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Challenged by Riser Issues?
Whether you are looking for a source for advancing SCR solutions 

for HP/Sour Service, exploring technologies for direct well riser 

access from semis (for pulling and running ESPs, for example) or 

you need independent technology verification for today’s most 

difficult deepwater challenges; consider Granherne/ KBR.  

Our roots run deep.

offshore.kbr.com/os
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THE DEFINITIVE GUIDE TO RISER BUOYANCY
and associated products is available

FREE at:balmoraloffshore.com

◗ Riser buoyancy

◗ Pin/box protection

◗ Clamps

◗ VIV strakes
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Chart 2 – Classification of DEEPWATER PRODUCTION RISER SYSTEMS
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Figure 2 - Configurations of Free-Hanging Risers

A&R Abandon and Recover
ABS American Bureau of Shipping
AL Artificial Lift
API American Petroleum Institute
AWS American Welding Society
BCF Billion Cubic Feet
BOEMRE  Bureau of Ocean Energy  

Management, Regulation,  
and Enforcement

BOP Blow-Out Preventer
BOPD Barrels of Oil per Day  
BPD   Barrels Per Day  
BTU British Thermal Unit
C/WO Completion/Workover
CAPEX   Capital Expenditures  
CFR Code of Federal Regulations
DBD Design Basis Document
DnV Det Norske Veritas
EDP Emergency Disconnect Package
EPIC Engineering, Procurement, 
 Installation, and Construction
ESDV Emergency Shutdown Valve
ETLP Extended Tension Leg Platform
FAT Factory Acceptance Test
FBE Fusion Bonded Epoxy
FOI Floating Offshore Installation
FPS   Floating Production System  
FPSO    Floating Production Storage  

& Offloading Vessel  
FPU Floating Production Unit

FSHR Free Standing Hybrid Riser
FTP Flowing Tubing Pressure
GLR Gas Liquid Ratio
GOR Gas Oil Ratio
GVF   Gas Volume Fraction  
HAZOP Hazard and Operability
Hmax Maximum Wave Height
Hs Significant Wave Height
HIPPS  High Integrity Pressure Protection 

System
HPHT High Pressure High Temperature
HSE Health, Safety and Environment
ID Inside Diameter
ISO  International Organization for 

Standardization
LAST  Lowest Anticipated Service 

Temperature
LMRP Lower Marine Riser Package
LWRP Lower Workover Riser Package
MAP Maximum Allowable Pressure
MBCPD Thousand Barrels Condensate Per Day
MBIWPD  Thousand Barrels Injected Water  

Per Day
MBOPD Thousand Barrels Oil Per Day
MBWPD Thousand Barrels Water Per Day
MMBOE Million Barrels Oil Equivalent
MMSCFD Million Standard Cubic Feet Per Day
MODU Mobile Offshore Drilling Unit
NACE  National Association of Corrosion 

Engineers

OD Outside Diameter
OOR Out-Of-Roundness
OPEX   Operational Expenditures
OSCR Offset Steel Catenary Riser
PARLOC  Pipeline And Riser Loss of Containment
PIP Pipe-In-Pipe
PLEM Pipeline End Manifold
PLET  Pipeline End Termination  
PLIM   Pipeline Inline Manifold  
PMV Production Master Valve
PPMV Parts Per Million by Unit Volume
PWHT Post Weld Heat Treatment
PWV Production Wing Valve
RAO  Response Amplitude Operator
ROV   Remotely Operated Vehicle  
RWI Raw Water Injection
SCF Stress Concentration Factor
SCR Steel Catenary Riser
SCSSV  Surface Controlled Subsurface  

Safety Valve
SEMI  Semi-Submersible Drilling /  

Production Vessel
SITP Shut-In Tubing Pressure
SLOR Single Line Offset Riser
SLWR Steel Lazy Wave Riser
SPAR  Deep-Draft Floating Caisson Type 

