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Investigation of productivity prediction model and influencing
factors of ultradeep carbonate gas reservoir

WANG Lu',LUO Ruilan’, ZHANG Lin*, YU Jichen’,ZOU Rui',ZOU Run',ZHANG Yifan'
(1.College of Energy, Chengdu University of Technology, Chengdu City, Sichuan Province, 610059, China;
2.PetroChina Research Institute of Petroleum Exploration and Development, Beijing City, 100083, China)

Abstract: Ultradeep carbonate gas reservoirs have typical characteristics such as diverse storage media, strong heterogeneity, high
temperature, and high pressure. They are generally developed using deviated wells, which complicates the evaluation of gas well
productivity. Considering factors such as multiple storage media, stress sensitivity, nonlinear percolation, threshold pressure ef-
fect, and well deviation angle, a trinomial productivity prediction model was established based on the Forchheimer’s gas-phase dif-
ferential equation, stress sensitivity and physical simulation experimental data of gas-phase flow. The gas well productivity of differ-
ent types of carbonate reservoirs in different regions was predicted, and the effects of the above factors on gas productivity were ana-

lyzed. The results indicate that pore-type and low-permeability cavity-type reservoirs are affected by threshold pressure effects,
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while fracture-cavity type and high-permeability cavity-type reservoirs are influenced by nonlinear flow. Therefore, the trinomial
productivity prediction model is more suitable for ultradeep carbonate gas reservoirs with diverse reservoir types. Different types of
reservoirs exhibit different degrees of stress sensitivity and nonlinear flow characteristics. Physical simulation experiments on the
cores from various reservoirs are necessary to determine the parameters required for the productivity equation. The well deviation
angle creates a negative skin factor affecting gas well productivity. When the well deviation angle is greater than 55°, the gas well
productivity of all types of reservoirs starts to increase rapidly, especially for fracture-cavity type reservoirs. The threshold pressure
effect has a significant negative impact on productivity at low pressure differentials, whereas stress sensitivity and nonlinear flow
mainly impact at high pressure differentials. Starting pressure gradient and nonlinear flow significantly inhibit gas well productivity
when their coefficients are 0.01-0.048 MPa/m and 10°-10"> m™', respectively. In contrast, the productivity loss caused by stress sen-
sitivity is relatively stable. The dominant factors affecting well productivity are the skin coefficient and formation coefficient. During
the development stage, the impact of the nonlinear flow effect on high-permeability reservoirs and the threshold pressure effect on
low-permeability reservoirs is also significant.

Key words: ultradeep carbonate reservoirs; nonlinear flow; threshold pressure effect; stress sensitivity; productivity prediction

model; influencing factors of productivity
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Fig.1 Characteristics of multiple storage media of different types of reservoirs in ultradeep carbonate gas reservoirs
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Fig.2 Stress sensitivity characteristic curves of core samples
from different types of reservoirs in ultradeep
carbonate gas reservoirs
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Fig.3 Starting pressure gradient of reservoirs in different
regions of ultradeep carbonate gas reservoirs
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