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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

Abstract

Progress has been made in the area of laboratory analysis of Spraberry oil/brine/rock interactions
during this quarter. Water imbibition experiments were conducted under ambient conditions, using cleaned
Spraberry cores, synthetic Spraberry reservoir brine, and Spraberry oil. It has been concluded that the
Spraberry reservoir cores are weakly water-wet. The average Amott wettability index to water is about
0.55. The average oil recovery due to spontaneous water imbibition is about 50% of original oil in place.
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Executive Summary

The Spraberry Class III Field Demonstration project is now entering the last quarter of the first
year. During the first three quarters, we have achieved considerable progress in reservoir characterization
from a combination of laboratory and field data. Coring and testing of the central production well is
complete and plans are being arranged to core a dual lateral horizontal well, probably in the first quarter
of the second year.

In the lab, extensive imbibition and CO, floods are being conducted to quantify transfer
mechanisms occurring between Spraberry matrix rock and the predominant set of natural fractures which
occur in Spraberry. Interesting results have been observed for Spraberry imbibition experiments, of which
some of the results are presented in this report.

Introduction

To understand the crude oil/brine/rock interaction in Spraberry Trend Area reservoirs, we have
performed water and oil imbibition experiments using Spraberry oil, synthetic Spraberry reservoir brine,
and Spraberry reservoir rock. Macroscopic displacement efficiency of water+to-oil in core samples due to
capillary forces has been determined by spontaneous imbibition tests. It varies from 40% to 70% depending
upon core permeability. Effects of core cleaning and aging on displacement efficiency and wettability have
been investigated. Wettability of Spraberry cores taken from the Spraberry Shackelford 1-38A has been
estimated, based on spontaneous water and oil imbibition tests. The cores are weakly water-wet with mixed
wetting behavior. The Amott wettability index to water (I,y) of the cores has been determined to be
between 0.5 and 0.7.

Summary of Technical Progress

Experimental Procedure for Imbibition Tests
We received 4-inch-diameter whole cores, taken from the Spraberry Shackelford 1-38A. We cut
core plugs horizontally to fit our core holders. The core plugs are 1.5 inch in diameter and about 2 inches
long. Core plugs were stored in an oven at 172°F before initiation of imbibition experiments. The
experimental procedure follows:

1. Measure core dimensions, weigh core in air, and measure permeability to air (k,).

2. Vacuum core for 72 hours, then saturate core in vacuum with synthetic reservoir brine, let the
core age in brine, and weigh until the weight stabilizes. Estimate core porosity ().

3. Inject brine into the core under 200 psig of injection pressure and 500 psig overburden pressure
for 2 pore volumes. Estimate core permeability to brine (k).

4. Inject oil into the core under 200 psig of pressure. Measure brine and oil flow rate until initial
brine saturation (Sy) is established in the core. Estimate permeability to oil at initial brine
saturation (k).

5. Age the fluid-saturated core in oil under ambient conditions and weigh core until core weight
stabilizes. The aging time should be at least 2 weeks before proceeding to the next step.



6. Place core into a beaker filled with brine at ambient conditions. Weigh core in brine after
removing produced oil from the core surface. Calculate oil recovery based on change in weight
of the core as a function of imbibition time. Terminate imbibition experiment when recovery
stabilizes.

7. Displace the residual oil in the core by waterflooding at 200 psig injection pressure. Calculate
Amott wettability index to water (Iyy).

In order to assure that reservoir conditions were established in the core prior to water imbibition,
we cleaned some core plugs by injecting chloroform into them. To investigate the effect of cleaning on
rock properties, the chloroform was injected into the core after step 3 and followed by another water
injection before proceeding to step 4.

Results and Discussion

Untreated Cores Assuming we received clean whole cores, the first 10 core plugs were not treated with
chloroform. Oil recovery curves obtained from some of the uncleaned core plugs are presented in Fig. 1.
Brine imbibition rate varies from core to core (Fig. 1). Final oil recovery due to imbibition varies from 10%
to 40%. Propertties of the cores and fluids, final recoveries, and wettability indices to water are summarized
in Table 1.

Table 1. Properties of rock and fluids used in completed tests

ka k k Swi lu w lu R wa

om0 @R @ oy n @D @
(md) _(md)
SP- 10.0 0.43 0.28 0.09 13.9 1.09 0.86 1.16 16.4 38 41 0.45
SpP=2 10.0 0.45 0.22 0.10 18.4 1.09 0.87 1.18 22.4 38 38 0.50
SP3 9.8 0.44 0.23 0.14 21.3 1.08 0.87 1.17 21.8 41 22 0.64
SP4 10.0 0.46 0.14 0.06 14.3 1.08 0.87 1.17 19.5 40 27 0.59
SP-5 10.7 0.49 0.27 0.09 15.3 1.08 0.87 1.18 19.5 35 40 0.47

Test No. (‘%)

SP-6 98 043 022 006 172 1.08 087 118 195 »>11 25 031
SpP-7 104 034 020 0.08 220 1.08 0.75* 1.18 1.72* >10

