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1. SPE-196159-MS

Artificial Intelligence Applied in Sucker Rod Pumping Wells: Intelligent Dynamometer Card
Generation, Diagnosis, and Failure Detection Using Deep Neural Networks.
fE#& : Yi Peng, PetroChina Riped

F R EZEH R NS ERE R G R EAR 7 A0 H ¢ (AR
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« Fully Balanced g N~
* Need Structural parameters
« Complicated Calculation

» Convergence Problem
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2. SPE-195938-MS

Impact of Injection Water Quality on Injectivity - A Lab Study
{E% : Oya Karazincir, Sandra Gomez-Nava, Paul Evans, Ruiting Wu, Wade Williams,
Colin Jones, and Peggy Rijken,Chevron

FRE I R AOKIIEE BT AR A E T o AZEFIA
DA [EI 5 53 (e A5 7B B (membrane tests) » T BHZE EAS YRR 2 FLIR R
LURB5E2 - ARSI e B iy 8 G o B ENESE g TR - 3 EN
T M AR PR R BT AVEEE - I = BN E R4
ST o AT 78T R R TR RSP RATREEE » NIk
AT DMEAB AT FT i A A B8 AR Tl Bate Bl R 8 B AL » {E
Pyt RSB M —TERTE R « ARBIREEEYR -

WS B R Rt (5 A e B WU B E R HI RS ~ K~ Ba &AM
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BRI 1B K& 2 Bl -
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D) PEPRERLR ST (um) #[E(g/cm3)
90%Silica+10%Kaolinite blend 11 2.65
90%Silica+10%Kaolinite blend 35 2.65

Calcite 15 2.71

FexOy 3 3.83

Barite 12 4.26

HEG DA ) Castlegate outcrop cores(Kair=540-690mD)#E1 T fEst B - i o
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I ERCAR [FE R TaAER - BRI ERSHHITLIS RN ER Z B (AE - 5550 >

INAWTFEZ TS B A AR Pre % B R A - IR T 2 BRI A e e B -
AP E (5 P TUREA [F] B o Z R AR A - AR [EIRERA T {50 A ome LR,

ADHRRITE - 88T Silica-Kaolinite 4HH#ETTA FEIRIACAR /N R - (T 11 40

sHpEEER > MRS IR AR BB R 23

%5 3 e .7@5@5}3%% E/E/%&Z:E/E/%ﬁgﬁ

No. D% PSD P50 (um) | % (g/em3) | A S
1 Silica-Kaolinite 1 11 2.65 No
2 Silica-Kaolinite 2 11 2.65 No
3 Calcite 15 2.71 No
4 FexOy 3 3.83 No
5 Barite 12 4.26 No
6 Silica-Kaolinite 35 2.65 No
7 Silica-Kaolinite 1 11 2.65 Yes
8 Silica-Kaolinite 2 11 2.65 Yes
9 Calcite 15 2.71 Yes
10 FexQy 3 3.83 Yes
11 Barite 12 4.26 Yes

BARTEME A 8 AHEAER T B B e /K i 2R B T B S /K B A A [FR 8RRy
THYZER -

=Y
Zl:l o .

L. SEFEEER B NS R H SRS HI&E R - Silica-Kaolinite » Calcite A1
Barite $HRLFTAHACATIEES - HIZ2ERE LR B A RRAVIEARRME: - LRy
SHPCRBF IR FLBR RS IER AR IR E AL - MRT B FeO TTEAVIESF
BARRRZERES - 10 AR E AR SS -
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BB T IEE AN DAY RHBRTE o B[RRI B SUHEAY R B haRsS RELEE
EOHUEIH PRS2 BRI T 10% 5] 50% - BLEAEYN PSO K (PSO=
11 pm) BYRERAEEE - FHEAEIK PSORIFE (PSO =35 wm) KRR EHYEHT
A2 BNV i - BERATY 35 1m AR TR 7017 - B2 B e REA MR -
M ESURBREERE - ANIRRF LIS R -2 AR i Khatib (1994) H#EfTHINTFEHR
THGERAE - REHVSNLEHHEE

B Fg % 7 IR AERE MR 55 > IF HFLRR
FAE W E AR - A& 13-15 AR e

Filter Cake Permeability
L |
[

0.00 1.00

Filter Cake Porosity (fraction)

® Silica-Kaolinite 11 ym#1 @ Silica-Kaolinite 11 ym#2 e Calcite 15 pm
@ Barite 12 pm @ FexOy 3pm ——Khatib Silt-Clay 16 pm
——Khatib Calcite 11 pm ——Khatib Fe(CH)3 11 pm

[ 13 AR ) SRR St R FLIR SR 2 1B R (]
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Filter Cake Permeability

.

