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Abstract Horizontal well staged fracturing is the key technology to realize the economic development of shale gas.
The closure of fracturing fractures in the production process will have adverse effects on the exploitation. Due to the large

errors and serious oscillations of dynamic production data, it does not match the internal boundary conditions of the
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seepage flow mathematical model. Therefore, there are few quantitative methods to evaluate the difference of fracture
characteristics between fracturing fluid flowback stage and shale gas production stage based on dynamic production data
analysis currently. Based on this concern, a new method of production dynamic data analysis based on deconvolution is
proposed to quantitatively evaluate the difference of fracture characteristics between flowback stage and production stage
in this paper. Firstly, the seepage flow models and their Laplace solutions corresponding to flowback stage and
production stage are given. Secondly, the pressure deconvolution algorithm is used to normalize the dynamic production
data of the two stages. Then, the normalization parameter adjustment of deconvolution calculation and the parameter
adjustment of theoretical seepage flow model calculation are mutually restricted in the process of typical curve fitting,
and the fracture half-length and fracture conductivity of the two stages are interpreted respectively. Finally, the
conductivity modulus is introduced to quantitatively evaluate the difference of fracture characteristics between flowback
stage and production stage. The established method is used to analyze 10 wells in the field. The results show that this
method can effectively quantify the difference of fracturing fracture characteristics between flowback stage and
production stage; compared with the flowback stage, the fracture conductivity decreased by about two orders of
magnitude in the production stage, and the fracture closed significantly. The analysis method established in this paper has

important reference value for the optimization of stimulation measures in the later stage of shale gas reservoir.
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Fig.2 Dynamic data analysis flow chart of later production stage

3.2 ETHEAENASIRREUIRE RIS E - Z A 75 0E

3.2.1  ZpATET B A

FE AT 5 31 80 7% 3R HE B T REAE 1 £ 20 B 2
WY, RGBS IE MG R ) 2R . 3
B, TRGEMPE. R, WAREIE LS
HABNAS AR = B AR SR IR0 20 i 5 N 34 4% S 05
HAZHL VRPN, LA FEBY Be 37 I 2 1)
e B4 7 1 A DA B T IR s 5, TR A A 4K
P 0y e B DL SO A, B0 R0 AT 45 R P MERf .

B A 73 A
T A BBGR HE, [FJFESE T Duhamel J5 22
IFEATT R (30), FIHH s ) S R AR S0 AR i
g RN R8s P A B i s O 1R )
i po, WA IR HEB)ASEAR AT AL 2. R )5
DL 20t T 240, it 230 80 0L e A - 3
R R Hh Ze o0 M 45 BN A0, S I Y AR R B
HeF R s )it 2 S BUORM M 82 250, KR HERY BL 3l
AEE U 0 D BN R 7 %5 B0 0O BURFAIE
it £k 5 H A IR 1 s ) BRI O B S R XL
XTHURFAE I e BEAT PG, AN IT R H IR HE Y B 2R 5%
FEAE DL R i )25 2400 0 I 3l 2 0 HEECH 1R Rk i 2
SRR 3 PR,

A B AL th Ze 2 A7 7 v F ) i 7 S f
RS TR KA T, vH SO FE P, AR
WA KAPPA F A Von Schroeter 5720231 {3 i $2
i 120 £5 LA EB AT DU I b K R L7 I A
AT IRAFERRT S GBS A T ARGk IE WAk, Mo T4

322

dynamic flowback data

pressure deconvolution

theoretical model of flowback
stage

flowback data normalization

constraint condition

log-log typical curves fitting of pressure drop and pressure drop
derivative

parameters interpretation

3 R HER Beshas B iR
Fig.3 Dynamic data analysis flow chart of early flowback stage
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Fig.4 Shale gas production rate and pseudo bottom hole flowing
pressure in the multi-stage fractured horizontal well
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Table 1 Interpretation results of typical curve in later
production stage
Parameters Value
main fracture half-length/m 37
main fracture conductivity/(mD-cm) 6
outer boundary distance/m 110
inter-fracture zone permeability/mD 0.1
matrix permeability/mD 0.000 1
main fracture porosity 0.15
inter-fracture zone porosity 0.05
matrix porosity 0.03
main fracture composite compressibility /MPa™ 0.005
inter-fracture zone composite compressibility/MPa™! 0.0022
matrix composite compressibility /MPa™! 0.006
4
12 x10
I - field shale gas production rate
< 10— calculated shale gas production rate
g
=1
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k3t
=
T 4t
—
g
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x103

time/d
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Fig. 8 Fitting effect drawing of production data of field shale gas and
production data calculated by model
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Fig. 9 Shale gas fracturing fluid flow rate and bottom hole flowing
pressure in the multi-stage fractured horizontal well
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o pressure drop-deconvolution
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| g —Pressure drop derivative-theoretical model

10*3 1 1
10° 10! 10? 10°

time/h
B 11 AR B VA — A B A XON ZORFAIE i 305 R
Fig. 11

Fitting results diagram of log-log typical curves of normalized
data in flowback stage
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Table 2 Interpretation results of typical curve in early flowback

stage
Parameters Value
main fracture half-length/m 8.5
main fracture conductivity/(mD-cm) 390
main fracture porosity 0.15
main fracture composite compressibility /MPa™! 0.0004

XA B BOREE S HLAE ST Crp pro 17

Crp pr = Crp;iexp[—yk (pi — ppr)] (32)
U F N AT
Crp B
In C =
_ FD PR (33)
PFB — PPR

Horh, Cop; EWIUAREE FURBE ), Cp pp R B
(MR TURBE J), Crp pr R KIIZE I BI04 5
MRS, py MG EVIUG R T, peg &R HERY B F-3Y
HIRIIE, ppr A2 KA 7= B B S 38 3 R K,
N AEEE TR IR

FRAE LA 1355 S AE ) e X, THEAR ISR T
MBE R E N 0.16866 MPa ™.

NAH UL _EEFEXT Duvernay #2534 9 143
BB ZIKP 1 B AR 7= B A 50 UL AT R HES)
ABAEIEAT 0T, B21IE 10 1SR E 45 R
* 3.

XFER 3 10 1 RFAE il 28 fif R 4 SR AT 43

&3 10 OFHREMBRREFIELD

Table 3 Fracture characteristics of 10 wells at different stages

Parameters xg/m  Cpp/(mD-cm) *Depp/% 7/MPa’!
well 1 later 37 6
98.46 0.168 66
well 1 early 8 390
well 2 later 35 6.3
98.09 0.10581
well 2 early 8 330
well 3 later 40 6
98.67 0.11776
well 3 early 15 450
well 4 later 33 8.1
98.58 0.10742
well 4 early 16 570
well 5 later 33 4.2
99.18 0.12292
well 5 early 10 510
well 6 later 30 54
99.00 0.12802
well 6 early 10 540
well 7 later 20 11.4
98.10 0.11276
well 7 early 8 600
well 8 later 30 16.5
95.77  0.084981
well 8 early 10 390
well 9 later 36 8.7
98.55 0.13613
well 9 early 20 600
well 10 later 50 18
97.14 0.07831
well 10 early 21 630

* Dcpp means the decreased degree of fracture conductivity.
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