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ABSTRACT

Complex reservoir geometries can influence the results
obtained from transient-production-decline analysis.
For naturally fractured reservoirs, it is common to
observe linear-flow geometries and limited drainage
areas. In some cases, these results are inconsistent with
the expected geological, structural, and depositional
character of the reservoir. Complex reservoir
geometries and flow conditions such as liquid loading
can contribute to this phenomenon.

Single numerical simulation with well test models
cases will be used to generate the control data sets to
demonstrate these effects. This paper presents seven
cases showing the effects of complex reservoir flow
conditions on the results obtained from production
analysis with well testing.

INTRODUCTION

Production anaysis is commonly used to evaluate
completion efficiency and effective drainage area of
producing wells. The methodology is a type-curve-
matching methodology. Flowing bottomhole pressures
and production rates are treated as a long-term
production/drawdown test, providing an estimate of
effective drainage area, flow capacity, and fracture
half-length through type-curve analysis.

This methodology, originaly was presented for a
single-layer reservoir, is applied to layered systems by
assuming average properties the productive zones.
Production-analysis methodologists are suited for the
analysis of tight gas reservairs.

Naturally fractured reservoirs typically in transient
flow for an extended period of time, and therefore daily
pressure and rate data can be used to analyze transient
behavior of the reservoir around the producer. Wellsin
naturally fractured reservoirs typically drain a limited
area and often experience linear flow for an extended
period of time after completion.

SIMULATION

Single numerical simulation cases were constructed to
develop production and pressure profiles use for the

analysis. The base case for this analysis was a fracture-
stimulated radial-flow model.

The reservoir geometry for the single layer cases was a
square, and for the multilayer case, the top layer was a
high-permeability channel. Production rate from the
models was controlled by a 350-psi constant tubing
pressure with a 10,000 bpd maximum flow rate limit.
The base case was run for 2 years.

BASE CASE

Sedimentary environments indicate the importance of
the productive formation and provide structural
information as well; it is possible to forecast their
behavior, the lithostratigraphic units which allow
identifying the existence of each one of the layers. It
also provides information about existing faults and
fractures.

Based on al the information available from
sedimentary environments, it is possible to build the
structural geology at the well location and at a regional
level. Facies which intersects a well indicates the
structural position of the well. Structural position of the
formations can be determined based on relative density
of the fluids.

Relative production rhythms (regarding to a base flow
rate); the analysis of the sealed layers allows knowing
the structural part of the layers.

The base case represents a well producing from the
center of a 40-acre sguare reservoir. Logarithmic
gridding was used in the simulation cases to capture the
transient flow in the reservoir and eliminate numerical
dispersion. The results of this case demonstrate the
ability of the production analysis methodology to
match simulation results.

Fig. 1 is the type- curve match for this case. It should
be noted that the match assumes an infinite
conductivity fracture and that an acceptable match also
was obtained by use of afinite-conductivity model with
a 200-tf fracture half-length X;, and a 75-md-ft fracture
conductivity.
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Fig. 1. Base case production analysis results.

CASE1

This case incorporates stress dependent permeability
into the base case. In this case, as the cell-block
pressure is reduced, the effective permeability is
reduced as afunction of increasing stress.

The stress-vs.-permeability data used for this case were
obtained trough laboratory experiments and are a
typical for stress-sensitive reservoirs. The effect of
increasing stress on the reservoir flow capacity,
fracture half-length, flow geometry, and effective
drainage area was examined trough production
analysis.

When a well is placed on production in this kind of
environment, the reservoir flow capacity decreases as
pressure depletes in reservoir, resulting in an increase
in net stressin the reservoir rock.

At first, only the near well region is affected by the
pressure decrease. As the drainage area increases with
time, there is a corresponding decrease in pressure
within the drainage area. Because of the nature of the
rock, there is a corresponding decrease in permeability.
This is typically noted as a decrease in flow capacity
over time. The effect is not a result of a change in the
flow geometry within the reservoir. The effect, when
modeled using production analysis results, is a longer
fracture half-length as a result of the initia
improvement in  the dimensionless fracture
conductivity.

As expected, the overall flow capacity was reduced in
the reservoir, and the effective drainage was less for
the same 2-year production life. After 30 years of
production, the apparent drainage area obtained from
the analysisincreased to 34 acres. The stress-dependent
nature of this reservoir results in a false depletion stem.
In this case, production analysis did show the reduced
reservoir flow capacity and did not suggest that a
reduced fracture length caused the reduced production
rate.

CASE 2

This case is a two-layer reservoir with the top layer
having a 20-md-ft flow capacity producing from a 466

ft wide by 1,320 ft long channel. The drainage area of
the upper layer is 14 acres, with a 2, 8 length-to-width
ratio. The bottom layer has properties identical to the
base case, with 2.0-md-ft flow capacity, a 40-acre
drainage area, and a 1.0 length to- width ratio. Both
layers have a 200-ftgridded fracture with a 75-md-ft
fracture conductivity. After 2 years of production, the
match clearly shows that the reservoir flow geometry is
dominated by the high-permeability upper zone. Fig. 2
shows the type curve match for this case.

