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Why Optimization?

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

* Invested in atool that uses modeling technology already in use by
ONEOK 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

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

« Enables multiple user groups access to modeling and
optimization technology

« This investment is expected to yield various returns across the

user groups
— Environmental, Operations, Commercial, Gas Control, Safety, etc.

 All users will have the ability to understand system response to
the market at their fingertips
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Model Output

Manual Setup and Analysis by Engineering

Emerson MP 0O
467.678 mmschid
764.99 psig

Angus CS

9831.14 hp

461.773 mmsclhd
Suction = 497.34 psig
Disch = 778.72 psig
Fuel = 2.5056 mmscfd
Umnit 1 (R): Runnimng
Unit 2 (R): Running
Unit 3 (R): Running
Uit 4 (T): Running

Ada CS

8440.76 hp

“423.833 mmschd
Suction = 516.68 psig
Disch = 777.86 psig
Fuel = 21862 mmscfd
Unit 1 {R): Runnimng
Linit 2 {(R): Idle

Linit 2 {R): Runnimng
Linit < (T): Runnimng

Humboldt/Hallock CS

0.00 hp

467.678 mmscfd

Suction = 756.49 psig

Disch = 756.49 psig

Fuel = 0.0000 mmscfd

Unit 1 (R): Idie

Unit 2 (R): Idie

Unit 3 (R): Idie Total Horsepower:
Unit 4 (R): Tdle 3426 1HP

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

Frazee CS

6723.03 hp

357.965 mmscid
Suction = 529.48 psig
Disch = 773.8B2 psig
Fuel = 1.7932 mmscfd
Unit 1 (R): Running
Unit 2 (R): Running
Unit 3 (R): Idle

Uit 4 (T): Running

Osceola CS

0.00 hp

192.278 mmschd

Suction = 668.46 psig

Disch = 666.29 psig

Fuel = 0.0000 mmschd

Unit 1 (R): Idle Chippewa Falls CS
Unit 2 (R): Idke 0,00 hp

Unit 3 (R): Idle 118.211 mmscfd
Suction = 590.02 psig
Disch = 588.43 psig
Fuel = 0.0000 mmscfd
Unit 1 (T): Idle

Staples/Cushing CS
6418.40 hp
325.730 mmsclid
Suction = 566.91 psig
Disch = 808.39 psig
Fuel = 1.7634 mmsclid
Unit 1 {(R): OFfffine
Unit 2 (R): Running
Unit 3 (R): Idie

Unit <4 {(T): Running

Milaca CS
2849.55 hp
307.930 mmscfd
Suction = 634.75 psig
Disch = 797.72 psig
Fuel = 0.6534 mmscrfd
Unit 1 (R): Offline
Unit 2 (R): Running
Unit 3 (R): Running
Unit 4 (T): Idle

Marshfield
99.052 mmscid
550.00 psig



Main Screen
Quick picture of harsepower efficiency and' fuel burm
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Fipeline: I\J’iking ;I Optirmization Objective: IFUEL ;I
station | Operetinal | CESERE | GERICe | CTFus || Sustion | Disshawe | AcwalFuel | ActslFuel |ir G ioh o | Hetssnover | Horsepowen || Astual | oSS [
F5IG FSIG MISCFD P5IG F5IG DeaF FSIG
> |EOCEET 50.00 0.00 £200.00 670.00
Lirit 1 IDLE | 0.00 0.00 0.000 0.000 0.100 0.0000 A 0.00
Urit 2 IDLE | 0.00 0.00 0.000 0100 0.000 0.0000 A 0.00
Urit 3 IDLE  ~| 0.00 0.00 0.000 0.000 0.000 0.0000 A 0.00
Urit 4 IDLE  ~| 0.00 0.00 0.000 0.200 0.000 0.0000 A 0.00
AMNGUS 50.00 0.00 11100.00 870,00
Uirit 1 IDLE _~| 0.00 0.00 0.000 0.000 0,100 0.0000 A 0.00
Urit 2 IDLE | 0.00 0.00 0.000 0.600 1.000 0.0000 A 0.00
Urit 3 IDLE =] 0.00 0.00 0.000 0.200 0.300 0.0000 I A :
Uikt 4 IDLE | 0.00 0.00 0.000 0.000 0.000 00117 I 2 Fuel SaV|ngS
ADS soo0 |
Urit 1 IDLE | 0.00 0.00 0.000 0.000 0.000 0.0000 I 2 POSS I ble
Urit 2 IDLE | 0.00 0.00 0.000 0,100 0,100 0.0000 I 2
Urit 3 IDLE | 0.00 0.00 0.000 0.000 0.000 0.0000 1 2 0.00
Uit 4 IDIE = 000 0.0oa 0,000 D000 | e h ﬁ
Compressor Stations | Aecsipts/Deliveries | Qal Fuel MMSCFD) - SynerGEE: [02388 Total Fuel - &ctual: [005853
Total Horsepower - Actual mﬁal
000 Actual HFP
anon—L = Optimal HF
3000 ——<
2000
1000 — - - - —
o 900 Abkd 10:00 Ak 11:00 2bd 12:00 Phd 1:00 Pk 2:00 Phd S:00 PhA 4-00 Phkd S5:00 Pk E:00 Pk4 .00 Phd S:00 Pk Eravcha I
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Auxiliary Screen
Performance vs Pipeline Capacity