Vessel
SS Subsea 
SSIV Subsea Isolation Valve
SSV Surface Safety Valve

Tp Peak Wave Period
TLP Tension Leg Platform  
TSA Thermal Sprayed Aluminum 
TTR Top-Tension Riser 
TVD True Vertical Depth 
USCG United States Coast Guard 
VIM Vortex Induced Motion 
VIV Vortex Induced Vibration 
WCT Wireline or Coiled Tubing  
WD Water Depth 
WH Wellhead 
WI Water Injection 
WT Wall Thickness 
WSD Working Stress Design 

TABLE 2 -  INDUSTRY ACRONYMS & ABBREVIATIONS

ADDITIONAL REFERENCES
For those who wish to further under-
stand “Riser Terminology”, refer to 
the following industry Recommended 
Practices & Standards:
1. API-RP-2RD  
2. API-RP-1111  
3. ISO 13628-7:2005 (API-RP-17G)  
4. API-SPEC-5L  
5. DnV-OS-F201  
6. DnV-RP-F202 
7. DnV-RP-F204  
8. ISO 13628-2:2006(API-SPEC-17J)  
9. ISO 13628-11:2007(API-RP-17B)  

Courtesy of 

Table 3 - Riser System Options with Floating Production Platforms

Riser Types
Floating Production Platform Types

Compliant Tower TLP SPAR SEMI FPSO Mini-TLP Min-Doc

1.0 Free-Hanging Risers

1.1

Steel Catenary Risers

1.1.1 Simple Steel Catenary Riser (SCR) H H H H H H H
1.1.2 Wave Shape Risers H H H H H H H

1.2

Unbonded Flexible Risers

1.2.1 Metallic Unbonded H H H H H H H
1.2.2 Non-Metallic Unbonded H H H H H H H
1.2.3 Metallic and Non-Metallic Hybrid Unbonded H H H H H H H

1.3
Offset Free-Hanging Risers

1.3.1 Offset Steel Catenary Risers (OSCR) H H H H H H H
2.0 Top-Tension Risers

2.1

Top -Tension Risers on Floating Production Platforms

2.1.1 Buoyancy Air Tank Tensioner NA NA H NA H NA NA

2.1.2 Hydro-Pneumatic Tensioner, Pull-Style NA H H H H H H
2.1.3 Hydro-Pneumatic Tensioner, Ram-Style NA H H H H H H

2.2

Free Standing Hybrid Risers (FSHR) 

2.2.1 Riser Bundle Tower with Multiple Risers NA H H H H H H
2.2.2 Single Line Offset Riser (SLORTM) NA H H H H H H

2.3
Bonded Non-Metallic (Composite) Risers

2.3.1 On Floating Platforms or Free Standing NA H H H H H H
Courtesy of H Installed H Feasible H Conceptual 

Graph 1 - Water Depth Limit of Simple Steel Catenary Riser (API-5L X-65, per Industry Design Criteria)

Courtesy of 

Graph 2 - Design Limits of Simple Steel Catenary Risers (API-5L X-65, per Industry Design Criteria)

Courtesy of 

Table 5 – Installed and Sanctioned Free Standing Hybrid Risers (FSHR)

Field
Type 

Water  
Depth Year 

Installed Status Operator Floating Platform Type
# of  

Towers or 
Risers

Installation 
Method

Name Region (m) 
Green Canyon 29 GoM Bundle 473 1988 De-commissioned Placid Oil Co. Semi-Submersible 1 Production Platform 

Drilling RigGarden Banks 388 GoM Bundle 639 1994 De-commissioned Ensearch Semi-Submersible 1

Girassol Angola Bundle 1,350 2001 Operating Total Elf Spread Moored FPSO 3 Surface Tow 

Rosa Angola Bundle 1,350 2007 Operating Total Elf Spread Moored FPSO 1 Surface Tow 

BP Greater Plutonio Angola Bundle 1,311 2007 Operating BP FPSO 1 Surface Tow

Kizomba A Angola Single Line 1,006 to 
1,280 

2004 Operating Exxon Spread Moored FPSO

NA

J-Lay Vessel

Kizomba B Angola Single Line 2005 Operating Exxon Spread Moored FPSO

Block 31 NE Angola Single Line 2,100 - Detailed Design/Execute BP Turret Moored FPSO