A second model was constructed with the channel
having a 2.0-md-ft flow capacity and the bottom zone
having the higher flow capacity. In this case, the type-
curve match was obtained with and 1.0 aspect ratio and
a 27-acre effective drainage area.

The low effective drainage area for these cases is a
result of treating the two-layer channel/blanket sand as
a single zone with an 80-ft net thickness (model net
pay at the completion). When the actual geometry is
not known, assuming a common geometry for both
sands results in an inaccurate estimate of drainage area.
However, the resulting drainage-volume estimate
obtained from the analysis matches the simulated
volume.

The actual reservoir geometry can be determined if the
individual-zone rates are known through time.

It has been shown that in some cases, treating non
commingled zones as a single sand with average
properties can extend the time to reach pseudo steady
state significantly.
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Fig. 2. Case 2: Production analysisresults.

CASE 3

It is focuses on hydraulic-fracture cleanup. The base
model was used for this case, and the cleanup time in
the simulation was 60 days. The conductivity of the
fracture was set equal to the formation conductivity at
Day 1. Hydraulic fracture cleanup has a distinct type-
curve response.

Fig. 3. Is the type-curve match for this case. Note the
negative sope in the early-time data and the fact that
the resulting match shows much less fracture half-
length than the base case. Thisresult may be one of the
most logical explanations for the short fracture lengths
obtained from production analysis. After stimulation of
a oil well with a liquid fracturing fluid, the



conductivity and effective fracture length with respect
to ail is zero.
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Fig. 3. Case 3: Production analysis results.

Oil saturated fracture length increases with improving
conductivity as desaturation occurs during cleanup.
The fracture length estimated depends entirely on the
degree of cleanup accomplished at the time when the
flow is observed, and in this case, at dimensionless
time based on area, tp, of approximately 0.04 (after 69
days of production). It is important to note that the
fracture conductivity after 60 days was equal to the
base-case conductivity of 75 md-ft.

CASE 4

This case presents the results of liquid loading. In tight
gas reservoirs, liquid loading historically has been
viewed as a mechanical problem that effectively is
placing an additional backpressure on the formation.
However, experience has suggested that liquid-loading
results in a false depletion stem in production type-
curve analysis. This work set out to address the cause
of this phenomenon. This study approached the
problem in a stepwise fashion. The first step was to
determine if ignoring the additional backpressure
caused by the liquid standing over the perforations
would cause an early depletion stem.

The second step was to incorporate the effects of
spontaneous imbibitions during flowing conditions into
the model. This process was approximated by allowing
small amounts of water to drop out during production.
Effectively, the near-wellbore region has slightly
increasing water saturation with time during
production. In conjunction with this study, laboratory
experiments were conducted to determine if the process
could be modeled physically.

The results of the laboratory experiments showed that
if water was allowed to stand in or above the
perforations, the effective gas permeability was
reduced by as much as 75% of its original value.

These results were transformed into a relative
permeability curve that was used in the simulation runs
modeling this effect.

CASE 4A

Assumes a static liquid column is present but not
accounted for when calculating flowing bottom hole
pressure for the analysis. This case shows that
backpressure alone does not account for field
observations. The reservoir flow capacity and the
fracture half-length are less than the actual values in
the simulator because the incorrect bottom hole
flowing pressure is accounted for as reduced
completion efficiency. However, the effective drainage
area and shape are correct.

Assumes a dtatic liquid column is present but not
accounted for when calculating flowing bottom hole
pressure for the analysis. This case shows that
backpressure alone does not account for field
observations.

The reservoir flow capacity and the effective x; are less
than the actual values in the simulator because the
incorrect bottom hole flowing pressure is accounted for
as reduced completion efficiency. However, the
effective drainage area and shape are correct.

CASE 4B

Assumes a dtatic liquid column is present causing
imbibitions during the production life of the well.
Liquid fills the near-wellbore fracture and matrix.

Fig. 4 presents the type curve match for this case,
where the relative permeability in both the hydraulic
incorporate the effects of spontaneous imbibition
during flowing conditions into the model.

This process was approximated by alowing small
amounts of water to drop out during production.
Effectively, the near-wellbore region has slightly
increasing water saturation with time during.

CONCLUSIONS

The primary porosity composed by the matrix and
microfractures that contain the fluid presented low
capacity flow.

The model show changes in lithology, petrophysical
parameters such as. high porosity in limestone very
fractured for a calcareous limestone generating good
permeability, high contrast in the pressure and
temperature (top =85 C and botton 100 C). Exist heavy
oil with changes very strong in viscosity with the
temperature, changing the hydraulic diffusivty
coefficient. In the top of the reservoir exist severa
horst and graben. Generating geometries complex.
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