WRBFEMDE AL 2023 4

108 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT 13k 1

SIAME: gk, M0, FaHE, 85 TR S AR e B 55 3 7 gk 0 3 A GBGTAN S5 0T &, 2023, 13(1): 108~116.
WANG Xiaoqiang, ZHAO Li’an, WANG Zhiyuan, et al. Data analysis method of pump shutdown pressure based on water hammer effect

and cepstrum transformation[J]. Petroleum Reservoir Evaluation and Development, 2023, 13(1): 108-116.
DOI: 10.13809/j.cnki.cn32-1825/te.2023.01.012

ETKENN S EIETRNERENS T E

IRE AL EERL AL, TELE L FEE!
(1. P ERFER AR KA T2 228 A8 2300275 2. 74 Bl At s wh L, R 300280)

TE J AT ENFMEKRTFHSEERALBRF N AR R, KPURZIREFHN KT, EE RN
WIEN B AREEDMSRIEN TN BAEFDLCEFGAENEE ARTURECERERBE AT UTEHEE
B ARG WOR Il &, B X AKE T AR B R R A A O E ) B . XA L A KRR KR ) AT
AT IRAE T KR P A R Ay LA R R R R AT KB A K A R R KR T WA TS R R
BHEBERE, EUNTARANNGRA RN Z T ERGLASAHRE P4 R AN RESE RS 4T
BB, T P R 4By 44 T A L R R R A B T R T B E

FER T IE A BN 5 RBAF AT BHE N KT H L RER ZAES U HRALE

FE S ES TE357 ZERFRIAAG : A

Data analysis method of pump shutdown pressure based on water hammer effect and
cepstrum transformation

WANG Xiaogiang', ZHAO Li’an’, WANG Zhiyuan’, XIU Chunhong®, JIA Guolong’, DONG Yan', LU Detang'

(1. Department of Modern Mechanics, Universily of Science and Technology of China, Hefei, Anhui 230027, China;
2 Dagang Oilfield Company, PetroChina, Tianjin 300280, China)

Abstract: Real-time monitoring and evaluation of fractures is one of the core issues in the multi-stage fracturing process of
horizontal wells, and has long been a focus of many scholars. During the fracturing construction, the pressure during pump
shutdown includes water hammer pressure and seepage pressure. By installing a high—frequency pressure device at the wellhead,
not only the pump shutdown pressure drop curve but also the water hammer waveform curve can be completely collected. In this
paper, the simulated pressure data are obtained by numerically solving the governing equation of wellbore water hammer. The
cepstrum analysis of the simulated water hammer pressure verifies that the pressure generated by the water hammer has convolution
characteristics. According to the related theory of wave impedance and cepstrum analysis, the water hammer wave can be used to
determine the number of fracture clusters and the depth in multi—cluster fracturing of horizontal wells. The field application in
Sichuan shale gas well shows that this method can find five liquid inlet points, of which the inversion results of four liquid inlet
points are close to four perforation positions, and the remaining four clusters of holes in the design correspond to the liquid inlet
points It was not detected in the cepstrum analysis.
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Fig. 1 Discrete diagram of computational domain



20234F
CAKESE A Gl

FIGEIR , A5 BT K RSN S PR AL e i 45 A T ) oW 05 v 111

SLEELL 1 AL BEAR X B 2% - O T2 i flife
FEIE R 3 A AR Ak 5 QBT A At 8800 T LA ST it
51 Z 0] (4 6 R s - v Jad (4% It i 5 24 4 v
JEAIR] = A5 7 o 3k 3 35 ARG G il I b 1
WIRSHTN & IO

T e BEE AL B T RT R I R A Y R R
Peaceman 5% R A0 3L, X T B 018 B0, Q&1 2 i,
BRI 7 B 3T 1) 3 Bl S A 1) 3 2l , P i i 5 TR 22
IR N

2wKhAp

Q= (13)

Bulin(;5) + 5]
K K HZ BB E R, 107 pm® s h N HZ R
m; Ap K%, MPa; B A R AR EL 2 50w A RN AY
R mPa-s;r B AR IR RS, msr, SR
2 ,m; SR REL
X F 2RI (5] 3) , AL AH LR A% E A A9 i £ 1T
PLRIR N
1 hL

