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Abstract: The gas-liquid-solid multi-phase flow in vertical wells was experimentally simulated to study the mechanism and
capability of sand-carrying for gas wells with water production, in which the effects of gas and water flow rate, water-gas ratio
(WGR) and sand volume fraction were investigated. Based on experimental results, the critical gas flow rate for sand-carry-
ing and the relationship between the size of sands and gas and water flow rate were obtained. A sand-carrying evaluation mod-
el for gas well with and without water production was developed. The model can be used to predict the critical gas flow rate
for sand-carrying with various sand sizes and the maximum sand rate that can be carried by gas at a certain flow rate. A new
integrated coordination chart was figured out for the evaluation of sand-carrying capability in gas wells with water and sand
production. The results show that, once the well starts to produce water, its sand-carrying capability will be reduced com-
pared with that no water production. Gas flow rate and WGR are the dominant factors affecting the flow mechanism. As the
WGR increases, different flow patterns tend to appear in wellbore in sequence, including mud-gas flow without sand-carrying
capability, annular and plug flows with sand-carrying capability, similar to the flow patterns observed in normal gas-liquid

two phase flow with the same WGR. The prerequisite for sand-carrying in gas wells with water producing is that high gas flow

i B HE.2014-09-14
ELTR . HEARBEIESTH (51374226 ) 5 A M KRB B/ 7 F KABHE L35 (201 1E-0309)
EER N EHKAR(1976-) , 5, Bz, 4, R RN TREEAR ZHFEHIE IR 5H AP, E-mail : dongey@ upe.

edu. cn,



%3845 %6

FRIE A BB DA RIS 5 £ 91 -

rate is needed to make or carry water flow at sufficiently high velocity for sands to start moving upward.

Key words: water-producing gas well; sand production; gas-liquid-solid three-phase flow; sand-carrying capability; sand-

carrying mechanism
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Fig.1 Sand-carrying experimental apparatus
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Fig.3 Typical gas sand-carrying process
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Fig.4 Variation of critical sand-carrying gas

velocity with sand diameter
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Table 1 Experlmental results of the maximum sand carrying volume with gas flow

o HEEPRifR/ IR A R R, WG RRE,  CFHARERE, PR KRE B2 aing IV b1 v
g mm (m® - b)) (m-sh) ) (m-s™) s (g5
1 0.050 0.9 0.157 1.0 0.175 83 2.410
2 0.050 0.9 0.157 1.3 0.227 67 2.985
3 0.050 0.9 0.157 1.6 0.279 56 3.571
4 0.050 0.9 0.157 2.0 0.349 32 6.250
5 0.050 0.9 0.157 2.2 0.384 26 7.692
6 0. 090 1.2 0.210 1.3 0.227 95 2. 105
7 0. 090 1.2 0.210 1.6 0.279 69 2.899
8 0. 090 1.2 0.210 1.9 0.332 58 3.448
9 0. 090 1.2 0.210 2.2 0.384 46 4.348
10 0. 090 1.2 0.210 2.5 0.437 3 6. 250
1 0.125 1.6 0.279 1.9 0.332 128 1.563
12 0.125 1.6 0.279 2.2 0.384 100 2. 000
13 0.125 1.6 0.279 2.6 0.454 76 2.632
14 0.125 1.6 0.279 3.0 0.524 67 2. 985
15 0.125 1.6 0.279 3.4 0.594 54 3.704
16 0. 196 2.2 0.384 2.7 0.472 156 1.282
17 0. 196 2.2 0.384 3.1 0.541 110 1.818
18 0.196 2.2 0. 384 3.5 0.611 86 2.326
19 0. 196 2.2 0.384 4.0 0. 699 75 2.667
20 0. 196 2.2 0.384 4.5 0.786 66 3.030
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Fig.6 Gas-liquid-solid three-phase mud

flow under extremely low WGR condition
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Fig.8 Critical sand-carrying gas velocity of

gas-water flow with different WGR and sand size
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