SP-8 59 0.06 0.03 18.8 1.08 087 1.18 19.8

SP-9 6.5 0.06 0.03 184 1.08 087 1.18 19.8

SP-10 128 036 0.15 0.05 265 1.08 087 1.18 195 21 24 046

Average 104 043 021 008 186 1.08 0.87 1.18 19.8 32 31 0.50
*Soltrol 220

Cleaned Cores To establish actual reservoir wetting conditions, some cores were cleaned with chloroform
before imbibition tests. Oil recovery curves obtained from some of the core plugs are presented in Fig. 2.
This figure indicates that brine imbibition rate varies from core to core. Final oil recovery due to imbibition
varies from 15% to 70%. Comparison between Fig. 1 and Fig. 2 reveals that the rate of water imbibition
was significantly improved after cleaning the cores with chloroform. Final oil recovery by spontaneous
imbibition was also improved. Rock properties before and after chloroform cleaning are shown in Table
2 indicating that both porosity and permeability increased. Comparison of the residual water saturation data
from Table 1 and Table 2 indicates that the residual water saturation after oil injection under 200 psig
increased from 18.6% to 42.2% due to chloroform cleaning. This result suggests that the cores became



more water-wet after the cleaning procedure. This was confirmed by improved Amott wettability index
to water () calculated after waterflooding the core. The average I, was increased from 0.5 to 0.6.
However, the results include uncertainties due to possible trapping of water by chloroform during core
cleaning.

Several factors may affect the final oil recovery during brine imbibition. These factors should
include core permeability, initial water saturation, and core wettability. The final oil recovery by imbibition
versus core permeability to brine is plotted in Fig. 3. This figure indicates that the final oil recovery
increases with core permeability. Scatter of data is probably due to variations in initial water saturation and
wettability of the cores.

We have also investigated brine recovery during spontaneous imbibition of oil into a Spraberry core
(core No. SPH0 in Table 1). Figure 4 shows the resultant recovery curve. This curve indicates that a small
portion of the rock is oil wet since the core imbibes oil.

In order to exclude the effect of aging time in oil on the result, the final oil recoveries from
completed tests with cleaned cores are plotted against aging time in Fig. 5. This figure shows that if the
data beyond three weeks of aging time is considered equilibrated, then the final oil recovery due to
spontancous water imbibition should be about 50% of original oil in place (OOIP). The Amott wettability
indices to water for various cores are plotted versus the aging time in Fig. 6. This plot indicates that if the
data below three weeks aging time are disregarded, the Iy, of Spraberry reservoir rock should be about 0.55,
which implies a weakly water-wet system.

Table 2. Rock Properties and Results of Water Imbibition Experiments

Test No. Before Cleaning After Cleaning ty R, Iw
¢(%) k, (md) S, (%) §(%) k,(md) S,; (%) (Day)  (OOIP)

SP-8a 59 0.03 9.9 0.12 52 14 >0.36

SP9a 6.5 0.03 9.0 0.18 47 21 >0.16

SP-0 12.8 0.15 14.3 0.45 32 0.09*

SP-1 10.0 0.11 13.2 0.31 38 6 0.71 0.76

SP45 3.1 0.02 6.9 0.06 55 16 0.70

SP-6 2.1 0.01 9.2 0.07 53 25 >0.14

P47 3.1 0.02 7.7 0.08 54 7 0.40%*

SP19 50 0.03 12.3 0.32 36

SP21 10.8  0.10 14.4 0.35 36 15 0.45 0.64

SpP22 50 0.03 10.1 0.25 42 49 0.42 0.49

SP24 41 0.03 11.6 0.36 38 1 0.79 0.75

SP25 4.0 0.02 10.4 0.27 40 20 0.72

Sp27 6.8 0.04 10.6 0.29 39 30 0.57 0.66

SP28 29 0.02 7.8 0.09 53 90 0.29 0.35

SP30 7.0 0.04 9.7 0.26 41 41 0.48 0.52

SP-33 11.8 0.21 13.9 0.41 35 60 0.47 0.55

SP-34 11.1 0.17 13.2 0.34 40 28

SP-1 10.0 0.28 13.9 12.0 0.34 37 21 0.50 0.55

SP3 98 023 213 11.2 0.34 33 21 0.15**

Average 42.2




* Brine recovery during oil imbibition
** Imbibition performed at 138°F and 1250 psig

Conclusion

The core-eleaning procedure used in this study may result in some uncertainties regarding the
established initial core condition. This is because water and chloroform are not miscible, and the
chloroform may remain in the core and may mix with the oil. Therefore, quantitative use of the data in this
report should be used with care. The core—cleaning procedure has been modified for our ongoing
experiments. More reliable data will be reported in the near future.

Clearly though, imbibition experiments conducted under ambient conditions using cleaned cores
indicate that Spraberry reservoir fabric is weakly water-wet with mixed wetting behavior. The average
Amott wettability index to water is about 0.55. The average oil recovery due to spontaneous water
imbibition is about 50% of original oil in place.
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Fig. 4. Brine recovery from a reservoir core during oil imbibition.
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