= 14
0 Bu d, P (14)
[ ] [
° [ J
4
¢ °
[ [ ]
TE: 09194 f 32 % I 5 00 3K A
12 SRS 3 Fak 3
Fig. 2 Boundary treatment of well grids
Ll
me . _j. ° ° — U?é%m*%
iO meiE

TE i AR 5 R RS A AR A — 4%

CERETTe e
Fig. 3  Fractured well model

b RZIEEE  ms Lo 24E 53 Ben M AS K m;
d, RS A BN ZLGE IR B m.
Lia A BT S 24T TR A i 2 A Y OC &R
AT LRI N «
App, =RQ (15)
X R A Y Tl s B E AL R A R R, R T
[ R S TN % A T I Rala SR o P . B2/ 3
PR R ARV, T8 A] LA RIE A
JQ(T)dT
P= Ty
1 dV

(16)

! V dp
A (15)—30(16) 1 : R IR, MPa/(m*/D) 5 C 1 i
RS T, MPa™ 5 VAR, m* s p A%, MPa.
KHLC = C VI A7l WK, BT vh DR A i
5 2E R ACHRE AR R B AR A AR ) ) T 2R A

_ v _1,do _  dQ
Ap’_]”dt_A dt_]dt (17)
X BT e ORI R A (15) —3X
(17) , 3K SR ) 2272 A K S A8 4k R

f Q(z)dr
o

d
pgAH =p, +p.+p, = RO + +Id—?(18)

18 B HUF AR AL, »

) 1 ) At ) O{+A1_ QI
H’+AI—H(=7 R (+Az+7 {+Al+ t +I i i
C -, pg{ Q4 S (0 + Q1)

At

I+AL_L ﬂ L L+ At t i ﬂ_i t
B = g R v )0 e L e~ 19 (19)

3 (19) 53V BT BIAT SR A, 7 2448 55 5 4k
7K Sk B

80
70

60

J& 71 (MPa)

50

40

30 L L L L L L L ]
0 5 10 15 20 25 30 35 40
i 1] (s)

K4 BUERAS BRI 1 s ) ih 2k

Fig. 4  Wellhead pressure curve obtained by numerical

simulation



112 FIGETR , A5 BE T K RSN 5 B3 AL ) 45 2R T ) G M O vk

2023 4F
FI13E M

1.3 RERREE

BRADICE L4 3 2R 24E , 73 BRI R 11 s itk
ATAbRR, 2 J5 AR bR T R R A 45 B R e ) A
PIE B (P 4) , 50 =B 702l FH 2% 2 s B0 {3 %
PR IEAT YL .

2 RS BRI o M5k

K22 B i A R v, ol U PR AR A 2
FEA T AR E TR B, BN, FERE I E R
AL, A o) PR TS I s T ) A I
IR Sl o e ) 2 e AR R M R, X
SIKENBERR I AR IR GFAL PR AF AR T
Yoy ok R A, O A m i T bk sl e ke T
TURAEFE T RO BOUEL . ol B T g e 45 £
THE B9 B BENS K B ) i I 8] ik 8 , 38 i
XZIE T Z AT oA e, m AT R A

21 PR

TEK 128 R0 IR D1 5 52 35 i 1 LU ALK Ry

RHACE, BEPTIE— A H iR AT 5 M7 8 28K
He™' ™ 0 ..

0o =6e i (20)

A Z MY, s/m®s H oKk  m; Q MR, ms;

t RIS TE] s 50 R FAMAR , rad/s s 7K Sk 5 0 e AR AL

ff ,rad,

FHBTo T, o — A B R ME SRR BT,
KAk 1 S s s EER . K5
Uit R ARG B R R R B R,
B AEA A 25 F 0 38 /e, IRLIE, 5K (20) 7 4 FE AN -
FEAE , HoAah A mT LA Ak an R

» pc
7¢ = 21
- ( )

K p WIRE L kg/m’ ;¢ M, m/s; A N 451
X A TR, ms
JE 1R G A A G R i, i TR LA AR
(A8 b (L4 I 2 A 28 Al 803 M ZE A A ) A ST
e PR b (G SRR B E IEX
SOy B s S e AR BT LA RE SO R B R Y,
75~z
Z5+ 7

