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This invention relates to oil field chemicals in particular oil field production

chemicals and their use.
Among oil field chemicals are scale inhibitors, which are used in production
wells to stop scaling in the rock formation and/or in the production lines downhole
5 and at the surface. Scaling not only causes a restriction in pore size in the rock
formation (also known as 'formation damage") and hence reduction in the rate of oil
and/or gas production but also blockage of tubular and pipe equipment during
surface processing. To overcome this, the production well is subjected to a so
called "shut-in" treatment whereby an aqueous composition comprising a scale
10 - inhibitor:is injected into the production well, usually under pressure, and squeezed
into the formation and held there. The injected composition adsorbs on to the rock
surface and thereby inhibits scale formation by slowly leaching into the produced
water thus maintaining access to the oil in the rock formation; this "shut-in"
treatment needs to be done regularly e.g. one or more times a year at least if high
15  production rates are to be maintained and constitutes the "down time" when no
production takes place. Over the year there is a reduction in total production
corresponding to the number of down times during the squeeze/shut-in operation,
as well as reduced production as the scaling problem builds up.
. We have discovered means for and a method of increasing the effectiveness
20 - of production chemicals, in particular scale inhibitors, thereby decreasing the
* number of times squeezing/shut-in is needed and increasing the production rate.
Moreover, we have discovered a formulation for this purpose which is stable to
storage and transportation.
' Accordingly, the present invention is a process for increasing the
25  effectiveness of production chemicals by reducing the number of squeezing and
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wel | s experience problens with inorganic deposits such as scale or that the
-process described can inhibit scale formation. Anong known oil field

chem cals are scale inhibitors, which are used in production wells to stop
~scaling in the rock formation and/or in the production 1 5 | i nes downhol e
"and at the swdwmgessiScal i ng not only causes a restriction | RCPGB26/0§p45c | n
the rock formation (also known as 'fornati on danage') and hence reduction
tn the rate of oil and/or gas production but also bl ockage of tubular and
pi pe equi prent during surface processing. To overcone this, the production
wel | is subjected to a so called "shut-in" treatnment whereby an aqueous
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::(a)  awater-miscible surfactant which is an alkyltriglycol ether and
5 (b). at least one water-miscible oil field or gas field production chemical,
said components of the formulation being introduced either as a pre-formed single
- homogeneous composition, or simultaneously in parallel or sequentially in either
order into the rock formation.

The alky! group in the aikyltriglycol ether may be straight or branched chain

10  and suitably has 3-6 carbon atoms, preferably from 3-5 carbon atoms. The alky!
group in the alkyltriglycol ether more preferably has 4 carbon atoms and is
especially n-butyltriglycol ether (also known as triethylene glycol mono—h-butyl
ether).

Where the formulation is injected into the rock formation as a pre-formed

15  single composition, said formulation is suitably a homogeneous aqueous solution
containing the two components in specific proportions so as to maintain the
homogeneity of the formulation.

. Thus, according to a specific embodiment, the present invention is 2
_homogeneous formulation comprising in an aqueous medium, (2) at least one
20 . surfactant comprising n—butyitrigl);col ether in‘an amount of 1-20% w/w and (b) at
“least one oil field or gas field production chemical in an amount of 1-25% w/w.

. In another aspect, the present invention is a method of introducing a
homogeneous formulation comprising an oil field or gas field production chemical
and a surfactant into a rock formation comprising oil and/or gas, which process

25  comprises passing the homogeneous formulation down a production well and
thereby into the rock formation.

The invention also provides for the use of the homogeneous formulation of
the invention to increase the effectiveness of the oil field or gas field production
chemical in a rock formation, in particular by increasing the duration of retention of

30  the chemical by the rock.

By the expression "homogeneous formulation" as used herein and
throughout the specification is meant that the formulation is a single phase system.
That is, each component is in itself homogeneous and is water-miscible when
introduced sequentially or simultaneously into the rock formation and is also

35 homogeneous if introduced into the rock formation as a pre-formed single
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slowy | eaching into the produced water thus maintaining access to the oi
in the rock formatjion: this "shut-in" tr

e.g. one or 25. "mdre‘times a year at least if high production rates are to
be maintained and 2 constitutes the "down tinme" when no production takes
pl ace. Overwblhensuspr there is a reduction in total product PCTVGB26/0845p0Ndi Ng
to the nunber of down tines during the squeeze/shut-in operation, as well
as reduced production as the.scaling problembuilds up. 5 W have
di scovered neans .for and a nethod of increasing the

composition.

It would be apparent that where the components of the formulation are
introduced simultaneously but separately, or, sequentially, it is not introduced as a
pre-formed single composition and hence the concept of the formulation being

. 5 homogeneous does not apply. However, in this instance, it is preferable that each

of the componeénts used is homogeneous in itself and is also water-miscible. The
pH of the formulation is suitably from 0.1-6.0 and is as a whole is of significance
only when such a pre-formed composition is employed. The pH of the component
(b) is preferably controlied as specified.

10 Thus, the surfactant used suitably comprises at least one alkyltriglycol ether
and at least one production chemical and it remains clear and stable over a range of
temperatures from ambient to at least about 45°C. The surfactant is suitably
present in the formulation in an amount ranging from 1-20% by weight, preferably
from 5 to 15% by weight, more preferably from 5 to 12% by weight. In the

16 pre;ént invention it is possible to use by-product streams from glycol ether
manufacturing processes which contain a high proportion of atkyltriglycol ethers
such as eg n-butyltriglycol ether. One such by-product stream comprises about
75% wiw of n-butyltriglycol ether, about 2.5% w/w of butyldiglycol ether, about
19% of butyl tetraglycol ether and about 2% of butyl pentaglycol ether. The

20 relative proportions of -components (a) and (b) in the formulation may vary within-
wide ranges depending upon whether the components are introduced into the rock
formation simultaneously, sequentially or as a pre-formed single compositiorf
consistent with the need to maintain homogeneity at the operative temperatures
and salinity of the formulation. For instance, at relatively higher concentrations of

25  the surfactant or at relatively higher temperatures or extremely low temperatures, it
is possible that a pre-formed formulation loses its homogeneity due to reduced
solubility of one or more components in the formulation under those conditions. In
these instances, small amounts of a solubilizing agent such as eg a lower aliphatic
alcohol, especially methanol or ethanol, can either be added to the inhomogeneous

30  pre-formed formulation or used to partially replace the surfactant in the
formulation to restore the homogeneity of the formulation.

