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Sngle phase perophyscd propaties of falts can be induded in resarvoir flow
dmulaion modds usng dimensonless trangmisshility multipiees  Two phase flow, however, is
govened by dynamic rdaive permegbility and capillay pressure curves which vay as a
function of the sturation of the grid-blocks to which they are attached. Faults are represented in
conventiond smulation modds not as volumes, but as 2D interfaces between grid-blocks, hence
there is no smple method for induding two-phase fault zone propertties as a function of fault
zone sturdion. A method for induding two-phase fault zone properties as a function of the up-
dream grid-block sauration is presented, by introducing the concept of the rddive
trangmisshility multiplier.  This dlows for more redigic modds of hydrocarbon retetion
behind faults.

Fault-rock properties and flow conceptudisations made in migration and production flow
moddling ae summarised on Figure 1. The mogt important fault propety for migration and
accumulation gudies is the capillary threshold pressure of the fault rock.  Buoyancy driven aill
migration is sopped by a fault, ard an accumulation forms behind it. As the accumulaion
grows, the capillary pressure in the sandstone adjacent to the fault will incresse.  Eventudly, the
cpillary pressure in the accumulaion (not necessxily equivdent to the acrossfault pressure
difference) will maich the capillary threshold pressure of the fault, and an oil dringer through the
faut will form dlowing migraion into the sanddone beyond. This kind of tretment assumes
aufficient time is avalable for flow-rdlated forces to be negligible and is, therefore, a ddic
treeiment. The only dSgnificant force is capillary pressure, and the only sSgnificant fault property
isthefault rock capillary threshold pressure.

The treatment of faults in production smulators is entirdy different. The god of
successful  production is to maximise flow by exploiting or gpplying pressure gradients.  The
resgance to flow is the viscodty of the fluid, and the coefficients relating viscosty and pressure
gradient to flow rate, are permesbility and length. Hence the most important fault properties for
production are the permesbility and thickness of the fault rock, and these properties are captured
in the flow dmulator as trangmissbility multipliers (Manzocchi & d. 1999).  Trangmisshility
multipliers do not incorporate any capillary properties of faults, and the capillary pressure curve



of the fault rock is assumed to be the same as that of the reservoir rock. This is therefore a Sngle
phase trestment of the fault as the trangmisshbility multiplier acts indiscriminatdy on dl fluid
phases  This tretment cannot predict capillary trgoping of oil behind faults usng the
conceptudisation of a fault contained in a production flow smulaor, it would not be possble to
modd a membrane fault seding oil accumulation (i.e. one controlled by fault rock) and reated
updream accumulations of resdud oil. This trgoped ol may be a target for new production
wdls but any infill-drilling programme which is based on the results from the smulator would
not identify the presence of this ail.
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Figure 1. Comparison of assumptions made about flow process and fault properties in migration studies and
production simulation. Methods for determining geologically meaningful transmissibility multipliers for
conventional production simulation exist. Enhanced fault representation for production simulation combines
the conceptualisations made in the two modelling disciplines to develop the concept of the relative
transmissibility multiplier. These are necessary if simulation models are to honour capillary pressure related
hydrocarbon trapping during production, or fault trapping in a hydrodynamic regime (e.g. Heum 1996). Dark
grey: hydrocarbon. Pale grey: water.



The isues involved in the representation of two-phase fault zone properties are illugtrated
usng a smple 1D waer-flood modd congding of a 20 cm thick, 1 mD fault contained in 1 D
metrix.  The fault is represented discretdly in a fine scde modd (Figure 28) and as a
tranamisshility multiplier (T,,s) in a coarse scde modd (Figure 2b). In both representations the
dnge-phase (or absolute) permegbility dructure is identicd, but of course the rdaive
permegbility and capillary pressure curves for the fault can only be included in the fine scde
modd. In the regions immediatdy up-stream of the fault, the water saturation shows a rapid
increase as the water-front passes through the fault (Figure 2¢). The resdud oil saturetion,
however, is higher for the fine modd (curves i and i) than for the coarse modd (curves iii and
iv), reflecting the increese in capillary trapping cose to the fault. There is no dgnificant
difference between the resdud oil saturations in regions iii and iv, as both are determined only
by the reaive permegbility and capillary pressure curves of the high permesbility matrix. T,
operates indisriminately on both phases, while in redity fault trangmisshbility multipliers are
phase-specific and vary throughout the course of the smulation run (Figure 2d).

A redive transmisshility multiplier (T,,) for fluid phase p (p is ail or water) is defined
as T, =T, /Tas, Wwhere T, is the phase transmisshility multiplier (Figure 2d) and T, is the
absolute (single phese) trangmisshility multiplier. If T, is tracked over the course of fine-scale
smulaion run, and then reformulated as a function of the sauraion of the up-stream grid-block,
the rddive transmissbility multiplies T,, and T,, ae obtaned (Fig 3a. Rdative
tranamisshility multipliers act on the reative permegbility functions of the up-stream grid-block,
and when the modified curves are incdluded in the coarse Smulation modd, a good meatch to the
fine-scdle modd results are obtained (Fig 3b; c.f. Fig 2c).

Rdaive trangmisshility multiplies vay a a function of fault pemesbility and
thickness, grid-block permegbility and dze (these factors dso influence the single-phase
tranamissibility multiplier), as wdl as the rddive pemegbility and capillay pressure curves,
flow rates and fluid properties. As it is not practicd to peform the dynamic up-scding required
to determine the rddive trangmisshility multipliers for esch faulted gid-block in a reservoir
dmuldion modd, future work will invedigate the posshility of defining a suite of rdative
tranamisshility multipliers to be goplied on the bass of likdy fault dructure and dynamic
conditions within the resarvoir.  Defining such a suite of curves is conddered feasble in view of
the geometricd smplicity of the problem, which in a conventiond faulted full-field Smulation
modd involves only two grid-blocks a atime.
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Figure 2 Flow simulation scheme used to illustrate the determination of the relative transmissibility
multiplier. & Fine grid model incorporating a discrete thickness of low permeability fault rock (dark cells).

b) Coarse grid model, in which the fault is represented as a transmissibility multiplier Ta.s. The regions (iii)
and (iv) in the coarse model are the second and first grid-blocks up-stream of the fault, and occupy the same

space as regions (i) and (ii) in the fine model. Waterflood is from left to right, with a frontal advance rate of
0.5 ft/day. Oil and water viscosities are 1 and 5 cp respectively. ¢) Water saturation in the four regions as a

function of injected water volume. d) Oil and water phase transmissibility multipliers back-calculated from
results of the fine scale run, as afunction of injected water volume.
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Figure 3 &) Relative transmissibility multipliers as a function of the saturation of region (ii). b) Water
saturation in the four regions as a function of injected water volume, using the relative transmissibility
multipliers to determine the properties of region (iv). Grey curves— coarse model. Black curves—fine model.
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