/=

(22)

RS 8 2 O e i AR 2 E A BE
P, s/m*; 25 3P 348 2 5 AT, s/m”,

BRI WA AR Y B , TR SR R T
FERT AR , LU Y B R ECR R

2.2 BUEEANEN R EHFME

JK el U T A BB AL S A U AR R IE XL
A LB A A5 S kb A S e A VR R
Ik b 87 B8 S S AR A2 B BT A e Y
SRR FHeae Ak

w(t)=8(1) + SIR'S(—kT)  (23)

S s (e) by LR B0 Wb O bR KR 8(2) by B K
o pR K5 e D T g Tk o 9 J R 5 7 0 T ) Tk i)
J%/ﬁﬂo

2.3 ENKEEIE SRR

P55 5 0 LT He T AT AR AR S R RS
L ES R (24) 0 FEIMET u) 2
BRI A G S MR 3T R R O, 2R
PUBE B4R 3 5 2 9 15 T B s s Bk, X AR5 5
MRS T (). 1 5GE FIR R 8 f 0 4L
P AT FIAL B, 1k R R A MR S A S, DR B T N
55

y(t) =u(t) + n(t) (24)
Koy (o) WRERNWEIFE S, MPasu(t) R 7T Z4b
B FAE S  MPasn(t) WS {E S, MPa.

TEIKF T 245 2 Bk 1], 101 4 T 9 0 £ A
WS B (] N A O, {4 11 Ab R g H B — S 588K 1Y
Tk, TR B A AT R XA R R
A LU e e 21 - IRAL R IFFE IR RS JE I
IR 2R WA RAE AL e R SO RO R R AT L
=R (25) BB R R

u(t) = s(t)*w(t) (25)
Hres(e) BIFELR K II(E5  MPasw(e) 25840 SUfT
FEA RS MPas * B BT .

X 2 B R R 5 T s TE AN [F] Y 2L 4%
AT U Z2AME S &I . W, R AT
e it AR v, LR IR AN BT S 08 . R T S S
RS A IR e A2l T 0,



20234F
CAKESE A Gl

FIGEIR , A5 BT K RSN S PR AL e i 45 A T ) oW 05 v 113

23.1 EAEBETHEETR

P55 T 7 T 2R A Y B A, LT = kG B R
Wi s H 55 2 th R R K RS 5 5 ROAHE 5 AR
BRUFH . R AR BT B 2 (5 B A 20E i F
oAb T kAR B B BUE S P I w().
(Cepstrum) F ARG &—FhBEUS AL PR FUF S 1 1k,
A AR o TR DR Ak b 7R 0 A S i ek AR et
LIRS AT B AR
F(s#w)(1)] = F(s) F(w) (26)
i B AR e B A5 S B S B O - RS
82 3 BT 5 SR ME L X 53 2 AN R B {5 5, A
B, XA B 5 iE A7 X 3, A AR IS 5 .
log[| #(s)F(w) [] = log[ F(s5)] + log[ F(w)] (27)
i = 7 [log| A(u)|] =8+ (28)
i 2 2 (26) ¥ A FRF 5 A8 e R AR INAF 5, A
(14 25 80 ATY SR A AT 38 I8, 5 A 5 T AR 46 [ B ]
B B AR e k2 XHE T AT R — R AN b3
AR AT 2 (1) 25 FATY IR AE B [R]85, Sk 1 5 D 4 B () AH
DX, AR SR R B (Quefrency ) o 5133 A% 40 77
S R LN R RS L sl 1P ) IRP < V25 [ 2
SEHEE UL (28)
HH T 24EE b 1 BEACA S, 78 B[R] 1] v, BE
PO OB 8 A 2 IV o5 AN 5 1T SR 4 X I 1) 467 i B
YU B BN AE 5 7 AR I8 R i (an 22 Be s
SErP A E ) X W ARE A TEAE . AE R S T ],
% 1B 22 B R ) B ARSI HEA T XS B A T, B A R IR
HOGF R Y AR KA

