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Abstract: Improper deployment depth of the lift pump in deep—sea riserless mud recovery (RMR) systems
may induce pump cavitation. To address this engineering challenge, traditional physics—based optimization meth-
ods are computational costly and cannot realize large—scale working condition optimization. In this regard, a fluid—
dynamics physical model for mud recovery was established, simulation data were generated through parametric
sweeping, and representative discrete samples were extracted to construct the training set and validation set. Three
tree—ensemble regression models, i. e. eXtreme gradient boosting (XGBoost) , random forest (RF), and gradient
boosting (GB) , were trained to predict pump inlet pressure, and a comprehensive evaluation method was used to

select the optimal surrogate model. An index of working—condition adaptability score was further proposed to evalu-
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ate the schemes of pump deployment depths from 300 m to 1 300 m under 4 000 predefined operating conditions.
The results show that the XGBoost surrogate model achieves a prediction accuracy above 99% and the feature—
importance ranking consistent with the fluid mechanics mechanisms. Under the specified engineering boundary
conditions, 1 100 m is identified as the optimal deployment depth for the lift pump. This scheme ensures 100%
safety while offering better engineering economy compared with deeper schemes, and the system exhibits a large
safe operating window with strong robustness against working—condition fluctuations. The findings provide
decision—making support for the design and optimization of deep—sea drilling fluid lift systems and related equip-
ment.

Keywords: deep—sea drilling; drilling fluid lift system; surrogate model; adaptability evaluation; physical

model; pump deployment depth; cavitation
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Table 1 ~ Values of parameters in the training set

SR e I
FEHREE /m 300 ~ 1 500

B (kg m™) 1000 ~ 1 600 ZIRJEH T
BiIFREEE/ (mPa-s) 5~50

Pt/ (m*-h™") 0 ~ 260 7 JE R P
I BAR /mm 130 Bt hn
LR 2 /mm 0.045 7 ASME FrifE
BIERE /m 2000 BiTHR R

RATERFEWRE | B R . AR
T Q AR DU 2E S80S 6] N 3R AR % 1) — 350 B
B, ERLUTR AT IR 44 R R AT S A
KF 4, JFFIH Python Numpy FEHEATHE IR T,
JEIBLL) g 40 T3 A HUHE R ny BEEE . 5 I8 3 18 2k
TR T 2507 BRAE 230 Bl XA R T i e B A
D 1= i O = o R e R R € T R D R (R
B AL, FAEREMERIIAR, HIEUATMN
& I 2ok 38 1 3 A5 R BRI HOR R T e 50 2
H N BEAE i A AR B 2 3 000 4] “Hais A S4L
(Zpps P> o Q) —HHHAR (p,) 7 BYEIEXS,
VE Ry e 2 T LRI 25 R gk 1 B 45
2.2 EEEFEE

TETZ VB EAT TR 0 R &% 2% 2] 7 i1
FERl b, BEECT 3 LR B ARG AR B ] AR A A
PEACBRALAY 43 ) A BOBS B 42 T (XGBoost) |
BEHNLARAR (RF) B EEEEF ISR (GB). 3R
LB LAY R B A 5527 2] 4% . RE NS %1 i & 24 1y
LR, S T AR, ZEHIT
WA T RGN T OURHIE

LA RTEBEIIFRET R TS
r B AR LR L AR R 2 [R) T BE A AR A AC BN K T
RN OGS AL A PR TR R, SR 3 3 AR 4R
BRI AR AR X6 ] — B4l A A T I R AT [ . B
FIH, BL Gpys pus o Q) HEIARRE, Blp,
o IRUIUNE B Ao 7] 7% ¥l 2 < SR B S 5 71
YR 3PP AR R e E R (R R iR 2
(Enge) PEATHEREVEAL . FESLILRE b, RARHIEE
TR B DT 45 1] 1A 70 o 5 30 v 4 B G 2R 1) )
T 6 o AR [ U= AR AR 0 7 S A 5 A ) BB
AR T LA A B TROORS B . 2R A R AE T
HIRERWRELZ RN, LRSS ERERILN
R Sy e AR AR AR
2.3 WHEBEREHR

HF 3 000 4 FEA KL IE 2 80 = 20 Y He 4915 43 Al
SRR R AR o IR IR AL, e
TR L e v R A T P4

RFEAEAE 3P HAEREY (XGBoost. RFF1GB)
AT, R SHEE A Y B R PLE B
A, KRR 0 SO R A ],
IR MG — 1 R G S B TR o e o ARG
B ST I Ib S S LRI B S 504
K, 3P IERR ) e S E A R 2 s .

*o REERIGESH

Table 2 Setting parameters of the surrogate models
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