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Invasion of water-based drilling mud into oceanic gas-hydrate-bearing sediment .

One-dimensional numerical simulations
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Abstract Integrating 3D seismic survey and well logging can achieve more accurate quantification
of natural gas hydrates as a potential energy and environmental impact. However, some factors

can influence the accurate interpretation and evaluation of well logging results. Except washouts,
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the invasions of drilling fluid probably also seriously distorts the results of well logging. In this
work, we performed numerical simulations to study the dynamic behavior and general rules of
mud invasion into oceanic gas hydrate bearing sediments (GHBS) by taking hydrate reservoirs in
the Gulf of Mexico as a case. Compared with the conventional oil/gas-bearing sediments, hydrate
dissociation and reformation are the main characteristics of mud invasion in GHBS when the
invasion condition is in an unstable region of gas hydrates phase diagram. The simulation results
show that the density (i. e. , corresponding pressure), temperature, and salt content of drilling
fluids have great effects on the process of drilling fluid invasion. When the temperature and salt
content of drilling fluids are constants, the higher the density of the drilling fluid is, the greater
degree of invasion and hydrate dissociation are. The increased pore pressure caused by the mud
invasion, endothermic cooling with hydrate dissociation compounded by the Joule-Thompson
effect and lagged effect of heat transfer in sediments, together make water and gas forming
secondary hydrates. The secondary hydrate together with existing hydrate probably makes the
hydrate saturation higher than original hydrate saturation. This high saturation hydrate ring
could be attributed to the displacement effect of mud invasion and the permeability reduction
because of secondary hydrates forming. Under the same temperature and pressure of drilling
fluids, the higher the salt concentration of the drilling fluid, the faster rate and greater degree of
hydrate dissociation due to the stronger thermodynamic inhibition effect and heat transfer
efficiency. The occurrence of high-saturation hydrate girdle band seems to mainly depend on the
temperature and salinity of drilling fluids. The dissociated free gas, the dilution of water salinity
associated with hydrate dissociation and the occurrence of high saturation hydrate ring probably
cause the calculated hydrate saturation based on well logging is higher than that of actual hydrate-
bearing sediments. Our simulations suggest that in order to keep wellbore stability and well
logging accuracy during drilling through the hydrate-bearing sediment, it is better to adopt the
managed pressure drilling and low-temperature mud circulation, and add kinetic inhibitors or anti-
agglomerants instead of salts into drilling fluids for preventing hydrate re-formation in the well.
Keywords Gas hydrate, Drilling fluid, Invasion, Hydrate dissociation, Secondary hydrate,
Wellbore stability, Well logging
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Fig. 1 Schematic diagram of invasion of drilling fluid into gas hydrate bearing sediment
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Fig. 3 Schematic of drilling fluid invasion during drilling in the hydrate-bearing sediment
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Fig. 5 The variation of physical properties of sediment around the borehole as a function of distance during mud invasion

(a) The distribution of pore pressure around borehole; (b) The distribution of temperature around borehole; (c) The distribution of water

saturation around borehole; (d) The distribution of hydrate saturation around borehole; (e) The distribution of free gas saturation around

borehole; (f) The distribution of NaCl concentration around borehole.
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Fig 6 The distribution of physical properties of sediment around borehole

under the invasion conditions of different mud densities

(a) The distribution of hydrate saturation around borehole (+=2 h); (b) The distribution of temperature around borehole (t=2 h);

(¢) The distribution of free gas saturation around borehole (¢=2 h); (d) The distribution of NaCl concentration around borehole (t=2 h).
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Fig. 7 The distribution of physical properties of sediment around the borehole

under the invasion conditions of different mud temperatures

(a) The accumulative gas from hydrate dissociation; (b) The distribution of hydrate saturation (=2 h); (c¢) The distribution of water

saturation (¢=2 h); (d) The occurrence of high saturation hydrate ring; (e) The distribution of pore pressure (:=2 h); (f) The

distribution of NaCl concentration (¢=2 h).
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Fig 8

The distribution of physical properties of sediment around the borehole

under the invasion conditions of different mud salinities

(a) The accumulative gas from hydrate dissociation; (b) The distribution of temperature (:=2 h);

(¢) The distribution of hydrate saturation e (:=2 h); (d) The distribution of pore pressure (t=2h).
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