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Scope of WorkScope of Work
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Project ObjectivesProject Objectives
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Machinery PerformanceMachinery PerformanceMachinery PerformanceMachinery Performance



HeeraHeera Compression ManagementCompression Management
Production Enhancement OpportunitiesProduction Enhancement Opportunities

Immediate Near Future Future

Option 1a Option 1b (or 1c) Option 2 or 3

Recover performance of 
existing machinery and 
resolve process issues

Rewheel PGC’s

Upgrade MAN GHH 
Turbines

Replace existing 3 HRG 
trains with 2 trains of larger 

capacity

Introduce performance 

Monitoring and assessment



Heera Separator & PGC Train Configuration

HP SEP-HRC

PGC IV

HP SEP-A

MSE (Consultants) Ltd

North House, 31 North Street,

Carshalton, Surrey SM5 2HW, UK

ONGC Heera Asset
Process & Compression Facilities

SCHEMATIC DIAGRAM

05M9456
Drg. No. Date Revision

28-06-05 0

HP SEP-B

LP SEP-HRA SURGE TANK

HP SEP-HRA

PGC C

PGC B

PGC A

PGC V



Flow Flow Flow Flow
Heera Typical 4 Train Operation

Compression Train

Heera Typical Separator Operation

Separator

HeeraHeera Facilities Overview Facilities Overview –– Current Gas Current Gas 
RatesRates

Flow Flow Flow Flow
kSm3/hr MSm3/day kSm3/hr MSm3/day

HP-A 64.17 1.54 B 43 1.03
HP-B 56.67 1.36 C 45 1.08

HP-HRC 34.75 0.83 IV 55 1.32
HP-HRA 31.92 0.77 V 58.5 1.40
LP-HRA 0.67 0.02 Total 201.5 4.84

Surge Tank 0.33 0.01 Ejector Process 4.72 0.11
Total 188.5 4.52 Ejector "Power" 17.7 0.42

Net Flow 188.5 4.52
Export Gas 20.8 0.50
Net Lift Gas 167.7 4.03

Compression TrainSeparator



Design Flows of Existing Trains Design Flows of Existing Trains –– 5 Trains5 Trains

(MSm3/day) (MSm3/day) (MSm3/day) (MSm3/day) (MSm3/day)
Existing
(Rated)

Total Heera Rated 
Design Flow

1.33 1.2 2 3 5 2.66 3.60 6.26

Existing Rated Design Flows (At Aerodynamic Design Point)

Option

Rated Design 
Flow Per HRC 

Train

Rated Design 
Flow Per HRG 

Train
Number of 
HRC Trains

Number of 
HRG Trains

Total 
Number of 

Trains

Total HRC 
Rated Design 

Flow

Total HRG 
Rated Design 

Flow

Note:  The Rated flow specified for the HRC trains is the approximate aerodynamic rated flow (at peak efficiency), not
the flow referred to as "Rated - Case 2" on the Kawasaki datasheet (1.2 MSm3/day). The flow of 1.33 MSm3/day used
above is more indicative of the volume flow capacity of the Kawasaki compressor.
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Maximum Rates Achievable
Currently (4 Train)

Maximum Flows

At Max EGT for 30 oC Ambient
For Machinery & System Conditions April 2005

Heera 4 Train  Operation

Flow Flow
kSm3/hr MSm3/day

B 43 1.03
C 45 1.08
IV 58 1.39
V 64 1.54

Total 210 5.04

Maximum Flows Include Following Factors:
MAN GHH Turbine degradations
KOD Cascade in HRG trains
Kawasaki PGC performance degradations
Train IV 18% power discrepancy
Train V 11% power discrepancy

Compression Train



Flow Flow
Compression Train

Maximum Flows
Heera 5 Train  Operation

At Max EGT for 30 oC Ambient
For Machinery & System Conditions April 2005

Maximum Rates Achievable Currently (5 Train)Maximum Rates Achievable Currently (5 Train)Maximum Rates Achievable Currently (5 Train)Maximum Rates Achievable Currently (5 Train)

