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Why Optimization?

« Today’s technology offers an opportunity to instantly calculate the
minimum operational requirements to meet market demand

 Pipeline system modeling tools currently available and already in
use by many companies can be utilized in a new way

« Existing models provided sufficient analysis for steady state
commercial project assessment, however, did not contain
performance data needed to assess costs of compression and
optimal compressor sequence of operation
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Why Optimization?

Today’s technology offers an opportunity to instantly calculate the
minimum operational requirements to meet market demand

Pipeline system modeling tools currently available and already in
use by many companies can be utilized in a new way

Existing models provided sufficient analysis for steady state
commercial project assessment, however, did not contain
performance data needed to assess costs of compression and
optimal compressor sequence of operation

The optimization team spent several months per pipeline
reviewing data and meeting with operators at every compressor
station to create models usable for this new purpose
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Collaboration & Coordination

 Enables multiple user groups access to modeling and
optimization technology

 All users will have the ability to see system response at their
fingertips

« Daily coordination occurs between the modeling team, gas
control, commercial and operations

 This investment has yielded returns and benefits across the user

groups and stakeholders
— Customers, Environmental, Operations, Commercial, Gas Control, Safety, etc.
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Model Output

Manual Setup and Analysis by Engineering

ck CS
0.00 hp
467.678 mmscfd
Suction = 756.49 psig
Disch 756.49 psig
Fuel = 0.0000 mmscfd
Unit 1 (R): Idle
Unit 2 (R): Idle
Unit 3 (R): Idle
Unit 4 (R): Idle

467.678 mmscfd
764.99 psig

_ cs
9831.149 hp
461.773 mmscfd
Suction = 497.34 psig
Disch = 778.72 psig
Fuel = 2.5056 mmscfd
Unit 1 (R): Running
Unit 2 (R): Running
Unit 3 (R): Running
Unit 4 (T): Running

» CS
6723.03 hp
357.965 mmscfd
Suction = 529.48 psig

Disch = 773.82 psig
cs Fuel = 1.7932 mmscfd
- Unit 1 (R): Running
§440'76 hp S Unit 2 (R): Running
423.833 mmscfd Unit 3 (R): Idle
Suction = 516.68 psig Unit ;‘ (T):. Running

Disch 777.86 psig
Fuel = 2.1862 mmscfd
Unit 1 (R): Running
Unit 2 (R): Idie

Unit 3 (R): Running
Unit 4 (T): Running

B B 3Cs
6418.40 hp
325.730 mmscfd
Suction 566.91 psig
Disch = 808.39 psig
Fuel = 1.76349 mmscid

cs
2849.55 hp

Unit 1 (R): Offline -
Unit 2 ER;: Runn:)g 302230 sowvescld
Unit 3 (R): Idle Suction = 634.75 psig
Unit 4 (T): Running Disch = 797.72 psig
: Fuel = 0.653494 mmscrd

Unit
Unit 2
Unit 3
Unit 4 (T): Idle

1 (R): Offline
(R): Running
(R): Running

Total Horsepower:
34261HP

Actual Horsepower:
33899 @ 11:40am Feb 10, 2011

cs
0.00 hp
192.278 mmscid
Suction = 668.46 psig
Disch = 666.29 psig
Fuel = 0.0000 mmscfd
Unit 1 (R): Idle
Unit 2 (R): Idle
Unit 3 (R): Idle

cS
0.00 hp
118.211 mmscfd
Suction = 590.02 psig
Disch = 588.43 psig
Fuel = 0.0000 mmscfd
Unit 1 (T): Idle

99.052 mmscfd
550.00 psig



Main Screen

Quick picture of horsepower efficiency and fuel burm

E Dashboard _I— _IEI il
Pipeline: L ﬁ Optirnization Objective: IFUEL ;I
Staton | Op=meies | SESEE | pEage | Fus || suction | Dischaige | ActalFuen | ActuslFuel | SyEoEh o | Harsspoer | Horsepower | | Astual | oSl S
FSIG FsIG P RS CFD FSIG FSIG Deg F FSIG
b_m 5000 0.00 620000 870,00
Uit 1 IDLE | 0.00 0.00 0.00n 0000 0100 00000 T4 0.00
Unit 2 IDLE | 000 000 .00 0100 000 00000 R4 000
Unit 3 IDLE | 000 000 .00 0000 000 00000 R4 000
Linit 4 IDLE | 000 000 .00 0200 000 00000 R4 000
ANGLS 5001001 000 11100.000 &70.00
Unit 1 IDLE | 0.00 0.00 0.000 0,000 0100 00000 R A 0.00
Unit 2 IDLE | 0.00 0.00 0.000 0,500 1.000 00000 R A 0.00
Unit = IDLE | 0.00 0.00 0.000 0,200 0,200 00000 R A 7
Urit 4 IDLE  ~| ooo 0.00 0.000 0.000 0.000 0.0117 M, Fuel SaV|ngS
ADA so00 ||
Unit 1 IDLE | 0.00 0.00 0.000 0,000 0.000 00000 R A2 POSSI ble
Unit 2 IDLE | 0.00 0.00 0.000 0100 0100 00000 Rl A
Unit & IDLE | 0.00 0.00 0.000 0,000 0.000 00000 R4
Uinit 4 IDLE - 0,00 0.00 0000 0000 ) 0 -
Compressor Stations | Aeceipts/Dieliveries | Total Fuel [MMSCFD) - SynerGEE: [0r2888 Total Fuel - Actual: [05353
Total Horsepower - Actual mm
5000 Actual HP
A000 —- = Optimal HF
3000 =<
2000
1000 — - — — —
o 9:00 AbA 10:00 Ab4 11:00 Abkq4 12:00 P4 1:00 Pk4 2:00 PkA 3:00 Pk4A 4:00 Pk 5:00 Pk E:00 Ph4 T:00 PrA S:00 Fhd FErE— I
I Start/Hesume I Pausze I Herride. I Save Model Ta DE I Optimize I