* Thus, the homogeneous, pre-formed formulations of the present invention
may contain, in addition to the aikyitriglycol ether, a cosoivent such as eg a lower
aliphatic alcohol, especially methanol or ethanol.

35 The aqueous medium in the formulation may be from fresh, tap, river, sea,
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effectiveness of production chemcals, in particular scale inhibitors,

t hereby decreasing the nunber of tinmes squeezing/shut-in is needed and

i ncreasing the production rate. Mreover, we have di scovered a fornul ation
for this purpose which is stable to storage and transportation. 1 0
Accordi ngly, wOesmasisent invention is a process for increasipQy/GBI60004S

ef fecti veness of production chem cals by reducing the nunber of squeezing
and shut-in operations needed to increase the production rate froman oi
well by inhibiting scale formation in said well, said process conprising
i.njecting into an oil-bearing rock formation a water-mscible fornulation
conprising: 15 (a) a water-m scible surfactant which is an

al kyl triglycol eptoducedog farmation water, avithta torabsalipitycet.egi0s2308(l suchias 5¢508(ld or gas

field producti onagd@ay Kave a @EIGT0. 59 NWhareSsea water Bltis&l, i/ formulation usually has
-a highly acidic pH in the region of 0.1 to 1.5 due to the presence of a highly acidic
production chemical, such as eg a scale inhibitor. In such cases it may be necessary

5 to neutralise the acidity of the formulation by using an alkali metal hydroxide,
especially sodium hydroxide, potassium hydroxide or lithium hydroxide, in order to
bring the pH of the formulation to within the preferred range from 0.1-6.0. It has
been found for instance that use of lithium hydroxide as a neutralising agent instead
of the other alkali metal hydroxides allows tolerance of relatively higher levels of
10  the surfactant in the formulation when it is required to maintain homogeneity of the

formulation.

The oil field or gas field production chemical may be an inhibitor of: (i)
corrosion, {ii) scale, (iii) gas hydrate formation, (iv) wax or (v) asphaltene
deposition; or, may be a hydrogen sulphide scavenger or wax dispersant. The scale

16§  inhibitor is effective in stopping calcium and/or barium scale with threshold
amounts rather than stoichiometric amounts. It may be a water-soluble organic
molecule with at least 2 carboxylic and/or phosphonic acid and/or sulphonic acid
groups e.g. 2-30 such groups. Preferably the scale inhibitor is an oligomer or a

) polymer, or may be a monomer with at least one hydroxyl group and/or amino
- 20 nitrogen atom, especially in‘a hydroxycarboxylic acid or hydroxy or
aminophosphonic, or, sulphonic acid. The inhibitor is used primarily for inhibiting
calcium and/or barium scale. Examples of such compounds used as inhibitors are
aliphatic phosphonic acids with 2-50 carbons, such as hydroxyethyl diphosphonic
acid, and aminoalkyl phosphonic acids, e.g. polyaminomethylene phosphonates

25 with 2-10 N atoms e.g. each bearing at least one methylene phosphonic acid group;
examples of the latter are ethylenediamine tetra(methylene phosphonate),
diethylenetriamine penta(methylene phosphonate) and the triamine- and tetramine-
polymethylene phosphonates with 2-4 methylene groups between each N atom, at
least 2 of the numbers of methylene groups in each phosphonate being different

30 (e.g. as described further in published EP-A-479462, the disclosure of which is
herein incorporated by reference). Other scale inhibitors are polycarboxylic acids
such as lactic or tartaric acids, and polymeric anionic compounds such as polyvinyl
sulphonic acid and poly(meth)acrylic acids, optionally with at least some
phosphonyl or phosphinyl groups as in phosphinyl polyacrylates. The scale

35 inhibitors are suitably at least partly in the form of their alkali metal saits e.g.
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under pressure and holding said formulation in said formation for a period
‘to achieve said shut-in thereby enabling conponent s of saidformH-ati-or—te—
be 20 adsor bed by the oil bearing formati on and act as a scal e inhibitor,
.sai d conponents of the fornulation being introduced either as a pre-forned
si ngl e honogeweasdss conposi tion, or sinultaneously in paral PeT/GBI6/0004S
sequentially in either order into the rock formation. The al kyl group in
the alkyltriglycol ether may be straight or branched 25 chai n and
.suitably has 3-6 carbon atons, preferably from3-5 carbon atons. The al kyl
group in the alkyltriglycol ether nore preferably has 4 carbon atons and is
especially n- butyltrlglycol ether (also known as triethylene glycol

nono- n-butyl e saltyere the formul ation is injected into the rock

formation as a pr e-Exahiptd of corrosion inhibitors are compounds for inhibiting corrosion on
steel, especially under anaerobic conditions, and may especially be film formers
capable of being deposited as a film on a metal surface e.g. a steel surface suchas a

5 pipeline wall. Such compounds may be non- quaternised long aliphatic chain

hydrocarby! N-heterocyclic compounds, where the aliphatic hydrocarbyl group may
be as defined for the hydrophobic group above; mono- or di-ethylenically
unsaturated aliphatic groups e.g. of 8-24 carbons such as oleyl are preferred. The
N-heterocyclic group can have 1-3 ring nitrogen atoms with 5-7 ring atoms in each

10  ring; imidazole and imidazoline rings are preferred. The ring may also have an
aminoalkyl e.g. 2-aminoethyl or hydroxyalkyl e.g. 2-hydroxyethyl substituent.
Oleyl imidazoline may be used.

The gas hydrate inhibitor may be 2 solid polar compound, which may be a
polyoxyalkyiene compound or alkanolamide, or tyrosine or phenylalanine.

