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Abstract Unconsolidated sandstone formations display specific mechanical deformation behavior in their stimulation or injection,
which is distinct from that of tight formations upon hydraulic fracturing. In this regard, the mechanical mechanisms must be
revealed to interpret the macro and micro-scale deformation, therefore providing theoretical guidance for field practices. Given the
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characteristics of an unconsolidated sandstone formation such as soft texture, great plasticity, and high permeability, this article
brings in soil mechanics to introduce the formation stimulation and injection augmentation technique known as microfracturing, then
delves into the dilation and microfracture initiation mechanisms during microfracturing in such a type of formation. Based on the
microfracturing mechanisms, assessment methods of microfracturing efficiency, including laboratory experiments, analytical solu-
tions, and numerical approaches, are discussed, and summarized on their necessity as well as advantages and disadvantages. Based
on the mechanical mechanisms and the calculation methods, the applications of microfracturing in the stimulation of ultra-heavy oil
formation, plugging-removal in wellbores and artificial interference of the geostress field, are discussed with respect to the detailed
approaches and successful case studies. Finally, the automatic evaluation technique of microfracturing efficiency is proposed using
ultra-heavy oil formation stimulation as an example. It is found that microfracturing is a complex mechanism that combines the
theories and techniques of poroelasticity, plasticity, and fracture mechanics. It demonstrates various functionalities in different
engineering scenarios, but generally shows a series of features of the process from dilation to microfracture initiation. It is believed
that the analysis of its stimulation efficiency in realistic practices must consider multiscale effects and use multiple numerical
approaches. Microfracturing in an ultra-heavy oil formation is mainly characterized by the microfracture generation surrounding the
wellbores and the porosity dilation in between the dual wells, which lead to an enhanced effect of thermal convection and subse-
quently a fast interwell hydraulic communication. Microfracturing in the plug removal of a wellbore results in a back flush of the
sand grains, interwell porosity dilation and flow recovery through microfractures, which would extend the efficiency of the removal
attempt. Moreover, microfracturing can also provide a means of artificial geostress field interference for the near wellbore, interwell,
and inter-stage or inter-cluster regions, which favorites the predesigned fracturing goal. Future investigation shall be dedicated to
improving the automatic implementation of the microfracturing technique, and to further developing an intelligent decision making

and control approach when applying the technique, eventually reducing the need for man-made work efforts.
Keywords unconsolidated sandstone; microfracturing; dilation; fracture; plugging removal; geostress; intelligence

doi: 10.3969/].issn.2096-1693.2021.02.017

0 5l

B AN A H A S e . mALEE . AL,
IAPESRAEE R, AR S MRS ) T
G RINEE . 2t 2 ) = Bk ke . Tl
HERRBEN R E MY AT RN, B R, R
87 W TGRS A A 1 i )2 B WL AR IR
{HILAER MY AT AR 5L Guit BE 2525 A i e 240 R AE
FEAT X 5, AR S ) S AR TR R AR . AR YA PEAR
JEAFFRREH 2, BRI 4 N R b, 48R IX
B B DI AR AR O 0 00 BT Bk M X B AN D A
JE W REE AR AG R, Y Bkt (R R B K A1)
R, PR RERLAE A Y R U, SR ES AN D
Bk F15dss)m T e R s, IR R A FLBE S
Fh e 0L [RIAE HS fif R Ak e A A= SRR BT DRI, Bl
Je AR AERL AR 7 AR R A A U i AR HE
iR R AR BN A TR AT, 55 A B AN D
I M ) 5 ) O R i A AR TR AR
B& FE A 40 pm~1 mm!", S 5 0 R A /2 M BB X
4%, KT RE/NT | mm Y REERR N4 12

TR 2448 AR IR S8 1 . 0 A e F s A L
B fe 4 P s HE B 40 B BV, S R 2l A
R, DI RALBREE . BiER, fednel
PE, S IFMIRIK Ty, IO I S U g R AR 4y

M TREAR, B2 H TR A2 8GE. 8
TN BRAA DA 2T SRR T, PR EY 24875 |
fif e . TR SRR I E L 3 R R . B
BATPE 2 M A BR AT AU B T RE S
PRI RAE 75 AR IR R 1 5 WA R T e 2k
PR 240 52 B N