232 R EALBIH

MR AR H A 2] 244 L 14 F 7 I X g Y L
SPYRSIA) ST R S B TR T 1
2%, = ct, (29)
o :xLﬁil‘?ﬁ)ﬁﬁﬁ,m;cﬁ?ﬂiii,m/s;tljilﬁﬂijaﬁﬁj\*ﬁ
oh T B I TE] s o

3 LB
31 BMMIERIE

ST K R AP e 2 A 7 (03 23 A
UEAB 38 7 V5 00 5 PRV R B TE A T, BB 2

B BRI PUR . RSB E R 5 A
1200,1 230, 1260 m4ib. #EPERE S H A BUE AL EL
i, R T 2B A B o R AT A P SE TR
It HBER T R AR &= A e s 4, R T T
(9300 B RS 6 I 11 2 ) — 4k KR AT A
B MBS BEAS A BLAE 2.01,2.06,2.11 sF7E3
ANPRAE, ARl I v ) BT A SRR I 3 24k
PR, B, S L AL i o P 45 , 5 A28 8 o 8 4[]
BEAH S5 B AW A o A6 4.12 s BT H B0 3 SR,
IF HLUEE 5 Z Ao AR HL 5L 80T B3, 00E 7 IR
S i 13 R v R A AEAE . ESLAG v FE S T
N I 2.06 s, S5 27 5% 7 B P A 4.12 s FR X e
o 1 R BRI S BT A5 ) 0 (TR A S I A6 e
MR BOR B Il . MR IR e = 1194 m/s BEAS T
LA B3 1 199,1 229,1 259 m.,
SEIEE AR B SRR 2 MBS S
MIIEAE AL 2 5 5y A1, B0 2448 SO 7 A A 5 X g
(AL 43 0 FE T 27 3T o7 & H B, i LA 7 J vp 2 B
MR B 2 o WF 5T B> S48 XTI 10 R B AN 5 22 4
BEEE 1A~ T g ) s ], ANASCIH o — 4k RIRCHI T 5 1

R1 HEENSHEE

Table 1 Numerical simulation parameter values
e CN e A
HAEFIMPa/(m’-d™)] R 5%107
A EL(m*/MPa) C 0.02
it R (kg/m*) 1 100
H A (m®) A 1.52x107
P (m/s) ¢ 1194
80
70¢ .
£ 60
2
R
S0
40
30 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

B 1] ()
BIs  FERR T i g A R R

Fig. 5 Cepstral transform image of wellhead pressure



114 LIRS, 2 T KRN 5 B AR e i 155 T ) 2 M 1

20234F
CAAKEE R |

A TS0 0 A5 8 R, 2 o) 18 33 2 4 1 = 1D
Coc Bl S T] o ik DA FEDB, P 5 28 7 335 B (D) REAS 1L
5 LM e R R 5 | R 1 T D e R I

3.2 FLMEIEMERE

FEVU )1 A K A T 243 R v Al 1 AR £
WA BT 1, 2021 4F 6 HiZ (2 585 ~ 4 584 m H )
FHUG TUA SRR T H KB A 1999 m,
FRUEHBA R 1849 m, 2 24 By ; PR 23 B
(R 4 Beir 5 ), PR R A 8B K 1 769 m.
JEB TSR 4 BRI . 6 24 R, (ff FH e A
JE 7 W e S e o A5 BI5 58 R ) I A T A
B 135 537 o

SR T AT 2 SR T OO, 6 A E A (]

351

S50V Ak B/ IMEDO B R A 1 S5 AE L6 TP
SRR IR N B IME o A8 %5 200 e S iR 20
TU M2 0 — R 241 2R 47 43 M, % 07 19 e g 1t £k
SEIEEANE 6 Fr , B AR s 15 H ik s LS
R v B o AT I DL, WA A S b 4 .

