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Relative permeability modifiers (RPMs) have been utilized for controlling excess water in fractured shales1.
The polymers that are employed as RPMs have the capability of dramatically decreasing water relative per-
meability with a less impact on gas relative permeability 2, 3. In the study outlined within we have aimed to
control excess water in low permeability carbonate gas reservoirs using a newly developed silylated polyacry-
lamide based RPM was verified by core flooding tests under gas reservoir conditions. Prior to experiments,
the RPM was prepared according to our previous study4. As shown in Figure 1, silylated chains in the RPM
performs as a part of adsorbing onto rock surfaces via surface functionality and polyacrylamides with long
chains act as a role of decreasing excess water in carbonate porous rocks.
Representative carbonate samples were selected for core-flood analysis including an Indiana limestone sample
which was achieved through consecutive injection of brine and gas under reservoir conditions (1300psi and
60℃). SEM measurements showed that amorphous polymers were present on the pore surfaces and adhered
onto calcite crystals at a high magnification ratio as indicated in Figure 2a. The residual resistance factor to
brine (RRF brine) and residual resistance factor to gas (RRF gas) was 10.33 and 2.5 respectively. The dispropor-
tional reduction ratio (RRF brine/ RRF gas) was 4.13, showing a higher reduction of water production with a
less impact on gas relative permeability. After performing history match of brine production and differential
pressure by Sigmund McCaffery correlation5, the out profile of simulated brine production and differential
pressure was generated and relative permeability correlated with water saturation was calculated as well. As
shown in in Figure 2b, the results indicate that relative permeability curves after the RPM treatment moved
to the right side as a whole and the crossover point dropped as well, implying the higher reduction of relative
permeability to brine. In addition, the irreducible water (Sir) increased due to the existence of adsorbed water
by the polymer in the porous cores. However, the relative permeability to gas presented a minor change,
indicating a less effect on gas production.
This novel silylated polyacrylamide based RPM can provide a potential solution to mitigating excess water in
carbonate gas reservoirs and present a significant application in gas fields.
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