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Abstract

A commercial scale polymer flood
project has been performed in a part of
a North German oil field. The polymer
flood with xanthan was started in
January 1990 after water flooding. The
polymer concentration was 600 ppm
and 58 000 kg of active xanthan were
injected. In one well, which is the
nearest to the injection well at a
distance of 160 m, polymer break-
through occurred in the middle of 1992.
This well was used as an observation
well in the project and was producing at
a water cut of 100 % for a period of
about 2 years.

Jointly with polymer breakthrough also
additional oil was recovered. Oil cut
was about 0.5 - 1% in the beginning
and polymer concentration was 20 - 50
ppm. In the beginning of 1993 polymer
concentration increased and was about
200 - 300 ppm at the end of 1993. In
the same time the oil cut roseto 2 -3 %
and is still increasing.

The oil was produced in an emulsion
with the polymer solution, that could
not easily be separated. This caused at
first problems in the determination of
oil cut. Laboratory investigations were
performed to analyse the coalescing
behaviour of the oil droplets in the
polymer containing water phase. The
produced polymer was examined with
respect to viscosity yield and surface

activity. The viscosity yield was the
same as of the injected solution. A
reduction of interfacial tension between
xanthan solutions and the oil was
found.

A method to separate oil and water was
developed to be applied in the surface
facilities in the oil field. This is
important for the future production
from the field, when polymer break-
through and the oil bank will occur in
the 2 main producers in the future.

1 Introduction

In December 1989 a polymer pilot
project was started in the Vorhop-
Knesebeck oil field. The polymer used
was a xanthan in the form of broth,

~ which had a concentration of about

3.5 % of active polymer.

The project was performed in the upper
layer of the Dogger-B sandstone of the
block "H3a" of the Vorhop-Knesebeck
oil field. This part of the reservoir is
separated from all the other parts of the
oil field by faults and comprises 4 wells.
The total pore volume is approximately
430 000 m3. It was intended to flood a.
slug of polymer of approximately 40 %
of the pore volume with xanthan at a
concentration of 500 - 600 ppm, which
gives a viscosity of the polymer solution
of 4 mPas under reservoir ‘conditions,
which is the same as the oil viscosity.



The polymer solution was injected into
one well, which was used before for
water injection, at a rate of 136 m3/d.
The injection time was 36 months. The
amount of polymer was 58 000 kg of
active material. ‘

The performance of the project was
modelled by numerical reservoir simu-
lation. A response to polymer flooding
was observed in all wells. The one well,
which is located the nearest to the
injection well, was producing at a
100 % water cut for a period of about 1
year. Simultaneously with the increase
in oil cut from zero to about 3 %
polymer break-through occurred. The
wet oil, that was produced, was
strongly emulsified. The emulsions were
very stable and could not easily be
broken by use of regular oil field
demulsifiers.

Therefore it is essential for the further
production from the polymer project to
find out the mechanisms how these
stable emulsions are formed and how
they are stabilised. Before this is
discussed in the following a short
description of the project is given.

2 Reservoir description

The polymer project was performed in
block "H3a upper layer" , which
comprises the wells VK8, VK45,
VK48, and VKH3a. It was developed
in 1959 with well VK8. This well
produced until 1986 about 67 000 m?3
stock tank oil. Since the 8th of May
1982 well VK45 is producing from this
unit and since 22nd of December 1982
well VK48. The structure map of the
pilot area is shown Fig. 1.

Due to production in well VK8 the
pressure, decreased in this unit within 4
years from 13 MPa to the bubble point
pressure of 1.5.MPa after a production
of 14 000 m3. After that the production
mechanism was solution gas drive and
the reservoir pressure stayed constant

at the bubble point. This proves, that
the unit is an under saturated, confined
reservoir.

Fig. 1: Structure map of block "H3a"
(polymer project area)

Since April 1984 the most up dip well-
VK48 was produced with a steadily
decreasing production rate and since
August 1984 GOR was increasing.

From October 1984 until March 1985
production was maintained by pressure
relief in the casing. After this had been
stopped, casing pressure was increasing
and the fluid level was decreasing, so
that production was no longer possible
since March 1985.

To restart production well H3 was
drilled in October 1986 for water
injection. This well did not reach the

structure at the desired position, but

was landing on the other side of a fault
in the neighbour block. So this well was
deviated to well H3a which met the
reservoir at the location as shown in
Fig. 1.