Flow Flow
kSm3/hr MSm3/day

A 40 0.96
B 43 1.03
C 45 1.08
IV 58 1.39
V 64 1.54

Total 250 6.00

Maximum Flows Include Following Factors:
MAN GHH Turbine degradations
KOD Cascade in HRG trains
Kawasaki PGC performance degradations
Train IV 18% power discrepancy
Train V 11% power discrepancy

Compression Train



Factors Currently Limiting CapacityFactors Currently Limiting Capacity
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Flow Increases Achievable With Existing EquipmentFlow Increases Achievable With Existing Equipment

Maximum Assume the Following
MAN GHH turbine EGT limited to 687 oC
No KOD cascade
PGC performance as measured April 2005

Note:  PGC operating points close to choke where
MAN GHH Max EGT Limited to 687 oC

Solar-Kawasaki Power Discrepancy Resolved

At Max EGT for 30 oC Ambient
MAN GHH Turbines Returned To As-Designed Condition

Maximum Flows
Heera 5 Train  Operation

Note:  PGC operating points close to choke where
performances are more difficult to predict.

Flow Flow
kSm3/hr MSm3/day

A 59.4 1.43
B 59.4 1.43
C 59.4 1.43
IV 68.7 1.65
V 71.1 1.71

Total 318 7.63

Compression Train

PGC Performance As April 2005
Solar-Kawasaki Power Discrepancy Resolved

Compare with the 250 kSm3/hr (6 MSm3/day) that could presently be achieved with 5 trains at 
maximum EGT.

With 4 trains, 259 kSm3/hr (6.2 MSm3/day) could be achieved

Note: Above flows achieved without changes to PGC performances.



Offshore TestingOffshore Testing
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PGC Performance AnalysesPGC Performance Analyses
MAN GHHMAN GHH

PGC Performance AnalysesPGC Performance Analyses
MAN GHHMAN GHHMAN GHHMAN GHH

Trains A, B & CTrains A, B & C
MAN GHHMAN GHH

Trains A, B & CTrains A, B & C



Range of Test Flows AchievedRange of Test Flows Achieved
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Train A Stage 1 Head Performance

0.10

0.10

Normalised Vendor
F.A.T. Head Curve

Test Points

0.06

0.07

0.07

0.08

0.08

0.09

0.09

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Q/N

H
/N

2 
* 

10
00

Test Points

Actual Head
Performance

Typical Operating
Point - 4 Train
Operation



MAN GHH PGCMAN GHH PGC
VendorVendor--Stated PerformancesStated Performances
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Realistic Compressor Performance ExpectationsRealistic Compressor Performance ExpectationsRealistic Compressor Performance ExpectationsRealistic Compressor Performance Expectations

Stage 1 Stage 2 Stage 3

Head m 10205 13313 20922

Head Coefficient --- 0.513 0.496 0.595

Peak Efficiency % 85 79 81

F
.A

.T
. 

P
er

fo
rm
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ce

Head m 9598 12947 19160

Efficiency* % 85.2 74.1 72.7

Head Loss From F.A.T % 6.0 2.8 8.4

Efficiency Loss From F.A.T % 0.4 6.1 10.6

Head Coefficient --- 0.482 0.483 0.545

Efficiency % 78.9 72.2 67.4

Efficiency Loss From F.A.T % 7.77 8.53 17.08

Note: Losses calculated using performance curves from F.A.T as a datum,
not  vendor predicted performance curves from API datasheet.

* From discharge temperature.
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Stage 1 Head PerformanceStage 1 Head Performance

Man GHH PGC: Stage 1 Head Performance - All Trains

0.090

0.095

0.100

Vendor F.A.T. Curve

Train A Field Test

Train B Field Test

0.060

0.065

0.070

0.075

0.080

0.085

0.090

0.40 0.50 0.60 0.70 0.80 0.90 1.00

Q/N

H
/N

2 
* 

10
00

Train C Field Test

Original Vendor
Predicted Curve

No head losses compared to vendor-predicted curve
Average of 8% head loss compared to vendor FAT curv e



Stage 1 Efficiency PerformanceStage 1 Efficiency Performance

Man GHH PGC: Stage 1 Efficiency Performance - All T rains
Normalised Actual Efficiencies Referenced To Normal ised Design Efficiencies at 80% Speed

