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Summary of Technical Progress

A number of activities have been carried out in the last three months. A list outlining
these efforts is presented below:

●

●

●

●

The research work on wellbore/reservoir coupling with consideration to pressure
drop in the wellbore moved forward. In addition to being able to look at transient
problems, we can now handle any skin profile along the horizontal well. A
methodology is also developed to compute the optimum perforation density to help
delay cresting.

The gas injection experiments moved ahead and three preliminary sets of
experiments were petiormed. In the f~st set, a vertical injector and a vertical
producer located at two opposite sides of the core were used and the experiments
were conducted under constant gas injection rate. The second set was with two
parallel horizontal wells with injection pressure specified. The third set was similar
to the second set with the difference that the wells were staggered. Saturation profiles
were obtained using the in-house CT scanner. Preliminary simulation runs to model
the experiments have been done. Further experiments are planned.

Work on streamline grids continued by considering example problems with highly
distorted grids which cannot be directly used for flow simulation. The techniques of
grid smoothing and domain mapping are being investigated to handle such situations.

Performance of multilateral wells in a heterogeneous reservoir is the subject of
another ongoing project. An extensive number of simulation runs has been
completed for five arrangements of multilateral wells. The effect of wellbore fiction
on production, water/oil ratio and gas/oil ratio is studied in detail. A master’s report
on this work is being prepared.

This quarterly report is based on the last activity above. It gives a brief account of
the work and the complete study will be included in the next Annual Report of the
project.
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Performance of Multilateral Wells in a Heterogeneous Reservoir
(Task 2)

Introduction
In a recent study [1], we considered a case where a vertical well was drilled and

cored. Then, we generated twenty consistent geostatistical descriptions of permeability
and porosity that were all constrained to hard data obtained fkom the vertical well.
Simulations with these realizations for a single horizontal weIl, showed large differences
in production fite, WOR and GOR predictions as a result of variations in reservoir
properties. We have continued this work by considering five arrangements of
multilateral wells. In addition, the effect of friction is investigated in the new
simulations.

Resewoir Description and Simulation Grid
In reference [1], we considered a hypothetical example of a horizontal well that was

based on data from a real reservoir. The drainage volume associated with the well was
10,OOOX5,OOOX1OOft.We assumed that a single vertical well had been drilled. With
information from this well and other sources, a stochastic model was constructed to
produce multiple permeability and porosity images of the drainage volume.

The synthetic reservoir data was fashioned after a fluvial sandstone reservoir with a
70% net-to-gross ratio. Sequential ‘indicator simulation was used to construct a
sandstone/shale lithofacies model. An indicator variogram with a vertical range of 10 ft.
and an isotropic horizontal range of 100 ft was used. This resulted in shales that
generally extend over less than 100x1 OOX1Oft. Porosity and permeability in the shales
was set to 0.1 and 1.0 mD. The sandstone porosity model was created by sequential
Gaussian simulation with a normal scores variogram with a vei-tical range of 10 fl. and
an isotropic horizontal range of 2,500 ft. Sequential Gaussian simulation with the
collocated cokriging option in GSLIB [2] was used for the permeability model. The data
representing a vertical well that goes through the heel of the horizontal well was
extracted fi-om an initial unconditional geostatistical realization. The lithofacies, porosity
and permeability data from this vertical well were honored in all twenty geostatistical
models. The geostatistical parameters for all realizations are identical and the images
appear to be similar.’ For the medium resolution models (see below) the mean shale
ffaction is 0.311 (std. dev. of 0.007), mean porosity 0.261 (std. dev. of 0.003), and mean
horizontal permeability is 430.04 (std. dev. 5.71). The horizontal well was aligned along
the X-axis and placed nearly in the middle of the drainage volume.

