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Description

[0001] Theinventionisalinear pressure reducer for regulating injection pressure in injection wellheads in an enhanced
oil recovery system. Another object of the invention is an enhanced oil recovery system that implements the aforemen-
tioned linear pressure reducer.

[0002] A pressure reducer apparatus for regulating injection in an enhanced oil recovery system is known from US
4276904. In the oil extraction industry, primary production obtains oil by using reservoir pressure.

[0003] In secondary production, reservoir pressure is maintained by injecting pressurised water.

[0004] Inthe 1970s, the use of enhanced oil recovery (EOR) using a polymer began, where the water injected is made
viscous by the addition of water-soluble polymers so as to widen the injection bulb, increase reservoir sweep and recover
more oil in position, by physical effect. The polymers used are:

- Either natural: xanthan gum, guar gum, cellulose derivatives,
- Or synthetic: polyacrylamide, polyacrylates, polyvinylpyrrolidone...

[0005] In practice, where a single polymer injection pump is used to feed several wells at different pressures, it must
simultaneously:

- pump at a determined rate so as to maintain sufficient pressure in all wells,
- reduce pressure in certain wells so as not to fracture them,
- adapt the torque pressure/rate to the selected injection plan.

[0006] The feed pump is usually set to a pressure of 20 bar above the pressure of the well with the highest pressure.
[0007] Each well contains a pressure reducing valve called a choke in its wellhead, which allows control over the
injection pressure and the water flow rate into each well. The pressure of the wells varies according to multiple factors:
reaction to the injection, the salinity of the injected solution, the effect of filtering impurities... The choke allows the
injection pressure to be reduced to the desired pressure at any time, with a different regulator for each well.

[0008] One of the main problems, in the case of enhanced oil recovery, is the mechanical degradation that the polymer
undergoes due to the variation in desired pressure created by the choke, this variation corresponds in general to a
pressure drop of 10-50 bar. As the polymer degrades, the chokes significantly reduce the viscosity of the solution to be
injected, thus limiting oil recovery.

[0009] Studies carried out into the mechanical degradation of polymers in solution are all empirical due to the drag,
or friction, reduction effect, which has not been scientifically evaluated in a non-Newtonian system.

[0010] The figures available for loss of pressure, flow, speed and degradation are therefore very disparate.

[0011] It was found that degradation in the valves of piston or diaphragm pumps begins at speeds of 3 metres per
second.

[0012] In standard chokes, which either have a single opening with limited precision, or multiple openings rotary ones
(Cameron) with a low diameter of holes, degradation starts very early, at differences in pressure of 5 bar while, as
mentioned above, they most frequently work with a pressure drop of 10 to 50 bar, especially in offshore application (see
figure 1). There is therefore an adjustment flow rate with variable but significant degradation, as extremely high decom-
pression forces cause cavitation effects that are practically explosive.

[0013] Loss of viscosity is then directly linked to pressure drop through the choke and the diameter of the openings.
Typically, for a rotary choke, degradation is roughly linear up until 20 bar of pressure drop and can be compensated by
increasing the concentration of the polymer. Beyond 20 bar, degradation accelerates.

Forexample, a choke with pressure drop of 40 bar reduces the viscosity of a polyacrylamide solution by an average of 50%.
[0014] This phenomenon becomes extremely important in offshore operations where chokes on the seabed feed
several injectors with pressure reductions, sometimes exceeding 50 bar. On inshore installation this problem is usually
solved by feeding each well separately from a central polymer dissolution station. In this case the polymer is dissolved
at high concentrations (5 - 20 g/litre) and injected at high pressure by volumetric pump into the controlled flow of water
into each well. The choke is located before the injection of the polymer, which is then protected from mechanical deg-
radation.

[0015] The dissolution station may be:

- centralised with a water-polymer mix made at the polymer preparation station and transported via pipeline to each
well,

- it can also be distributed with two water - polymer circuits that circle the reservoir and injectors and with a choke for
the water, then a localised polymer pump for the wells.
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[0016] The two solutions are virtually equivalent in terms of cost.