82.0

84.0

86.0

In Train A, KOD cascading of gas occurs
from Stage 2 suction KOD to
Stage 1 suction KOD. The resulting
JT cooling may affect temperatures,
causing scatter in calculated efficiencies.
Cascading of gas around Stage 1 compressor
does not occur in Trains B & C. These

70.0

72.0

74.0

76.0

78.0

80.0

82.0

0.40 0.50 0.60 0.70 0.80 0.90 1.00

Q/N

E
ffi

ci
en

cy

Vendor F.A.T. Curve

Train A Field Test

Train B Field Test

Train C Field Test

Original Vendor
Predicted Curve

does not occur in Trains B & C. These
have more stable, and lower, calculated efficiencies.

Negligible efficiency losses compared to vendor-pre dicted curve
Average of 10.7 % efficiency loss compared
to vendor FAT curve (for Trains B & C)



Stage 2 Head PerformanceStage 2 Head Performance

Man GHH PGC: Stage 2 Head Performance - All Trains

0.115

0.125

0.135

Vendor F.A.T Curve

Train A Field Test

Train B Field Test

Train C Field Test

0.045

0.055

0.065

0.075

0.085

0.095

0.105

0.25 0.30 0.35 0.40 0.45 0.50 0.55

Q/N

H
/N

2 
* 

10
00

Original Vendor
Predicted Curve

No head losses compared to vendor-predicted curve
Average of 5.5% head loss compared to vendor FAT cu rve



Stage 2 Efficiency PerformanceStage 2 Efficiency Performance

Man GHH PGC: Stage 2 Efficiency Performance - All T rains
Normalised Actual Efficiencies Referenced To Normal ised Design Efficiencies at 80% Speed

76.0

78.0

80.0

58.0

60.0

62.0

64.0

66.0

68.0

70.0

72.0

74.0

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

Q/N

E
ffi

ci
en

cy

Vendor F.A.T. Curve

Train A Field Test

Train B Field Test

Train C Field Test

Original Vendor
Predicted Curve

No efficiency losses for Trains A & B compared
to vendor-predicted curve, 2% for Train C
Average of  3% efficiency loss compared
to vendor FAT curve



Stage 3 Head PerformanceStage 3 Head Performance

Man GHH PGC: Stage 3 Head Performance - All Trains

0.170

0.180

0.190

0.100

0.110

0.120

0.130

0.140

0.150

0.160

0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.22

Q/N

H
/N

2 
* 

10
00

Vendor F.A.T Curve

Train A Field Test

Train B Field Test

Train C Field Test

Original Vendor Predicted Curve

No head losses compared to vendor-predicted curve
Average of 14% head loss compared to vendor FAT cur ve



Stage 3 Efficiency PerformanceStage 3 Efficiency Performance
Man GHH PGC: Stage 3 Efficiency Performance - All T rains

Normalised Actual Efficiencies Referenced To Normal ised Design Efficiencies at 80% Speed

74

76

78

80

82

84

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

72
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Vendor F.A.T. Curve

Train A Field Test

Train B Field Test

Train C Field Test

Original Vendor Predicted Curve

No efficiency losses compared
to vendor-predicted curve
Average of  16.5% efficiency loss compared
to vendor FAT curve



MAN GHH PGC Performance SummaryMAN GHH PGC Performance Summary
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Additional Stage Flows In MAN GHH TrainsAdditional Stage Flows In MAN GHH Trains
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Additional PGC Stage FlowsAdditional PGC Stage Flows

Stage 1 Stage 2 Stage 3
Flows In Addition  To 
Forward Flows Stage 1 Stage 2 Stage 3
Flows In Addition  To 
Forward Flows

0 4

Forward Flows

0 15

4 16

kSm3/hr

kSm3/hr

kSm3/hr 0

0

4
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ra
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0 4

Forward Flows

0 15

4 16

kSm3/hr

kSm3/hr

kSm3/hr 0
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Potential Leakage Paths via KOD Cascades



