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State Prediction Method for Deepwater Drilling Riser System Based
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(1. School of Mechanical Engineering , China University of Petroleum (East China) ; 2. China Oilfield Services Limited)

Abstract: Deepwater drilling riser system is a critical component for offshore oil and gas drilling, and its
dynamic response characteristics are directly related to the overall safety of drilling operations. However, due to
the complex and variable deep—sea environment and limited monitoring data, real-time and accurate prediction of
the system’s full-state dynamic responses is highly challenging. This paper proposes a real-time state prediction
method for the dynamic response of deepwater drilling riser system based on limited monitoring data. This method
uses the monitoring data of the upper flexible joint rotation angle and the platform heave, surge, and sway motions,
to predict the system’s dynamic response state. The dynamic response analysis of the fully-coupled deepwater drill-
ing riser system was conducted depending on designed sea conditions. Based on the time—series data obtained from

the analysis, the gated recurrent unit (GRU) neural network optimized by the ant colony algorithm was employed to
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establish the system state prediction model. Finally, the prediction model was validated. The results show that the

proposed model achieves accurate prediction, with the coefficient of determination (R?) exceeding 0. 97, indicat-

ing high accuracy and stability, and that GRU can be used to predict the dynamic response states of deepwater drill-

ing riser systems. The study provides a theoretical basis and technical support for real-time prediction of deepwater

drilling riser system’s dynamic response state.

Keywords: deepwater drilling; riser; Gated recurrent unit (GRU) ; ant colony algorithm ; state prediction
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Fig. 1  Fully—coupled deepwater drilling riser system
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Fig. 2 GRU prediction model construction process
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Table 1  Parameters of the riser system
% i AR /m SR /m A% /m RE R /m i/ (kg-m™)
ARk 1 3.202 3.202 0.660 4 0.050 0 18.462 0
etk 1 2.913 2.913 0.500 0 0.100 0 1822.863 0
10.668 m B /K4 617 1 10.670 10.670 0.533 4 0.025 4 799.798 5
[EERT] 1 32.667 32.667 0.660 4 0.025 4 1 176.539 0
4.572 m 1 4.572 4.572 0.533 4 0.025 4 1277.340 3
15.24 m 5575 1 15.240 15.240 0.533 4 0.025 4 924.002 6
0.025 4 m #RHLAR 2 22.860 45.720 0.533 4 0.025 4 384.610 7
762 m V% 71 LR 25 22.860 571.500 0.533 4 0.023 8 40.246 4
152.4 m i J1 AR 24 22.860 548.640 0.533 4 0.0222 442547
228 6m V% 1 AR 25 22.860 571.500 0.533 4 0.022 2 42.805 9
3048 m V% 1 AR 24 22.860 548.640 0.533 4 0.019 0 451112
6.096 m T 1" 1 6.096 6.096 0.533 4 0.025 4 1450.439 6
LMRP&BOP+ | £ 423k 1 6.310 6.310 0914 4 0.050 8 25 806.497 6
BOP 1 9.160 9.160 0.914 4 0.050 8 29 121.9432
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Table 2 Distribution of sea states
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Table 3 R? Values for the Predicted Model’s State Responses

MRAEHEDL SRR E/ (m-s7") P /m PRI MBIR  BHENR FRUEIR AREKII R
6 0.55 0.75 5 0.999 6 0.9979 0.998 2 0.995 4
10 0.45 0.75 7 0.999 2 0.992 8 0.996 5 0.999 6
15 0.35 1.25 7 0.999 8 0.998 8 0.998 1 0.993 4
20 0.25 1.75 7 0.999 7 0.9977 0.998 2 0.9956
25 0.15 2.25 9 0.9923 0.996 6 0.996 6 0.995 6
29 0.06 275 9 0.976 3 0.9925 0.986 6 0.994 5
35 0.15 3.25 9 0.989 7 0.998 5 0.998 1 0.997 4
40 0.25 3.75 11 0.990 2 0.9989 0.9959 0.995 4
45 0.35 4.25 11 0.991 1 0.999 8 0.996 0 0.998 9
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Table 4  R? of the Prediction Model at Critical Points

MRS FRIIE i H/ (m-s™) I fR/m IR A /s BLF 1 R B R SRV T R Ak I R
6 0.55 0.75 5 0.999 7 0.997 9 0.998 8 0.995 4
10 0.45 0.75 7 0.998 7 0.992 6 0.9722 0.994 1
15 0.35 1.25 7 0.999 8 0.997 2 0.999 2 0.990 5
20 0.25 1.75 7 0.999 7 0.997 7 0.999 2 0.9955
25 0.15 2.25 9 0.998 6 0.992 6 0.996 3 0.998 7
29 0.06 2.75 9 09727 0.9917 0.998 9 0.996 6
35 0.15 3.25 9 0.979 7 0.998 1 0.999 1 0.993 2
40 0.25 3.75 11 0.997 1 0.9917 0.993 8 0.997 8
45 0.35 4.25 11 0.997 2 0.992 4 0.9952 0.998 3
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