Filter Cake FPermeability

/

0.00

Filter Cake Porosity (fraction)

1.00

& Calgite-Qil 15 pm
® FexOy-0il 3 pm

Silica-Kaclinite-Oil 11 pm #1

= Khalib Calcite-Qil 11 pm

¢ Silica-Kachnite-Dil 11 pm #2

Barite-0il 12 ym

K hatib Silt-Clay-Oil 16 pm
——Khatib Fe{OH)3-0il 11 ym

14 R [EI RS () < SHERs s Bt - F LIS R 2 R ([

0.00

Filter Cake Porosity (fraction)

0.50

® Silica-Kaolinite 11 pm #1

B Silica-Kaolinite 11 pm #2

+ Silica-Kaolinite 35 pm
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3. TEAAKHIE R Y S AR R GRS 5 44 > Silica-Kaolinite » Calcite 1 BaSOs
/K FHAEARE S AR ARG 18 =AM Mg (thalhe RRRRR R BT - iEhE
BN EEBHHIIE R IMEAREIE - BEE VR RLAYBHAR » Silica-Kaolinite FY/E ACHIEL
RURH BRI HEINE ARAIFEIE S & - R S0 Kaolinite 75 Hw e
BFFAVFLIR - & Skl 2 AR 5 3 A RE E B0 E ARCRIVE PR -

4. A UHEEEREUR - BEE T A K EALEIVEE - TEARTITEI N E < JEAK
P05 LA A AT AT T e 22 B K

5. BRTERSFERLYN - IOACK IR HTE A F B B A — e AR JIIIER » &

HUBAES ML et BAAGHERHT - 15 FRE 2

NS

BRI E/KEABRRE T E AR IHEE

NZE -
4000
——Castlegate 13: CaCO3
3500 ——Castlegate 15: BaS04
——Castlegate 20: Silica/Kaolinite _};{'( ‘]{
e
. 3000 Castlegate 18: Iron Oxide \..“y.[
‘B ezfiiediied
1= ——Castlegate 38: CaCO3 with oil ahee i
2 2500 2007~ (.
2 —o—Castlegate 31: BaSO4 with oil I’J',' el
% s

w i‘ .(
o ——Castlegate 32: Silica/Kaclinite with oil 3 W
& 2000 WA
®© Castlegate 33: FexOy with oil
5
:\g 1500
a

1000

500
g
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Cumulative Fluid Injected, pore volumes
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3. SPE-196152-MS

Machine Learning Forecasts Oil Rate in Mature Onshore Field Jointly Driven by Water and
Steam Injection
{E% : Leonardo Kubota and Danilo Reinert, Petrobras

AT RE B Ry (i Pt es S E TR /K SE B T RO EHAYZE W TR AHH5E
R AT E SR - ERFCANEEE RN T > BRBER
GER > THHMEBIE R EAMERRZAE 10% L0 PRS2 85% » KNIE m UGS & —(
REFAVTEM] - A RS TR 5 B REE - ISRy A E TR i
G DGEEIFEE KOV » RIS o] DR B 8 AR ST FT 48 702 e
H I FH B &8 & B TROAIEE Ry B RfE o 3% 0m SCRREETR A | -

ABHZE R I R S (el B R AY AR N R AT TR S 700 - i ilaa
FELLR S ALV E AR RS R BIVIEEL - FREE SRR ATA A RS B TR
(NRUER & AR ZARC B (R 5 AR R B I - Wi 88 523 (Machine Learning) 8%
(W1 BB R RR AR AEAR )2 By T BB WA AT IR IS - if AR 7T B AE A R o
EERITE o R BEse AE FiE W R 7 A Pl i T SEA 2 & TEHI -

