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20,000+

Total number of wells s

The data is collected via a unified communications : &
protocol in a uniform format and stored in the lowest &y
level Automated Process Control Systems (method

developed by PJSC Surgutneftegas)

The information is consolidated in the high level
Automated Process Control Systems (method
developed by PJSC Surgutneftegas)

The process engineer’s monitor shows up to 1,000 : Q - 0*“
wells with 6 operating parameters for ESP based on 2L
telemetry ® @
Cypryr
@ ~o

https://glavteh.ru/norpyxHaga-tenemerpuga-cyprytHedreras 5
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https://glavteh.ru/погружная-телеметрия-сургутнефтегаз

Virtual sensor for use in wells

The goal is to furnish ESPs with virtual sensors to identify
abnormal well operation. The number of physical sensors is to
be reduced.

Signals: “simultaneous pressure rise and temperature rise,”
“simultaneous pressure rise and current strength fall,”
“simultaneous temperature rise and current strength fall.”
Possible meaning: missing ESP, or supply flow failure;

Signal: “lasting slow or sharp rapid pressure rise.” Possible
meaning: ESP supply flow fall, flow string not leak proof, or check
valve frozen (in winter);

Signal: “pressure rise after bringing a periodic well into
operation.” Possible meaning: ESP supply flow missing, or well’s
flow line frozen (in winter);

Signals: “simultaneous current rise and temperature rise,”
“simultaneous current rise and pressure rise.” Possible
meaning: salting or blockage in ESP.
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Data consolidation for the analysis task

18,000

Wells whose data is
uploaded into the
analysis systems

2

Additional databases
uploaded to forecast the
status and probable failures:
Activity database and
Failure database
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Depth of telemetric
history for analysis

2.2 bln

Records collected in
the database for
analysis

5 minutes

Frequency of saving data for
every parameter of every
well

2.1 TB

Database size when
not compressed
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100

Figures collected for analysis
at every moment in time,
including telemetric data,
operating mode and
manufacturer’s data,
reference data

Data size in SAP
HANA —
compression ratio 1:7



SAP HANA ML — Automated Predictive Library (APL) wts 2020 o cerrssoms

Machine learning capabilities built into a database

Automated modeling — a key to rapid
iImplementation

— Quick and easy to use by staff without data
analysis skills; can be used in applications
powered by HANA

— APL provides developers with simple
procedures to create, train, use, deploy and
launch predictive models
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g:} SAP HANA Platform

Automated Predictive Library (APL)
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Data flows used in the solution -& quzon

O Telemetry Collection Salection HANA 2.0 EE ‘! .’
and Processing and Uploading Data Set Creation
of Indicators SEL
Model Application
to Operating Processes ."~.,A
4 . : PAL APL
Definition of *
i Model O AcyTn Significant
. Integration ® Acony Indicators '
SAP HANA + MES (Predictors) : ““' -
: \ 4 x . hana_ml
. Anaconda:
Model Testing Training of Machine python nu.mpy
on Real Time Data Learning Models pandas scipy
tsfresh sklearn
Model
F Exporting
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Options to transfer the outcome
to Automated Process Control System

Automated Process Control System is a real time
system designed to monitor well operation online
and not to train the models of machine learning.
Also, there is a limited capability of communications
with external services as the system should not wait

for a response from external systems.

2020
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To integrate a model to an Automated Process
Control System, you need to upload the model as
calculated factors and launch the models in the
preset environment within the Automated Process
Control System.

Rules generation
within SAP APL

Rules generated
when creating the
decision tree for the
intake pressure model

450==T1138PA000315<1050) & (T1138P3700028=¢Unknowng) == T
1050=<«T1135PE000315<4350) &2 (T1138P4000019 >=4) == T