15 The asphaltene inhibitor may be an amphoteric fatty acid or a salt of an
alkyl succinate while the wax inhibitor may be a polymer such as an olefin polymer
e.g. polyethylene or a copolymeric ester, e.g. ethylene: vinyl acetate copolymer,
and the wax dispersant may be a polyamide. The hydrogen sulphide scavenger may
be an oxidant, such as an inorganic peroxide, e.g. sodium peroxide, or chlorine

20  dioxide, or an aldehyde eg of 1-10 carbons such as formaldehyde or glutaraldehyde
or (meth)acrolein.

The amount of production chemical used is in the range from 1-25% w/w
of the total formulation, suitably from 5-15% w/w, preferably from 6-10% wiw.
Within these ranges the amount used would depend upon the nature of the

25 chemical used and its intended purpose consistent with the formulation being
homogeneous.

It is important with the formulations of the present invention, especially
those con{prising a pre-formed homogeneous composition, that they remain a clear
and stable over a temperature range from ambient to least about 45°C. However,

30  within the concentration ranges of the components specified above, it is possible to
devise formulations which remain stable over a much wider temperature range eg
from ambient to the temperature of the production well (eg from 90 to about
150°C, especially around 110°C) into which the formulation is introduced. In the
present invention, when the components of the formulation are injected under

35  pressure into the production well either as a pre-formed formulation,

5
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30 single conposition, said fornulation is suitably a honbgeneous aqueous
sol ution containing the two conponents in specific proportions so as to

mai ntai n the honogeneity of the fornulation Thus, according to a specific
enbodi nent, the present invention is a honpgeneous fornulation conprising

i n an agueouswipsbngd®s (a) at least one 35 surfactant conprPeI/GBIGO0N4S
n-butyltriglycol ether in an anpunt of 1-20% w w and (b) at | east one
oil field or gas field production chemcal in an anmount of 1-25% ww. In
anot her aspect, the present invention is a nethod of introducing a

honogeneous formnul ati on conprising an oil field or gas field production
chem cal

simultaneculsy or sequentially, the production chemicals in the formulation are
adsorbed by the rocks and are retained for relatively long periods. By using a
relatively small molecule such as a C3-C6(alkyl)triglycol ether as the surfactant,
use of big surfactant molecules (having >C6 alkyl groups) are avoided thereby

5 minimising any risk of surfactant aggregates being formed which in turn may result
in high viscosity emulsions causing blockage of the wells.

Thus, such a formulation may contain, in addition, other components such
as (i) other production chemicals or (ii) cosolvents which, when necessary, enable
the formulation to remain stable at relatively higher temperatures or when the

10  surfactant is used in concentrations in the upper quartile of the range specified.
However, such formulations should be substantially free of water-immiscible
components.

The pre-formed homogeneous formulations of the present invention, when
used, may be suitably made by adding the surfactant (a) to an aqueous solution of

15  the oil field or gas field production chemical (b) followed by gentle mixing. If the
material made initially is cloudy; then minor adjustments to the relative proportions
of the ingredients or a change in the nature or amount of the cosolvent used or the
temperature will be needed. Their viscosity is suitably such that at the reservoir
temperature, eg at 100°C, they are easy to pump downhole. The pre-formed

20 formulations of the present invention may be prepared via a concentrate of
ingredients (a) and (b), which can be transported as such to the site of use, where it
is mixed with the aqueous medium in appropriate proportions to achieve the
desired homogeneity and into which the chemical has been dissolved. The pre-
formed formulation can be injected, suitably under pressure, into an oil bearing

25  zone, eg rock formation, via a producing well e.g. down the core, followed by a
separate liquid to force the pre-formed formulation into the oil bearing zone; the
liquid may be used as an overflush and can be sea water or diesel oil. The
formulation is then left ("shut-in") in the oil bearing zone while oil production is
stopped temporarily. During this process, the injected formulation percolates

30  through the oil bearing zone under the injection pressure. In the shut-in period, the
injected formulation comes into contact with reservoir fluids and forms in siru a
two-phase or three-phase system which may be in the form of an emulsion and
which exhibits the desired surface and phase behaviour. This is the so called
"squeezing” effect which enables the maintenance of oil recovery from such zones.

35 A desirable contact time of 5-50hrs e.g. 20-30hrs is often achievable with the

6
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conprising a scale inhibitor and a surfactant into a rock formation

‘conprising oil 5 and/or gas, which process.conprises passing the.
onogeneous tornulation down a production well and thereby into the rock
formation. The invention also provides for the use of the honbgeneous
formul ati oRy@bga2de | Nvention to increase the effectivenesspeigademomas! field
or gas field production chem cal conprising-a scale inhibitor in a rock
formation, in particular by 10 increasing the duration of retention of the
chem cal by the rock. By the expression "honbgeneous fornulation” as used
herein and throughout the specification is nmeant that the fornulation is a

singl e phase system That is, each conpgnent is jn itself honpbgeneous and
i s wat er - m scifPfMulafiganofithe prezratiovention Afes taasmyn&thspmdamgwi nto the
rock formati ome-atarted. SInahescasd where tieproduetienciemidal isratscalelinhibitor, thewilt he r ock

formation as aqeaddfalBdin bk Hitidhy high, as will the soluble calcium content of the

produced water. Over time, e.g. 2-4 months, the rate of production will decrease
5  and the soluble salt contents will also decrease signifying possible scaling problems
in the rock formation, whereupon the production can be stopped and fresh aliquot
of the formulation injected into the well. Similar methods can be used to achieve
asphaltene inhibition, wax inhibition or dispersion and hydrogen sulphide
scavenging, while for corrosion and gas hydrate inhibition, the formulation is
10  usually injected continuously downhole.

