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ABSTRACT

This study presents a generalized analytical formulation of the Multi-Well Interference test
problem using the concept of the source and sink functions as a tool for solving the basic

interference equations.

The much broader case, featuring inner well boundary conditions with

skin and storage factors at both the active and the several observation wells, is considered. The
general nature of the formulation allows for the analyses of non-homogeneous reservoirs and
hence the concepts of reservoir directional permeability and the related issues of reservoir principal

axes of permeability were addressed.

Most of the published cases of interference tests were

identified as limiting cases of the generalized formulation.

INTRODUCTION

Pressure Transient Analysis has become a
very important tool for reservoir characterization. The
most commonly used pressure transient analysis

technique 1s the single well test, either in form of

pressure drawdown or pressure build-up tests. These
based on the casy
homogeneous reservoirs, and are therefore limited to
the evaluation  of  volume-averaged horizontal
permeability of the reservoir zone contacted during
the test. In view of the averaging process of these
tests they are notoriously incapable ot quantifying
lateral variations In reservoir properties no matter
how severe.

Multi-well nterference tests, featuring an
active well and one or more observation wells do,
unlike the single-well tests, present powerful
alternative means of using well test as a reservoir
characterization tool. In this kind of interference
tests, reservorr parameters that relate to inter-well
properties, such as the problems of directional
permeability 1n heterogeneous reservoirs, —are
addressed. Directional permeability has very strong
imphcations 1 non-homogeneous reservoirs when
external energy mput in form of fluid injection 1s
required to augment ratural reservoir energy. In these
cases. good understanding of the nature of reservorr
heterogeneity, and the directional permeability are
very important in order to choose the optimum fthud

fests - are

assumption  of

flood pattern orientation that would reduce the
adverse effects of fluid channeling on arca sweep
efficiency. Similarly, in order to optimize

production from horizontal wells, knowledge of
directional permeability and/or the principal axes of

reservoir permeability are essential so that wells are

preferably dnilled orthogonal to the direction of

maximum permeability.

A few papers have recently been
published on the evaluation of directional
permeability using multi-well interference tests'

none of these has attempted a unified treatment of

the problems of heterogeneity and possible
directional permeability in interference well test .

In this paper we will attempt to formulate the

interference well test equations 1n a generalized
form using the concept of source functions. This
formulation would be sufficiently general such that
cases involving homogeneous reservoirs can be

considered as special cases, and therefore most of

the published interference equations can be seen as
limiting cases of the generalized equation.
PROBLEM FORMULATION

We consider the case of tests with a single active
well and several observation wells as shown in the
schematic below.
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Ihe relevant distances between any observation well 'R and active well 'P" are as indicated in the schematie
I'he pressure response at the observation well 'R due to a production pulse at the active well 'P', 1s atfected by
pressure interference from all the other wells within its neighborhood.  The level of interference due to cach of
these surrounding wells 1s normally a function of the rate at which the well 1s produced as well as its distance
from the observation well.  The pressure response function at the wellbore of the observation well can be
expressed, m Laplace space, using the principle of superposition in space i a generalized interference equation
givenas':
N
Pi(rpris A) @pG(rppr. A) + OreGrpgR.A) Z O G(TpRA) e 1
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In this equation, 1t 1s pertinent to note that the distance designation, rppp and rpgg must cach be unity since they
describe the distance of the active well trom the active wellbore location and the observation well from the
observation wellbore location respectively.  The factor o, represents the weighting function that reflects the
level of pressure donmunance of any particular adjoming well at the observation wellbore

Pressure Profiles at The Observation Well
Using the above solution scheme, the pressure equations at all the *N* observation wells. taking account of their
respective wellbore Skin factor (Sgg). can be expressed as:

N
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!

1

12R
Equation 2, contains parameters op and oy, which can be related through the use of wellbore Storage constant
(Cprg) and the other wellbore boundary conditions to obtamn:

N
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ug 18 the rato of the flud production rate at the observaton wellbore () °R ) to the production rate at the active
wellbore (P).
Equation 3 1s a set of N indicial equations, one equation for each of the observation s in the mulu-observation
well test.
Pressure Profiles at The Active Well
Proceeding as in the observation well case. the pressure response equatron at the only active well, taking
cognmizance of the pressure interference from all the observation wells, can be expressed in Laplace space as:

N
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And the single indicial equation that relates og,s and wp 18 given as:
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I'he larger the number of the observation wells involved in the mterference test. the larger the dicial matrix
cquation that needs to be solved. and the more complex the analyses of the test results.
If there were only two observation wells and one active well. then N=2 and R= 1.2: and the indicial equation 1s

