for construction synthetic rock should be updated to improve the similarity between synthetic and
natural rocks and to enhance the feasibility of using synthetic rock for laboratory study and industrial production.
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Fig.1 The different bonding form of 3D-Printed rock analogs based on different methodologies (according to [30])
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Fig. 2 SEM image shows the pore structure of synthetic
sandstone with high porosity(according to [34])
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Fig. 3 (a)The SEM image and (b) X-ray CT image show the pores and fracture distribution in synthetic rock with controlled

fracture geometries based on sintering process (modified after[41])
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Fig. 4 SEM images show the comparison of synthetic shale and natural shale. (a) nature shale, perpendicular to layers, (b)

synthetic shale, perpendicular to layers, (¢) natural shale, parallel to layers, (d)synthetic shale, parallel to layers (modified

after[44])
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geometries (according to [59])
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FIGE A BT R £ Y B S BR F5 B4 i

587

P W 72 R AR ] P DK BI04 75 3t o 45
HEE.

M S AP R SR A i M il i
Jo, W TRENEXBERFES PR, 98
Wi VE R FLBREE . M ERI A A AR, w] DUE ]
BRI BIG; Hak, KA iR
Bz, MHTREESERR NG SO BA T WA
BOM L — | LRGSR AARRR R, T U ] BRIy
FoAB PR 2 e B

3.5 KR (WIFF) #L#l

Mo F AL A R SR AN R RN A AR,
PR R P AEALBUR R N A s BRI, (AR
PRAEALBRZS [ N A AR sl , Sk M O Sl A i it
eV AR I A5 B, 2 W) 3t 7 0 A 47 Y R EE

et AR IR A AT RIS,
DA S22 A AL B R AN ) SR TR A BR 25 ek B8 A 4
FHIE, X6 S TR . BRI AE AR HAT B
MEX. A, RIAOYIERNE 2 ZIEOR,
TEJT R B Xt LU 7 5y 2 ik 22 P 3R R4 7= A+
P, ISR R R B MG A Ok a3
Iz T IT RS S WL A BRI XS Fe oA, LNy SCR
FIF) Plona F| FH B HEERLELS Y Z2-F LA i LI A8 A I A
1IE Biot #ifs

B T LB AR RS IR 2 A, T AR R BEAE AR AL
SURRIT A TR, W S 2 LIRS M B RS o
BB AR SN T B AR AR & n]
DA I FLBRRE | fLEREE R . REES BT A SL T ke
ai, JEIF R E B 2 A W L3 T, Ding 452U A FHA
T FE AR IE T Hudson BEIE A TN 45 2R, BEE 70 45

(a) iR (b) 007
o A
iR ©) 0.06 A
l o A
> 0.05
B® £ ‘n‘
i it
) el
} = 0.04 A
® o
Eipul;
AIIA5R @ 0.03 A A A
002 1 1 1 1 1 1 1 1 1
% . 1 2 3 4 5 6 7 8 9 10
Trace
(o T e e
h=0.2 cm
h=0.6 cm
h=1.0cm
_ h=1.4 cm
g h=1.8 cm
|_
h=2.2 cm
h=2.6 cm
h=3.0 cm
R h=3.4 cm
““““ 1.0”‘“““2‘0“l“““3:0““.““4.0'““““5‘0‘““““60

B8 ZIANMBME_LXERIMN(FESELH(67]1EH)

Time/us

Fig. 8 The seismoelectric interface response in porous wedge sample (modified after[67])
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Fig. 9 The scattering effects and wave-induced fluid flow mechanism in fractured media based on synthetic rock with

controlled fracture geometries (modified after[41])
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Fig. 10 The differences of Young’s modulus (a) and Poisson ratio (b) along vertical direction and horizontal direction in

synthetic shale samples with different clay contents (according to[70])
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Fig. 11 The conductivity changes with the gas hydrate decomposition process (a) and cryo-SEM image shows the distribution

of brine and gas hydrate (b)(according to[77])
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