A further feature of the formulations of the present invention is that when a
multi-phase composition comprising eg a scale-inhibitor, oil and the alkyltriglycol
ether is recovered at the surface after the above procedure of squeezing and upon
subsequent cooling thereof, most of the glycol ether enters in the aqueous phase

15  rather than the cil phase of this composition. Thus, the glycol ether does not cause
any problems either in subsequent production or refining operations such as eg
contributing to any haze formation in fuels due to the presence of solubilized water
in the glycol ether. Moreover, if the separated aqueous phase is discharged into
the sea, then biodegradation of dissolved glycol ether can be relatively rapid in the
20  thermal layer of the sea thereby minimising pollution. Furthermore, the

formulations of the present invention can increase the effectiveness of the oil field

or gas field chemical e.g. by two-fold in the case of scale inhibitors, so that less

chemical would be usually needed per year and the down time due to application of

the chemical and shut-in would also be correspondingly reduced thereby increasing
25 theproduction rate.

The process can be operated equally efficiently by injecting the components

of the formulation sequentially into the production well.

The present invention is illustrated in the following Examples.

Example 1:

30 1.1 A general formulation capable of remaining clear and bright in appearance
between ambient temperature and 95°C and used for the following experiments had
the following composition:

Dequest® 20608 (scale inhibitor, ex Monsanto) 10 parts by weight
. Sea Water 75 parts by weight
35  Surfactant 15 parts by weight

7
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conposition. It would be apparent t hat where the corrponen'ts of the
formul ation are introduced sinultaneously but separately, or, sequentially,
it is not introduced as a pre-forned single conposition and hence the
.concept of the formul ati on being 20 honbgeneous does not apply. However,
in this instawo®sn24s1i s preferable that each of the conponenPGI/GBISHON4S
honogeneous in itself and is also water-m scible. The pH of the fornul ation
I's suitably from0.1-6.0 and is as a whole is of significance only when
such a pre-forned conposition is enployed. The pH of the conponent (b) is
preferably controlled as specified. 25 Thus, the surfactant used
sui tably conprises at,]east .gne al kyltriglycol .ether and at |east one
production cheni cal aﬁh‘f’ﬁ°F@?F§Pﬁ§"ﬁ%‘}°§d?a%§ﬁﬂ"g?'%?de- over a range of
t enper at ur es f r oh2anbActebilgytest wisqpesornmdmsing 45 pants ¢f@ conimersial mhizexdt glydol | s
ether surfactant (according to the invention) having the following approximate
composition in the general formulation of (1.1) above:

5 n-Butyltriglycol ether 75% wiw
n-Butyldiglycol ether 2.5% wiw
n-Butyltetraglycol ether 19.0% wiw
n-Butylpentagiycol ether 2.0%

This formulation resuited in a homogeneous yellow solution. Upon heating

10 a sample of this homogeneous formulation from room temperature (when it was in
a single phase) with stirring, a phase transition was observed at 95.5°C with
cloudiness beginning to appear in the formulation. Above this temperature and
standing with no stirring, a colourless separate phase formed above a larger lower
yellow phase (presumably the upper phase was mainly n-butyitriglycol ether).

15 EXAMPLE 2:

The objective of this Example was to ascertain whether each of the above
formulations when admixed with Forties Main-Oil Line Fluids (FMOLF) crude oil *
generates a middle phase in a three-phase mixture (according to Nelson, R € and
Pope, G A in an authentic publication entitled "Phase Relationships in Chemical

20  Flooding" publication No. SPE 6773 by the Society of Petroleum Engineers of the
USA, and published by the American Institute of Mining, Metallurgical and
Petroleum Engineers, Inc. (1977)) at 95°C thereby signifying the ability of the
formulations to entrain oil {which might otherwise be entrapped in rock
formations) by the formulations tested.

25 Upon heating a homogeneous yellow solution of the formulation described
in (1.2) above (10g, containing 1.5g of the commercial surfactant mixture) with
stirring in the presence of added FMOLF (2g), a three-phase system was observed
at 95°C. These three phases were, an upper black liquid (presumably mainly crude
oil), a middle orange-red phase (presumably mainly the commercial surfactant

30  mixture), and a iower yellow phase (presumably mainly aqueous Dequest®
solution). This three-phase system was observed to persist over seven days and
presumably it would have persisted indefinitely. Moreover, with stirring, the
middle phase was observed to break-up readily forming droplets or filaments,
which were drawn down into the lower phase. On standing, the middle phase and

35  the lower-phase wetted the test vessel glass wall to a similar degree. These

8
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suitably present in the formulation in an anpbunt ranging from 1-20% by
wei ght, preferably fromb5 to 15% by weight., nore preferably from 5 to 120

by werght. In 30 the present invention it is possible to use by-product
streanms from glycol ether manufacturing processes which contain a high
proporti on wooskdesd tri gl ycol ethers such as eg n-butyl tri gr@EGB6SI#Er . One
such by-product stream conprises about 75% w w of n-butyltriglycol ether,
about 2.5% w w of butyldiglycol ether, about 19% of butyl tetraglycol ether
and about 2% of butyl pentaglycol ether. The 35 relative proportions of
conponents (a) and (b) in the formulation may vary within wi de ranges

dependi ng upon whet her the conponents are introduced into the yrock
observations were consistent with low interfacial tension existing between the

aqueous and oily phases as described by Nelson and Pope in the publication
- referred to above.
EXAMPLE 3:

5 As a general procedure a homogeneous formulation having the same
general composition as in Example 1 above was used for the following
experiments. However, in this case, 10 parts of Dequest® 2060S was first mixed
with 75 parts of sea water and the pH was then adjusted using either solid sodium
hydroxide (Examples 3.1-3.3) or solid lithium hydroxide monohydrate (Examples

10 4.1-4.3) to bring it to a value of 2. As in Example 1 above the amount of
surfactant used in each case was 15 parts by weight.

As a result of controlling the pH. this formulation remained homogeneous
(ie clear and bright appearance) between ambient temperature and 110°C. The
object of these Examples was to ascertain whether a ternary mixture formed by the

15  above formulation when admixed with North Alwyn crude oil from the North Sea,
UK (Density, API No. from 37.2 to 42.1) as published by The Geological Society,
London in "United Kingdom Oil and Gas Fields 25 Years Commemorative
Volume", Memoir No. 14, Edited by I L Abbotts (1991) generated a middie phase
at 110°C as described in Example 2 above.

