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Project Goal

The goal of this project is to develop a systematic and cost-effective approach to the design and
interpretation of Partitioning Interwell Tracer Tests (PITT) to infer hydrocarbon saturation
distribution in highly heterogeneous and fractured reservoirs. The key elements of our approach
are a very fast streamline-based flow simulation technique and a rapid and novel history matching
technique that exploits an analogy between streamlines and seismic ray tracing. Our approach
will be orders of magnitude faster than conventional history matching, resulting in significant
savings in computation time and manpower. The integrated approach will take advantage of the
dense spatial coverage of the seismic data for static modeling and the strong coupling of interwell
saturation variations to partitioning tracer response. The outcome of this research will be a
systematic approach to the design and interpretation of tracer data and practical, PC-based,
software tools providing high-resolution saturation estimates in the interwell region by combining
well log, seismic, and partitioning tracer data.
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Project Results

We have utilized the unique features of streamline models to develop an efficient approach for
interpretation and history matching of field tracer response. We have investigated the relative
merits of the traditional history matching (‘amplitude inversion’) and a novel ‘travel time
inversion’ in terms of robustness of the methods and convergence behavior of the solution. We
show that the traditional amplitude inversion is orders of magnitude more non-linear and the
solution is likely to get trapped in local minimum, leading to inadequate history match. Our
proposed travel time inversion is shown to be extremely efficient and robust for practical field
applications.

We have generalized streamline-based simulation to describe fluid transport in naturally
fractured reservoirs through a dual-media approach. We compared our results with a commercial
finite-difference simulator for waterflooding in five spot and nine-spot patterns. For both dual
porosity and dual permeability formulation, the streamline approach shows close agreement in
terms of recovery histories and saturation profiles with a marked reduction in numerical
dispersion and grid orientation effects. An examination of the scaling behavior of the computation
time indicates that the streamline approach is likely to result in significant savings for large-scale
field applications.

We have also developed several alternative ways of using partitioning interwell tracer
tests (PITTs) in oil fields for the calculation of oil saturation, swept pore volume and sweep
efficiency, and assess the accuracy of such tests under a variety of reservoir conditions.



Benefits

The streamline-based inverse modeling has resulted in a dramatic cost reduction in terms of
computation time and manpower when compared to traditional history matching. Field scale
tracer test interpretation can now be carried out in a matter of days as opposed to weeks or
months and this makes the technology accessible to small operators. The approach is particularly
advantageous for high-resolution geologic models consisting of millions of cells that are now
fairly routine in the industry. The streamline approach has been generalized to model water
injection in naturally fractured reservoirs through the use of a dual media approach. We have
shown that the streamline-models exhibit a linear scaling of the CPU time as opposed to a
quadratic scaling for finite-difference simulators. This has the potential of significant savings in
time and man power for field scale applications in fractured reservoirs.

Background

One of the goals of reservoir characterization, particularly in mature reservoirs, is to identify
unswept regions containing high oil or gas saturation for targeted infill drilling or enhanced
recovery. Our goal is to develop a systematic and cost-effective approach to the design and
interpretation of Partitioning Interwell Tracer Tests (PITT) to infer hydrocarbon saturation
distribution in highly heterogeneous and fractured reservoirs. Unlike other efforts in this area, the
focus of our research will be identifying the location and distribution of remaining and bypassed
hydrocarbons in mature oil fields. This represents an enormous resource -- on the order of one
hundred billion recoverable barrels in domestic fields.

Project Summary
The major accomplishment to-date are as follows:

o Development of a ‘generalized travel time’ inversion scheme for interpretation of field tracer
response via inverse modeling that can result in orders fo magnitude savings in computation
time and significant cost savings in terms of manpower (days as opposed to months).

e Generalization of the streamline-based simulation to describe fluid transport in naturally
fractured reservoirs through a dual-media approach. An examination of the scaling behavior
of the computation time indicates that the streamline approach is likely to result in
significant cost savings for large-scale field applications.

Current Status

In the third year of the project, we have extended the streamline-based generalized travel time
inversion to fractured reservoirs. We analytically compute the sensitivities that define the
relationship between the reservoir properties and the production response in fractured reservoirs.
The sensitivities are an integral part of our approach and can be evaluated very efficiently as 1-D
integrals along streamlines. The production data integration is then carried out via a generalized
travel time inversion which has been shown to be robust because of its quasi-linear properties and
utilizes established techniques from geophysical inverse theory. A no cost extension of one year
for the project has been granted to examine the validity and practical feasibility of the streamline-
based inverse modeling of fractured reservoirs.

Photographs
An application of the streamline-based inverse modeling to the tracer tests in the ranger Field,
Texas (Cheng, He and Datta-Gupta, SPEJ, March 2005).
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Fig.1 Field tracer response (in blue) and generalized travel time inversion (pink). The entire
history matching took less than 1 hour in a PC.
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Fig.2: Updating of geologic models.(a) initial model for permeability (b) updated after integrating
tracer response indicating high permeability channels (in red).
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