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Abstract

Taking into account the characteristics of the reservoir and the fluid in place, the objective of this study is to find the
optimal parameters to improve the total oil recovery in the Ainsa reservoir by setting up a production sequence
based on improved water flood by the application of chemical processes. This study begins with a bibliographic
revision to set up the constraints and the assumptions for the different chemical models. Numerical modeling is
used to evaluate the efficiency of the applied injection processes. As most of the parameters are in general poorly
known at reservoir scale, several hypotheses is tested in order to analyze their impacts over the final results. Finally,
the most viable and profitable method in terms of final recovery is identified after evaluating different chemical
systems as polymer, surfactant, alkaline-surfactant (AS), surfactant-polymer (SP) and alkaline-surfactant-polymer
(ASP). A summary of the geology and the reservoir characteristics is introduced. The main part of this report deals
with simulations of the different chemical treatments. Finally, by the comparison of the evaluated systems, the best
enhanced oil recovery is obtained by an injection of a mobility control agent (Polymer), with a final recovery of 30%
OOIP.
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1 Introduction

Enhanced oil recovery (EOR) is well-known methaoat thelps increase the final oil recovery. Among
all the procedures, chemical injection is appliediélds where water injection is no longer effeeti
The injection of polymer, surfactant and alkaliseain active research sector in the oil industry.
Numerical modeling is used to appraise the efficyeof the applied scenarios even if there are large
uncertainties on properties at reservoir scale.

Specifically the purpose of an alkaline-surfactaolymer technology (ASP) is to produce incremental
oil by reducing the water flood residual oil satima. This technology help to reduce interfacial
tensions with alkaline and surfactant while a nigb@ontrol is obtained using polymers (Vargo et al
2000). Polymer makes the alkaline-polymer soluti@re viscous to improve sweep efficiency. Thus,
polymer “brings” alkaline solution to the oil zenwhere the alkali cannot go without polymer. More
oil can be displaced by lowered IFT owing to allgdnerated soap. In other words, alkali and
polymer work together to improve both sweep efficieand displacement efficiency.

Most of the treatments are successfully appliedilot and large-scale projects. China is a pioneer
terms of chemical treatment research. After theeass of polymer flooding in Daging, core flooding
and numerical simulation show that more than 20%POi@cremental recovery can be achieved by
ASP (Deminet al., 1997). On the other hand, for Cambridge Minneltiskl, ASP flood is an
economic and technical success with ultimate inergai oil of 1IMMbbl at a cost of $2.42 per barrel.
This success is due to an integrated approacheddipbplication, including: reservoir engineering and
geologic studies, laboratory chemical system desmymerical simulations, facilities design, and
ongoing monitoring (Vargaet al, 2000). Considering these experiences, differegatinents are
applied to the Ainsa reservoir to determine theé besnario in terms of production.

The Ainsa reservoir model is built from data of thecrop situated in Ainsa Basin (Figure 1) whigh i
located in Spain, in the Sobrarbe region (Soutliymenees). It has 42 m of thickness and 750 m of
length Garrido, E. 2012).

oo |3®

- _/_,,»—/'_t\ Aquitanian basin

Figure 1 : Geological map of the Pyrenees with Ainsa basin position and the outcrop zone

Based on the characteristics of the reservoir hedltid in place, the objective of this studyasfind
the optimal parameters to improve the total oibkery by setting up a production sequence.
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To achieve this objective, the following injectisequences are analyzed:
- Polymer

- Surfactant

- Alkaline-surfactant (AS)

- Surfactant-polymer (SP)

- Alkaline-surfactant-polymer (ASP)

All simulations are performed using the reservamuator Pumaflow 2015. Several cases are
examined ranging from continuous injection withfeiént periods of flooding, to cyclic injection Wit
different intervals. In addition, appropriate cheahi concentration is determined and the most
profitable chemical combinations are analyzed.