Bl 6 itk 3 S kb 54 4% , b i) 1 3R T
7 B (PRI v R 0 25 2 (B S (B R/ I o T
TTEDUL A 8 55 AT T ARV, SR AR R
FA (8 25t AR 2R A7 B 45 A AR Al T 345 380 X 17 A T
JE) RIS R 2 s . B 1AL B4 ~ STRAL .
BT HH O MRAL R A R S f k. %
K A T2 224.5 ~ 2 264.5 m BT LSRR, Rk
7000 . LASE VRESL R B AT A . BOTHRLE A T
2334.5 ~2335.0 m, Bl S Z5 R R LITE 2 363.34 m

30+
~  25F
(=™
2
R
= ook AMAAAAAA

15+

1 1 1 1 ]
2600 2700 2800 2900 3000 3100
i 18] (s)
a.Jk 7y i 2k

2600 2700 2800

I 1] (s)
b.f8] 1%

{514 (dB)
1.0

0.8
0.6
0.4

0.2

2900 3000 3100

K6 o SRAIMISE X — 1 2R ) i 2k 5 4835 P

Fig. 6  Pressure curve and cepstrum diagram



20234F
CAKESE A Gl

FIGEIR , A5 BT K RSN S PR AL e i 45 A T ) oW 05 v 115

*2 HAMESHEIERELER
Table 2 Perforation location and cepstrum
inversion result

S BB (m) RS ] () BB R B (m)

1 23345~2335.0 391 2336.43
2 2326.0~23265
3 23175~2318.0
4 2309.0~2309.5 3.87 2311.20
5  2300.5~2301.0 3.85 2300.01
6 2292.0~22925
7 2283.5~2284.0 3.83 2286.57
8 2274.0~22745
9 2264.5~2265.0 3.79 2268.37

WFST , S 18 45 R 5 BT L B AP TR R 28 55 0 T4
4.5.7 5 9FRAL, S A R 5 BT B 22 RN
R ZEAAFAE T2 1 EALAY B . 3 Bt A 2 2L
LRI o R 2R B BUR ) P % T 5 B AR
FAAEZESE s 73— 7 T, TR 3 1A e S 2 A7 A — 5
fRiR 22, A 3 P AR OC A8 158 28 R A T i A
SEENHXSH, BLZMRESMFE T RER
WL RAEAR T R . X T4 2.3.6 15 8 AL, 3
S HBEAT Je BRREEATAE 5 H AR e A o T 245
AR, REA MR CAF S IR
AE e I 2200 3] e SR A0l i N 33 BB T B A B AL
IR , B i S 6T e g bR e 1 R T P 2 i Ay o )
F T WA 7 TR A o FLR I B 3R 77, IR
BEAGETT 5 55 —Jr i, R RT3 LI A, &
FH M2 B3R A 2 RS i R B
TE B FLHR Hs 28X RE 0

ST T RE T K SRRSO B 5 T AR AR e
AR ST 1K 2 B 20T SRR 189
AR O, R BB 3 B 05 1 AT T AR BRAIE . SR
e A e K BE T i R T R T v T ) e AT
M, FLELRT

1) JEBGE TAF A5 7 He K R, KR R4
A B S B R 5 A BELORE & B M 3 23 BT 42
ARAEFERE T, R R BN PR

2) JEid N E RSN E S AR A A 3T

R KRR 7 7 A — 2B, TR R LK dis

A B E F vh , BE AT I IR (L 52 B0 L R ) 104 T

5 HE A AL) A4 R R B AR ], 38R T IZ07 R Y IE

{0ilé
3) AR U FEh 110 2 B R R AT S 3

Br RN T2 EE AR . 5B T AL,

B 1 BB W R L R TE 22 v, HoAR 4 R 3Lk

PEW L B R A R S BT T B EA R R

it T R3], 12207 1 RE RS 3R AT 22 1 I 2O IO 2R TR0

AL, JE X 2 A5 W B AR ) B B AM T

2 % 3k

[1]  ABOU-SAYED I S, SCHUELER S, EHRL E, et al. Multiple
hydraulic fracture stimulation in a deep horizontal tight gas well
[J]. Journal of Petroleum Technology, 1996, 48(2): 163-168.

[2] LOVE T G, MCCARTY R A, SURJAATMADJA ] B, et al.
Selectively placing many fractures in openhole horizontal wells
improves production[]J]. SPE Production & Facilities, 2001, 16
(4):219-224.

[3] CHAMBERS M R, MUELLER M W, GROSSMANN A. Well
completion design and operations for a deep horizontal well with
multiple fractures[C]// Paper SPE-30417-MS presented at the
SPE Offshore Europe, Aberdeen, United Kingdom, September
1995.