P-52 Campos Basin Single Line 1,800 2007 Operating Petrobras Roncador FPU 1 J-Lay Vessel

Cascade/Chinook GoM Single Line 2,600 2010 Operating Petrobras Turret Moored FPSO with a disconnect-
able Submerged Turret Production Buoy 5 Reel

Figure 9 - Top-Tension Riser Components Courtesy of Technip

Courtesy of 2H and
Graph 5 - Internal Pressure Capability of Unbonded Flexible Risers, Installed & Qualified with API-17J

Graph 4 - Water Depth Capability of Unbonded Flexible Risers, Installed & Qualified with API-17J

Graph 3 - Year vs Number of Flexibles Installed

Courtesy of Deepflex, NKT, Technip, Wellstream &

Courtesy of Deepflex, NKT, Technip, Wellstream &

Table 4 - Technology Status of Unbonded Flexible Risers 

Name Status Specification
Max Allowable Water Depth (WD) Max Inside Diameter (ID) Max Allowable Pressure (Mpa)

WD (m) Associated 
ID (in)

Max  
Temperature  

(°C)

Integral with 
Service Lines ID (in) Associated 

WD (m)

Max  
Temperature 

(°C)

Integral with 
Service Lines

Pressure  
(Mpa)

Associated 
ID (in)

Max  
Temperature 

(°C)

Integral with 
Service Lines

Deepflex Installed 1500 3 70 N 8 50 70 N 42 3 70 N
Qualified 3500 8 90 N 10 2200 90 N 69 2 70 N
Enabling 3500 8 120 N 16 1000 120 N 103 2 70 N

NKT 
Flexibles

Installed 1670 6 130 N 16 380 130 N 83 9 130 N
Qualified 2000 6 130 N 16 500 130 N 83 9 130 N
Enabling 4000 8 150 N 16 1500 150 N 103 5 150 N

Technip Installed 2100 10 130 Y 19 300 130 Y 138 4 130 Y
Qualified 3000 9 170 Y 19 500 170 Y 138 6 170 Y
Enabling 3000 12 170 Y 21 500 170 Y 128 9 170 Y

Wellstream Installed 2250 6 130 N 16 250 130 N 104 4.75 130 N
Qualified 4200 2 130 N 16 487 130 N 104 4.75 130 N
Enabling 3000 9.125 130 N 18 500 130 N 104 8 130 N
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Chart 1 - COMPANIES WITH SUBSEA RISER SYSTEMS & COMPONENTS
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Courtesy of Table 1 - Alternatives / New Concepts of Riser Systems & Components

# COMPANY CONCEPT NAME/TYPE STAGE OF  
DEVELOPMENT (1)

PLATFORM 
TYPE (2)

DIAMETER 
(Inches)

WATER DEPTH 
(Meters)

INSTALLATION  
METHOD (3)

Ri
se

r S
ys

te
m

s

1.1 IntecSea Worley Parsons Group TTR with Semi, Damper Chamber Column (DCC) C Se TTR up to 14” 1,000-3,000 DR
1.2 SBM Riser Tower with Yoke, MooringSpar C Sh TTR & SCR 1,000-3,000 DR
1.3 Technip Dry Tree & TTR, internal, with BMFPSO (Buoy Moored FPSO) C Sh 2-20” 300-3,000 DR
1.4 Technip Dry Tree & TTR, external, with BMFPSO (Buoy Moored FPSO) C Sh 2-20” 300-3,000 DR
1.5 KBR-Granherne Compliant Vertical Access Riser (CVAR) C All 4-14” 300-3,000 R, J, T, DR
1.6 Aker Solutions Lightweight Riser Tower M Se, Sh 2-20” 10,000-3,000 T, DR
1.7 Saipem Single Integrated Riser (SIR) with FPSO C Sh 2-20” 300-3,000 J
1.8 Mooring Systems, Ltd. TCMS® (Tri-Catenary Moored Systems), with flexible risers F Sh 6-10” 300-3,000 R
1.9 Shell Global Solutions Steel Lazy-Wave for FPSO in harsh environment F FPSO 6-12” 1,500-2,000 R