20 3.1  Anexperiment.was.carried out with a homogeneous formulation containing
15 parts by weight of the commercial surfactant mixture used in Example 1.2
above. Upon heating a sample of this formulation from room temperature (when it
was in a single phase) with stirring, a phase transition was observed between 48
and 49°C when cloudiness appeared in the formulation.

25 3.2 A further experiment was carried out using the same formulation as in
Example 3.1 except that 7 parts by weight of the commercial surfactant mixture
used in the formulation of this Example was replaced with 7 parts by weight of
methanol.

Upon heating a sample of this formulation containing methanol in 2 Buchi

30  glass pressure tube from room temperature (when it was in a single phase) to 90°C
and no phase transition was observed.

This experiment shows that when using formulations containing 2 relatively
higher concentration of the surfactant, the inhomogeneity of the formulation can be
rectified by replacing a part of the surfactant with methanol and thereby the

35 homogeneity of the formulation can be restored and the stability thereof enhanced
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formati on sinmultaneously, sequentially or as a pre-fornmed single
conposition consistent with the need to maintain honogeneity at the
operative tenperatures and salinity of the formulation. For instance, at
relatively higher concentrations of 5 the surfactant or at relatively

hi gher tenper @gysraeser extrenely |ow tenperatures, it i s pospChiGBocddoeds a
pre-formed formnmul ation |loses its honogeneity due to reduced solubility of
one or nore conponents in the formul ati on under those conditions. In these
I nstances, snall anounts of a solubilizing agent such as eg a | ower

al i phatic al cohol, especially nmethanol or ethanol, can either be added to
the 1 0 |nhoaneneous pre-formed formul ation or used to partially replace
the surfactant i rsignifigamtlyr mul ati on to restore the honpgeneity of the

formul ati on. Thuasthwaﬁmmgaﬁ&mmmsrsafnme*mhémhﬁuhmimmgté he present

i nventi on nay cord.ain dditjon t al k J er a cosol vent
such as eg ayl o xample 3. f(zgg,co {ammgfo feth ercnalgsu¥£% ¢

Example 1.2 and 1.75g of methanol) in the presence of added North Alwyn crude
5 oil (2g) in a Buchi glass pressure tube, a three-phase system was observed at

110°C. These phases and their behaviour were similar to those of the formulation

in Example 2 above.

EXAMPLE 4:

4.1 A formulation containing 15 parts by wenght of the commercial surfactant

10  mixture in Example 1.2 above but otherwise having a general composition outlined
in Example 3 above was gradually heated and stirred in a Buchi glass pressure tube
beginning at room temperature when the formulation had only a single phase. A
phase transition was observed between 67 and 68°C when cloudiness began to
appear in the formulation.

15 42  The experiment in 4.1 above was repeated except that 6 parts by weight of
the commercial surfactant mixture in that formulation was replaced with 6 parts by
weight methanol. )

Upon gradually heating and stirring this revised formulation containing
methanol in a Buchi glass pressure tube beginning at room temperature (when the

20 formulation exhibited a single phase) t0 .109°C and then, after one hour raising the
temperature to 115°C, no phase transition was observed.

This experiment again shows that when using formulations containing a
relatively higher concentration of the surfactant, the inhomogeneity of the
formulation can be rectified by replacing a part of the surfactant with methanol and

25 thereby the homogeneity of the formulation can be restored and the stability
thereof enhanced significantly.

4.3  Upon heating and stirring a mixture of a formulation according to Example
3.2 (30.0g, containing 2.7g of the surfactant used in Example 1.2 and 1.8g of
methanol) with added North Alwyn crude oil (4g) in a Buchi glass pressure tube, a

30  three-phase system was observed at 110°C. These phases and their behaviour were
similar to the results in Example 2 above.
Ex mple S:

The homogeneous formulation of Example 3.2 above was compared for
effectiveness of scale inhibition with a control formulation (not according to the
35 invention) containing only Dequest® 2060S (10 parts by weight) and sea-water

10
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al i phatic al cohol, especially methanol or ethanol. 1 5 The aqueous
mediumin the fornmulation may be fromfresh,_ tap. rjiver. sea _produced or

formatton water, with a total salinity of eg 0-250g/1 such as 5-50g/1 and
may have a pH of 0.5-9. Were sea water is used, the fornulation usually
has a hi ghlyoaghsisf PH in the region of 0.1 to 1.5 due to phfcRiBGBECe Of a
hi ghly aci di ¢ production chem cal conprising a scale inhibitor. In such
cases it may be 20 necessary to neutralise the acidity of the fornulation
by using an al kali netal hydroxide, especially sodium hydroxi de, potassium
hydroxide or |ithiumhydroxide, in order to bring the pH of the formulation
to within the preferred range fromO0.1-6.0. It has been found for instance
t hat use of | i {90iparts by deight)fiar acsimalated squeezei trsatigens grosessi nst ead of the ot her

al kali netal hydr 0?@‘:@51? ﬁ*ﬂs?&ﬁ cofd ﬁénﬁg%ll%r:’:the Bgéntg?du?tiﬁ %‘IE'N’orm §H3efs | evels
of . he surfact gnqtlonlgnve}'tlcgl co%s%ﬂrg Eh!llPeg o\aﬁtq. elc:laclh 15 Ic:rsn croreq \l:rasr c(lae-oiled by solvent
extraction successively with.toluene and then methanol/chloroform, prior to being
5 mounted in a vertical column fitted with entry and exit taps. Degassed sea-water at
pH 5.5 was passed through the core at room temperature until saturation. 5 Pore
volumes of degassed Brent crude oil (filtered to remove material larger than 10u)
were then passed into the core at 150 ml/hr until no more water was collected from
the exit tap. The core was then heated to 110°C, simulated reservoir temperature
10 for 24 hours, prior to the injection at 150 ml/hr of degassed sea-water at pH 5.5
until no more oil was collected. The core then had a residual oil saturation and
residual brine saturation and so simulated oil bearing rock formation downhole.