4350=<«T1138PE000315<7650) &8 (T1013P25001 32=fUnknown$) == T

(T1138P6000315>=7650) &8 (T1138P600050>=0,6685) => F

(T1138PE000315<450) &2 (T1138P4200539 <0.5) &2 7.175=<T1138P2300055 <8.125) => F
(T1138PE000315450) & (T1138P4200539 <0.5) & 8. 125=<T1138P2300055 <8.705) => F
(T1133PE000315 4500 &2 (T1138P4200539 <0.5) &2 8, 705=<T1138P2300055 <9.315) =>F
(T1138PE000315450) &2 (T1138P4200539<0.5) & 9.315=<T1138P2300055 <10,265) == F
(T1138PE000315<450) && (T1138P4200539 <0.5) & 10.265=<T1138P2300055<11.645) => F
(T1138PE000315450) &2 (T1138P4200539 <0.5) & 12.395=<T1138P2300058<13,595) => F
(T1138P6000315 =450} &2 (T1138P4200539 <0.5) &2 15.005=<T1138P2300058<16,9949) == T
450==T1138PE000315<1050) & (T1138P3700025:>=12.5) && (T1138P5200021<21) == T
450==T1138PE000315<1050) && (T1138P3700025>=12.5) && (T1138P5200021=¢Unknowng) == F
1050=<T1133P6000315<4350) &8 (T1133P4000019 <4) &3 (TI013P2300347<8.9) => T
4350=<T1138PE000315<7650) &8 (T1013P2500132 <951) & (T1013P3001495=1762.5)=> T
4350==T1138PA000315 <7650) &8 (T1013P2500132 =081} && 4=<T1138P4000064 <92.5) == F
(T1138PE000315>=7650) &2 (T1138PE00050+0,034) 8 12,2202=<T1013PE00250<12.2944) == T
(T1138PE000315>=7650) &2 (T1138PE00050+0,034) 8 12,3664=<T1013PE00250=14.3264) == F
(T1133PE000315>=7650) &8 (T1133P600050<0,034) & 14,3269=<T1013P800250<16.6268) == F
(T1138PE000315>=7650) &8 (T1138P600050<0,034) & 29,2054=<T1013P800250<29.2125) => T
(T1138PE000315>=7650) &8 (T1138PE000500.034) && 39.7106=<T1013P500250<40.168) == T
(T1138PE000315=450) & (T1138P4200539 <0.5) & (T1138P2300058 <6, 754) & (T1138P4000015 ==
(T1133PE000315 4500 &2 (T1138P4200539<0.5) &2 6,784=<T1138P2300055 <7.175) & (T1138P27C
(T1133PE000315 4500 &2 (T1138P4200539 <0.5) &2 6, 784=<T1138P2300055 <7,175) & 227.5=<T1
(T1138PE000315<450) &2 (T1138P4200539 »>=0.5) && (T1135P3700025 >=12.5) && 27455.5=<T1010
(T1138PE000315<450) &8 (T1138P4200539 >=0.5) &2 (T1138P3700028 ==12.5) &f& 33075.5=<T1010
(T1138PE000315=450) & (T1136P4200539 >=0.5) & (T1136P3700025 >=12.5) &f& 41526.1=<T1010
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Java/C++ code generation
within SAP PAL

Source code generated when
creating the decision tree for
the model of the ESP
underuse setpoint

//T1205P2300000

private static void initializeInputVariablelS() {
byte[] lInput = {84, 49, 50, 48, 53, 80, 50, 51, 48, 48, 48, 48, 48};
mInputVariables[18] = new String(lInput, sCharset);
byte[] lInputStorage = {110, 117, 109, 38, 101, 114};
mInputStorageVarizbles([18] = nsw String(lInputStorage, sCharset);

private static void initializeOutputVariable0() {

byte[] lOutput = {114, 114, 95, 84, 45, 49, 51, 56, 80, 52, 48, 48, 48, 43, 45,

moutputVariables[0] = new String(lOutput, sCharset);
byte[] loutputStorage = {110, 117, 109, 98, 101, 114};
mOutputStorageVariables[0] = new String(lOutputStorage, sCharset);

private double Hxen RobustRegression 0 KxVarS( IKxJModelInput ilnput ) {
double 1Valus5 = iInput.doubleValue(0):
if (iInput.isEmpty(0, mMissingStrings[0]))
{
return (double)l.63578966445520;

if ( 1Value5 > €001 ) {
1value5 = (double)&001;

else if ( 1Values < 0 ) {
1Values = (double)O;

1f( 0 == doublessgcmp( lValues, 0.0=0, 1, 0.020, 1) ) {
return (double)l.628545779144=0;

if( 0 == doublesegemp( 1ValueS, 0.0e0, 0, 1.0e0, 1) ) {
return (double) (1.62130189383220)

if( 0 == doublesegomp( 1ValueS, 1.0s0, 0, 5.020, 1) ) {
return (double) (1.61405800852120) ;

if( 0 == doublesegemp( 1ValueS, 5.0=0, 0, 1.0sl, 1) ) {
return (double) (1.6068141232090);

if( 0 == doublesegemp( lValues, 1.0el, 0, 1.2el, 1) ) {
return (double) (1.59957023785720) ;

if( 0 == doublesegemp( 1l¥alues, 1.2el, O, 2.02l, 1) ) {
zeturn (double) (1.582326352586e0);

if( 0 == doublesegemp( 1ValueS, 2.0el, 0, 2.5el, 1) ) {

return (double) (1.58508246727420);
1f( 0 == doublessgomp( lValues, 2.5el, 0, 3.021, 0) ) {

return (double) (1.57783858186320) ;

54);
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Models have been built that use the dynamics of: Example of a modeled prediction
« the power factor cos phi; and shown dependence of intake
* the engine load, % ESP pressure change on time

« the currentin the engine, A
* the downtime and running time for periodic wells

H3meHeHUe naBneHus

» the pressure in the measuring equipment collector 0.0 - T —
* other indicators
to predict a rise in pressure and temperature in the —02]

wells without thermomanometers.

Preparations are under way for model testing

The built telemetric data storage u tested approaches 0.6
lead to the development of new initiatives

The predicted efficiency from implementing only these . Dportias wopgnn v
R . . === @aKkT

models may come to dozens of millions in Russian

rubles per year
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Next steps
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More models for different application areas: equipment
telemetry, failure prediction, finance, IT

Using SAP Data Intelligence to manage models
A program for developing competencies and expert support

The training program “Managing Data Science projects” for
project managers and project customers
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