Automate history-matching forecasts

Reservoir simulations benefit from au-
tomating history matching simula-
tions.
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or years oil and gas exploration
F companies have sought tools to

see through the earth’s surface
to expose and assess the nuances of
subterranean reservoirs. Industry and
economic pressures on these compa-
nies have increased the priority of
maximizing recovery across reservoir
portfolios. Lacking X-ray vision, most
engineers rely on inverse modeling
techniques for estimating unknown
reservoir parameters. Through these
techniques, parameter values are esti-
mated by conditioning them to dynam-
ic flow data, which is accomplished by
minimizing the objective function
quantifying numerical differences be-
tween actual data and those provided
by reservoir simulation.

However, today’s leading-edge engi-
neering teams are using a new method
of reservoir simulation history-match-
ing and production forecasting devel-
oped by NuTech Solutions and
Advanced Resources International.
Reservoir simulation using the
COMETS3 reservoir simulator (for un-
conventional gas reservoirs) combined
with the Intelligent Business Engine
for Optimization is proving to be both
more efficient and more accurate than
the previous modeling techniques.

The history-matching challenge
Coalbed methane (CBM) reservoirs
and other non-conventional gas re-
sources are highly heterogeneous, and
their productivity depends on an inter-
connected and complex set of reser-
voir, completion and production char-
acteristics. These characteristics include
pressure- and concentration-dependent
permeability, natural fracturing, multi-
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Figure 1. A single permeability variable in a simulation starts with a wide range of
values and, through iterations, narrows to an optimal history-match value. (Graphs

courtesy of NuTech Solutions)

zone completions, and multilateral
completions. Applying traditional trial-
and-error history-matching methodolo-
gies to this complex system is extremely
time-consuming and challenges the ca-
pabilities of a simulation engineer to
mentally track the various reservoir
mechanisms at play. To exhaustively
search the possible history-match solu-
tion space, thousands of simulations
may typically be required, which is im-
practical for an engineer to accomplish
within a reasonable period of time.
Furthermore, for moderate to large his-
tory-matching problems it might even
be impossible for human judgment or
exhaustive search to discover an accept-
able history match at all. The size of
the solution space increases exponen-
tially with the number of variables, and
for just a handful of variables can en-
compass many billions of possible com-
binations for the variables.

Automation of the history-matching
process can greatly enhance the ability
to thoroughly search the vast, multidi-

mensional solution space and leverage

already scarce engineering resources.
The team’s approach takes advantage
of optimization procedures using “evo-
lutionary strategies,” which mimic the
Darwinian Theory of biological evolu-
tion.

Evolutionary strategies in practice
This optimized history matching pro-
cedure using evolutionary strategies
has been successfully applied to an
enhanced CBM well case in Poland
and is also being used on multibranch,
horizontal CBM pinnate well cases in
China and conventional (vertical) mul-
tiseam CBM wells in Canada and the
United States.

In each case, the engineering team
was able to evaluate the possible histo-
ry-match solution space within days to
discover discrepancies between the
current reservoir model and actual
field performance. Modifications could
then be quickly identified and imple-
mented. Once a consistent model was
developed, history-match optimization
was similarly achieved within a matter
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