I:2.3.7..N) can be evaluated.

i O,
= P g
| { i
di | E(!)R l
i : |
]
B
| S
=
]
L o
A nat | 1D
AN '._\41[ | Op

reduced to a 3x3 matrix-vector equation given as

!au 4, A3 Oy,
Ay @y, Ay, 1O,
[y 32 i3] | Op

where a;, are defined as follows:
apy
a2
dy 3
as

Using equation (8). the indicial matrix equation for the three well interference test can be solved for the
weighting parameters oy, op> and op 1n order to construct the test response equations. Even for this seemimgly

lot, /2|
o, /3]
1/ |

Cori M Sgy + Glrpry. 7)) = 1
Cpri 2G(rpga, 4 )

Cpry 2G(rppy. A ).

Cpr> AG(rpric A ).

Cora M Spa + Glrprs. 2) ) ~ 1
Coro 2G(rppa, 2 ).

CpprG(rppr. A)

Cpp AG(rppa. 1 ).

CopA( Sy + Glrppp, X)) = 1

constitute a set of (N+1) simultancous ecquations from where all the functions
These equations can be expressed mn terms of Vector - Matrix
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simple case, the test response tunction could. in theory, be complex and unwieldy.

By far the most commonly used interference test geometry 1s the two-well interference test geometry ™ For
the very simple but general case of the two-well test (one observation well and one active well). N is unity: thus

N-1-R. The indicial response equation reduces to a 2x2 matrix-vector form given as:

| | i -
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Where:
ay
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a2
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Fquation 9 can be solved for op and ogg using Crammer’s rule to obtain:
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Using Equation 11 i 2 for a two-well situation where N=1=R, the pressure profile at the observation well R can be
expressed i the forn:

[l F o Crph G p e ANG it A A € 5 p A(Sp + Gl AN M8 L[S, #6100 A
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Similarly, using equation 11 in 4, we can express the pressure response equation at the active well as:
Pip(rpp 2 )=
[C e 1Sun + Gl M)} + 1[Sp + Gy M) + 0 Ty , A) = C o AG (g s A) Gy s 2)

A
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In equations 12 and 13, the function A 1s given as:
A=k (1+Cph [ Spt+G(rpep, A) J T+ Chpe A [ Sz *+ G(rprr, A) ] - CorCin [)\(}(l'])m\l. A ] E] 14

Applications

If in a two-well interference test, for which generalised equations 12 and 13 are applicable, we assume that the

observation well 1s shut in, as is usually the case, then the parameter ay appearing in these equations becomes

identically zero.
observation well would simplify to the following:

Under this condition, Equations 12 representing the pressure response functions at the

G(rppg - A) -
Pire(ToRre: A ) =l 15
LX
While equation 13 for the active wells pressure response profile simplifies to equation 16 given as:
oL FCnmad S o G nnd MEillliSpeta Gl s X ) =63, 2G5 M) Gilingh X) i
The denominator of both equations 15 and 16 remains as:
A= I+CHA U BhE G, RYT L P+ Com X [Sek #Gltpra, XY |14 € TABroer, X )17 17

It 1s perhaps interesting to note the symmetry of
equation 14, and by extension, the entire equation
15810 (CupleSphdand 5 (G, 2Susiiese lisets of;
parameters can be interchanged without changing
the value or meaning of the entire pressure
response function. Equation 15 is a very elegant
demonstration of the mathematical proof of the
‘Reciprocity Principle’®.  This principle suggests
that it would not matter which of the two wells
involved in the interference test is used as the
observation well, the pressure response measured
would be same.

If in the two well test system, the source function
G(rppr.A) 1s assumed to be the instantaneous line
source solution in Laplace space, these equations
15 and 16 readily simplify to the mterference
equations commonly published in the Petroleum
Engineering literature' '’

CONCLUSIONS

A new set of generalised formulations has
been developed for pulse test configurations with
multiple observation wells. The formulations uses the
concept of source functions in Laplace space with the
principle of superposition in space to account for the
different locations of the various observation wells
within the test domain. The new formulations allow
for wellbore Skin and Storage factors to exist in either
or both the active and observation wells.

One major advantage of the new model is the
fact that, in a multiwell interference test. the response
function for any of the observation wells 1s well spelt
out: and can therefore by analysed independently of
the other observation wells involved m the test. The
traditional need to assume the line source solution
response in order to type-curve-match interference
response data will not now be necessary. [t 1s also
important to emphasise that most of the traditional
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ideas and concepts already successfully developed
for varous forms of interference tests could find
their equivalents as linuting cases of the new
generahised formulations.
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