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Abstract: To address the unclear spatial differentiation characteristics of scaling types and the lack of targeted acidizing solutions, this study
integrated mineralogical analysis, hydrogeochemical methods, and scale dissolution experiments to elucidate the east—west differentiation
patterns of downhole tubing scaling mechanisms within the Yanchuannan coalbed methane (CBM) field. Differentiated descaling technical
pathways were formed. Mineralogical characterization revealed that the scaling materials in the western Wanbaoshan structural belt were
predominantly calcite, representing typical carbonate scale, whereas those in the eastern Tanping structural belt were a complex mixture of
calcite, siderite, pyrite, and clay minerals. Geochemical analysis indicated that a weakly acidic environment with a high—Ca*/Mg*" ratio in the
west drove rapid carbonate scaling, whereas a weakly alkaline, high—sulfate environment in the east governed mineral composite deposition
dominated by iron minerals. Scale dissolution experiments showed that hydrochloric acid (HC1) with a mass fraction of 6% was highly effective
against carbonate scale (78.8%-93.0% dissolution rate), whereas a sulfamic acid composite system (descaling agent—to—water volume ratio of 1:
10) had lower corrosivity and achieved a scale dissolution rate of 76.3%-81.9%. Based on these results, a flexible zoning strategy was proposed.
Sulfamic acid is recommended as a primary choice for periodic field~—wide maintenance. HCI with mass fraction of 6% and corrosion inhibitors
can be used for enhanced cleaning at specific stages for severe carbonate scale accumulation in the western region. For eastern composite scales
with significant silicate components and insufficient maintenance effects, targeted hydrofluoric acid (HF) treatment may be adopted under strict

safety protection. This research forms a precise descaling method of “scale identification—mechanism analysis—acid fluid selection,” providing
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a theoretical basis and practical guidance for scaling prevention and control in CBM wells under similar geological conditions.
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Geological structural location of Yanchuannan coalbed methane field and downhole tubing scaling conditions
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Table 1 Sampling information of scale samples in Yanchuannan coalbed methane field
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Fig. 2 Physical photos of scale samples collected at wellsite in Yanchuannan CBM field
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Table 2 Elemental and mineral composition of scale samples in Yanchuannan CBM field
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Fig. 3 Main element and mineral contents of scale samples
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Table 3 Produced water ion concentration analysis
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Fig. 5 Saturation scaling tendency indices of LSI andRSI based on produced water ion concentration
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B 7 2 M A 45 F5 ) (SY/T 5405—2019) , 3% I N8O 4 i
R AEHZ IR FE 40 CAPF T, PR 4 hif S A 46
B [ S AT R R 0 6% HCL S5 R LRI E AR R
(BRIRF 5K AR FR L 1:10) ARG ik 25 5 (181 7) . 4
B 34T S, DRI R s T S S A
UG 4 Fro , PR 257004 2R ol % 25 S B U A 4
B 6% HCL-24 )65 il sk 8 3k 23.97 o/ (m?+h) |, J& T3 J& 1l

x4 FEBREME RS NSOFRAR F B E HiEE
Table 4 Corrosion rate of different acid systems on N80 steel coupons

6% HCIA %

IR SRR (110 L H)

i JE§ % [ (i« )] - H4 I8 ik o 5 g (m+ ) i JE 1 [/ (m?« h)] - H4 I8 ok o 5 g (m+ )
1 23.1 4 2.30
2 23.6 23.97 5 2.30 233
3 223 6 2.38
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Fig. 7 Comparison of corrosion effects of different acid systems on N80 steel coupons
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HeT A NI SR A R LI O AE 1| R

22 AR IR B AR T 38 (R 5) o PEHIT X LABK FRER Iy
& P i 2 B 6% HCLAR 2R SRR , ~F B9 5 A< ]
15 86.8% , (HIZ R I i MR , B 37 1oy s TiC S 4 2%
ol 7R LA A AR A A ok RIS o % 7 B P SR A v Y
HBL, Al B HIBRIR 77 S B PR LA 1 10 (Y 28 2R
BRI IR 38 79.7% , 245 70 BUAS A X i 55, 29
N HCHRR Y 3~5 5, R X LS R Ao £,
HCLAR 2 ] A R0 i 28 B S5 i IR Eh R 2173 5 4 ke v
B L AR REMR RO S R N, 7 B HF B RIBR Y L H
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Table 5 Comprehensive comparison of descaling schemes in Yanchuannan coalbed methane field
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HCUAFR {[iS P, HLS XUBS:) 285 0 T RRIRER Ny XK
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Brdadedr . NG R B e K 2 74 LB HE
WA 2 6.2 5T (8 8a K1 8b) . AREB Y1-10-12
HHRBE T A0 o b 68.4% , A1/ 254k m™ Bk, Ol LAY

A AR NN

a. Y3-26- 20 FR¥A ni i

b. Y3-26-20HF BRI Im A

EERE AR R HF X LA RERREL 8 YA SO
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Fig. 8 Comparison of field descaling performance between western Wanbaoshan and eastern Tanping structural belts
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