[0017] A third solution that has been tested with little success is cyclic injection. With a group of wells, the solution is
injected into a single well at a time, and in cycles. When the injection finishes, the pressure progressively decreases
then to increase once more for the following injection cycle at a pressure inferior to the fracturing pressure. This complex
and efficiency is low.

[0018] The market is therefore lacking a device that reduces pressure, even at very high values, without degrading
the polymer. More precisely, the aim is to develop a device that can regulate injection pressure with respect to the
evolution of well pressure which varies, as we have already discussed, depending on multiple factors, all at high speed,
with no substantial degradation of the polymer.

[0019] Testswere conducted using tubes of shortlength (6 - 12 metres) and reduced section. Nonetheless, degradation
of viscosity was still observed, meaning the system cannot be used commercially beyond a few bars of pressure drop.
[0020] The Applicant has ascertained that it is possible to reduce pressure without notably affecting the viscosity of
the polymer and this when using, despite the high injection speeds, tubes with lengths greater than 100 metres, from
approximately 100 to 500 metres to be specific.

[0021] Based on this finding and to solve the problem of regulating injection pressure as a function of well pressure,
without substantially affecting the viscosity of the injection solution and at high injection flow rates, the Applicant has
developed a linear pressure reducer device, composed of tubes of different lengths and giving variable pressure drops
without an substantial degradation in fluid viscosity.

[0022] To be more precise, the object of the invention is a linear pressure reducer that will regulate the injection
pressure of a water-soluble polymer solution in the wellhead of an injection well, during enhanced oil recovery.

[0023] The reducer device consists of modules connected in series to the main pipe, each consisting of a tube of the
same diameter but with variable length, said device allowing pressure drop to be varied by adjusting the length of the
tube through which the solution flows, by opening or closing modules, without substantial degradation of the solution
viscosity during its passage through the module.

[0024] In practice, when the recommended injection rate and composition of the injection solution are known, tests
can determine the tube diameter and length needed to obtain the desired range of pressure reduction. This length is
then cut into modules, meaning the pressure can be adjusted on demand, by using all or some of the modules.

[0025] The length of the tubes that form the modules can be 10, 20, 50, 100 or 200 metres for example.

[0026] In reality, the diameter of the tubes that form the modules should be between 2 and 4 inches and preferably
between 2 and 2 inches for standard vertical or horizontal wells. The diameter of the tubes is adapted to the flow of
polymer for each injection well.

[0027] The aforementioned models are equipped with by-pass valves and are preferably circular in shape to reduce
blockage.

[0028] The valves can be operated manually or remotely from a central control room.

[0029] The metal used for the construction of the tubes must be adapted to the brine composition and temperature
according to rules that are well known to specialist Petroleum Engineers. This construction may use stainless steel 304,
stainless steel 316, duplex, super duplex, Hastelloy and in some instances copper...

[0030] In shore reservoirs, injection rates of water or polymer solution are between 4 and 50 m3/hour in most cases.
[0031] The goal then is to build pressure reducers that work at between 4 and 50 m3/hour (and even beyond that)
with pressure drops of 10 to 50 bar and a minimum molecular weight degradation. This data cannot be obtained via
calculation; it is therefore necessary to carry out systematic tests reservoir by reservoir to check the brine injected (which
has a strong influence on viscosity), the type and concentration of polymer and derived pressure reductions, the effects
of the walls, the shape of the pipes or pulsations...

[0032] More precisely, for a given tube length and diameter, pumping tests determine the range of pressure and the
pressure drops at which the viscosity of the polymer solution has not degraded more than 10%, preferable not more
than 5%.

[0033] These tests are carried out for example with polymer solutions in reservoir brine with a 40 bars diaphragm
metering pump equipped with pulsation absorber for a flow of 40 m3/hour through circulating coiled tubes of 100 metres,
with diameters of V2, 3%, 1, 1 V4 inches made from stainless steel. These allow us to define for a given length and diameter
the range of pressure and the pressure drops at which the polymer will not be substantially degraded.

