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Abstract: Sand-washing operations in long horizontal sections are generally challenged by complex wellbore
trajectories, high pipe—string friction, severe loss of sand—carrying fluid, and easy re—sedimentation of sand par-
ticles. These problems lead to low efficiency and incomplete cleaning in conventional processes, and readily cause
downhole complexities such as sand sticking and sand plugging, which seriously restrict the workover efficiency
and operational safety of deep horizontal wells. To address these bottlenecks, an efficient dynamic sand—washing

technology was developed based on fluid dynamics theory and liquid—solid two—phase flow mechanisms, aiming to
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improve the sand—washing effect and operational reliability in long horizontal sections. The vortex washing tool was
adopted as the core equipment, and through multi—nozzle angle layout optimization and refined design of structural
parameters, a high—intensity disturbed vortex field was established, significantly enhancing the capacity of the
washing fluid to suspend, disturb, and carry sand particles. A combination of numerical simulation and laboratory
testing was used to systematically analyze the dynamic sand—washing performance under different hole inclination
angles, flow rates, and process parameters. Finally, the optimal tool structure and operating parameters suitable
for deep horizontal wells were determined. The results show that at a well depth of 7,000 m, the tool with an
equivalent diameter of 6 mm and 9 nozzles (3 bottom nozzles and 6 side nozzles) exhibits the best performance,
with the sand—washing efficiency 3-5 times of conventional processes, especially in the horizontal section with an
inclination angle of 90°. Field application results demonstrate that this technology effectively reduces downhole
risks, shortens the operation cycle by more than 60%, and provides more thorough wellbore cleaning, thus solving
the key technical problems of sand washing in deep long horizontal sections. This technology breaks through the
limitations of conventional sand—washing processes and forms an efficient and safe dynamic sand—washing system,

which provides reliable technical support for workover operations in deep horizontal wells and complex—structure

wells, and has great significance for ensuring the productivity of oil and gas wells.

Keywords: coiled tubing (CT) ; long horizontal section; high—velocity jet; vortex washing tool; dynamic

sand washing; hole inclination angle
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Fig. 1 Schematic structure of the CT—conveyed vortex washing tool
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Fig.2 Schematic structure of the vortex washing tool
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Fig. 3 Flow field and streamline of the vortex washing tool

2 R E RN E
2.1 EZEHTHETZRE
2 F) 25 W BOR R R 224 B i,
2830 WD T ELE S 7 A e R S o R TR
w8, FRESE N EIF R URE IR At i W
o I . ESE DA WP HOR R A e T
APPSR RAEE, RIERCRE, AR
i RTE R DR . S S P T
I RREE N AL, [RIEE T 0 R R
THM#TEHEEHIE, KRG R IESEASIT
RERAS D, S FEREZE Y, R 4 R
XFARMEBEL W oL, 75— K TR,
AR AT 2 2 N ATUR X 8] 2 H AR TR FE I
PEAT AR
|

TNELE

SE R

baREsE —

B4 sHEPHELTLRER
Fig. 4  Process of dynamic sand—washing operation

T S5 AR U e L e AR L e

o I Bl 2 i = A

T RS OCR

2.2 REKESSY
ERVST P PNITE )

i E A [] -

A RAR T7 23



& o AR

2026 % 54K 104

IR E . VIRED IR = R 50% SE AR sk 2
W, WP TARA TS K, B R R
1£0.38~0. 83 mm 244>, XF i T H 5T
HAE 307, 45°, 657, 90° FA&HA T bR 1 .
M TR mve T H AR/ BN AR/N, TRFERR
K, S, FmKHERE HBEIA %] 300 L/min.
P, ARUALIRATFE T 300 L/min HEH T ANF I
R I i

RIS B LR S iR, BARRRAT .
IR, AP A, AR D IE I W 2k B R
FIIF SR 0 2R B b AT I, op e sE B s I i mb 1 9
PR, a2k AR ey, LR, M
WD FIFFREE s ™ A P R 2 S R B D O
FRE

L

EER
228e”
2228

o @
®

PR

it ] . o
iy ;;?ﬁ @ L
Bs5 RKEEIERARE
Fig.5 Test apparatus and flow chart
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