As simulations done on the reservoir take few hoamdy the main part of the reservoir is firstly
studied using a three spot model (one injectortaadproducer wells). However, the most profitable
cases are evaluated and compared, in terms ofrénalery, over the whole model. As a rule, during
this work all the hypotheses done for the fieldelegment are tested and analyzed to evaluate their
impacts over the final results. Furthermore, adl ¢istablished constraints and the assumptionfidor t
different parameters come from published field eigmees and EOR studies.

In this report we first describe the geology and thservoir grid and the mains properties of the
reservoir. In a second part, a detailed reservajineering study is presented using different cloami
injection sequences. Finally, the results are dised and the most profitable injection system, dase
on the comparison of future performance broadtasugh different development plans is proposed.
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1. Reservoir characteristics

1.1. Geology

Between the time of Eocene and mid Eocene, theae istense geologic activity in the Pyrenees area
marked by an intense sedimentation linked withetnalution of basins. These activities joined with a
eustatic changes in Sea level are the cause dfiffieeent siliciclastic and carbonate platforms.eTh
platforms are later eroded and deposit processesoatur resulting from turbiditic systems, (Gaorid

E. 2012 and Figure 2).

’_J.:ica basin, Terrigenous outer fan and basin plalnl

| main source area
carbonate slope ? ’
carbonate platform rL‘—>-
Ainsa basin.

Terrigenous slope
with turbidite channels

Tremp-Graus basin,
alluvial and deltaic F-

1 st = e

Figure 2 : Depositional setting of Ainsa sandstones.

Based on the field study carried out by Arbuéd.gRa07), five facies are distinguished:
e Gravelly mudstones: Soft-sediment deformed material with a mudstone-dominated

composition.

e Heterolithic packages and mudstone beds: Packages of layered mudstones and fine-grained
sandstone beds up to 10 cm thick.

e Thick-bedded sandstones: Sandstone beds thicker than 10 cm with grain size ranges from
very fine to pebble (up to 75% of sandstones correspond to medium to coarse grain size).

e Mudstone-clast conglomerates and conglomerates: Both facies are up to 1m thick. They
correspond to conglomerates with a matrix of sand and limestone inclusions.

In this study particular interests are put on thadstone and the heterolithic facies. Most of the
recoverable oil remains in the sandstone facies.ti@nother hand, the reservoir potential of the
heterolithics is affected by mudstone layers wiheklre influences on the reservoir permeability and
thus on the flow profile.
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1.2.

The proposed model is a black oil model and this eeé decomposed as follows (Figure 3):
64 cellsin | (X length: 960 m)

70 cellsin J (Y length: 1050 m)
145 cells in K (Z length: 50 m)

Model's characteristics

PORO (/)
0.4388
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0.05 zmeeim
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asasan

4.5E-008

Figure 3 : Ainsa reservoir model

The distributions of the porosity and of the perbiity are defined by facies. The reservoir facies
porosity distribution goes within the range of 3@fgure 4). In contrast, the no-reservoir facies
porosity is classically lower and close to 0.5%.

6300

# of samples
»
»n
=3
=

N
@
=1
S

0.05 0.10 0.15 0.20 0.25 0.30 0.35 040
Porosity [1]

1 2

Figure 4 : Porosity distribution, no-reservoir facies (1); reservoir facies (2)
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The table below summarizes the main propertieeféservoir and the fluids in place:

OOIP (hm3)

2,09

Pi (bar)

253,52

Ti (°C)

83

Pb (bar)

66,83

Swi (%)

15

Sorw (%)

24,5

WOC (MSL m)

5000

po (cP)

13

pw (cP)

0.5

Table 1 : Reservoir characteristics summary

The figures 5 to 8 show the relative permeabilitg @apillary pressure curves of the two facies that

control the flow profile.
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Figure 5 : Relative permeability curves
Oil/Water for the sandstone facies
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Figure 6 : Capillary pressure curve for the
sandstone facies
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Figure 7 : Relative permeability curves Oil/Water

for the heterolithics facies
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Figure 8 : Capillary pressure curve for the
heterolithics facies
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Relative permeability models and capillary pressulels are typical of water wet rocks. For all
facies, water saturation varies between 30% (S\Wi) 8% (1-SORW) except for sandstone whose
water saturation varies from 15% and 75.5%. Althguextreme relative permeability values and
capillary pressure values are the same for alefadhe change of water saturation interval makes t
sandstone facies the best oil reservoir faciesrim of oil volume storage and facility to produte i