[0034] By not substantially degraded, we intend a degradation in the Brookfield viscosity of the polymer in solution,
at injection concentration, of less than 10% and preferably less than 5% compared to the original value.

[0035] It is also possible to use hairpin tubes but the sudden change in direction can cause supplementary polymer
degradation.

[0036] Animportantadvantage of this type of linear pressure reducer is the easy control of chokes submerged offshore,
this control is limited to the opening or closing of 4 to 5 valves.

[0037] Another object of the invention then is an enhanced oil recovery installation using polymer injection that imple-
ments the linear pressure reducer, particularly on an offshore installation.
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[0038] In practice, the device is positioned between the high pressure line feeding the wells with polymer solution and
each wellhead.

[0039] The invention and its advantages are clearly demonstrated in the following examples, which support the ac-
companying drawings.

Figure 1 is a graph showing the degradation of an acrylamide polymer (30% anionic with a molecular weight of 20
million) relative to pressure drop of a choke.

Figure 2 is a diagram showing the sequence of modules in an enhanced oil recovery installation.

Figure 3 contains two schematic representations of modules of 380m in length with spiral diameters of 650mm (3a)
and 1000mm (3b).

Example 1:

Pumping tests

[0040] These preliminary tests were carried out with solutions of polymer in reservoir brine with a 40 bars diaphragm
metering pump equipped with a pulsation absorber for a flow of 40m3/hour through circulating coiled tubes of 100 metres,
with diameters of 12, 3%, 1, 1 V4 inches made from stainless steel. These allow us to define for a fixed length of 100 metres
and given diameter the range of pressure and the pressure drops at which the polymer will not be too degraded.

Example 1a: Test on a tube with a diameter of 12" and a length of 100m

[0041] A synthetic brine is used that corresponds to brine typically found in the Middle East with the following compo-
sition:

Na+ 1660 ppm
K+ 25 ppm
Ca2+ 26 ppm
Mg2+ 11 ppm
Cl- 1962 ppm
HCO3-951 ppm
S042 160 ppm
Fer2+ 0 ppm
H2S 30 ppm

[0042] Polyacrylamide 3630S (70% mole of acrylamide/30% mole of acrylic acid, 20 million g/mole) 1000 ppm

Initial viscosity 17.2 cP (Brookfield UL 6 rpm, 50°C)

[0043] The diaphragm pump is connected to a 100m long tube, with an internal diameter of 13.46 mm equipped with
a pressure gauge and precision flow metre.

Each test lasts three minutes at a constant flow rate.

[0044] The results obtained are listed below.

Flow rate m3/h 0 25 4 4.5 5
Speed (m/sec) 0 488 | 7.81 8.78 | 9.76
Pressure drop (bar) 0 4.5 84 9.6 1.3

Outputviscosity (cps) Brookfield UL6rpm | 17.2 16.8 16.7 16.7 15.9

Degradation (%) 2.3 2.9 2.9 7.5

[0045] We observe that very high speeds near 10m/second can be reached, with a pressure drop of 1 bar per 10
metres, without signs of substantial degradation and with flow rates of 5m3/hour for a % inch pipe with an interior diameter
of 13.46mm.

[0046] Degradation of 7.5% is still very low in comparison to polymer degradation in the reservoir. However, if pressure
drop is high, cumulative degradation with larger widths must be considered and the flow rate be reduced or the size of
the pipe increased.
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Example 1b: Test on a 1 inch tube (internal diameter of 26.63mm, length 100mm)

[0047] The same brine at 50°C was used to perform these tests in the same conditions with the following results:

Flow rate m3/h 0 19.5 | 31 35 385
Speed (m/sec) 0 9.7 15.4 17.4 19.2
Pressure drop (bar) 0 4 7.8 9.1 1.3
Outputviscosity (cps) Brookfield UL6rpm | 17.0 16.9 16.7 16.6 15.4
Degradation (%) 060 | 176 | 2.35 | 9.41

[0048] This demonstrates that there may be a drop of 1 bar per 10 metres with flow rates from 19 to 38 m3/h in a 1
inch tube with an internal diameter of 26.64mm.
These tests can be performed on any tube of different diameter.

