
Productivity and Injectivity of Horizontal Wells

Quarterly Report

Reporting Period: July 1, 1993 - September 30, 1993

"U.S./DOE patent clearence is not required prior to the
publication of this document"

D_STRIBUTION OF THIS DOOUMENT IS UNLIMI_ _:j/,_



°

i

Summary of Technical Progress

A number of research activities have been carried out in the last three months. A list outlining
these efforts is presented below followed by brief description of each activity in the subsequent
sections of this report"

• The available analytical solutions in the literature for steady state critical rates of

horizontal wells are examined. Application of these methods to a cresting example
show significant uncertainities in prediction of critical rates.

• Sensitivity computations have been run for evaluating the effects of shale distribution
on the performance of horizontal wells in heterogeneous reservoirs.

• A number of single phase (water and oil) and two-phase (water and air) experiments
have been completed in the Marathon Wellbore Model and the collected data are being
analyzed.

• A presentation of our project was given in the International Technology Forum DEA-
44/67 on Horizontal, Slimhole, and Coiled Tubing, held by Maurer Engineering on
September 29- October 1 in Houston.

• Our draft review report entitled "Opportunities for Horizontal Wells and Problems in
Predicting Their Performance" [1] has been completed.

Analytic Solutions for Critical Rates (Task 1)

Reservoirs with bottom water or/and gas cap can exhibit coning and cresting behavior.
For instance, oil production through a horizontal well underlain by a water zone causes the
oil-water interface to deform into a crest shape. The height of the water crest increases as the
production rate is increased. At a certain production rate the water crest becomes unstable
and water is produced into the well. The maximum rate at which oil is produced without
production of gas or water is defined as the critical rate.

There exist at least four analytical methods for quantifying critical rates for horizontal
wells. We have reviewed these methods in [1], and have applied them to a base example. The
calculation example is given below while the mathematical details can be found in [1].



Calculation Example

A numericalexampleis devisedto determinethe range of critical rates ,Qo,c predicted by
the different methods. We consider a reservoir with a gas cap and use the data given in the
Example (8-7) of Joshi's book [9]. In this example a horizontal well with length L = 1640 ft
is drilled 72 ft below the gas-oil contact. The isotropic case is considered with kh - k_ = 70
roD. For the anisotropic case kv = 0.1kh. Other parameters in the example are Ye "- 2640 ft,
po -- 0.42 cP, Bo = 1.1 RB/STB, Ap = 0.48 gm/cc, r_ = 0.328 ft, and re - 1489 ft. The
predicted critical oil rate for each method is calculated using the corresponding equation in
the form of field units (see Reference [9]). A summary of the results is given in Table 1.

Isotropic Anis°tr°PiC (k_ = 0.1)
Method

Qo,c, STB/day Qo,_, STB/day ,

Efros s and Giger 2 1142 -

Giger 3 and Karcher et al.4 457

Joshi6, 9 4923

Chaperon7 1122 985

Guo and Lee s 2576 810

Table 1: Estimates of critical oil rates for a single horizontal well from
different methods.

Results in Table 1 show a vast discrepancy among the above methods for prediction of critical
oil rates for a single horizontal well. They differ by as much as a factor of 22 in the isotropic
case. To further test these methods, a simulation study of the steady state cresting behavior
for horizontal wells is assigned to a new graduate student.

2This value is listed as 57 STB/day in Ref. [9]
3This value is calculated to be 470 STB/day in the corrections to Ref. [9]



Reservoir Heterogeneity (Task 2)

A Masters Thesis [10] on this aspect of the project is near completion. In this work, stochastic
and flow simulations axe used to investigate the variability of production behavior for a
horizontal well in a heterogeneous reservoir. To construct a probability distribution of oil
recovery, one has to run a flow simul: _or on as many stochastic realizations as possible just
to compile the data. Such a process requires a great deal of time and effort. However if the
ranking of oil recovery can be realized by a single parameter, the distribuation of oil recovery
can be constructed without performing massive flow calculations. In [10], such a parameter is
introduced and an application is demonstrated for a water flooding problem with horizontal
injectors and producers. Details of this work will be given in our first Annual Report. Here we
only present a sample example of the results. Figure I shows 4 cases in which 3-D impermeable
shale distribuations are generated by sequential indicator simulation. Short (250 ft) and long

(1000 ft) horizontal range of correlations with five shale densities, ranging from 0.1 to 0.5
(shales/10 ft) axe considered. The production performance of the distributions is illustrated
in Figs 2-4. Figure 2 is a plot of oil rate and water cut versus time for two extreme cases,
namely, density of 0.1 with correlation range of 250 ft and density of 0.5 with correlation
range of 1000 ft (cases a and d in Fig. 1). The effect of shale density and correlation range
on oil recovery axe shown in Figs 3 and 4 respectively. The above results indicate that the
we]] productivity is significantly reduced as the shale density increases especially for longer
correlation ranges. Extensive work in this area is planned for the continuation of the project.

