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Experimental and Numerical Research on Hole Cleaning
Performance Optimization of Horizontal Directional Drilling Mud

LI Yalong

(CCCC Second Highway Engineering Co., Lid. Dongmeng Engineering Co., Lid., Xi’ an, Shaanxi 710119, China)

Abstract ; Horizontal directional drilling is a trenchless technology widely used in underground pipeline
laying. In recent years, the technology is continuously developed in the direction of large diameter and
long distance crossing. However, the increase of borehole diameter will significantly reduce the mud flow
rate and weaken its rock carrying capacity, resulting in incomplete cleaning of boreholes, which will lead
to engineering accidents such as pipe sticking, drill pipe fracture and even pipe laying failure. In order to
solve the problem of hole cleaning in the construction of large-diameter horizontal directional drilling, the
hole cleaning performance of horizontal directional drilling mud is taken as the research object. Combined
with the characteristics of large-diameter horizontal directional drilling engineering, the annular mud flow
equations are established. It is found that the larger the diameter of the flow core area is, the smaller the
pressure drop gradient is, and the better the hole cleaning performance is. Fitting the rheological model
of mud, it is found that the Herschel-Bulkley model can accurately describe the rheological properties of
mud, and the specific particle size of drilling cuttings can increase the dynamic shear force. The
numerical simulation shows that the ratio of inlet velocity to annulus diameter can improve the hole
cleaning efficiency.
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drilling ;
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screening experiment
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Table 1 Content of quartz sand

Hif2/mm AR/ % iR/ %
0.075~0. 105 5~30 5
0.105~0. 125 5~30 5
0.250~0. 300 5~30 5
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Table 2 Determination coefficient of bentonite slurry

containing different quartz sand

A%/ mm AR/ % ifiE R ER

5 0. 986 25
10 0.982 42
15 0.990 48

0.075~0. 105
20 0.991 59
25 0. 988 90
30 0.993 76
5 0.998 77
10 0. 995 93
15 0. 992 96

0.105~0. 125
20 0. 998 65
25 0.997 79
30 0.998 16
5 0.999 37
10 0.997 16
15 0.997 22

0.250~0. 300
20 0.997 49
25 0.997 54
30 0.997 32
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Fig.2 Fitted curves of rheological parameters for bentonite slurry
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Table 4 Parameter design under various working

conditions in the model
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Table 5 Various parameters in the numerical model
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Fig.4 Pressure drop gradient obtained from

experimental test and numerical simulation
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an annular flow field
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Table 6 Mix proportion of mud slurry

2 VAT 1R VAN ot VA1 bk

Bk X [E]/m

% % % 71/ % 71/ %
0~300 6 0.5 0.5 — —
300~ 800 5 0.5 0.5 0.15 —
800~1 200 5 0.4 0.4 0. 20 0.3
1 200~1 700 5 0.4 0.4 0. 30 0.4

F T 2 6 b B b TS 5 R A, R K B SR R
TR BT MR A U S Jr 8 e 3k R
B WL T A8, B G — & el i as i ), B3
Te 3% o 1 S 35 O 60 ~ 100s, ¥R 26 N 8 ~
12mPa - s, s Y] J1 0 5~ 10Pa, RWHE R 12 ~
20mPa - s, #1] }1 4 3~ 8Pa B{ 6 ~ 12Pa, pH fH N
9.5~11.5,
4.3 R

255 R HES B B B |, X e s LM e
itk g5 5o, MUe K e H 28 Y
I, B LN A B HE R R B 4, FLIN R 3
W, BN R, A S RS BT 7E 1 200 ~
1 700m Hf i DX [A] 2 B0 1 R A 0938 FLACR , 27

TR A 09 2 T, U8 0K AR PR 4 e
R LN A ZE
5 #iE

ASCER X R EAR K 5 1) 7 3 i T o 09 B L
I A e L RE AT IR A5, @i 4
TRz I | i 1 e B 6 3 R4 T 2 B AR 1
SO ST A 2S IR I8 Bl O B AL, 48 s AN [R] R R %)
TS ALPERER S I R AE . DRI R B, A% X B AR
R, R B B/ | B A ) T 48 v Dl 2R FL MR B
L0 R R J3E X V0 S8 370 R Bl T 2 St AR, e 2
WK 1m/s BHFFH K 40r/m I BE B2 5 5 468
BRI, B fLIERE

T AR R B - LA A B M A
PHRAR RV, 5 8 L AR Bl RE 3G KR I sh V) 7,
A TRD T BT 5% ~ 15% I, B0 R BBl A 2 5 Al
R eSSy NITR WA NS G =R X VRO R e T i i R



150

il TR (R SC0)

5 54 8

SEVE, P TN R PR S B LA R R
3 A1 T RS A B2 F) 52 L, 2 B84 DR A 10 9 TR B
Z= HARHRE e Mg ALK . TR SRR M, eI
fLIERE R 47,

ARSCATIAFAEAN AL, UK 25 T8 3K 1) I8 R

ARARMFFEHIT YR I8 KA 5, 21 o B Y8 3 A

PEfE

IR R EARAGAL R Je S S TR AT 5T

SE 3K :

(1]

[4]

RN T BT AR O TP R B TR T[]
HH R RS, 2024, 22(20) ; 76-78.