Example 2: determination of the dimensional characteristics of the pressure reducer in this invention

[0049] On a well where the injection flow rate, with a solution identical to the one above, is 4m3h and the desired
change in pressure is from 0 to 30 bar, the pressure drop per metre will be 0.084 bar and the necessary length will be
357 metres. The reducer will therefore consist of modules of 10m, 20m, 50m, 100m and 200m; the combination of which
will permit the following pressure drops:

10m - 0.84 bar

20m - 1.68 bar

10m + 20m - 2.52 bar

50m - 4.2 bar

50m + 10m - 5.04 bar

50m + 20m - 5.88 bar

50m + 20m + 10m - 6.72 bar
100m - 8.4 bar

100m + 10m - 9.24 bar...
200+100+50+20+10 - 31.92 bar

[0050] The pressure drop can be modified on line by opening or closing the valves which means that each module
can be short-circuited or activated. If necessary the difference in pressure can be either reduced or increased, by adding
low amplitude modules of 10 to 20 metres.

[0051] Figure 2 shows a linear pressure reducer according to the invention. This method of construction includes 5
modules identified respectively as 1 to 5 connected in series with the main injection line (6). Each module is equipped
with a by-pass valve of 7 to 11 which allows the module to be short-circuited or not. The modules consist of tubes of
varying length, from 10 to 200 metres.

As shown in figure 3, the tubes forming the module are in a spiral shape, which significantly reduces the size of the
device. All the lengths can also be put in the same box with the valves in the front section.

[0052] Opening or closing the modules allows the pressure drop of the injection wells to be continuously controlled
without substantially altering the viscosity of the polymer solution, all at high injection speeds.

Claims

1. Linear pressure reducer apparatus for regulating injection pressure of a water-soluble polymer solution in injection
wellheads, in an enhanced oil recovery system, including modules connected to the main injection pipe and each
consisting of tubes of identical diameter but variable length, the said apparatus allows variations to be made to
pressure drop through adjusting the length of the tube through which the solution flows by closing or opening modules,
without substantial degradation to the viscosity of the solution during its passage through the module, characterized
in that the modules are connected in series to the main injection pipe.

2. Apparatus according to claim 1, characterised in that for a given tube length and diameter pumping tests determine
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the pressurerange and pressure drops atwhich the viscosity of the polymer solution does notdegrade more than 10%.

3. Apparatus according to claim 1, characterised in that for a given tube length and diameter pumping tests determine
the pressure range and pressure drops at which the viscosity of the polymer solution does not degrade more than 5%.

4. Apparatus according to the previous claims, characterised in that each module is equipped with a by-pass valve,
the lengths of tubes that compose the modules are 10, 20, 50, 100 or 200 metres.

5. Apparatus according to the previous claims, characterised in that the diameter of the tubes composing the modules
are between %2 and 4 inches and preferably between %2 and 2 inches, adapted to the flow of polymer for each
injection well.

6. Apparatus according to claim 1, characterised in that the tubes composing the modules are built of material that
is resistant to corrosion in conditions equal to the composition and temperature of brine, selected from stainless
steel 304, stainless steel 316, duplex, super duplex and Hastelloy and in some instance copper.

7. Installation of an enhanced oil recovery system by polymer injection using the linear pressure reducer subject of
claim 1-6.