1.3. Sensibility studies of the field permeability distroution
impacts

An important point is that the geological organizatof the reservoir field is obtained thanks to an
outcrop located close to the Ainsa town in soutigyrenees, Spain. In this section the permeability
distributions are not fixed. We address the follogviquestion: what is the impact of permeability
distribution on the oil recovery considering a po&r slug injection. This question makes sense
because the outcrop may be an analogue of difféypes of reservoirs. Indeed the outcrop helps to
characterize the facies distribution but has aediffit geological story compared to a subsurface
reservoir. Three different reservoirs are thus imied to be associated to three permeability
distributions illustrated by figures 9 to 11, resfpeely corresponding to a non-altered reservoir, a
fractured reservoir and an unconsolidated reseridie second permeability model results from an
upscaling step in order to take into account tlesgmce of fractures. The large permeability vatiies
the third permeability model are due to unconstdidafacies. Models are respectively called
“permeable”, “fractured” and “unconsolidated”.

12000
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#of samples

4000

2000

0
1E-1 1E0 1E1 1E-1 1E0 1E1 1E2 1E3
X cell permeability [mD] X cell permeability [mD]

Figure 9: permeability distribution of the Figure 10: permeability distribution of the
permeable model fractured model
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Figure 11: permeability distribution of the unconsolidated model
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For this study, the size of the reservoir is redutehis main part. The OOIP is 1.48 hm3 which is
considered as reference to analyze each oil regoviEte reference case is a water injection
implemented for 14 years with a pressure constiii00 bar. For each simulation, after a year of
water flood, polymer injection treatment is carrimat at the concentration of 2000 ppm for one year
and then the concentration is graded to 500 ppmafather year. Finally, a water post-flush is
injected until the end of the simulation (Figurg.12

W 600m*/D W 600m3*/D W 600m3/D W 600m3/D
Pol 1500ppm Pol 500ppm

04/14/16  04/14/17 04/14/18 04/14/19 04/14/30

Figure 12 : injection sequence used for reservoir permeability sensitivity studies

The simulation results are indicated in the Table 3

Permeable reservoir | Fractured reservoir Unconsolidated reservoir

%EOR 9% 63% 22%

Table 2 : polymer simulation results

I First case : Permeable facies

By injecting 0.862 hm3 of water, 0.398 hm3 of aie groduced. The production of water
reaches 0.428 hm3. Considering the permeable mpotigher does not strongly help to better
produce the reservoir oil. Only 9% of additiondlisiproduced using polymer injection. Due
to weak facies permeabilities the pressure readngskly the imposed limit. As a
consequence, water injection rate decreases dtmmgvater flood and decreases stronger
when polymer is added to the solution. Therefordymer injection does not have the
attempted effect i.e. an increase of the cumulailgatoduction.

—10-—
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. Second case: Fractured reservoir

After 4 years of production, 0.383 hm3 of oil and9 hm3 of water are produced. The
volume of water injected reaches 2.012 hm3. In tlaise, the oil recovery is improved by
63%. The ratio produced water volume (P/WF) is ceduby ~11% as well as the injected
volume of water. Polymer injection is very intenegt considering this case since %EOR
reach 63%.

1. Third case: Unconsolidated sandstone

0.273 hm3 of oil is produced after injecting 2.4663 of water. The high permeability allows
the injection of higher volumes of polymer solutioHowever, oil recovery volume is
decreased in comparison to the fractured caserohgdr water cut and a higher produced
water volume contributed to this bad performance.

The curves below summarize the polymer performdocehe three studied cases. Purple, red and
yellow curves are respectively obtained using pabiee fractured and unconsolidated Ainsa models.
Plain and dash curves stand for water flood orrelyinjection sequences respectively.

