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NiSource

Columbia Gas of Pennsylvania (CPA)
Columbia Gas Transmission (TCO)
Columbia Gulf Transmission (CGT)
Crossroads

Hardy County Storage

Midstream

Millennium




NiSource




NiSource

CPA |TCO |CGT |Crossroads [Hardy Storage [Midstream [Millennium [Totals
Compressor Stations 1 90 11 1 1 1 2 107
Total Horsepower 800| 620,209|470,238 3000 7100 5280 19,020] 1.125.,647
Compressor Units 1 320 77 1 2 4 4 409
Reciprocating Units 1 232 53 0 2 4 3 295
Turbine Units 0 72 22 0 0 0 1 95
Electric Motor Units 0 16 2 1 0 0 0 19




Why on-line monitoring ?

Infrastructure exists

Programming tools exist

Need to verify torque control programming
Need to verify horsepower

Need to verify surge control programming

Need supporting tool for verifying the
health of engines & compressors

Need a tool for indicating trouble spots




Information — Reciprocating
Engines & Compressors

Horsepower

Heat Rate / Fuel Consumption
Throughput

Unloading step

Gas compressor discharge temperature
Rod load

Degrees of pin reversal



Information — Gas Turbine &
Centrifugal Compressor

Horsepower

Heat Rate / Fuel Consumption

Throughput

Gas Compressor Discharge Temperature
Surge Margin / Turndown
Air compressor discharge pressure (Pcd)

T5 (Solar)
Exhaust Temperature (

/ — Solar)



Heat Rate

* Can be defined as the rate of fuel energy
needed to produce one (1) unit of power.

* In the ‘perfect world,” an engine would
have a heat rate of 2545 BTU/BHP-hr.

* Is another way of representing thermal
efficiency.



Coolant Schematic
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BTU

e« “BTU” stands for British Thermal Unit
* Equivalent to 778.26 ft-1bf
 Units of ‘work’ are also “ft-Ibf”



Horsepower

* A horsepower is equivalent to
33,000 ft-Ibf/minute

e Can also be described as “the rate
of doing work”



Heating Value of Fuel — Higher and
Lower

« "Higher Heating Value” is abbreviated as “HHV”

« HHV assumes that the water content of the
exhaust condenses

* “Lower Heating Value” is abbreviated as "LHV”

« LHV assumes that the water content of the
exhaust remains in vapor form.

 LHV can be approximated as 91.5% of HHV




CAT

G3606
G3612
G3616

Cooper-Bessemer

LSV-12
LSV-16
GMV-BTF
GMV-B8TF
GMV-10TF
GMV-BSTF
GMV-8STF
GMVAB
GMVA-B
GMVC-8
GMVH-10
GMWA:-8
GMWC-3
GMWH-8

Clark
TLAG
TLA-B
TLA-10
TLAD-10
TRA-B
HSRA-8T

Ingersoll-Rand
JEKVS
IBKVSRA
410KVG-1
412KVG-1
412KVGB
48KVS
83KVG-1

Superior
6GTLB
8GTLB

Heat Rate Models — Reciprocating
Engines

Waukesha
3I711GU
5108G
7042G
H2475GU

Worthington
ML-10



Heat Rate Models — Gas Turbines

Dresser-Rand Solar

D-R 22 (Allison) Saturn T1002
Saturn T1202

Pratt & Whitney  Saturn T1302

GG3 Centaur 40 T4002
GG4 Centaur 40 T4502
Centaur 40 T4702S
Rolls-Royce Taurus 60 T70025
Avon Taurus B0 T7302S

Taurus 60 T7802S
Mars 90 T12002

Mars 100 T15002S
Titan 130 T19502S
Titan 130 T19802S
Titan 250 T30002S



Heat Rate — Manufacturer’s Info
2-shaft Gas Turbine

GENERAL ~ELECTRIC _MODEL_M3132. L

13100HP GAS TUREIN
ESTIMATED PERFORMANCE
COMPRESSOR INLET TEMPERATURE F
COMPRESSOR INLET PRESSURE [M.17 PSIA
HATURAL GAS DISTILLATE OIL
PUT 13100 12,700

FUEL
DESIGN OUT
RATI0 HHV/LRV

DESIGN AIR FLOW
DESIGN SHAFT SPEED

DESIGR HEAT RATE (LHV)
DESIGN FUEL CONSUMPTION (LHV)

377,000
6,500

HP
BTU/HP HR
BTU/HR

LBS/HR
RPM

9850
123x 108
[RT

9,950
125.5x 106
1.06

NOTES:
1, ALTITUDE CORRECTION ON CURVE

DACP EFFECTS:
% EFFECT OX
& HR
€ H0 INLET =21 411
8 E0 EXM. =140
3. FOR EACH 9 Np0 TOTAL
PRESSURL DR0P
EXHAUST TDPERATURE 8Y 3°F,
et 9. OPLRATION AT NONINAL TURBINE
T=—="  EXNAUST TDMPERATURE ICOSF. >
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Heat Rate — Manufacturer’s Info
Reciprocating Engine

ER.B. 3-11- 84, SUPERSEDES GD9-4388-280.

GD9-4388-289
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Discerning Between ‘Operational”
or ‘Maintenance’ Related Issues

OperationalDifference = (1_ ActualHeatRate j

T arg etHeatRate

I\/IaintenanceDifference:(l— ActualHeatRate J

ExpectedHe atRate



Heat Rate using Gas Horsepower

BTU(LHV)
GasHp- hr

EffectiveH eatRate =



Heat Rate ( BTU(LHV)/BHP-hr)

Huff Creek CS Unit #4
Reported versus Expected Daily Heat Rate
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Coco CS Unit #7
Reported versus Expected Daily Heat Rate
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Effective Heat Rate (BTU(LHV)/GHP-hr)

Ceredo CS
Effective Heat Rate Comparison - 2009
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Lost River CS Unit #7 — Fallure
1/1/2010

b Pl ProcessBook - [Lost River CS - Unit #7%]
(BHEl Eot yew Insert Tools Draw Arrange Window Help
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Parting Thoughts....

« Compressor calculations whether
reciprocating or centrifugal are fairly easy
to build into an on-line monitoring system

* Modeling the expected performance of the
engine is more difficult

» Before an on-line monitoring tool can
Indicate a true problem, a lot of work has
to be done to verify data inputs and
supporting calculations