8. Installation according to claim 7, characterised in that the installation is offshore.

Patentanspriiche

1. Lineare Druckminderervorrichtung zum Regeln des Einspritzdruckes einer wasserldslichen Polymerlosung in Ein-
spritzbohrlochkdpfen in einem verbesserten Olrlickgewinnungssystem, einschlieRend Module, die in Reihe mit der
Haupteinspritzleitung verbunden sind und jeweils aus Rohren von gleichem Durchmesser, aber variabler Lange
bestehen, wobei die Vorrichtung ermdglicht, dass Variationen am Druckabfall durch Anpassen der Lange des Rohrs,
durch das die Lésung flieBt, durch SchlieRen oder Offnen von Modulen ohne wesentliche Verschlechterung der
Viskositat der Lésung wahrend ihres Durchgangs durch das Modul vorgenommen werden, dadurch gekennzeich-
net, dass die Module in Reihe mit der Haupteinspritzleitung verbunden sind.

2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass fiir eine gegebene Rohrldnge und einen gegebenen
Durchmesser Pumptests den Druckbereich und die Druckabfalle bestimmen, bei denen sich die Viskositat der
Polymerlésung um nicht mehr als 10 % verschlechtert.

3. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass fiir eine gegebene Rohrlange und einen gegebenen
Durchmesser Pumptests den Druckbereich und die Druckabfalle bestimmen, bei denen sich die Viskositat der
Polymerlésung um nicht mehr als 5 % verschlechtert.

4. Vorrichtung nach einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass jedes Modul mit einem
Abblaseventil ausgestattet ist und die Langen von Rohren, die die Module bilden, 10, 20, 50, 100 oder 200 Meter
betragen.

5. Vorrichtung nach einem dervorstehenden Anspriiche, dadurch gekennzeichnet, dass der Durchmesserder Rohre,
die die Module bilden, zwischen 12,70 und 100 mm (Y2 und 4 Inch) und vorzugsweise zwischen 12,70 und 50 mm
(Y2 und 2 Inch) liegt, angepasst an die Strdomung des Polymers flr jedes Einspritzbohrloch.

6. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Rohre, die die Module bilden, aus Material
aufgebaut sind, das unter Bedingungen gleich der Zusammensetzung und der Temperatur von Sole korrosionsbe-
standig ist, ausgewahlt aus Edelstahl 304, Edelstahl 316, Duplex, Superduplex und Hastelloy und in einigen Fallen
Kupfer.

7. Installation eines verbesserten Olrlickgewinnungssystems durch Polymereinspritzung mithilfe des linearen Druck-
minderers nach Anspruch 1-6.

8. |Installation nach Anspruch 7, dadurch gekennzeichnet, dass die Installation offshore ist.
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Revendications

Dispositif linéaire de réduction de pression pour réguler la pression d’injection d’une solution de polymeére hydro-
soluble dans des tétes de puits, dans un systeme de récupération assistée du pétrole, comprenant des modules
connectés au tuyau principal d’injection et consistantchacun en des tubes de diamétres identiques mais de longueurs
variables, ledit dispositif permet de faire des variations de baisse de pression par ajustement de la longueur du tube
a travers duquel la solution circule par fermeture ou ouverture de modules, sans dégradation substantielle de la
viscosité de la solution durant son passage a travers le module, caractérisé en ce que les modules sont connectés
en série au tuyau principal d’injection.

Dispositif selon la revendication 1, caractérisé en ce que pour une longueur et un diamétre donnés de tube des
tests de pompage déterminent la gamme de pression et les baisses de pression auxquels la viscosité de la solution
de polymére ne se dégrade pas de plus de 10%.

Dispositif selon la revendication 1, caractérisé en ce que pour une longueur et un diamétre donnés de tube des
tests de pompage déterminent la gamme de pression et les baisses de pression auxquels la viscosité de la solution
de polymére ne se dégrade pas de plus de 5%.

Dispositif selon les revendications précédentes, caractérisé en ce que chaque module est équipé avec une valve
court-circuit, les longueurs des tubes qui composent les modules sont de 10, 20, 50, 100 ou 200 métres.

Dispositif selon les revendications précédentes, caractérisé en ce que les diamétres des tubes composant les
modules sont entre 0,5 et 4 pouces et préférentiellement entre 0,5 et 2 pouces, adaptés au flux de polymére pour
chaque puits d’injection.

