Optimization, Predictive

Analytics, & Real-Time
Process Models

Natural Gas Pipeline Solutions
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* Pipelines transport gas across long distances to S
major consumers/end users G -ttt
* Natural gas introduced into pipeline transmission

system at various points

 Compressor stations provide power for
transporting and usually contain more than one
compression unit

* Compression unit: Combination of a compressor and its
engine
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Operations Challenges

* Increasing pressure to
* Make better decisions
* Increase efficiency
e Reduce operational risk
* Provide true transparency about environmental impacts

* Meet performance requirements while minimizing objective function:
* Minimize fuel consumption
* Minimize emissions
* Minimize operational cost
* Maximize gas flow
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Technology Capabilities

® Flow assurance

e Gas Compositional Mixing

e Validate, route, and size
pipeline networks

e Strategic, operational, and
capacity planning

e Rapidly assess unscheduled
changes in operation

® Leak Detection

Operational prognosis
Compressor optimization
“What if” scenarios, training
Fuel consumption calculations
Line pack management

Assess storage requirements
Surge analysis and optimization
Liquid Holdup

Condensate Detection
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Model the Process

* OptiRamp models all process elements

Offshore platforms/onshore gas fields
Pipes/pipelines

Engineering units

Field sensors

Pipeline gas consumption

Control, block, gate valves

Gas compositions from different sources
Compressors

Engines

* Process model simulates

Production & transportation of fluid flow,
pressure, & temperature

Pipeline dynamic behavior

Large operational range to reliably
replicate the process

Process response to disturbances
Gas composition changes in pipeline
Leak/rupture detection

Condensate detection

=

Copyright © 2020, Statistics & Control, Inc. All rights reserved. Statistics & Control, Inc., confidential and proprietary information. Not for distribution. Statistics & Control, Inc.



* Compressor Map

* Shows current compressor
performance

* Displays
* Operating Point

Surge Limit Line

Surge Set Point

Power Limit Line

Performance Curves

Efficiency Curves

Hp (ft.Ib/Ib)

Real-Time Gas Compressor Map

Surge Line ‘ Enhanced Action Line ‘
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Reciprocating Compressor Map

i | P 14306 PSIG
v | Mass Flow 580208 Kg/min
' |Vol. Flow 0218218 md/s

e Shows the p-V diagram for the compressor

* Compressor has 4 points from bottom left to right:

0.2 Mw

* 1-2:Induction

112.4  Pressure (PSIG

¢ 2-3: Compression

* 3-4: Delivery

* 4-1: Expansion g

* Displays I 999 U
* Suction Pressure %
* Discharge Pressure TR ST
* Mass Flow ~ : 5 :
* Indicated Power on Shaft N 0.021 50_11075 502005 : Flow {m/s)

* Efficiency
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* Shows the power map for the gas

turbine

* Available in single shaft and two-
shaft gas turbine

* Displays

* CDP curves

Gas Turbine

Fuel Curves

Power Turbine Inlet Curves
DLN Curves
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Station Discharge Control
& Optimization T [eeleof,  Suogested OF
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* Control according to E E
manufacturer's specifications § AT 5
* Position fuel gas valve 5, 1 g
according to g 2
process requirements g 2 o Current Op -

: T o

* Built to handle manufacturer- 1 =

specified control limits
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Pipeline Profile
4000 -
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Pipeline Profile
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. V I S u a | I Ze S p I p e | I n e p ro p e rt I e S 140 2330 4520 6360 9100 11_340 13580 15820 18060 20300 22540
Distance [m]
COMPONENT 140 [M] 7140 [M] 14140 [M] 20020 [M]
Y Li uid trackin Elevation [m] 0 0 0 0 -
q g Temperature [°F] 118.2 149.4 126 116.1
Pressure [PSIA] 3233 324.4 324.7 3249
o G a S CO m p O S iti O n C h a n ge S Mass Flow [Ib/min] 3458 2269 2892 3069
Density [Kg/m?] 16.99 89.57 102.4 1207
. Speed [m/s] 0.9947 0.1238 0.138 0.1242
o Le a k d ete Ct I O n Viscosity [centiPoise] 1.218x1072 1.314% 102 1.340%10°2 1.422x1072
Specific Energy [KJ/Kg] 1312 24.97 2186 18.56
o B Gas Proportion [%] 100 100 100 100
® Plg traCkI ng Oil Proportion [%] 0 0 0 0
Water Proportion [%] 0 0 0 0
Component 0 1 1 1 1
o E n e rgy CO n S u m e d CO2; Carbon Dioxide 1.647%1072 0.1399 0.1248 0.1249
C2H6; Ethane 1.854x10°2 5619x10 0.1615 0.1691
o CHA4: Methane 0.9009 0.1581 0.1398 0.1382
L P h a Se D I a g ra m N2; Nitrogen 1.312x1072 0.1324 0.1157 0.1132
C3HE; Propane 1.894x1072 0.1613 0.1426 0.141
S; Sulfur 1.266x1072 0.1323 0.1155 0.113 .
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