CascadCascad Test Test –– Flow Traces Train AFlow Traces Train A







Offshore Test Performed 27Offshore Test Performed 27--66--0505
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Cascade Test Cascade Test –– Train A Flows At Same PowerTrain A Flows At Same Power

With Cascade Without Cascade

51.5

EGT Approx. 695 oC
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 1

kSm3/hr 43.5
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kSm3/hr 44.5 50.9

S
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 3

kSm3/hr 53.2 50.5

51.5
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kSm3/hr 37.5 50.7
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 1

kSm3/hr 43.5



MAN GHH Trains MAN GHH Trains -- ConclusionsConclusions
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MAN GHH Trains MAN GHH Trains –– Action Plan ToAction Plan To
Increase Production CapacityIncrease Production Capacity

Immediate ActionsImmediate Actions

Turbines
Replace/repair bleed valvesReplace/repair bleed valves
Investigate IGV schedules and actuation mechanisms
Wash GG compressors
Attend to instrumentation issues (e.g. CDT measurements)
KOD Liquid Cascade System
Investigate; liquid level control settings, suitability of positioning of 
level gauges, sizing of LLC control valves
Ensure that presence of liquids is always maintained in KOD’s to 
avoid “short-circuiting” gas path from one stage to another



�����"#�$���%��!�����������"#�$���%��!������&& ����������� �����������

Turbines
Turbines showing good performance
PGC’s
Stage 3 (in both trains) showing significant performance losses & may 
benefit from new balance-piston seals. However, design of Stage 3 
makes it vulnerable to in-service performance losses.
Apparent Power Imbalance
There are large differences between calculated turbine & PGC powers
Controlling turbines to such calculated powers severely limits capacity 
of Trains IV & V



Solar/Kawasaki Trains – Action Plan To
Increase Production Capacity

Immediate Actions
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Production Enhancement OpportunitiesProduction Enhancement Opportunities

Option 1a
Resolve existing operating issues and overhaul MAN turbines
Option 1b
As Option 1a, but in addition, upgrade MAN turbines to 1304-11AP As Option 1a, but in addition, upgrade MAN turbines to 1304-11AP 

specification (11.2 MW ISO) and rewheel MAN PGC bodies. This 
option could also be achieved by replacing existing HRG units with 
three of the same specification as Train V.

Option 2
Replace three HRG trains with two trains, each with 15 MW ISO turbines
Option 3
Replace three HRG trains with two trains, each with 30 MW ISO turbines
In all options considered, the HRC trains remain un changed



Production Enhancement OpportunitiesProduction Enhancement OpportunitiesProduction Enhancement OpportunitiesProduction Enhancement Opportunities

Heera PGC Capacity Expansion Options
Maximum Flows for 30 oC (6.8 to 84 kg/cm 2-a & 24.2 kg/kmol)

All Trains Running (5 Trains Existing & Options 1a & 1b. 4 Trains Options 2 & 3)

Option 3
(2 HRG Trains)

13.00

14.00

15.00

Total HRG Max Flow

Option 2
(2 HRG Trains)

Option 1b
(3 HRG Trains)Option 1a

(3 HRG Trains)
MAN 720 EGT

Option 1a
(3 HRG Trains)
MAN 687 EGT

Existing
(3 HRG Trains)

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

11.00

12.00

Capacity Expansion Options
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Option 1a
Overcome Factors Currently Limiting Capacity
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Option 1aOption 1a
Flow Increases Achievable With Existing EquipmentFlow Increases Achievable With Existing Equipment

Maximum Assume the Following
MAN GHH turbine EGT limited to 687 oC
No KOD cascade
PGC performance as measured April 2005

MAN GHH Max EGT Limited to 687 oC

At Max EGT for 30 oC Ambient
MAN GHH Turbines Returned To As-Designed Condition

Maximum Flows
Heera 5 Train  Operation

Note:  PGC operating points close to choke where
performances are more difficult to predict.

Flow Flow
kSm3/hr MSm3/day

A 59.4 1.43
B 59.4 1.43
C 59.4 1.43
IV 68.7 1.65
V 71.1 1.71

Total 318 7.63

Compression Train

PGC Performance As April 2005
Solar-Kawasaki Power Discrepancy Resolved
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