Dispositif selon la revendication 1, caractérisé en ce que les tubes composant les modules sont fabriqués en un
matériau qui est résistant a la corrosion dans des conditions équivalentes a la composition et la température d’une
saumure, choisi parmi I'acier inoxydable 304, 'acier inoxydable 316, le duplex, le super duplex et 'Hastelloy et dans
certains cas le cuivre.

Installation d’un systéme de récupération assistée du pétrole par injection de polymére utilisant le dispositif linéaire
de réduction de pression objet des revendications 1-6.

Installation selon la revendication 7, caractérisée en ce que l'installation est offshore.
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Figure 1 - Polymer degradation FP 3630S (AM/AA - 1000 ppm) -
pressure drop in a choq - flow rate 830m3

60,00

50,00

40,00

30,00

pressure drop (bar)

20,00

10,00

0,00 T T T T
0% 10% 20% 30% 40%
Viscosity loss (%)

Figure 2

1’ 2’ 3’ 4’ 5’

50%

60%



EP 2710 222 B1

Cm

&

0

408

Figure 3 b

4750




EP 2 710 222 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e US 4276904 A [0002]

10



o8

ARIS NYOMASCSOKRENTD BGY TOVARRPEILESRTETT sdotakkirermed

RENDSIERREN & BRESAITOLAKT NYOMAS sZandivordsdsa

SABADALMI IGENYPONTOK

L& nyomast Bnedrisan cofikkentd beranderés way towsh afasetelt kdolap

kitermedd rendararben 868 besaitoldkdt frdivukfoloiben ooy vizbhen olidds polimartsdt
- o) »

kdmztilt  oldat  bosaiiolast s‘syemésénak szabalvord

amely  rendsger 8
besajtoldosdhés  csatiakortatott mivdulokat tortalmaz, amslysk mind&g\gi@{& JIINOK

&

Stm@rdit, de viltosd hosszisdgld oodhvekbdl SH, S8 amely beromdends iehetthed tesy
valtostatasok muglateld nyamadsesds oifiddadsdnek caldbd! ofy mddon, hogy annak g
celmek @ hossza, amelven Kereszild sz ohdat deamilk, & modulok wdvdsdval vagy
nyitdsdval kerlll bedflitdsrs andikil, bogy a2 oldainak s modulon vald dthaladdss kosben
jplertdeen codkbenne a vistkositdsy, sezel jsflemesve, hogy a modulok sorba kdtve
vannsk & § besajtoidosdhis coatlahoztates,

2o Az 1, wsnypont szerintt burenderds, arzal jollormarve, hogy adott cedhoasera &

~ftmdrdre prdbassivattybedsok hatirossal meg st 8 syomastartomdnyt &8 arokat 8

N

vomaseseseket, ahol & polimercldat visrkositdsa nem oséitken nagvebb mdstdiben,

-

~Smdeére proba s:;\faiiwmmi\ hatarozzal meg axt 8 dyom Ai’:{?‘ﬁf{?méﬁyt 85 asobat &
ayomasescsebst, abol a polimeraidat Wistkozitdss nem celkken nagyvobl méntdkben,
fint 5%

4 8 elbad igenypontok szerint bersndesés, szxal jellemesve, hogy mindsgvik
modul el van [dtva ogy meghertlS sceloppel, €8 & & modulokat slkotd cedvek hosszdsd g8
13, 20, 58, 100 vagy 200 meter,

§. Ar alzd igénypontok szerintt berendeads, swzal jellemezve, hegy & moduiokat

alkobd csdvek atmdrdia ~ mindegylk besaiolokdt esetdbean » polimerdrambos fangitve -
¥ ofs 4 hivelyk kizatt, of8nvds modnn ¥ 8s ¥ hivelyk kézéi van,

G Ax L igdnypent szerintl berendesds, azzal jellemenve, hogy & modulokat aliard
cedvek olyan anvaghdl keszilnek, amely a tengenvis Ssszetdtsldvel ds h¥mdrsdiiatdvat
meganyezd kivtlmadnyek k

Kivalaszbea: rossdamentes
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