(4] WHE Hm, AT, L TUAI ORI R Uk e 5 e

(1. Al ER S5 4, 2022, 49(1): 166-172.
LEI Qun, XU Yun, CAI Bo, et al. Progress and prospects of
horizontal well fracturing technology for shale oil and gas
reservoirs|J]. Petroleum Exploration and Development, 2022, 49
(1): 166-172.

[5]  U.S. Energy Information Administration. Annual energy outlook
2010[R]. U.S. Energy Information Administration: Washington,
2010.

[6] LE CALVEZ J H, GRANT W D, MCCARLEY D L, et al.
Hydraulic—fracture monitoring as a tool to improve reservoir
management[C]// Paper SPE-94048-MS presented at the SPE
Production Operations Symposium, Oklahoma City, Oklahoma,
April 2005.

(7] JIEZE, ORI, ROC B3, S TR RRAE AR AR AR TR 75 A 5
EPIY 2SN BRI, 2021, 46(11): 3470-3487.
XING Yuekun, HUANG Bingxiang, CHEN Dayong, et al.
Nonlinear fracturing characterization of hydraulic frac—ture :
Utilizing full-waveform and multi—parameter analysis method
of acoustic emission[J]. Journal of China Coal Society, 2021, 46
(11): 3470-3487.

(8]  BIHRRE, 255, W15 ¥ . 7K Iy e 4 b i 4 4 W I B R K G
S BEE U, 2013, 20(5): 644-648.

DUAN Yinlu, LI Qian, YAO Weiping. Microseismic fracture
monitoring technology of hydraulic fracturing and its application

[J]. Fault-Block Oil &Gas Field, 2013, 20(5): 644-6438.



2023 4F

116 TIbeni , 55 T F K ERRSON SRS AR i 45 38 TR ) e s ik B13% H 1M
[9] AL-KOBAISI M, OZKAN E, KAZEMI H, et al. Pressure— WEN Jiexiong, TIAN Wei, BI Quanfu, et al. A new data

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

transient—analysis of horizontal wells with transverse, finite—
conductivity fractures[C)// Paper PETSOC-2006-162 presented
at the Canadian International Petroleum Conference, Calgary,
Alberta, June 2006.

OZKAN E, BROWN M L, RAGHAVAN R S, et al. Comparison
of fractured horizontal-well performance in conventional and
unconventional reservoirs|CJ// Paper SPE-121290-MS presented
at the SPE Western Regional Meeting, San Jose, California,
March 2009.

BROWN M, OZKAN E, RAGHAVAN R, et al. Practical
solutions  for pressure—transient responses of fractured
horizontal wells in unconventional shale reservoirs[J]. SPE
Reservoir Evaluation & Engineering, 2011, 14(6): 663-676.
HA =, TN, BSLEL, 55 . s R B R Sy BO R 2OKT O
ZUESHLIMIN. A 5 KR I, 2017, 38(2): 400-406.
TIAN Shubao, LEI Gang, YANG Limin, et al. A novel method
to interpret fracture parameters of multistage fractured
horizontal well in reservoirs with micro—fractures[J]. Oil & Gas
Geology, 2017, 38(2): 400-406.

WL, ARG, 200, A AR B OB ROKF I ) T
L RBES RO B REN]. A, 2021, 42(7): 936-947.
LUO Hongwen, LI Haitao, LI Ying, et al. Inversion and
interpretation of production profile and fractured horizontal
wells in low—permeability gas reservoirs[J]. Acta Petrolei Sinica,
2021, 42(7): 936-947.

LUO H, LI H, TAN Y, et al. A novel inversion approach for
fracture parameters and inflow rates diagnosis in multistage
fractured horizontal wells[J]. Journal of Petroleum Science and
Engineering, 2020, 184: 106585.

LI W C, LU H, JIN Y C, et al. Deep learning for quantitative
hydraulic fracture profiling from fiber optic measurements[Cl//
Paper URTEC-2021-5583-MS presented at the SPE/AAPG/
SEG  Unconventional Resources Technology Conference,
Houston, Texas, USA, July 2021.

