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Description

e A constant pressure boundary effect can
be seen during a well test in several
cases:

— When the compressible zone reaches a gas
cap laterally;

— When the compressible zone reaches an
aquifer with the mobility of the water much
greater than that of the oil
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The Method of Images

* A constant pressure boundary is obtained
analytically using the method of images.

* The image well is symmetrical to the tested well
in relation to the boundary.

— It has a flow rate opposite that of the tested well.
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|he Method of Images.../2
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The Method of Images.../3

 Applying the image method, the pressure at the
well is written:

Pp=Pp (tp,1p =1,8)—pp (ty,21) (10.1)
Pressure Pressure variation
variation due to due to the image
the well well
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Distance to The Boundary

e Two methods can be used to determine
the distance to the boundary:
— The intersection of the semi-log straight line

and the constant pressure straight line that
was reach at the end of the test.

— The radius of investigation at the time when
the compressive zone reaches the boundary.
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Distance to The Boundary.../2

p bar

At hours
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Distance to The Boundary.../3

e Intersection of the two straight line:

— The expression of the distance is identical to that
obtained for a fault:

kt,
guc,

d=0.012

(in practical US units) (10.7)
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Distance to The Boundary.../4

e Radius of investigation:

— The distance from the well to the boundary can be
determined by the time t, when the measurement
points leave the semi-log straight line:

kt,
guc,

d=0.032

(in practical US units) (10.8)
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Type Curves: The Derivative

 The presence of a constant pressure

boundary is characterized by a pressure
stabilization.

e A pressure derivative going to zero and
appearing as a sharp decrease of the log-log

representative corresponds to this pressure
stabilization .
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Example 13

(In-class workshop)
- Constant pressure boundary-
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Description

e |f the reservoir is limited by no-flow
boundaries, two cases can be distinguished
when the compressible zones reaches the
limits:

— The well is producing: when the no-flow boundaries
are reached, the flow regimes becomes
pseudosteady-state.

— The well is shut-in: when the no-flow boundaries are
reached, the pressure stabilizes at a value called
average pressure in the whole area defined by the

no-flow boundaries.
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Pseudosteady-State Regime

 When all the no-flow boundaries have been
reached, the flow regime becomes pseudosteady-
state regime.

 The no-flow boundaries define the drainage area
of the well.

A= O.234q*B (116
¢c.hm
T
Positive
value
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Pseudosteady-State Regime.../2
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Pseudosteady-State Regime.../3

* The value of P, is used to determine the shape
factor, C,.

From
drawdown

A

m o
C, = 545610 \
From drawdown

or buildup,
positive value

(11.8)
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Pseudosteady-State Regime.../4

* Table 11.1 can be used to determine the ty,
corresponding to the end of the transient flow

and to the beginning of pseudosteady-state flow
for a given reservoir-well configuration:

— The fourth column of the table indicates the exact
beginning of the pseudosteady-state flow;

— The fifth column shows the beginning of the
pseudosteady-state with less than 1% error;

— The sixth column gives the end of the transient flow
with less than 1% error.
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Table 11.1
Iin bounded reservairs | Ca inCs | 1/2In{2.2458) | Exact Less than Use infinte
P—Q‘A for | 1%emor system solution with
o> for tpe> less than 1% emor
for tpag
@ 3162 34638 -13226 O 0.06 010
O 36 3462 -1320 01 006 0.10
A 076 3378 -12584 02 007 0.0
Q 71 32905 -12482 Q2 007 000
k 219 30865  -11387 04 0.12 0.08
11"3__“__'_ 1
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311 é Y000 -2322T  +15659 09 0.60 0015
. 08828 3430 13106 0.1 0.05 009

o 128851 25638  -08774 07 0.25 0.08

. 45132 15070 -0.3490 06 0.30 0.025
:E! 33351 1205  -0.1977 07 0.25 001
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v 218369 3088 @ -1.1373 0.3 015 0.025
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y—,y;nicauy use (xg/¥q° instead of Ar; for fractured systems
fractured reservairs
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with water drive
@ 191 295 =107 - - -
in reservoirs of unknown

250 322 -1.20 - - -
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Pseudosteady-State Regime.../11

e Since pressure varies linearly versus time during the
pseudosteady-state flow, this flow is characterized
on the pressure derivative by a straight line with a
slope of 1 on a log-log plot.

e The shape of the transition between the transient
regime and the pseudosteady-state regime depends
on the shape of the drainage area on the position of
the well in the area.

- The shape of the transition is used to characterize
the reservoir well configuration.
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Pseudosteady-State Regime.../12
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Pseudosteady-State Regime.../13

e Figures below shows a number of typical
configurations and how they are characterized on
the pressure derivative plot.

e |t shows the boundary during a drawdown, but also
during buildup (broken line).
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Pseudosteady-State Regime.../14

slope of 1,
* pseudosteady-
state flow
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Pseudosteady-State Regime.../15
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Pseudosteady-State Regime.../16
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Shut-in Well, Average Pressure

e When the compressible zone reaches real no-flow
physical boundaries during buildup, the pressure in
the drainage area becomes uniform and constant —
average pressure of the drainage area.
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Shut-in Well, Average Pressure.../2

e A derivative going to zero corresponds to reaching
the average pressure. It corresponds to a steep
decrease of the derivative on a log-log plot.
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Shut-in Well, Average Pressure.../3

e Comparison with a constant pressure boundary.

4 |

constant pressure Po bounded reservoir

e e — o —

et
o

N
constante pressure

bounded reservoir

t ty/Cp
DRAWDOWN
A A
constant pressure and constant pressure and
bounded reservoir bounded reservoir
p Pp
\ m
tp + At tDHCD

at BUILDUP |@ @@@|
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Shut-in Well, Average Pressure.../4

e Calculating the average pressure using MBH
(Mathews, Brons, Hazebroek) method:

210

190

p bar

170

&

i L1 i aaaal L NN 1 Lo L irus

100 101 102
(to+At)/At

Note: P* must be determined on the first semi-log straight line that corresponds to the
infinite acting period |@ ®@@|
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Shut-in Well, Average Pressure.../5

1. Calculate tpa:
~0.000264kt,

t =
PR puc A

2. Choose the curve corresponding to the reservoir-well
configuration of the test (Figure 11.8 - 1.11).

3. Use the chart to determine:

o 2303(p"—p)

DMBH —
m

4. Calculate the average pressure.
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Productivity Index

e The productivity index of a well is the ratio between:
— The well flow rate;

— The difference between the average pressure of
the drainage area and the bottomhole pressure:

Pl= — . (12.1)
p = pwf
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e Productivity index during the infinite-acting period
can be calculated by:

Pl= kn (12.2)

K
162.6Bu| logt +log —3.23+O.87S]
( it

©0e0

ocw.utm.my



LUSTAERSIT. TEAHOLDO MALLTEL

©UTM
Productivity Index.../3

e Productivity index during the pseudosteady-state
flow can be calculated by:

kh
o A 22458 (126
162.6B,u[10g2+10g - +O.87Sj
I"W A
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Example 14

(In-class workshop)
- Closed reservoir
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