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
[Date] Time [Date]

Figure 13: Cumulative oil production Figure 14: water cut

= PERMEABLE FACIES == FRACTURED RESERVOIR UNCONSOLIDATED SANDSTOMNE

As a conclusion, polymer impacts critically depamdthe permeability distributions. If the reservoir
permeability is too weak it will be difficult to ject polymer without damaging the reservoir or the
injection wells. If the reservoir is too permeabdlier water breakthroughs or stronger water cay m
be observed which have a negative impact on odywmton. Finally, the fractured reservoir shows to
be the best candidate for polymer flooding. Thhis permeability distribution will be considered fo
our field development studies and is presentedigurE 10. The reservoir permeability range is
between 1 to 1000 mD. Three permeability picks rbayobserved with mean values of 5, 50 and
500mD correlated to facies distributions. Perméglid assumed transversely isotropic in any facies
with a vertical axis of rotational invariance. eal permeability is assumed smaller than horiZonta
permeability for heterolithics and mudstone-clastglomerate by a factor respectively of 10 and 20
because of mudstone beds or inclusions.
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2. Field development

2.1. Waterflooding

A water flooding is simulated for a period of 14ay® The oil is drained with a five-spot model.
Long-range heterogeneities features, such as akrtientrasts, have significant effects on flow
behavior (Figure 15).

0.001064

Figure 15: Qil saturation at the end of the water flood simulation

The initial oil accumulation is 2.09 Hnef which 18% is produced at the end of the waltssding
(final OIP 1.71 hr). However, from Figure 15, it is possible to seatthere are zones with residual
oil saturation larger than 40%. In addition a laygreffect may be observed on Figure 15-16. The
high facies and permeability heterogeneities ofréservoir contribute to form preferential flow psit
that we call layering effect. Earlier water breaktighs are the consequences of these preferential
flow paths which may be reduced by using polymgxdition as showed in the following section.

SO

4599000
4598800

4639
4639400

4699200

265400 4699000

4693800

265810 4698600

Y1 469B4E0 M

0.001064

Figure 16 : Oil saturation at the end of the water flood simulation

IFP Energies nouvelles — 1 et 4 avenue de Bois-Préau — 92852 Rueil-Malmaison Cedex — France -12 -



2.2, Polymer injection

The following injection constraints are taken iaicount to perform the polymer injection simulation
over the whole reservoir:
e The base case is a water injection implemented for 14 years with a pressure constraint of 500

bar.
e The polymer solution injection starts after a year of water flood for five years. Three
scenarios are modeled (Figure 17):
0 A polymer injection of two years at 1500ppm (P1).
0 A polymer injection of five years at 1500ppm (P2).
0 A polymer injection whose concentration decreases as a time function. 1500ppm the
first two year, 1000ppm for next two years and finally 500ppm a last year (P3).
e Finally, a water post-flush is injected after the polymer injection. The same pressure
constraint is established.

W 600m3/D
W 600m3/D Pol 1500ppm W 600m3/D
P1
04/14/16  04/14/17 04/14/19 04/14/21 04/14/30
W 600m3/D
3 3
W 600m°/D Pol 1500ppm W 600m°/D
— P2
04/14/16  04/14/17 04/14/22  04/14/30
i W 600m3/D W 600m3/D W 600m3/D ,
W 600m?/D Pol 1500ppm Pol 1000ppm Pol 500ppm W 600m°/D
P3
04/14/16  04/14/17 04/14/19 04/14/21  04/14/22 04/14/30

Figure 17 : polymer injection scenarios

In addition the polymer model takes into accoumt plolymer adsorption (10 pg/g), a permeability
reduction and an inaccessible pore volume (IPV30.10e IPV is due to a limited access because of
the size of macromolecules or a wall exclusion @ffeecause of the increase in the speed of the
solution.