IRV FHAST B2~ 8 E DRSS YA B - AR D
BTSSR - DURHI IR A A E T RAVAE R » B 2 HIRTRAZELLER -

B SR GO o (e KR DL R R A fy T 5T
YMBCE IO 2 BUZ IR =R AR RIS - FEEA 70T
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4,01= kqig [11+ kyndf] (1)
41

’é[]—@ ]=&+ﬁx (2
4.J11= 0k 1 (3)
4,000= kguig, 101+ kgsig [0+ kanylt) (4)

a ={EEHIRELA E R TR R =
B =T R LA E 4R T TERIER
q=fhEtRAe R EE

ko= K EEURNE

Q=8 /KRR

ko= EEH B R BURIE
n=EEHEE

O=flE T H&EL

e

\\Xv

S ki, GRS 3 TR FIRVEHZRMET TR AUIIEHE T =%
W5k - BEEEAER—X 0 WE 12 @H - FEEEERER—X > R
10 H - SE=TEAFE T — BIE 24 (EH - FEREAMSEIIREAE - 5556
B ERERT R AR R AT A EER A EIR L E BRI EIREER
SRR HEAYEA Almost Correct Predictions (ACP) T ETE » AWFFTER Fori 2 AE
10% AP BT AT Ry R » T B RERAIZE 85% L I > BIEAEEA S5 %EiR R 2 B 1
10% AP I E] i By BATHUSER © MBRES 5 HRERZRMSE)

R AR IR fRAS 4 4% (Recurrent Neural Networks, RNN)TEH] o 2
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AR E T EAERIESS - tJ R BEERIIER - E5erid BRavin ik
ERPERREA o B HEANBEER A - SEOTEHBOE S TS
FCAY T 2 I RIECTEAEEELSTM) » Hifr RNN a] DAFEELAATAYRES - (H2E
AR AR B I AR L B A BRI A ERE - AR TR 2R BUIIEAE R
RAEE ERCRFEERE -1 AYSTATRe A AE - NEESGE 146 RNN #9520 B
i LB R AR R HUBRES - 15 7AIRZ A LSTM 484 - LSTM JEEES A
ARV AR > FLop (o A DA R R 22 A 28 -

LSTM 488 Ae 4 br b 1B AE HL g [RIATA [RI1& (R RE HUREEE - 3T (forget gate) 2
FEHRHE T2 —  EEHEE RSB (MR MR TEC — 2 Ry B
{58 - LSTM EEATENTT 2 EryCRELE ARV L AR - sk > LSTM B
AEEER IR A LU A R AT IR B R R VAR EHIRE ST - HE
TEIRHE DAst B A 2 Ry BIanlE 17 Frow -

DROPOUT: 0

STATEFUL 128 UNITS
128 UNITS

q,(17)
q:(1)

O(t) =

il

17 FIFH RNN #5FC LSTM WY B RS s TR AR

GRIEOIEREAIGE IR 28 s EUE VOREIE N > 43 RIHA T iR BN 2 AR -

(1) HEEMEE ASE > KRG H 2% 00 - & HWE0 10 CAEEH -
21



50.000 1000 1.500 40.000
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° “333".. 700 =/ 00...000”% 10000
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18 2B B KR DG A 2911 A RN 10 LI EH » 51 Bt 2 e e

RS ER
(2) FOH iz SANRAGE B EE T HEBNIRISE S - DIg A el F—=X

S8 WAk 12 # A R -
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4.000 40.000
s 3.000 a3o.ooo =
2.000 — 20.000
1.000 ©Qo : 10.000 @4
0 ® Qo* 0o  ® ql* ‘
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E[qo] E[ql]
-10%| 1%| 0%
-10%| -5%| 14%| 10%
-5%| 0%| 30%| 29%
0%| 5%| 36%| 51%
5%| 10%| 18%| 7%
10% 1%| 2%

