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INTRODUCTION

The present report presents the results of two reservoir condition waterflood
tests on a core sample from well no. 34/10-5. Included is also results from
air permeability measurements and a wettability test on the core after

waterflooding.

The results of the waterflood experiments are presented as waterflood suscepti-
bility data, and as relative permeability data. The relative permeability
data are calculated after Jones & Rosze]]e*).

Flood rates were 402.5 cc/hour and 8.48 cc/hour respectively. Results from
the high rate flood test is presented in table 4 and figures 1 and 2, and
from the low rate flood test in table 5 and figures 3 and 4.

Results from the wettability test are presented in table 6 and figures 5
and 6, and from the air permeability test in table 7 and figure 7.

*)
Jones, S.C. and Roszelle, W.D.: "Graphical Techniques for Determining
Relative Permeability from Displacement Experiments, Journal of Petr.

Techn., May 1978.
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Table 1. Reservoir and Fluid Data (from well 34/10-4)

1. Reservoir temperature 71.1 ¢

2. Reservoir pressure 307.0 Bar.q.
3. Bubble point pressure of reservoir oil 243.7 Bar.g.*)
4, Reservoir oil viscosity 1.21 mPas

5. Brine viscosity at reservoir conditions 0.47 mPas

*)

In the Taboratory the reservoir oil gave a bubble point pressure of
241.2 Bar.g. These data are reported in Table 8 and Figure 8.
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Table 2. Formation Water Analysis

Na* 14000 mg/1
cat? 1275
Mg** 335 o
Batt 50 "
Li* 7.6 "
k* 209 "
cl 26200 "
Hc03' 415
S0,"" 30.8 "
Br- 62 "
Remarks

The above formation water is the same as the syntetic formation water
used in the experiments, except that Ba't and 504_— were excluded, due to

precipitation problems.
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Table 3. Summary of rock properties

1.

Depth of sample

Porosity (per cent) Helium porosimeter

Air permeability (Klinkenberg corrected)

5

. 34/10
COMPANY :

STATOIL

Brine permeability at 100% saturation of brine

Irreducible water saturation (per cent)

0i1 permeability at irreducible water saturation

Wettability index rw - ro =

Core size used in experiments Diameter :
Length

1925.50 - . 65 meters

34.2

1076 md

1006 md

33.1

978 md

+0.30

3.37 centimeters
8.00 centimeters
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Table 6. Experimental wettability test.

1. 0il produced by imbibition in brine
2. 0il produced by displacement by brine
3. MWater produced by imbibition in oil

4. MWater produced by displacement by oil

Wettability index : "w ™ "o =

34/10
STATOIL

2.75

5.80

0.20

0.32

0.02

+0.30

cubiccentimeters

cubiccentimeters

cubiccentimeters

cubiccentimeters
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SINTEF SPECIAL CORE ANALYSIS

WELL : 5
FIELD : 34/10
COMPANY  : STATOIL

Table 7. Experimental determination of permeability to dry air

Mean pressure, Reciprocal Permeability to air,
mean pressure,

1

Bar (Bar ') mDarcys
5.855 0.1708 1092
4.854 0.2060 1098
4.352 0.2298 1092
3.848 0.2599 1097
3.342 0.2992 1099
2.869 0.3485 1129
2.356 0.4245 1136
1.829 0.5468 1135
1.291 0.7744 1148

Equation of best line fit of permeability in mDarcys:

- L i
Kair_ 1076.3 + 104.2 T pm in Bar

Equivalent Tiquid permeability for 5%— = 0 : K, = 1076 mDarcys

L
Klinkenberg factor : 0.097
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SINTEF SPECIAL CORE ANALYSIS

WELL : 5
FIELD : 34/10
COMPANY : STATOIL

Table 8. Reservoir fluid ,bubble point determination at 71.1 o

Pressure Relative
Bar.g. Vol.Fact. VR
343.2 0.9871
304.0 0.9919
269.7 0.9963
255.0 0.9983
245.2 0.9996
241.2%) 1.0000
236.3 1.0050
226.5 1.0135
216.7 1.0233
206.9 1.0346
187.3 1.0625

*
Bubble point of reservoir fluid.
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Bubble point determination.

Pressure, Bar.q.

100

Reservoir flui
Temperature 71.1 OC.
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SINTEF SPECIAL CORE ANALYSIS

WELL : 5
FIELD : 34/10
COMPANY : STATOIL

Appendix

I.

EXPERIMENTAL PROCEDURE

4.

The received core was unpacked and photographed. The matrix of the
core was very poorly consolidated.

The core was wrapped in thin plastic and casted in concrete, see figure.