Auxiliary Screen
Performance vs Pipeline Capacity

Dashboard

Pipeline: I ;I Optimization Dbiecw\ LI
keter Wame | b eter Mumber feceph o Yolume MMCF VctualF'ressute

Deliven Meter /] (PSIG)
3 17003 i 4 280,984 \az8.272
St Vincent 17016 Rf 0.000 .28
Hallock 27003 pf 0.433 a2\ 554
Stephen 27004 D 0270 aocks7o
Arayle 27005 0212 75 463
Warten 27006 0756 P Volumes can be
Thief Riiver Falls 27051 3163 754 06
E azt Grand Farks 27007 ' -3.463 591.2B5 Changed here to
North &merican F... 27083 0,000 Ea4 3z Ca|Cu|ate additional
Grand Forks 27008 26,010 cacfpas
Crookstan 27003 o\ 5873 729329 overhead expense
Ada 27010 D \ 0E78 gf2.153
Hawley 27014 AN 1217 [
Moorhead 27011 D \| 1179 /) 666
Farnn 2F012 (N \ 5 BEA EA10 NEE

Compressar Stations | Feceints/Deliveries | Total Fuel (MMSCFD) - SynerGEE: [0.000 Total Fuel - Actuat |n.su%>




Actual vs. Optimal

Pipeline: | ~ | DOptimization Objectrve: [FUEL |
- Dptarized O ptimized Optirnazed Actual Actusl Ambient
Statiomn DE.B:‘:?D Suction Dizchasge Fuiel Suwction Drischange mGML?CHFEIﬁ T ermper st Hc'l-laa.pnwml HE:BDMIIT Sd?s%m
FSIG PSIG MMECFD PSIG PSIG Deg F
> 55.00 3537.74 73961 85531
Umnit 1 RUM b 613.65 8583 0.243 B42.3097 789855 0232
Unit 2 AUM ~ B13LES B58.31 0.343 A0.415 0411 0,000
Unit 2 IDLE A 0.0 0.00 0.000 642312 F83.007 0.230
Lirit 4 IDLE - (] 0.00 0000 0.708 -0.458 0,000
M115 F27.000 F28.000 000 0.0 2661.33 21828
Unit 1 OFFLINE i lli i 0,00
Umnit 2 OFFLIMNE =~ 0L00 0.00
Unit 3 IDLE ~ 000 0.00
M1132 000 0.0 10239 87 F53.00
Unit 1 IDLE |~ 0,00 0.00 G t 1 b'
M110 rea JO o 000 0.0 1182839 84932
Unit 1 IDLE ~ 0.00 0.00
Umnit 2 IDLE b 0L00 0.00 0.D00 0,000
B i el
Comgpressor Stations | Receipts/Delvenes wel - SyneiGEE: | 0622 | Total Fusl- fctust (0638
Total Horsepower - Actual wvs. Optimal
s000 — — — — — — Actusl HP
] —_— = S = —— = = —— — — = Oiptirnal HP
BO00
4000
2000

300 Ak 400 Ak 500 Add 500 Ak T Ak 2:00 Ak 00 Ak 1000 A 1100 A 1200 PM 100 P 2:00 P

| HP Trending | Output Log

[Coveride. | [SaveModei ToDB | [ Optimize |




Output Analysis

Management Tool
'MDTH
650 Delivered
5560

MDTH '\
450 ~

350
250

218 2113 2118 2123 2128

120

100
30 Model

DTH
Delivered 0 Actual

per HP 40 /\\// \’\
20 /,N\/

218 213 2118 2123 2128
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Measurable Outcomes
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Measurable Outcomes

« Commercial optimization for daily capacity

 Optimum fuel usage
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Measurable Outcomes

« Commercial optimization for daily capacity

 Optimum fuel usage
» Reduced compressor start up/blow downs
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Measurable Outcomes

« Commercial optimization for daily capacity

 Optimum fuel usage

» Reduced compressor start up/blow downs

 Reduced emissions
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Questions?

;::g ONEOK