ACP |RMSE
qo | 98%| 151
ql 97%| 1514

20 S ZZHElE DU At > I8 Rysr A= DU S EE - N R DL HEY
R

(3) T EANRAGE B EE T HAE BN IRIGE 2 - DUg-FFmahil Fii—

REH > W a(BEke 10 (8 H REA -

5.000 50.000 ~
4.000 40.000 :
o 3.000 a30.000 =
%,.000 : 20.000
1.000 ©Qo 2 10000 °d
0 . ® Qo* 0 o ql*
24/07/1998 06/07/2009 18/06/2020 24/07/1998 06/07/2009 18/06/2020
21 EEATEAMEEHET ER GE LTRSS E 2 E EE & 98 R TEH)
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E[qo](E[ql]
-10%| 3%| 2%
-10%| -5%| 15%| | 9%
-5%| 0% 26%| 31%
0%| 5%| 35%| 43%
5%| 10%| 15%| 12%

10% | 5%| 2%

ACP |RMSE
qo 92% 173
ql 96%| 1613

22 SR ROE DU AR ] > I8 Ry sr =R DU S EE - N R DL HEY
R

(4) TRz EANRAGE B EE T HAEBNIRISE S - Mg —Fheshil Fii—

RSB - AT 24 [ B B -

5.000 50.000 - ~
4.000 40.000
P 3.000 - az'.o.ooo A
2.000 20.000
1000 _©Q0 10000 o4l
0 ® Qo* ‘ 0 .ql*
24/07/1998 06/07/2009 18/06/2020 24/07/1998 06/07/2009 18/06/2020
23 e R HDHE EH EE E - A B AT IS E S E E E 29t KT
E[qo]E[ql]
-10%| |8%| 5%
-10%| -5%| 11%| 12%
-5%| 0% 26%| 19%
0%| 5%| 23%| 40%
5%| 10% 25%) 19%
10% 8% 5%
ACP |RMSE
qo | 84%| 208
gl | 90%| 2010
24 FRAEEE DL REERE] L E R A W R DA 5 EE - T Ry eSS DA HS

iR
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IRERHAC ST RAE R 230 - SoRHE B 2 B(AIIE] 25)50E i IR Ak Agas 1%
ATHAsE E ERHET TR - RINEIT A A TG - &E5RAE 26 Fors - SRZE4RET40

&l 27 Fs e

1st Layer type LSTM
1st Layer units 128
Stateful True
Dropout %)
2nd Layer type FC
2nd Layer units 128
Batch Size 36
Optimizer Adam
Learning Rate 0.001

25 BESH

4,500

©® Qo_Train ® Qo* @ Qo_Test
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3,500
3,000
o 2,500

g 2,000

1,500
1,000
500

0
1/1/1972 12/14/1982  11/26/1993  11/8/2004  10/22/2015
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TRAINING TESTING

E[qo]| |ACP|RMSE E[qo]|  |ACP|RMSE

-10%| 3%|qo [97%| 157 -10%| 0%|qo [94% 158
-10%| -5%| 19% -10%| -5%| 1%
-5%| 0%| 41% -5%| 0% 26%
0%| 5%| 26% 0%| 5% 45%
5%| 10%| 12% 5%| 10%| 21%
10% 0% 10% | 6%
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4. SPE-195813-MS

Automatic Well Interference Identification and Characterization: A Data-Driven approach to
Improve Field Operation

£ : Mohammad Rahman and Gian Gioria, IPCOS Inc.; Sathish Sankaran and Diego
Molinari, Anadarko
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Process time{ 0.272 s
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Figure 9—New decline curves fitted around an anomaly
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Figure 15—Cumulative Forecast - Neutral case. Base scenario (Red) vs. After Event (Green)
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Well Well A
Event Date 8/12/2017
Water Increase Yes
Likely cause Offset frac
Nearby frac Well B
Well D
Nearby event none
Nearby start-up none
. . Pessimistic Neutral Optimistic
ACumulative OiF* ) ] +36.6 kbbl +53.0 kbbl
30 days 3 months 6 months 1 year 2 years
Aqoil Neutral +187% +106% +60% +28% +9%
Aqoil Pessimistic +186% +94% +41% +5% -17%
Aqoil Optimistic +190% +119% +77% +47% +30%
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