As a result an oil recovery of 24%, 32% and 30%dkieved depending on P1, P2 or P3 injection
scenario, respectively. Thus the polymer injectisrvery efficient compared to the water flood
(Figure 18). The water breakthrough impact is kdithanks to polymer (Figure 19) while the volume
of water produced is reduced by 15%, 28% or 22%fqrP2 or P3 respectively.
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Figure 18 : Cumulative oil production for three polymer injection scenarios (P1, P2 ,P3) and a water
flood injection (W)
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0.80
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0.40

Water cut [sm3/sm3]
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0.00
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Figure 19 : Polymer effect over water cut
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To limit the polymer injection volume while obtang a good enhanced oil recovery the scenario P3
seems to be the best. At the end of the P3 sirulaiti is possible to see that the low permeability
zones are better swept (Figure 15 / Figure 20 &pa & 16 / Figure 21).

4699400
I 5555555 4636800 agagoco 4699200

Figure 20 : QOil saturation at the end of the P3 scenario

SO

4698800

469B000

4698690
¥3 4693480 m

1.139E-10

Figure 21 : Oil saturation at the end of the P3 scenario

To conclude this section, using polymer, an oibxexy of 30% is obtained. The injected volume of
polymer may be optimized considering the injectedcentration and slug volume. In this case there
is not a sensible reduction of oil produced. Néhwaddss, there are still zones where 40% of the oil
remains in the reservoir after the polymer injaci{bigure 21).

In order to reduce this saturation, different ctehisystems; surfactant, alkaline-surfactant (AS),
surfactant-polymer (SP) and alkaline-surfactaniqpar (ASP) flooding are tested to finally find the
most viable and profitable method in terms of firedovery.

Several cases are examined ranging from continumgestion with different periods of flooding, to
cyclic injection with different intervals. In adain, appropriate chemical concentration is deteethin
and the most profitable chemical combinations amalyaged. For all of chemical combinations,
chemical treatments begin after one year of wéedfng.
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2.3. Surfactant injection

A surfactant model is now considered. The impacttloa solubilization of oil is modeled with
dynamic Kr endpoints and chemical Kr curves. Thpedot on the interfacial tension is modeled based
on the surfactant concentrations (Figure 22). Tical capillary number is established as 1E-6
(Figure 23). The effect of lowering the IFT on tbleemical relative permeabilities is defined by
dynamic Corey coefficients (Figure 24). A capillgmessure correction, a maximum adsorption of 50
pg/g and a Langmuir coefficient of 0.10 m3/kg iplegnl (Figure 25).

(dyn/cm)

10

I "

0 0,5 1 1,5 2 2,5 3 3,5
Surfactant concentration (kg/m3)

Water-oil interfacial tension

Figure 22 : Surfactant concentration effect on IFT
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Figure 24 : Chemical permeabilities definition
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Figure 25 : Surfactant adsorption profile

IFP Energies nouvelles — 1 et 4 avenue de Bois-Préau — 92852 Rueil-Malmaison Cedex — France - 16 -



A 2-year continuous surfactant injection at 200thpg simulated (Figure 26).

W 600m3/D
W 600m3/D W 600m3/D
04/14/16  04/14/17 04/14/19 04/14/21 o4/14| /30

Figure 26: surfactant injection scenario

As a result, just 0.5% of improvement is achieve@omparison to water injection (Figure 27). The
cause of this low recovery is the quick displacemeh surfactant solution through the high
permeability layers resulting in an early breaktigio. Nevertheless, one important observation is the
very low oil saturations attained near the injettigell as well as in the high permeability facies
(Figure 28). The profile of surfactant concentnatiat the end of the simulation shows that no
surfactant is left at the final time near the ibpgaue to adsorption (Figure 29).