Water injection into well VKH3a was
started in February 1987. The reservoir
pressure increased very quickly, so that
production could be started in -July
1987 from well VK48 and VK45 again
and production from well VK8 could be
increased. '

The reservoir parameters felevant for
the polymer flood project are
summarised in Table 1.




Table 1: Reservoir parameters polymer

project Vorhop Knesebeck

Depth 1250 ‘m
Area : 145 000 m?
Thickness 8-14 m
Porosity 27 %
Pore volume 430 000 m3
init. water sat. 14 %
OOIP 370000 Res. m3
Form. vol. fact. - 1.04

Form. temp. 56 i B
Qil viscosity 3.5 mPas
Oil density 860 kg/m3
Salinity , 210 kgm3
Permeability 1000 mD

In Fig. 2 the log sequence of the upper
layer in well VK48 is given together
-with the results of the core analysis.
This figure shows that the upper layer
may be subdevided into two layers.
Permeability varies from about 1000 -
5000 mD in the upper part to about 500
mD in the lower part.

after start of injection. The pressure of
20 bars during water injection was
taken as zero, so that this figure only
shows the pressure increase due to the

_higher viscosity. The figure shows

measured and calculated values.

It can be seen that the pressure

- increased very quickly within 35 hours

by about 40 bars and reached a stable
value after about three days.
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Fig. 2: Log and core data from well VK48

The assumption, that the upper layer of
the reservoir may be divided into 2
layers, which are separated by a sealing
shale layer, could be proven by
permeability measurements using a
. mini-permeameter.

3 Project performéncé

3.1 Injection performance

The injection performance can be seen
in Fig. 3 and 4. Fig. 3 shows the
increase in well head pressure of the
injection well H3a during the first days

Fig. 3: Calculated and measured increase
in well head injection pressure

This pressure increase was calculated
by assuming a water permeability of
180 mD and a viscosity of 10 mPas.
The permeability corresponds to the
permeability to water at residual oil
saturation, the  viscosity -to a
temperature of about 20 °C. The tem-
perature around the injection well was
cooled down by the injection water,
which had a surface temperature of
about 15 °C. Fig. 3 shows that the
calculated values fit rather good with
the measured data. '

The long term development of the
injection pressure is shown in Fig. 4.
Together with the well -head pressure
the reservoir pressure is shown as
measured in well VK 45. From this plot
it can easily be seen, that after the
injection pressure had reached the
stable value as described before no
further increase occurred. Variations in
injection pressure follow variations in
reservoir pressure (represented by the



flowing pressure of well VK45). During
the whole project period the injection
pressure remained nearly constant at
around 70 bar (7 MPa).

-
8

i
0 A
z m-..#ﬁ"“ __:1._______"__ _a\/._T\
§ i 4 i // z
: 40 ~A -
- o
.
20
-
]
Now-89 Now-90 Now-31 Now-$2
o Time

In the data measured in the field
(Fig. 5) no significant response may be
seen. The accuracy of these data is not
very high, as the water cut is measured
by a very simple volumetric method in a
field lab and further these data are
averaged by a statistical computer
program, so that there are almost only
values of 100 %. ‘

Fig. 4: Injection pressure development of
well H3a.

3.2 Production
Well VK 45

In Fig. 5 the simulated water cut and
the values from the field are plotted.
The field values are monthly averages.
Well 45 was producing at a 100 %
water cut since the beginning of 1990.
This behaviour could not be matched by
the simulation. The highest water cut in
the simulation was about 98 %. A
response to polymer flooding in the
simulation may be observed in the
middle of 1991 with a reduction in
water cut as compared to the pure
water flood case of about 1.5 %.
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- Fig. 5: Water cut of well 45. Simulation -
and measured field data.

Fig. 6: Oil cut in well 45 as measured in
the laboratory.

In Fig. 6 the oil cuts produced in well
45 are plotted as measured in the
laboratory. These values show a
response in the beginning of 1991. The
oil cut increased from zero to about
0.5 %. This decrease in water cut fits
well with the values in the simulation.
After a workover in well 45 the water
cut became again 100 % for about 1
year. In June 1992 oil was produced
again. This oil was produced in stable
emulsions,” which could not be
separated easily. This is also the reason
why nearly 100 % water cut was found
in the field lab.

Until the end of 1992 the oil cut
increased to about 2.5 % and is still
increasing.

Polymer breakthrough was in the
beginning of 1991 and stayed at a level
of about 20 ppm for about one and a
half year. At the same time, when oil
cut increased the polymer concentration







