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In Streamline Methods
Simulate million-block models Iin a couple of minutes
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Motivation I

Streamline methods decouple the 3-D transport problem into multiple
1-D problems along streamlines.

Accuracy Increases with density of streamline coverage; simulation
time increases linearly with the number of streamlines.

Sometimes (e.g., In history matching) one is only interested in rapid
estimation of production characteristics. Question:

IS It possible to obtain reasonably accurate production curves using
fewer streamlines?

Mass-Balance Errors I

Streamline Discretization

A streamline collection can be viewed as a discretization Iin the coor-
dinate system (7, 1, x), where (see [3]),

e 7. time-of-flight — Is the coordinate along streamlines,
e ), . bi-streamfunctions — represent the transversal directions.

Longitudinal discretization (A7) Is given by streamline tracing.

Transverse discretization (AyAy) is determined by distribution of
streamlines and assignment of fluxes g, to streamlines.

In practice, streamlines are viewed as representing a streamtube car-
rying a constant flux from injector to producer.

Using this representation, streamline volumes can be calculated as:

Vo = D Qsl.iTsli-
z'

Problem

Streamline discretization does not reproduce true pore volume.

Mapping between the grid and streamline coordinate systems in-
troduces mass-balance errors.

Why?

As streamline coverage becomes sparse, time-of-flight along stream-
line may not be representative for streamtube cross-section.

For complicated models, there may be large time-of-flight variations
even for relatively small cross-sections.

Proposed Solution I

Adjust time-of-flight values such that streamline volumes match the
grid-block volumes in every block.

Simple mappings preserve mass exactly.
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Warnings:

Changing time-of-flight may give inaccurate breakthrough-times:

Only scale 7 along streamlines that have broken through.

Saturation fields will be inaccurate for very low streamline densities.

Problem: pressure/velocity may be sensitive to saturation distribution,
e.g., for low mobility ratios:

Trace streamlines adaptively, starting in high-flow regions, until a
given fraction of the pore volume has been covered.

Results I

Model 2 from the 10th SPE Comparison Project [2] (Producer 1)
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History matching: matched 7 years of production history in 17 min for
a million-cell model with 69 producers; see [4]

Concluding Remarks I

The modified streamline method:

Gives accurate production curves using few streamlines.

Significantly reduces computation time, especially when coupled with

fast pressure solvers such as multiscale methods.

Is applicable also to corner point/unstructured grids, where there may
be large longitudinal tracing errors In addition to the transverse errors
due to sparse streamline coverage.

2005.
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