BN A i )2 TF R U 24, A3 K B B 4 5
R IR T 2024 1249 0.5 MPa N, 78 i i
TURAE R B, 32 IS ) L S TR ) 24
0.5 MPa P 13-, FERUAAE™ LT, B BfE Ay
o, WALBRE AR . BiER I X5, b
WARFRLELIE ARR)Z, VRS R, &) —Bith
Jei R L Z A R A g U0 SRR R R
FREE | TR A S AR L. DIRY 7 S i dE
HISEGHLE], T B E G2 e B & & . W
T, fLBE SOBER . WA IR T m
Wi TR HERE B2, i, ANRER TR —iEE s
PEVIPR P H Y 25 B i s AL SRR

ARICHIA LTS S50k, 456 M 241
B Tk SANTR NS T e (7] =y 42 AT S 3E v U e al i1
YR SIS Y R A U AR
I, B RO Y AR E TR R i s
PGB R, TR U R I N B 5
DRt I = 3 B R DO Y= M R T A AT S



BUANID it 2 U BRI S B AT 72

211

9 A S IPA K BTy
NG Z o P R T S 2 T et e P

1.1 HERTBFERISENIE

T 3R AT K 5 3 R 22 S R T B 25281
FRAEFE R FERALBZS ] TR I 0 R R4

IR = LR 2 AT A S AL B A L 2
PEFIIZL, nlEl 1 P, FLBR AR IR 32 2R 7k
PG AR SRPETR oy, RIFLER B SR AR N A, sl
{(DESEyS R S N AR N R b= O e S A DR T %I E7

BB Y
FLER M 4 2 TTARFR A
r B A (BT AK)
BT L Qi e
N Ly
ECyla TR B4

1 WERNFTHIIESE
Fig. 1 Classification of mechanical deformation mechanism of

microfracturing

5 (BY ) AR M SR Y45 (D) BT U245 R 59 D)4 H
RPRLEAE AT RIS s (2) SRS A g R AL
JE 2 TP 205 7 A R AR R AR, SN SRR 4R
HOYBERR A o Wr AR T R Y e e VR R B A e, AL
Bt e g 5 b g 26 3R R = AN R g 85 B0 A . r
S, SEREE/NT 1 mme [RIHAEAE— I S R
BE R SRR ), Y — R, M2
A AL T 308 2 ) 7 e 1 32 548

AP A Z U R P 10 25 1 2# LB UL R 2
SRk — A U I AU 45 4 11 B lzﬂéTﬁ*ﬁ%
W, WRL PN RSB ) B D 5 R AR 422 fih o5 /D B L
AR FAS 2, PIERY HT R TR
EEM O — e A, B 2 Hee bR R AR R ER
It BB 20 RS e . B L al s, PR
FLER R ASTE FBAVEAR T 3R 0, R BRZEEELIAMG )
AR

K 2(a) AR IE A . B REHES 55k B 2 ) 55 e 4
BN B A s R T L, BOEAT U
TEFR AR TR BRI TS, K 2(2) P ARG
V=L H,o MEAEBTIKE, R 2Rbh S shIt & A B
B, PATUIE R BRAS Ry V=L H (] 2(b)). 2
W) 2 A0 6] (A X2 A%, WA Ly=L,; [FI, H>H,,
FI AT V>V, XL AR R A8 B R e =(Vo= V) Vo B

Neve
é%@

(e) PRI RBDE R £ KT &
2 WM ESRBR TR BT &

~ NN
(b) AR E

BE R EFAK

OO0 o4

s

00007

[

Ly |
=~
(d) s DB B K BT AK

(OQ00
50000

(f) = DB S R AEKMIEY &

)

Fig.2 Shear dilation and tensile dilation of sand grains when they are either weakly or strongly interlocked
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Table 2 Types and targets of laboratory tests related to investigation on microfracturing behavior in unconsolidated sandstone
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Fig. 4 Mechanical response of the ultra-heavy oil formation upon microfracturing in SAGD dual wells™"
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Figure 5 Three mechanisms that occur in plug removal during microfracturing
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Fig. 6 Influences of microfracturing on formation pressure and geostress orientation
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Fig.7 Influences of microfracturing on the horizontal stress difference
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Fig. 8 Evolution of injectivity indices of a SAGD well in Fengcheng oilfield, Xinjiang, with wellhead pressure and injection time
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