Experiments at Marathon Oil Company (Task 3)

During the last three months, the first batch of experiments has been completed. The exper-
iments perfomed up to now include 1) single-phase water core flow with and without inflow,
2) single-phase oil core flow with no inflow, 3) two-phase water core flow with air inflow, and
4) two-phase water/air core flow. These experiments are run for a number of core and radial
flow rates. A sketch of the Marathon Wellbore Model is shown in Fig. 5 in which Q refers
to the core flow and q to the ra_lial flow. The interpretation of the first batch of data is
underway and we show samples (for cases 2 and 3 above) of the results here. Figure 6 shows
the pressure drop data (measured per 10 ft section along the wellbore) for two different oil
core flow rates. The lines are based on analytical predictions for the single-phase smooth pipe
flows. Despite the observed scatter in the data, the calculated smooth pipe pressure drops
provide reasonable estimates of the data. Figure 7 is for the case where water enters the
welll_re from the right (at the 100 ft mark) and air is supplied in the radial direction start-
ing from the 55 ft mark (see Fig. 5). The resulting two-phase flow causes a larger pressure
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Figure7: PressureDropAlongthe Wellborefor
Q=400 gpm (Water, core flow), q=215 scfm r,(Ai inflow)
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drop u the data indicate. The lines in Fig. 7 show predictions of two-phue pressure drops
computed from the empirical correlations of Beggs and Bril] [11] (with 0.001 ft and 0.002 ft
roughness) and those of Duk]er et _/. [12] (with 0.001 ft roughness). All the computations
are done with the ASA mu]tiphase flow system program [13]. The results in Fig. 7 indicate
the need to use larger roughness (or friction factors) to predict the two-phue flow pressure
drops. The complete analyses of the data will be gi'_en in the Annual Report.

References

1. Fayers, F. J., Arbabi, S., and K. Aziz : "Opportunities for Horizontal Wells and Prob-
lems in Predicting Their Performance", Project Report, Department of Energy (1993)
in preparation.

2. Giger, F. M. : "Evaluation theorique de ]'efl'et d'arete d'eau sur la production par

horizontaux, _ Revue de l'institut Francais du Petrole, (May-June 1983) 38: No. 3 (in
French).

3. Giger, F. M. : "Anal)tic 2-D Models of Water Cresting before Breakthrough for Hori-
zontal Wells," SPE Reservoir Engineering, (November 1989) 409-416.

4. Karcher, B. J., Giger, F. M., and J. Combe : "Some Practical Formulas to Predict Hor-
izontal Well Behavior," paper SPE 15430 presented at the SPE 61st Annual Technical
Conference and Exhibition, New Orleans, Louisiana, October 5-8, 1986

5. Efros, D. A. : "Study of Multiphase Flow in Porous Media," Go.stoptezizdat, Leningrad,
1963 (in Russian).

6. Joshi, S. D. : "Augmentation of Well Productivity with Slant and Horizontal Wells,"
J. Pet. Tech., (June 1988) 729-739.

7. Chaperon, I. : "Theoretical Study of Coning Toward Horizontal and Vertical Wells in
Anisotropic Formations: Subcritical and Critical Rates," paper SPE 15377 presented
at the SPE 61st Annual Technical Conference and Exhibition, New Orleans, Louisiana,
October 5-8, 1986.

8. Guo, B. and R. L. Lee : "An Exact Solution to Critical Oil Rate of Horizontal Wells with

Water-Oil-lnterface Cresting," Proceedings of the Lerkendal Petroleum Engineering
Workshop, Tronclheim, February 5-6 1992, 55-66.

11



dJ

9. Jos]_, S. D., Horizontal Well Technology, PennweU books, Oldahoma (1991) 288-292.

10. Yamada, T., Production-Based Vertical Permeability for a Horizontal Well in the Pres-
ence of Stochastic Distribution of Shales, M.S. Thesis, Stanford University, in prepara-
tion.

11. Beggs, H. D. and J. P. Bril] • "A Study of Two Phase Flow in Inclined Pipes," J. Pet.
Tech., (May 1973) 25:607-617.

12 Dukler, A. E., Wicks M., and R. G. Cleveland: "Frictional Pressure Drop in Two-
Phase Flow: An Approach Through Similarity Analysis," AIChE.J., (January 1964)
10: 44-51.

13. ASA Multiphase Flow Software Systems User Guide: Aziz, Spencer & Associates Inc.
(1993).

12