0.32

0.28 W

e e e e
= = fa 1Y)
~ @ =] -

Cumulative oil at surface conditions [hm?3]
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0.04
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Figure 27 : Surfactant effect (©) on oil recovery compared to water flooding (W)
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Figure 28 : Qil saturation near de injector after surfactant flooding
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Figure 29 : Surfactant concentration in water profile

To conclude this section, incremental productiotaimied using surfactant is closed to 0.5%. The high
permeable layers are the primary reason of the final performance. As a result, the polymer
injection seems to be more efficient because palymedps to control the water mobility. In a word
high permeability layer flows are reduced contrilbgito a better sweep of lower permeable layer. In
addition as surfactant adsorption is not imporgastmultaneous alkaline surfactant injection gitres
same result as the surfactant injection. Howevgrcdmbining polymer and surfactant, a better
recovery could be achieved and this will be studiegext section.
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2.4. Surfactant — polymer flooding system

As seen section 2.2, the mobility control is thg garameter to prevent layering effects while hrepi

to obtain a good sweep of the reservoir. By applyrcombined polymer/surfactant process, we look
for ways to improve sweep efficiency while keepihg flow displacement efficiency.

The chosen polymer scenario (section 2.2) is aghpleiring the second polymer injection surfactant
is simultaneously injected (Figure 30).

., W 600m3/D W 600m°/D W 600m?3/D .
W 600m3/D Pol 1500ppm Pol 1000ppm Pol 500ppm W 600m3/D

04/14/16 04/14/19 |

04/14/17 04/14/21  04/14/22 04/14/30
Figure 30: SP injection scenario

The figure below shows the incremental recoverytlws sequence. By applying the optimal
parameters in terms of surfactant concentratiomdon the section 2.3., 45% OOIP was recovered
with a 4-year SP injection. (Figure 39).
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Figure 31: cumulative oil production of \Water, Polymer and injection

As a conclusion, by combining the effect of mokitibntrol given by the injection of polymer and the
reduction of interfacial tension obtained by theation of surfactant, no significant increment of
recovery is observed comparing to polymer injectibm validate this result we now inject 15g/L of
alkaline with the surfactant. The injection scemdsigiven Figure 32.
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Figure 32: ASP injection scenario

The following curves resume the different injectsmenarios. As a result the use of polymer inciease
significantly the oil production. In another side significant incremental production is observed if
surfactant or alkaline are added to the polymer.
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Figure 33 : cumulative oil production of \Water, Polymer, and
Alkaline/Polymer/Surfactant injection
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2 FINAL EVALUATION

Table 4 shows the percentage of oil recovery. Amalhthe scenarios tested, the best oil recovery is
achieved through a polymer flooding with an oilaeery of 30%. Polymer helps to produce 210
snt/day during 4 years. Considering the same periadater flooding only produce 50 Sm3/day

(Figure 34).
Chemical injection Pr_oducegd socll
Oil (hm°) | recovery

Water flood 0.375 18%
Polymer 0.62 30%
Surfactant 0.39 19%
AS 0.39 19%
SP 0.62 30%
ASP 0.62 30%

Table 3 : Comparison of chemical treatments tested
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Figure 34: oil production rate for
and Alkaline/Polymer/Surfactant
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injection scenario

According to the obtained results, the injectionpofymer is the main parameter to increase the oil
recovery due to the reservoir heterogeneity. A®auilt on Ainsa field, surfactant injection is not
profitable without a mobility reduction agent. Watht polymer in the surfactant slug, a layering effe
does not allow to obtain a good reservoir sweeps limportant to remark that for polymer and
surfactant models, adsorption reduced their efiimye However, the fact of testing adsorption heétps

decide if a method to reduce adsorption is praftab
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3 CONCLUSIONS

The exposed results show that the initial wateoding recovery (18%) may be improved by the
application of an appropriate chemical treatmemt.dEvelop this reservoir, through an interesting
technique, an improved injection sequence is appéed the development of the reservoir is
forecasted. The most profitable system found islgnper injection which reached an oil recovery of
30% OOIP over the whole reservoir (Figure 35). Vblime of produced water is reduced by 22%.
Furthermore, a cyclic injection may be appliedhiére are economic constraints since the quantity of

chemicals may be reduced by a half.
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Figure 35: cumulative oil production for water and

polymer injection scenarios
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Figure 36 : oil production rate for water
and polymer injection scenarios

The figures below show the variation in oil satimatafter the water injection and SP system. Both
allow the comparison in terms of residual oil sation. It's clear that the polymer injection opties

the reservoir drainage.