Optimizer Dashboard

Fipeline: I‘\-"iking ;I Optirization Dbiecw\ ;I
FReceipt or Valume MMCF Vctual Preszure

Meter Mame | Meter Mumber lieg Meter/ [PSIG)
Bl R/ 280,984 \eze.272
St Wincent 17016 iV 4 0.000 N oz6
Hallock 27003 of 0433 5\ 554
Stephen 27004 D 0.270 a0ika7o
Arayle 27005 0212 785 a3
Warren 27006 -1.756 ?55.‘23 0 C dll DE
Thisf River Falls 27051 3163 2 anaed here tg
E ast Grand Farks 27007 ‘ -3.463 ES1 135
Morth American F... 27083 0.000 534.,32 a ale dUditiornd
Grand Forks 27008 26,010 ) M averhead exnense
Crookston 27003 D 5873 72fl523 %
Ada 27010 D\ 0578 52153
Hawley 27014 D \ 1217 [
Moorhead 27011 D\ 11,794 /) B108E5
Earn i bl (n \ o e | E10 OEE

Compreszor Stations :

Total Fuel [MMSCFD] - SynerGEE: ID.DDD Total Fuel - Actual: ID.EDEE




Output Analysis

Management Tool
VGT MDTH
650 Delivered
550

MDTH '\
450

350
250

218 2113 2118 223 2128

120

100
30 Model

DTH
Delivered 0 Actual

per HP A0 /\\// \—’\
20 N

2/8 213 2/18 2123 2128
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Actual vs. Optimal

Pipeline: :MHm:I:rn Modth ~ | Dptimization Objectve: [FUEL - |
saion | Opeano  CEERd R ee | Fuei . | Sumon | Dichape | AcusiFusl [ STUSN . Homepows:  Hosepower | SetPressue | ©
FSIG PSIG MMSCFD PSIG PSIG Deg F
’ 5300 3537.74 9739.61 855,31
Uit 1 RUM  » E13.65 85831 0343 £42 397 789 855 0232
Unit 2 AUM 61365 858,31 0343 0,415 o411 0,000
Unit 3 IDLE |~ 0.00 0.00 0,000 642 312 789,007 0230
Urit 4 IDLE |~ 0.00 0.00 0,000 0.708 -0.458 0,000
M115 727.000 728.000 G000 0,00 661,39 81826
Uit 1 OFFLINE |~ 0.00 0,00 QU000 0,000
Unit 2 OFFLINE |~ 0.00 0.00
Linit 2 IDLE - iR ] 0.00
M113 6000 0.00 10239.87 753.00
Unrit 1 IDLE ~ 000 0.00
M110 G000 0,00 1182839 £49.32
Lnit 1 IDLE - iR ] 0.00
Unit 2 IDLE |~ 0.00 0.00 0,000 0.000 =
Comgressor Stations | Receipts/Deliveres Fuel - SynedGEE: | 0622 | Total Fuel- Actust (0638
Total Horsepower - Actual wvs. Optimal
8000 ————— —— 7 ———] o — R - cot{ A
G000
4000
2000

200 Ak 400 Ak S:00 A 5:00 A F00 A 200 A Q00 AM  10:00 AWM 1100 AM 12200 PM 100 P 2:00 P

| HP Trending | Output Log

[ Dveride.. | [ SaveModel ToDE | [ Optimize |



Measurable Outcomes

e Optimum fuel usage
e Reduced emissions
» Reduced compressor start up/blow downs
« Commercial optimization for daily capacity
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Questions?
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