LIANG Z G. Analysis of underground pipeline construction
technology in municipal engineering road construction [ J].
Development guide to building materials, 2024,22(20) . 76-78.
FI=E. HEK 48 T8 T2 18 5 B0R 7 T B4 57 v 09 1 2
Bi[J]. TRES I, 2023, 37(5) : 1536-1538.

TIAN F. Application analysis of trenchless repair technology of
drainage pipeline in municipal management and maintenance [J].
Engineering and construction, 2023,37(5) : 1536-1538.

A, AR AT BO S KA it T 5 [ T]. T
BB 5T, 2024(16) ; 152-154.

YU Z. Construction and application of trenchless drag tube in
municipal sewage treatment [ J]. Construction & design for
engineering, 2024(16) : 152-154.

CECILIA A S,BRASIL A F D, SANTOS G D. An experimental
study of horizontal directional drilling( HDD) in sand in a large
flexible calibration chamber [ J ]. Tunnelling and underground
space technology incorporating trenchless technology research,
2023,141:105295.

BRI RV INFIE, 55, B E 1) B TE A6 & R B R 43
Hr B R R[], i+ J1%,2023,44(1) : 1-30.

LISC, LIL P, SUN Z Z, et al. Key technology analysis and
development trend of ultra-long directional drilling and injection
equipment [ J]. Rock and soil mechanics, 2023,44(1) ; 1-30.
PARK I,KANG C,BAYAT A. Challenges with using empirically
determined  geotechnical ~parameters for borehole stability
evaluation in horizontal directional drilling [ J ].
geology ,2024,336.:107565.

R, R IVARAK BE KPS 1] B8 T8 [ 36 5 ) [X 3R 3 v
BrD]. AL LR FIR,2022.

LI Z H. Significance analysis of influencing factors of pullback of

Engineering

large-diameter long-distance horizontal ~ directional  drilling

pipeline [ D]. Hefei: Anhui Jianzhu University, 2022.
XUER XL , LR, AEHF 2K 28 Bl T 5 AR AE 48 1

[9]

[10]

[11]

[12]

[13]

[14]

[15]

SRR BL [T, A TR, 2021,43(S2) :37-43.
LIU C Y, LIU J T, YANG H B. Application of trenchless
horizontal directional drilling construction technology in pipeline
crossing river [ J]. Petroleum and chemical construction, 2021,
43(82): 37-43.

FEA,WLLE AR, S AKCEE W B 7E R KL ARG E L
AR /K B 2 2 B b ) NS - AV BT 2 B A o il (0]
o R, 2016,35(4) £ 208-212,222.

YUANY S, MIAO H C, ZHANG Z Q, et al. Application of
horizontal directional drilling in water pipeline crossing of South-
to-North Water Diversion project: taking Shaying River crossing
project as an example [ J]. Bulletin of geological science and
technology, 2016,35(4) . 208-212,222.

RN, T, . — Tl A B A At e 2 o A
BERIL)]. AR TR, 2023,56(S1) : 134-141.

ZHANG B S, WANG H, CHEN X. An improved slurry
theological ~ model  considering  the  effect  of  solid
concentration [ J]. China civil engineering journal, 2023,56(S1) ;
134-141.

FRER, T, T30, 55, FT BP B IE AR 198 K &
FJES i S AL B TT ke Be LT L) ], BARBR 3l #2024,
61(3):194-201.

WANG C Z, DING W T, YU W D, et al. Development and
application of slurry shield slurry flow model based on BP
modified rheological model [ J]. Modern tunnelling technology,
2024,61(3) : 194-201.

VOJTECH K, VERONIKA K,RENATA D, et al. Rheological and
pipe flow properties of chocolate masses at different temperatures
[J]. Foods,2021,10(11) :2519-2519.

F, B AR, G e 2 45 SV A AR T T2 B B B
PERE[T]. ¥R, 2024,53(1) : 119-124.
DAI R, GAO X D, ZENG X K, et al. Current status and
in processing technology of thermally conductive
composites [ J |. Plastics, 2024, 53(1): 119-124.

AR XA AR R B SRR PR R A A B LA A
IR LU LT[ 0], b 04,2024 ,45(S1) 1 751-760.
LI B, LIU R R, ZOU L C. Comparative analysis of theory,

progress

experiment and simulation of basic flow law of slurry in single
fracture [ J ]. 2024, 45 (S1):
751-760.

LI P, WANG L, LAl X J, et al. Two-level self-thickening

Rock and soil mechanics,

mechanism of a novel acid thickener with a hydrophobic-

during  high-temperature  acidification

processes| J | . Polymers,2024,16(5) :16050679.

associated  structure