A plug was tried drilled out by using synthetic formation water as

cutting fluid. This turned out to be unsuccessful. The cutting fluid
broke down the unconsolidated core.

Using air as drilling fluid, and applying a very low drilling feed, it
was succeeded to get the desired plug from the core.

Plastic
1 A
= : — =
1 i
- . . ] l]lljx-l llll
— L= Concrete e

The core plug was sealed in a coreholder by melting a tin-bismuth alloy
between the plug and coreholder. The dimension of the mounted plug
was : Diameter : 3.37 centimeters. Length : 8.00 centimeters.
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SINTEF SPECIAL CORE ANALYSIS

WELL : b
FIELD : 34/10
COMPANY : STATOIL

The plug was cleaned by flushing methanole and toulene, respectively,
until no further discolouration of solvent was observed.

The plug mounted in the coreholder was dried at 60 C and 40% relative
humidity for 3 days.

The porosity was measured by using a helium porosimeter.

The permeability to air was measured, and Klinkenberg corrected.

The plug, mounted in the coreholder, was evacuated for approximate 24 hours

and saturated with synthetic formation water by inflow. The inflowed
water was consistent with the volume from helium porosity measurement.

The absolute permeability to formation water at Sw = 100 per cent was
measured at room conditions.

Irreducible water saturation, Swi, was established by dynamic displace-
ment using following fluids:

a) Refined oil, 1.62 mPas at 21.5 °c.
b) Refined oil, approximate 15 mPas at room conditions.
c) Refined oil as point a).

A1l refined oil was treated with silica and filtered through a 0.45 u
filter.

The volume of produced water was measured and irreducible water saturation

calcultated.

The absolute permeability to oil at irreducible water saturation was

measured.
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WELL : b
FIELD ¢ 34/10
COMPANY  : STATOIL

The 011 used was the same as in a) and c) above, a refined oil of
1.62 mPas viscosity.

Temperature and pressure was increased to reservoir conditions, pressure
307 Bar.g. and temperature 71.1 .

The absolute permeability to oil at irreducible water saturation at
reservoir conditions was measured. The refined oil used had a viscosity
of 0.76 mPas at reservoir conditions.

A constant-composition pressure-volume test was performed on the reservoir
0il in order to check the bubble point.

Reservoir oil was used to displace the refined oil. Approximately 6 pore
volumes of reservoir oil were put through the core plug.

The sample was aged for ten days at reservoir temperature and pressure.

The reservoir oil was then displaced at reservoir pressure and temperature
with synthetic reservoir brine using a constant rate of 402.5 cc/hour.

The following parameters were registrated continously:

a) Pressure drop across the core versus time.

b) 0i1 produced versus time.

Special care was taken to observe the o0il recovery at water breakthrough.

Water permeability at residual oil saturation was measured at the end
of the waterflood experiment.

The core sample was brought back to irreducible water saturation by the
procedure described in point 11 but now under reservoir conditions.
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WELL : 5
FIELD : 34/10
COMPANY : STATOIL

Point 17 through 20 was repeated, now with a lTow rate water flood.
(8.48 cc/hour).
Temperature and pressure in the core was lowered to room conditions.
The core, saturated with refined oil at irreducible water saturation
was taken out of the high pressure equipment and prepared for wettability
test.
The procedure followed in the wettability test, is that developed
by IFP*) based on Amott's wettability method. The steps followed were:
a) The endcaps of the coreholder was dismounted and placed with the
core in the imbibition apparatus as shown in figure. Produced refined
0oil (1.62 mPas) versus time was registrated.
A% Produced
b oil
- Measuring
- glass
Formation
water
Core and
L— coreholder
Cuiec et al: "Détermination de la Mouillabilité d'un Echantillon de

Roche-Réservoir", Revue de L'Institut Francais du Pétrole, pp. 705-728,
Sept.-0Oct. 1978.
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b) After 25 days the coreholder was taken out of the apparatus. For-
mation water was then injected at a rate of 150 cc/hour. Produced 0il
was registrated. Approximately 18 pore volumes of formation water were
put through the core plug.

c) Core plug and coreholder were placed in the apparatus shown in the
figure below. Produced formation water versus time was registrated.

| Core and
coreholder

| —Refined 01l

Measuring
glass

Produced
water

d) After 6 days the coreholder was dismounted from apparatus. O0il was
then injected at a rate of 150 cc/hour. Approximately 25 pore volumes
of 0il were put through. Produced formation water was registrated.
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—

Prosi w2801y

d %o e ]
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Photographs 1 and 2. The received core.

Photograph 3. The drilled plug.
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Photographs 4 and 5.Closeup of drilled

plug.
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