NOLTE K G. Determination of fracture parameters from
fracturing pressure decline[CJ// Paper SPE-8341-MS presented
at the SPE Annual Technical Conference and Exhibition, Las
Vegas, Nevada, September 1979.

NOLTE K G, SMITH M B. Interpretation of fracturing pressures
[J]. Journal of Petroleum Technology, 1981, 33(9): 1767-1775.
NOLTE K G. Fracturing—pressure analysis for nonideal behavior
[J]. Journal of Petroleum Technology, 1991, 43(2): 210-218.
NOLTE K G, MACK M G, LIE W L. A systematic method for
applying fracturing pressure decline: Part | [C]// Paper SPE-
25845-MS presented at the Low Permeability Reservoirs
Symposium, Denver, Colorado, April 1993.

NOLTE K G, MANIERE J L, OWENS K A. After—closure
analysis of fracture calibration tests[C]// Paper SPE-38676-MS
presented at the SPE Annual Technical Conference and
Exhibition, San Antonio, Texas, October 1997.

TRASHE, AR, BEAA, 45 . B TR ul i He 24 5500 i
BTN T ERABOR 240, 2018, 48(5): 392-399.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

inversion analysis method based on digital filtered pump-stop
data of hydraulic fracturing[J]. Journal of University of Science
and Technology of China, 2018, 48(5): 392-399.
HOLZHAUSEN G R, GOOCH R P. Impedance of hydraulic
fractures: its measurement and use for estimating fracture
closure pressure and dimensions[C]// Paper SPE-13892-MS
presented at the SPE/DOE Low Permeability Gas Reservoirs
Symposium, Denver, Colorado, May 1985.

CAREY M A, MONDAL S, SHARMA M M. Analysis of water
hammer signatures for fracture diagnostics[C]// Paper SPE-
174866-MS  presented at the SPE Annual Technical
Conference and Exhibition, Houston, Texas, USA, September
2015.

BOGDAN A V, KEILERS A, OUSSOLTSEV D, et al. Real-
time interpretation of leak isolation with degradable diverter
using high frequency pressure monitoring[C]/ Paper SPE-
182451-MS presented at the SPE Asia Pacific Oil & Gas
Conference and Exhibition, Perth, Australia, October 2016.
KORKIN R, PARKHONYUK S, FEDOROV A, et al. High
frequency pressure monitoring and data analytics for
stimulation efficiency determination:
potential limits[C]// Paper SPE-199762-MS presented at the
SPE  Hydraulic
Exhibition, The Woodlands, Texas, USA, February 2020.

RAHMANI A R, SHIRDEL M. Impedance analysis as a tool for

New perspectives or

Fracturing  Technology ~Conference and

hydraulic fracture diagnostics in unconventional reservoirs[C]//
Paper SPE-156577-MS presented at the SPE International
Production and Operations Conference & Exhibition, Doha,
Qatar, May 2012.

PARKHONYUK S, FEDOROV A, KABANNIK A, et al.
Measurements  while Nonintrusive method  of
hydraulic fracturing monitoring[C]// Paper SPE-189886-MS
presented at the SPE Hydraulic
Conference and Exhibition, The Woodlands, Texas, USA,
January 2018.

AR, AR, TR, 55 IR RUE AU A5 S v ik
TP ). AR A, 2021, 6(1): 79-91.

HU Xiaodong, ZHOU Fujian, LI Yujiao, et al. Filtering methods

fracturing:

Fracturing Technology

and characteristic analysis of water hammer pressure—wave
signals from fracturing stop pumps[J]. Petroleum Science
Bulletin, 2021, 6(1): 79-91.

WYLIE E B, STREETER V L, SUO L. Fluid transients in
systems|M]. New Jersey: Prentice Hall Englewood Cliffs, 1993.
COLEBROOK C F, WHITE C M. Experiments with fluid
friction in roughened pipes[J]. Proceedings of the Royal Society
of London Series a—Mathematical and Physical Sciences, 1937,
161: 367-381.

BOGERT B P, HEALY M J R, TUKEY ] W. The quefrency alanysis
of time series for echoes: Cepstrum, pseudo—autocovariance,
cross—cepstrum and saphe cracking[J]. proceedings of the

symposium on time, 1963: 59352135.
(h# F4)