SO0

4599000

598200

B prosest chenaine_so-a

ag99
4699400

4695200

265400 4699000
4598800

#oop 4698600

Vi 4698430 m

0.001064

Figure 37 : Water flooding residual oil saturation
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Figure 38 : Polymer flooding residual oil saturation

IFP Energies nouvelles — 1 et 4 avenue de Bois-Préau — 92852 Rueil-Malmaison Cedex — France

— 22—



4 Bibliography

Arbués, P. et al. 2007. Context and architecturth@fAinsa-1-Quarry channel complex, Spain, in T.
H. Nilsen, R. D. Shew, G. S. Steffens, and J. Btuddlick, eds., Atlas of deep-water outcrops: AAPG
Studies in Geology 56, CD-ROM, 20 p.

Chang, H L. 2013. ASP process and field resultgp®#r 10 in EOR Field Studies. (Sheng J.J., ed)
Elsevier.

Chang. H.L. Zhang, Z.-Q., Wang, Q.-M.,Xu,Z.-S., Gt®., Sun, H.-Q., Cao, X.-L., and Xiao, Q.
2006. Advances in polymer flooding and alkalinéigctant/polymer processes as developed and
applied in the People’s Republic of China JPT (Eeby), 84-89

Chen, Fuming et al.: “Summarization on the Techgylof Modification Profile In-Depth in Daging,”
Petroleum Geology & Oilfield Development in Dagir2g(5), (2004) 97-99.

Cheng, J.-C., Liao, G.-Z., Yang, Z.-Y., Li, Q., Ya6.-M., and Xu, D.-P. 2001. Overview of Daqing
ASP Pilots. Petroleum Geology & Oil Field Developrhm Daqging (P.G.O.D.D), 20(2), 46-49

Falivene, O. et al. 2006. Best practice stochafstaies modeling from a channel-fill turbidite
sandstone analog (the Quarry outcrop, Eocene Aasim, northeast Spain). AAPG Bulletin, Vol. 90,
No. 7 (July 2006), pp. 1003-1029.

Garrido, E. 2012. Study of the impact of heteraignon the modeling of fluid-flow, based on a
turbidite reservoir analogue Ainsa-1 quarry out¢ci®pain, pp. 22

Jewett, R.L. and Schurz G.F.: “Polymer Flooding—Ari@nt Appraisal,” JPT, 31(6), (June 1979)
675-684.

Needham, R B., Doe P H. 1987. Polymer floodingeevidPT (December). 1503-1507.

Taber, J J., Martin, F.D., and Seright, R S. 198%R screening criteria revisited-part 1. Introdtrct
to screening criteria and enhanced recovery fiedjepts. SPEREE (August), 189-198.

Takaqi S., Pope g.A., Sepehrnoori K., Putz A.G. BadDakhlia H. 1992. Simulation of a successful
Polymer Flood in the Chateaurenard Field. 781-B¥FE 24931.

Vargo, J., Turner J., Vergnhani B., Malcolm J., VWy&t, Surkalo H., Patterson D. 2000. Alkaline-
Surfactant — Polymer flooding of the Cambridge Milusa Field. SPE Res Eval & Eng 3(6). 552-
558. SPE 55633.

Wang, D.M., Dong, H., Lv, C., Fu, X., and Nie, 008. Review of Practical Experience of Polymer
Flooding at Daging. SPE Res Eval & Eng 12(3): 476- SPE-114342-PA. doi: 10.2118/114342-PA.

Wang, Dongmei et al.: “Sweep Improvement Optionsthe Daqing Oil Field,” paper SPE 99441
presented at the 2006 SPE/DOE Symposium on Improveecovery, Tulsa, OK, April 22-26.

IFP Energies nouvelles — 1 et 4 avenue de Bois-Préau — 92852 Rueil-Malmaison Cedex — France - 23—