Most simulations in reference [1] were petiormed on 2OX1OX1Ogrids (5OOX5OOX1Oft
blocks) which were generated using a flow-based upscaling method. The same grids,
denoted as medium-f [1] are again used in the new simulations. A layer of homogeneous
grid blocks with huge pore volumes (25 x 1012cubic feet) were added to the top and
bottom of the reservoir to simulate a large gas cap and a large aquifer. All other data
(also extracted from a real field study) are shown in the Appendix.
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Results and Discussion
Figure 1 shows the top view (XY plane) of various well configurations used in the

simulation runs. The length of the single horizontal well in Case A is 6000 ft while a
2,000 il well was used in the previous work [1]. All wells are produced at an oil rate of
5,000 barrels per day with a minimum bottom-hole pressure of 1,500 psia. Simulations
are performed for all six arrangements in Figure 1 on the twenty rnediunz-~grids with and
without fi-iction. An absolute roughness of 0.001 ft is used for runs with friction in the
wellbore [3]. Also, homogeneous rud on the six cases were made using the average
permeability of 434.4 mD in the horizontal direction and 14.6 mD in the vertical
direction with an average porosity of 26%.

Figure 2 shows the results for oil production rate, GOR and WOR for realization 19
(the base case in [1]) for all well arrangements in Figure 1 when friction is ignored.
Figure 3 shows the same case but with wellbore friction considered. Comparison of
these two figures indicates that all cases with wellbore friction show a shorter plateau
period for oil production. Because oil rate drops earlier in the case with fiction, GORS
and WORS are lower than when wellbore friction is ignored. Well arrangements A and
D give identical results for the case with no fiction tit a longer constant oil rate
plateau than the other cases. The main reason why the other cases do not pefiorm as well
is the interference between the laterals. This becomes clear when we consider Case B 1
versus Case B2 in Figures 2 and 3. The distance between laterals in Case B2 is twice that
of Case B 1 resulting in lower interference and a better performance.

The sirmdtzineous effects of well configuration and friction on oil production rate are
depicted in Figures 4 and 5 for realization 1. It again shows that case D performs the best
with wellbore friction included. The second best is case E with wellbore fiictiom
primarily because of shorter laterals and lower pressure drop in the well.

Figures 6 and 7 compare the homogeneous case with the heterogeneous cases for well
configuration D. They show that the homogeneous case is most aflected by wellbore
friction. In a homogeneous case without friction, oil production is uniform along the well
and is only marginally higher at the ends. Thus, a long constant plateau period can exist.
With the addition of fiction in tkk wellbore, production rate per unit length of the well
increases continuously towards the heel of the well. This causes the drawdown at the
heel to be much larger. Consequently, the constant plateau period becomes much shorter.
On the other hand the friction and no friction cases for a heterogeneous reservoir show
much closer oil production rate (and drawdown) profiles along the well. Because of
heterogeneities along the well, the no friction cases show much earlier breakthrough of
gas and water which translates to shorter plateau periods.

Conclusions

1. Friction in the wellbore can be important even for a reservoir with moderate
permeability.

2. Reservoir heterogeneities have a strong influence on well performance
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Appendix-Rock and Fluid Properties
Rock and fluid properties used (Table A-1) are extracted from a real field case study
of a North Sea reservoir.

Table A-l--Summary of Reek and Fluid Properties Used

I Initial Dressum.P+. at (3OC I 2294 mia I
Rock eornpressibility, at Pi 1.2E-5 psia-’

Oil viscosity 1.3-1.5 CP
Gas viscosity 0.016-0.020 cp
Connate water saturation 0.07
Criticai gas saturation 0.10
Residual oil sat. to water 0.25
Residual oil sat. to oil 0.07

j Capillary pressure 1 None
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Figure1- Top view of well configurations used in the study
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Figure 2- Simulation results for realization 19 (base case in Reference [1]) for the six
configurations in Figure 1 with no friction in the wellbore
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Figure 5- Simulation results for realization 1 for cases A, D, and E in Figure 1
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-1o-



oo~
2000 4W0 eooo 3ooolm1200014cco lemoleoooxGoo

Time (Dsys)

..-..... Heter!lgSmelkscse

em Homopeneo1sCes$

m ......

400

200

0
0 2ow402060w &wolowo12000140w moooleo002woo

lime (Days)

30

~ 25
1-
to
a 20
&

g 15

z ........

g 10
=

o
0 2UO0 .40m eooo ewolocQo 120c01401201eomlewo 2WO0

Time (Dsys)

CASE.D : Homogeneous/ Heterogeneous // with Friction

Figure7- Comparison of simulation results between homogeneous and heterogeneous
runs for case D in Figure 1 with wellbore friction
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