The core was cooled to 40°C without entry of gas and then at 30 mi/hr, 8-
10 pore volumes of inhibitor medium (as described below) was injected to

15  saturation. Thereafter, the taps were closed and the core reheated to 110°C, and
kept there for 17 hours. Degassed sea-water at pH 5.5 was then passed through
the core at 30 mi/hr and samples of the effluent were collected periodically and
analysed for inhibitor level until the concentration.of inhibitor fell below 5 ppm.
The core was then cooled and flooded with methanol prior to drying and

20  examination by scanning electron microscopy to check any effect of the treatment
on the clay or pore morphology; none was observed.

Two sets of experiments were performed using the above procedure: one
with the formulation described in Example 3.2 above, and the other with a control
which contained the relevant inhibitor at the same % w/w and pH=2 and sea-water

25 only.

The relationship of the inhibitor level of the effluent to the volume of sea-
water passed through the core (expressed as number of pore volumes of the
solution) is a measure of the amount of inhibitor taken up by the rock formation
initially and on its rate of release, ie a measure of the rate of removal of the

30 inhibitor from the rock formation during production (ie its resistance to leaching)
and hence is a measure of its effectiveness in inhibiting scaling with time. The
results appear in Table 1 below:

35
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to mai ntain honogeneity of the formulation. The oil field or gas field
‘production chem cal conprises an inhibitor of scale. The scale inhibitor is
effective in stopping cal ciumand/ or bariumscale with threshold anmounts
.rather than stoichionetric anmounts. It may be a water- 30 soluble organic
nol ecul e wi t hyaloghmagst 2 carboxylic and/ or phosphonic acid arckesesosnsphoni c
acid groups e.g. 2-30 such groups. Preferably the scale inhibitor is an

el igoner or a polynmer, or may be a nononmer with at | east one hydroxyl group
and/ or am no nitrogen atom especially in a hydroxycarboxylic acid or

hydr oxy or am nophosphonic, or, sulphonic acid. The inhibitor is used

primarily for 35 I nhi biting cal cium and/or_barium scal e. Exanpl es of such
conpounds used as TABLE1

E le 5 Control(Comparative Test)
- No. Pore Vols Inhibitor Cono{ppm) { No. Pore Vols Inhibitor Conc(ppm) |
0.08 33122 0.06 22040
0.45 11962 0.69 3982
0.95 44458 0.94 3054
1.95 42312 2.19 258.4
9.81 1054.4 9.56 " 84.8
102.51 148.17 107.69 45.6
189 30.1 188.94 31.5
255.5 67.5 292.38 18.7
393.67 353 401.75 12
454.67 25.7 489.25 8.7
551.2 17.5 591.75 52
611.09 15 629.63 49
705.68 10.6
830.06 7
’ 920 4.1
Example 6: _
5 This Example was carried out using a “sandpack” instead of the core used

in Example 5. Two sets of trials were performed: (i) a straight repeat of Example
5 using a homogeneous solution and (ji) repeating Example 5 but now using 2
sequential addition in which the surfactant was initially introduced into the
sandpack followed by a slug of the scale inhibitor.

10 The formulation for (i) above was prepared from the followmg
components:
inhibitor used - Dequest®2060S - 10 parts by wt
amount of sea water used : - 75 parts by wt
Commercial Surfactant used A mix of 8 parts by wt of that used in

15 Example 5 and 7 parts by wt of methanol

| residual oil
residual oil - A Forties Field crude oil (dry & additive free)
pH - - 20
12
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5 inhibitors are aliphatic phosphonic acids wth 2-50 carbons, such as

‘hydr oxyet hyl di phosphoni ¢ acid, and am noal kyl phosphonic acids . o.g

poT yam nonet Nyl ene phosphonates with 2-10 N atoms e.g. each bearing at

1 east one net hyl ene phosphonic acid group; exanples of the latter are

et hyl enedi awovenieir a( ret hyl ene 5 phosphonat e), di et hyl epercaosnons

pent a( mret hyl ene phosphonate) and the triam ne- and tetram ne-pol ynet hyl ene
phosphonates with 2-4 net hyl ene groups between each N atom at |east 2 of
t he nunbers of nethyl ene groups in each phosphonate being different (e.g.
as described further in published EP-A-479462, the disclosure of which is
herein incorporated by reference). O her scale inhibitors are 1 0

pol ycar boxyl i c¥RRCHYE ch as |actic or tartaric acids, an&lﬂ"d:l: yneric

ani oni c The process was thereafier repeated for the purposes of a control (baseline)

. experiment in which the homogeneous formulation used contained 90 part by wt
sea-water and 10 parts wt Dequest® 20608 in the absence of a surfactant.

5 Trial (ii) was performed using a sandpack in a 1.524 metre (5 feet) metal
tube packed with Clashach sand. The pack was flushed with residual oil (using
Forties Field mainline fluid) and a sea-water flood was performed in the same
manner using the same temperatures (110°C) and the same flow rates as in
Example 5 above. In these experiments, the pre-flush data was obtained by

10  sequential additions of first an 8% by weight solution of the commercial surfactant
described above dissolved in sea-water (pH adjusted as required), shut in at 110°C
for 12 hours, followed by addition of a slug of scale inhibitor similar to that used
for baseline data without the surfactant. The baseline data were repeated using the
sandpack but using 10% by weight solution of Dequest® 20608 in sea-water

15  adjusted to a pH of 2.0 but without the surfactant in order to make comparisons
with the sandpack more accurate. '

The results are shown in Table 2 below:

20
25
30
35
13
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conmpounds such as pol yvi nyl
optionally with at

phosphi nyl pol yacryl ates. The scale inhibitors are suitably at |east partly
in the formof their

anount of pr oggdske® chem cal

| east sonme phosphonyl

al

kali netal

range from 1-25% w w of the total

upon the nature of the chem cal

with the formul ati on bei ng honobgeneous.
formul ati ons of the present

salts e.

fornmul ati on,

pre-fornmed honbgeneous conposition,
over a tenperature range from anbient to | east about 45C.

or

20

i nventi on, C]
 hariARKE3

g.

