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Abstract: Tight sandstone gas reservoirs commonly contain water, so liquid loading often appears near wellbores, leading to production decline
and even shutdown of gas wells. Therefore, the study on the change of water saturation near wellbores is of great significance to understanding the
water production mechanisms of gas wells. In this paper, a set of physical simulation experiment procedures of identifying the change of water satu-
ration near wellbores was designed according to the principle of radial well seepage of gas wells, and the production performance after vertical well
fracturing in gas reservoirs was simulated by connecting tight cores with a diameter of 10.5 cm, 3.8 cm and 2.5 c¢m in series in a descending order of
distance. According to the depressurizing production mode of gas wells, tubes with small diameters of 20, 30, 40 and 50 pm were used to simulate
gas well tubing to control the gas production rate. And the change of water saturation near wellbore in the process of depletion production and its in-
fluencing factors were investigated. Finally, combined with actual data of production wells, the water saturation and water production of gas wells
near wellbores and in different zones were calculated at the above four different small diameters of tubes and the changes thereof were also ana-
lyzed. The following results were obtained. First, each gas production rate corresponds to a critical water saturation. When the initial water satura-
tion is lower than the critical value, the formation water flowing near the wellbore and in the middle zone can be carried out along with the produc-
tion of gas and no liquid loading is formed. Second, when the initial water saturation is higher than the critical value, a large amount of formation
water migrating from the distal zones accumulates near the wellbore, and thus liquid loading occurs at the bottom hole. Third, when the initial water
saturation is equal to the critical value, the higher the gas production rate is, the more easily liquid loading tends to form near the wellbore. Fourth,
for the same water saturation, water production increases and recovery factor decreases with the increase of gas production rate. In conclusion, the
cumulative water production chart of a gas well generated by the physical simulation experiment method proposed in this paper agrees well with the
water production behavior of the corresponding gas well. The research results are conducive to the effective prediction of gas well water production
and can be used as guidance for the reasonable gas well water control.

Keywords: Tight sandstone gas reservoir; Near the wellbore; Water saturation; Tube with a small diameter; Plane radial seepage; Physical
simulation experiment; Water production rate of gas well; Gas production rate; Water control
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Development and field application of a pulse-jet hydraulic impactor
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Abstract: The current studies on hydraulic pulse jet mainly focus on the pulse jet flow field and its effect, but have never extended to
the collaboration of hydraulic impact and pulse jet for rock breaking. In this paper, both hydraulic impact and pulse jet were combined
effectively to develop a pulse—jet hydraulic impactor for drilling after analyzing the working principles and realization conditions. The
rock breaking capacity of this tool was verified through laboratory experiments and field tests. The following results were obtained. First,
the tool can run when the mass of the impactor body is less than 60 kg. Second, the rock breaking capacity of the drilling assembly under
the synergistic action of hydraulic impact and pulse jet is obviously better than that of other drilling tools, and the tool is much more ef-
ficient than other tools in ROP enhancement. Third, the impact effect is dependent on the mass and impact frequency of the impactor and
the impactor with the mass of 30 kg is better in impact effect. Fourth, the larger the impulse jet, the higher its rock breaking capacity is.
The pulse jet can be increased by reducing the diameter of the tool's nozzle. Fifth, hydraulic impact can help accelerate the breaking of
high-hardness rocks, and the breaking of less-cemented rocks can be greatly enhanced by increasing the pulse jet. Field application results
show that the ROP of the drilling tool based on the collaboration of hydraulic impact and pulse jet is 2.52 m/h, which is 72.5% higher
than that of conventional drilling assemblies. It is concluded that this developed pulse—jet hydraulic impactor provides a new idea to solve
the problems in deep wells and horizontal wells, such as low drilling speed, obvious chip hold down effect and difficult cuttings removal.

Keywords: Hydraulic impact; Pulse jet; Collaborative rock breaking; Drilling tool; Laboratory experiment; Field test; Rock breaking ca-

pacity; ROP enhancement
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