
RESEARCH PAPER 

PETROLEUM EXPLORATION AND DEVELOPMENT  
Volume 43, Issue 4, August 2016 
Online English edition of the Chinese language journal 

Cite this article as: PETROL. EXPLOR. DEVELOP., 2016, 43(4): 701–707. 

 

 
Received date: 08 Dec. 2015; Revised date: 04 May 2016.  
* Corresponding author. E-mail: offshore@126.com 
Foundation item: Supported by the National Key Basic Research and Development Program (973 Program), China (2015CB251203); Program for Changjiang 
Scholars and Innovative Research Team in University (IRT14R58); Natural Science Foundation of Shandong Province (ZR2014EL018) and China Postdoctoral 
Science Foundation (2015M570621). 
Copyright © 2016, Research Institute of Petroleum Exploration and Development, PetroChina. Published by Elsevier BV. All rights reserved. 

Drift-off warning limits for deepwater drilling platform/riser 
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Abstract:  The drift-off dynamic model of deepwater drilling platform and riser coupling system was established. An analysis method on 

drift-off warning limits of deepwater drilling platform and riser coupling system was proposed, and a deepwater drilling platform/riser 

system was taken for case study. The analysis model of deepwater riser, wellhead and conductor coupling system and the drift-off dy-

namic model of platform were established respectively. The drift-off dynamic solver of deepwater platform was developed. The coupling 

dynamic characteristics and coupling effect of the deepwater drilling platform and riser system were analyzed in combination with exam-

ple, and the analysis method for drift-off warning limits was described. The results show that: the riser load acting on platform plays a 

driving role in the platform drift-off in the initial drift-off stage, and begins to inhibit the platform drift-off gradually as the drift-off dis-

placement increases; During the platform drift-off, the transient response speed of upper riser parameters is high, while the transient re-

sponse of lower riser parameters presents an obvious hysteresis effect; As the current speed increases or water depth decreases, the 

drift-off warning limits of deepwater drilling platform/riser coupling system decrease and the deepwater drilling riser should be discon-

nected earlier. 
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Introduction 

Mooring and dynamic positioning (DP) system are often 
used to keep deepwater floating platform in position. DP sys-
tem is widely employed in deepwater and ultra-deepwater 
drilling platform due to its convenient positioning and good 
mobility. In the normal drilling process, the deepwater drilling 
platform is kept near the subsea wellhead in the horizontal 
direction under the action of DP system to maintain the struc-
tural integrity of riser system and ensure the success of deep-
water drilling. However, DP system may fail, and then plat-
form will drift off from the subsea wellhead under the influ-
ence of marine environment loads; in the process, the platform 
would pull the top of riser away from the subsea wellhead 
during, so the lower marine riser package (LMRP) needs to be 
disconnected timely before the drift-off displacement is too 
large, to avoid serious accidents, such as riser broken, subsea 
wellhead damage, BOP damage and even well blowout[14]. 
Therefore, it is very important to establish drift-off warning 
limits for deepwater drilling platform/riser coupling system. 

Dynamic analysis of deepwater drilling platform/riser cou-
pling system is the basis of the calculation of drift-off warning  

limits. The dynamic characteristics of deepwater drilling riser 

system have been widely studied, but in these studies, the 

platform was taken as static or dynamic top boundary of 

drilling riser, and the coupling effect between riser and plat-

form was not considered[57]. Besides, the connected envelope, 

hang-off window and installation window of deepwater drill-

ing riser system have been established while the drift-off 

warning limits of riser system have not been established spe-

cific to platform/riser coupling system[810]. Based on the pre-

vious study, the drift-off dynamic model of deepwater drilling 

platform/riser coupling system is established in this paper. An 

analysis method on drift-off warning limits of deepwater 

drilling platform/riser coupling system is proposed. The dy-

namic characteristics of platform/riser system and the cou-

pling law between deepwater platform and riser are studied. 

And the drift-off warning limits for deepwater drilling plat-

form/riser coupling system are determined. 

1.  Drift-off dynamic model of deepwater drilling 
platform/riser coupling system 

Fig. 1 shows the deepwater drilling platform/riser coupling  
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Fig. 1.  Deepwater drilling platform/riser coupling system. 

system during deepwater drilling. The top end of riser is 
hanged on drilling platform via tensioner and upper flex joint 
(UFJ), and the bottom end of riser is connected to blowout 
preventer (BOP), subsea wellhead and conductor via LMRP. 
The deepwater drilling platform, tensioner, riser, LMRP, BOP, 
wellhead and conductor form a complete deepwater drilling 
system[11]. During the normal drilling operation, the deepwater 
platform suffers ocean environment loads such as wind, wave 
and current, while riser system suffers wave, current loads and 
soil resistance. Besides, the deepwater platform and riser also 
interact on each other. For example, the deepwater platform 
drifts off under the influence of loads of wind, wave and cur-
rent when the DP system fails. The platform will pull the top 
of riser system away from subsea wellhead in the horizontal 
direction during the drift-off, and the dynamic characteristics 
of deepwater drilling riser system will change. In return, the 
riser system will produce a driving force or restoring force to 
change the drift-off motion of the platform. Thus, the load of 
deepwater platform/riser system is complex, the dynamic 
analysis model for the drift-off of deepwater platform and 
riser should be established respectively to analyze the cou-
pling mechanics of the platform/riser system iteratively. 

1.1.  Dynamic analysis model of deepwater drilling riser 
system 

As shown in Fig. 1, the deepwater drilling riser/wellhead/ 
conductor system is under the combined loads of wave, cur-
rent and soil resistance. The dynamic analysis differential 
equation of the system is given as[1213]: 
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The marine environment load per unit length on the riser 
above the mudline is written as: 
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The soil resistance force per unit length on the conductor 
under the mudline is expressed as[14]: 
      soil c, ,F z x p z x D z  (3) 

Besides, the top of riser is under the influence of platform 
drift-off, and the specific drift-off motion can be calculated 
based on the drift-off dynamic model of deepwater platform. 

1.2.  Drift-off dynamic model of deepwater drilling platform 

The drift-off analysis model of platform has close relation-
ship with its local coordinates and motion state. The global 
reference frame and body-fixed reference frame are estab-
lished respectively in order to describe the motion state of 
platform accurately, as shown in Fig. 2. XOY is the global 
reference frame, and XbObYb is the body-fixed reference frame. 
The angle between the global and body-fixed reference frames 
is denoted by ψ. The relationship between the global reference 
frame and body-fixed reference frame is given by: 
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where  T1 2y y   

The deepwater drilling platform vibrates in six degrees of 
freedom but does not drift off under the first order wave force. 
The deepwater platform drifts off in surge, sway and yaw 
under the loads of wind, current and second order wave force. 
The nonlinear body-fixed equation of drift-off motion is writ-
ten as[1516]: 
 RB curr wind wave thruster riser     Mv C v τ τ τ τ τ  (5) 

The mass matrix of platform in equation (5), including its 
own mass and added mass due to its motion, is defined as: 
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Fig. 2.  Global and body-fixed reference frames. 
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