1.10 Saipem Dry Tree & TTR System FPSO C Sh 2-20” 300-3,000 DR
1.11 Several companies Jumper Lines between two floating platforms C Sh 2-20” 300-3,000 DR
1.12 Acergy Bundle Hybrid Offset Riser (BHOR) F Freestanding 2-20” 1,000-3,000 DR
1.13 Petrobras SCR with Sub-Surface Buoy (SSB) M All 4-14” 300-3,000 R, J, S
1.14 SSP Offshore Inc. A cylindrical floater with production & storage, & TTR M Cylindrical 4-14” 300-3,000 R, J, S
1.15 2H Offshore / Subsea 7 Grouped Single Line Offset Riser F Freestanding 2-20” 1,000-3,000 DR

Ri
se

r C
om

po
ne

nt
s

1.16 Technip Carbon fiber armor tension layer and steel unbonded flexible riser C Se, Sh, T, Sp 4-16” 1,000-3,000 R
1.17 Deepflex Unbonded flexible composite riser F Se, Sh, T, Sp 4-16” 1,000-3,000 R
1.18 RTI Energy Retro-Fit Riser Hangoff Basket F Any 2-20” 1,000-3,000 Attached to riser
1.19 Hutchinson Offshore Rotolatch, stab & lock for riser & tendon F Any 2-20” 1,000-3,000 stab on
1.20 Hutchinson Offshore Export Line Flexible Joint, HNBR elastomer, stab & lock installation F Any 2-20” 1,000-3,000 stab on
1.21 Hutchinson Offshore Flexible Joint with HNBR elastomer, double barrier for HPHT F Any 2-20” 1,000-3,000 stab on

1.22 Balmoral Flange protector F Any N/A Unlimited Attached to rigid, flexible or 
various structures

1.23 Aker Solutions Aker clip riser joints F Se, Sh 16-21” 3,600 DR
1.24 Aker Solutions Aker telescopic joint F Se, Sh 16-21” 3,600 DR
1.25 Aker Solutions Hydraulic RAM tensioner F Sp, T TTR 1,000-3,000 DR
1.26 Aker Solutions Hydraulic two tier riser tensioning system F Sp, T TTR 1,000-3,000 DR
1.27 Aker Solutions IPUTM (Integrated Production Umbilical) F All 4-12” 3,000 R
1.28 Aker Solutions Direct acting riser tensioners F T, Se, Sh 16-21” 3,600 DR
1.29 Aker Solutions Wireline tensioners F Se, Sh 16-21” 3,600 DR
1.30 VerdErg Diverless (Pull-in) Riser Connection System F Any 2-20” 1,000-3,000 Attached to riser

2) TLP (T), Semi (Se), Spar (Sp), Ship (Sh)
3) Reeling ( R ), J-Lay (J), Drill Rig (DR), Towing (T), S-Lay (S)1) Field Proven (F), Model Tested/Material Tested (M), Conceptual (C)
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Information Accuracy: We have attempted to use correct and current, as of press time, information for the riser systems and components described herein. No installed, sanctioned, nor pending application was intentionally 
excluded. We have summarized the capability and operating experience by acting as a neutral party and integrator of information. Information has been collected from public sources, company brochures, personal interviews, phone 
interviews, press releases, industry magazines, vendor-supplied information, and web sites. No guarantee is made that information is accurate or all-inclusive. Neither JACOBS nor Offshore Magazine guarantees or assumes any 
responsibility or liability for any party’s use of the information presented. If any information is found to be incorrect, not current, or has been omitted, please send comments to steven.shu@Jacobs.com or steve.bledsoe@Jacobs.com.
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Figure 1 - Alternatives / New Concepts of Riser Systems & Components

Note: Riser pipe is sized to meet the collapse pressure criteria.

Courtesy of Deepflex, NKT, Technip, Wellstream &

Courtesy of Deepflex, NKT, Technip, Wellstream &

Industry Qualif ed with API-17J
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