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Jumper Systems

Agenda:
• Main Design 

Considerations
• State of Practice, 

Developments and gaps

Objective: Raise Awareness
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OPTIMIZATION

PLEM-1

PLEM-2

Flowline

Flowline

Direction of Thermal Expansion

Direction of Thermal Expansion

• Jumpers to accommodate end-displacements (thermal Expansion, riser base motions)
• Increased flexibility desired 
• Given a certain distance between end locations (such as location of PLETS and PLEMS; 

complex shapes to handle displacements

Thermal Damage:
Simple Pipe> U Shaped > M 
Shaped > Z Shaped (3D)

Jumper 
“KIT”
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Design Considerations

▪ Installation 

– splash Zone

– Installation connection tolerance 

(inclination angles)

– Buoyancy module distribution

▪ Metrology Tolerance

▪ End displacement tolerance/ 

strength

▪ Corrosion/ erosion etc.

▪ Settlement potential

▪ Clearance

▪ Fatigue

API RP 17R-
2015

VIV and FIV should be evaluated 
using dedicated programs, 
spreadsheets…
VIV Analysis should be performed 
according to principles in DNV 
RP F105, DNV RP C203…
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State of the Art on VIV Analysis

3/17/2020

▪ Response Based Models

▪ Force Based Models

▪ Flow Based Models

• CROSS-FLOW VIV
• INLINE VIV

Report from the vortex induced vibration, specialist committee of the 25th ITTC (2008) 
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Challenges-Category

3/17/2020

CHALLENGES

STRUCTURE FLUID 
INTERACTION

DAMAGE 
ESTIMATION
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The issue

Designers discretion and judgement: What am I comfortable with?

3/17/2020

“New Approach to the Design of Rigid Jumpers for Free Standing Hybrid 
Risers”, S Plouzennec, M. Sonawane, T. Eyles,IBP1708-1 

“VIV Assessment of Rigid Jumper Systems-A comparative study on Jumper shapes”, 
A. Nair, P. Sharma, G. Grytøyr, O. Fyrileiv, K. Vedeld, ISOPE 2013

“The Significance of Low Velocity Near Bottom 
Currents on the In-Line Vortex-Induced Vibration 
Response of Rigid Subsea Jumpers:, Madhu
Hariharan, Mark E. Cerkovnik (2Hoffshore Inc) and 
Hugh M. Thompson (ChevronTexaco), ?
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Damage Estimation Contd..

8

Geometry/ Client: Undisclosed
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DNVGL-RP-F105 (2017)
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Jumper VIV JIP
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JIP Activities

▪ ExxonMobil Model Test Data (2013)

– JIP Validation process

▪ Development of new response model

▪ New Guidance on Jumper VIV based on JIP

▪ Proof-of-concept FSI study (benchmark against test)

▪ Phase-II pre-engineering
Zheng, Haining et.al (OMAE 2015)

Guidance Note: As part of the JIP Study, new response curves are developed for jumper systems. The response curves are

developed using the ExxonMobil model test data, provided to DNV GL as part of the first phase of the JIP. The response curve

presented here shall be used for Jumper VIV response prediction until further information is available that necessitates further update

to the model. This may include additional test data on various iterations of jumper lengths, sizes and types (including 3D jumper

systems).

Cautionary Note: At this point it is assumed that the force-based models need to be calibrated for response of complex pipe

systems and subsequently verified for different pipe lengths, sizes, orientations, etc. and for any complex pipe systems (jumpers,

manifold pipework, subsea tree systems, etc.).
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Model Test Geometry

12

Bend radius = 0.168 m

Zheng, Haining et.al (OMAE 2015)
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Mode Shape

X Y Z

X Y Z

X Y Z

X Y Z

Guidance Note: Safety factor of 1.05 corresponding to well defined span characteristics shall be applied only when Shell or Solid FEA model has

been used for frequency estimation. This is primarily because of the differences between the JIP beam model FEA with that of the pluck test

frequencies. It was noticed that the shell FEA models resulted in frequencies closer to the pluck frequencies than the beam models.
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Classifying Response

15
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Response direction classification

Only Mode 3 and Mode 4 falls this group

In-line 

synchronization

Cross 

synchronization

• X direction response: 45-degree and 90-degree current

cases show similar trend. [0-degree current represents in-

line VIV~ Ref. DNVGL-RP-F105]

• Y direction response: 45-degree and 0-degree show similar

trend. [90-degree current represents in-line VIV~ Ref.

DNVGL-RP-F105]

• Z direction response: 45-degree and 90-degree current

cases show similar trend [vertical response from 0-degree

currents are negligible].

Guidance Note: Due to the limited data from 45-degree cases,

this guidance note does not recommend reduction in response

amplitudes accounting for the directionality in the angle of attack.
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Cross-Flow and In-line Classification

Few immediate observations:
• Cross-flow response window: 0-degree 

and 90-degree cases show similar trend 
and amplitudes. 

• In-line Response window: 0-degree and 
90-degree cases show similar trend and 
amplitudes. 
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JIP Curves

* Jumper VIV Guidance Report

New Response Model Unique to Jumper Systems
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Summary

▪ Failure occurs every other year (not a single cause)

▪ Gaps in Industry Guidance

– Design may not check all relevant failure modes

– How to check/ Industry acceptable procedure not available.

▪ System becoming more complex, action is needed

25m tall jumper→ is it a Riser or a Pipeline?
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