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Field layout Asgard subsea compression

Asgard A 1 Asgard B A
w * ‘o0,
| /Q

Facts:

Kompre:sor-
stasjon

S

2x10 MW subsea compression

40 km step out
Production 21 Mill S

Midgard

Mikkel




N

What is Susbea Compression? N
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« Compressor located by the wellheads
* Increase of hydrocarbon stream
 Enhance reservoir recovery

* Enable transport of wellstream over long
distances.




Asgard Compression Train
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Asgard Subsea Compressmn Compressor
Main Equipment

I

Inlet Cooler |™ a

Liquid Pump
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Retrievable modules

Cooler Module
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Subsea Pass

Full Cooler bundle

Top Header




The Basecase NG
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* New Project
* Optimized Design
 Client wants:

— Max. compactness
— Min. cost

* Optimize Conductivity/
cost
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» Cooler
— Materials Technology
— Coating Technology
— Tube Size Design
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Critical to Quality INCOSE

Las Vegas, NV
June 30 - July 3, 2014

» Constructability
* Operational Robustness
» Cost

* Dimensional constraints



Use Case Analysis NG
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Use Case Analysis NG
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Use Case Analysis
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Use Case Analysis
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UCA Findings INCOSE
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* Nominally Dry
* Risk of Hydrate plugs




Feasibility Probing

* Time consuming

Chaotic
Itterative

Constraints
1 Existing hardware
1 Captured Requirements
1 Applicable Standards

1 CTQs Measure of Performance

Frame
&
Identify Goal

Thermal Modelling
Stakeholder Input
Lit. Review

Identify
Alternatives

Stakeholder Input
Dim. Constraints
Physical Const.
Requirements

‘ Refine
Alternatives

Utility Scales
Thermal Modelling
Cost Analysis
Technical Risk

Evaluate
Alternatives
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Verify Design
Concept(s)
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Coatings

Cooler size increase as function of organic Anode needs (small tube)
coating thickness 18,000.0
90% 16,000.0
80% 14,000.0
'o\—o' 70% 12,000.0
O 60% 10,000.0
§ 50% /i A —*—Large Tube | | 8,000.0
E’ 40% ID 6,0000
- —#-Small Tube
Q 30% 4,000.0 -
N ID .
» 20% 2,000.0 —.
10% 0.0 —_—
o 1 2 3 4 5 6 7 8 9 10
0%
0 50 100 150 200 250 300 350 ® Metal Coating ~ ® Uncoated
Organic Coating Thickness [um] 250 mDFT ® 350 mDFT
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Cooler Compactness

Tube material conductivity effect on cooler volume
(relative to base case)
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Complexity

Susceptible
material
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Comp|eXity
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AHP: Decision Support Tool %&*
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Design Concept

N v
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Design Concepts  “+ 1 1- Base Case <] .- 2 3 q 5
_H CRA - Uncoated - S. Tube 1D - MW- | M CRA - Anodic C. - M. Tube ID-MW | H CRA - Uncoated - L Tube ID-TW | M CRA - Anodic C. - L Tube ID-MW |  LAS - Anodic C. - L Tube ID - HW
Offr | Ratng | Sare Olfer Rating | Scre Offer Rating | Score Offer Ring | Score Offer Rating | Score
Inner Dameter [min, Hydpgs| 0,29 low 10 001 | 00029 [ MdumiD 02 | Dnosss HghID 041 | 01205 High 10 041 | 0205 [ Medumwp 028 | 00823
20 Bovrier Corrosion Protictiod 0,15 HCRA 07 | 094 |MceA Anasic.| 041 | 00802 HCRA 02 | 0009 | MGRAvAosicC | 041 | 00602 | IAS+AsodcC. | 041 | aoem
 Anode neods(welntF, Corrent)| 0,14 | Sl {5000kg/708) | 028 | 0,0389 | 4eaa(392ke/34) | 041 | D363 | STuAe[SEO0KZ/EAA) | 01 | 0,0139 | Gean(58BkgS5.24) [ 041 | 00669 | SxAle9mkg/e1A) | 041 | 00569
i o Wiekds 0,09 1500 {bendid) 01 | 00086 | 1200(fmiegs] | 02 | 007 960 (fitings ) 028 | 00040 | 960 (firtings) 028 | 0,000 | 480 (banded) 041 | 0035
Wekabley 0,03 Geod 031 | o089 Good 031 | 09 Mdum 02 | ooos? Good 031 | o089 Very Good 041 | aons
Coatobdty 0,03 Uncoated 041 | o7 Anodc € ol | 00m9 Uncaatod 041 | ooz Anodic C 02 | 0s7 Peodic C 02 | aoost
, Cost (Relatiw to ikl Concegt] | 0,29 100% ol | 0086 39% 028 | ogeco 88 % 028 | 00300 9BH 01 | 0086 1% 041 | aun
Tellow GREEN
F - Asodic €. TQP - New Manuactring Process Headers (HIP) |- Anodic C TOP
T . New Manufacturing Process Headers |- Fydrogen Evol.bon and CF Induced Cake |- New Manufacturing Process Headers (H
{HIP) |Buichp
- Unikely to Fit Al Anodes
- Success With Material Sekaction and - Advanatage to have asodic coabngs |- Advanatagn to have anodic coatings qualbfid |- Advanatage to inckade anodic coatings in - |- Advanatage to have anodic coatings
Coretruchion process qualified for cooler technology portifolo | for cooler technology portifobo for cooler technology portifoko qualified for cooler techmalogy portifolio
Opportunitics /- - Modabed Design, partly verified - Cost EMfective - Cont Effactive - Highly cost Effactive
- Innovative and competatve design
Total Score / 129 285 285 305 L1369
 Solour Codes | Numerical Winner |
| '
Red: HighRisk |

Yellow: Medium RlSkI




Goal

What SE Tools were utlized?

- Use Case Analysis
- AHP

- Feasibility Probing Process
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Conclusion
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« UCA opened crucial discoveries

+ AHP:

— Organize thinking & Decision Support
— Communicate «wholeness»

* Generic Usability of SE approach
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The end

Thank you very much for your
attention
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Cooler Efficiency

OHTC as function of tube material conductivity
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