It

phosphi nyl

sodi um sal ts.
conprising a scale inhibitor upcTIGB®N0045t he

suitably from 5-15% w' w,
preferably from6-10% w w. Wthin these ranges the anmount used woul d depend

used and its intended purpose consistent

Is inmportant with the
|1y those conprising a
remain a cl ear

sul phoni ¢ acid and pol y(neth)acrylic acids,
groups as in

15

and stabl e

Control (Baseline) Pre-flush Middle Phase Homogeneous Phase
(Sequential Addition)
Pore Inhibitor Pore Inhibitor Pore Inhibitor
Volume Conc Volume | Conc(ppm | Volume Conc
{ppm) ; (ppm)
2.04 1680 1.98 2240 1.98 1520
291 1120 2.84 2268 284 904
4.09 388 3.97 938 3.97 489
4.96 168 4.82 484 4.82 278
5.84 92.6 5.96 196 5.96 108
7 43 7.09 84 7.09 52
7.9 235 7.94 54 7.94 30
8.76 20 8.79 32 8.79 20
9.92 14.4 9.9 22 9.9 1.4
11.97 12.2 11.91 12.8 11.91 11.6
14.84 84 14.75 10.4 14.75 84
. 18.1 7.4 18.15 8.4 18.15. 5.8
20.12 7.4 20.14 s | 2014 6.4
Example 7:

5 This Example was carried out with a Tarbert core material using the
procedure described in Example 5 above and with a homogeneous mixture of the
surfactant and the scale inhibitor Dequest 2086 shown in the formulation below:

The inhibitor was used in a 4% by weight concentration and the mixture
was prepared in distilled water. Thus the full formutation used was:

10  15.7% w/w Dequest® 2086 in distilled water adjusted topH 2.0 - 85 parts
Distilled water - 7parts
Commercial surfactant formulation of Examples 1.2 above - 8parts

The baseline data was obtained using Dequest 2086 in sea-water (at 15.7 %
wiw as supplied, corresponding to 5% w/w active material) adjusted to a pH of

15
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5.45. The data shown in Table 3 is for a homogeneous formulation as when




within the concentration ranges of the conponents specified above,

However ,
it is p055|ble t o _devise fornul atjops whi ch rennin. stabl e guer—a—RHch—W-aefr—

25  tenperature range eg fromanbient.to the tenperature of the production
well (eg from90 to about 150C, especially around 110C) into which the

f or mul at i onwodekmsy oduced. In the present invention, when pOFGBSSMS®ISent s Of
the formulation are injected under pressure into the production well either
as a pre-forned formul ati on, simultaneoul sy or sequentially, the production
chemicals in the 30 formul ati on are adsorbed by the rocks and are
retained for relatively | ong peri ods. By using a relatively small nol ecul e
such as a C3-Co6(al kyl)tr.i ql _ether as the surfactant, use of big
surfactant nol € '@i’d Qﬁ%ﬂé‘iﬂw"ﬁ'{m?ﬁ aB¥§ups) are avoi ded t her eby

m nimsing any risk 'Biersmltﬁaxetshmrnﬂ:gtjbb@ahekmbel ng formed which in turn may

result in high viscosity emnul sions caumﬁockage of the wells.
Control (Baseline) Homogeneous Formulation
Pore Volumes Inhibitor Conc Pore Volumes Inhibitor Conc
(ppm)_ (ppm)
1.67 369.47 1.73 2256
4.18 65.12 3.97 3611
10.57 27.7 9.7 737
- 16.95 19.58 17.31 403
29.72 12.97 29.1 275
47.28 10.85 45.96 206
101.15 7.7 101.25 76
158.61 6.43 152 30
S
10
15
. 20
15 )
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6 Thus, such a fornulation may contain, in addition, other HMHM!!@UEE%“"
as (i) other production chem cals or (ii) cosolvents which, Y

[ e

enable the formulation to remain stable at relatively higher tenperatures
or when the surfactant is used in concentrations in the upper quartile of

t he range spegyd 6294515 However, such formul ati ons shoul d becpaBsdoendsi.al | y
free of water-imm scible conponents. Exanples of other production chemcals
i-ncl ude conpounds which nay be inhibitors of (i) corrosion, (ii) gas
hydrate formation, (iii) wax or (iv) asphaltene deposition; or, may be a
hydr ogen sul phi de scavenger or wax

Claims:
L. A process for increasing the effectiveness of production chemicals by
reducing the number of squeezing and shut-in operations needed to increase the
production rate from an oil well, said process comprising injecting into an oil-
bearing rock formation a water-miscible formulation comprising as components:

5 (a) awater-miscible surfactant which is an alkyitriglycol ether and
(b) at least one water-miscible oil field or gas field production chemical,
said components of the formulation being introduced either as a pre-formed single
composition, or simultaneously in parallel or sequentially in either order into the
rock formation.

10 2 A process according to Claim | wherein the surfactant comprises at least

' one alkyltriglycol ether which is present in the formulation in an amount ranging
from 1-20% by weight.
3. A process according to Claim 1 or 2 wherein the alkyl group in the
alkyltriglycol ether is straight or branched chain and has 3-6 carbon atoms.

156 4 A process according to any one of the preceding Claims wherein the alkyl
group in the alkyl triglycol ether has from 3-5 carbon atoms.

5. A process according to any one of the preceding Claims wherein the
alkyltriglycol ether is n-butyitriglycol ether (also known as triethylene glycol mono-
n-butyl ether). '

20 6. A process according to any one of the preceding Claims wherein the
surfactant is a by-product stream from glycol ether manufacturing processes which
contains a high proportion of n-butyitriglycol ether.

7. A process according to Claim 6 wherein the by-product stream comprises
about 75% w/w of n-butyltriglycol ether, about 2.5% w/w of butyldiglycol ether,

25  about 19% of butyl tetraglycol ether and about 2% of butyl pentagiycol ether.

" 16
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di spersant. Thus: 1 O (i) corrosion inhibitors are corrpozlmﬂmmrllluumﬂIIIl
inhibiting corrosion on steel, especially under anaerabic c " e
mﬂﬂmm?of bei ng deposited as a filmon a
.netal surface e.g. a steel surface such as a pipeline wall. Such conpounds

may be non-wgWgbasni sed | ong aliphatic chain hydrocarbyl Nechebssiodsssc! i c
conpounds, where the aliphatic hydrocarbyl group nay be as defined 1 5

for the hydrophobi c group above; nono- or di-ethylenically unsaturated
al i phatic groups e.g. of 8-24 carbons such as oleyl are preferred. The
N-heterocyclic group can have 1-3 ring nitrogen atons with 5-7 ring atons
in each ring; imdazole and inidazoline rings are preferred, The ring may

al so have an afi noafypeess ggcordingtopmenenftheqreceding Clams Mherein the
2- hydr oxyet hyl| amotrtiof prodaétion@heniicaliusediis irnthe renge from 1725% w'wictele total
. formulation.
| 9. A process according to any one of the preceding Claims wherein the
5 formulation is injected into the rock formation as a pre-formed single
homogeneous composition, said formulation being an aqueous solution containing
the two components in specific proportions so as to maintain the homogeneity of
the formulation.
10. A process according to any one of the preceding Claims wherein said
10  formulation is a homogeneous formulation comprising in an aqueous medium, (a)
at least one surfactant comprising »-butyltriglycol ether in an amount of 1-20%
w/w and (b) at least one oil field or gas field production chemical in an amount of
1-25% wiw.
11. A process according to Claim 5 wherein the method of introducing an oil
15  field or gas field production chemical and the surfactant into a rock formation
comprising oil and/or gas, which process comprises passing a pre-formed
homogeneous formulation of said production chemical and the surfactant down a
production well and then into the rock formation.
12. A process according to any one of the preceding Claims wherein the -

20 formulationisa pre-formed single .composition comprising the alkyltrigiycol ether
and at least one production chemical which composition remains clear and stable
over a range of temperatures from ambient to at least about 45°C.

13. A process according to any one of the preceding Claims wherein said
formulation contains, in addition, other components including (i) other production
25  chemicals or (ii) cosolvents which enable the formulation to remain stable at
relatively higher temperatures or when the surfactant is used in concentrations in
the upper quartile of the range specified and is substantially free of water-
immiscible components. '
14. A process according to Claim 12 wherein the the cosolvent is a lower
30 aliphatic alcoho) selected from methanol and ethanol.
15. A process according to any one of the preceding Claims 1-8 wherein each
of the components of the formulation when injected into the rock formation
sequentially is in a homogeneous state whether used neat or as an aqueous solution
s thereof.

35 16. A process according to any one of the preceding Claims wherein the

17
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(i1) a gas hydrate inhibitor may be a solid polar conpound, um‘lﬁm;ﬂ‘juilﬂ“em'
pol yoxyal kyl ene conpound or al kanol am de, or tyrosine or

(iii) an asphaltene inhibitor nay be an anphoteric fatty aC|d or a salt of
an al kyl succinate while the wax inhibitor may be a polynmer such as an

ol efi n pol ymago 668245125 pol yet hyl ene or a copol yneri c est erpcIfGE»6/0004S

et hyl ene- vinyl acetate copolyner, and the wax di spersant nay be a

pol yanmi de. The hydrogen sul phide scavenger may be an oxidant, such as an
i norgani ¢ peroxide, e.g. sodium peroxide, or chlorine dioxide, or an

aldehyde eg of 1 10 carbons such as formal dehyde or gl utaral dehyde or
(met h) acrol ei n.

present inventi oﬁqueame%%a' ‘Eﬁ%ﬂ@{'é}'{)ﬁgﬁmyﬁgggg{mﬁég ‘?;c: gﬁt
(a) to an aqueousr foanatianovaterf with e tatallsalinitylofleg0-2§0g| dnddlasla pHod 05:9.0N
chemi cal (b) conpyi si Rerébessdbsiding 't My dHe of the preceding Claims wherein sea water
is used as the aqueous medium and the formulation has an acidic pH in the region
5 0f0.1t06.0.
18. A process according to any one of the preceding Claims wherein the oil
field or gas field production chemical in the formulation is an inhibitor of:
(4)) corrosion,
(i) scale,
10 (ili)  gas hydrate formation,
iv) wax, or
(v)  asphaltene deposition;
or, is a hydrogen sulphide scavenger or wax dispersant.
19. A process according to any one of the preceding Claims wherein the oil

15 field or gas field production chemical is a scale inhibitor which is effective in
stopping calcium and/or barium scale formation.

20. A process according to Claim 18 or 19 wherein the scale inhibitor is a
water-soluble organic molecule with at least 2 carboxylic and/or phosphonic acid
and/or sulphonic acid groups.

20 21. A process according to Claims 18 or 19 wherein the scale inhibitor is a
monomer, oligomer or a polymer having at least one hydroxyl group and/or amino
nitrogen atom. ‘

22. A process according to Claim 20 wherein the scale inhibitor is an aliphatic
phosphonic acid with 2-50 carbons or an aminoalky! phosphonic acids each bearing

25  atleast one methylene phosphonic acid group.

2). A process according to Claim 22 wherein the scale inhibitor is selected
from the group consisting of ethylenediamine tetra(methylene phosphonate),
diethylenetriamine penta(methylene phosphonate) and the triamine- and tetramine-
polymethylene phosphonates with 2-4 methylene groups between each N atom.

30 24. A process according to Claim 20 wherein the scale inhibitor is a
polycarboxylic acid selected from lactic acid, tartaric acids and poly(meth)acrylic
acid.

35
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OIL AND GAS FIELD CHEMICALS

This invention relates to oil field chemicals in particular oil field

production chemicals and their use.

It is well known to use several types of chemicals in the production of oil

from oil wells and to enhance the production of oil from such wells. One such
method is described in US-A-3481870 which discloses methods and compositions

for removing organic deposits such as eg paraffin, waxes and asphaltic and

bituminous substances from the face of the producing formation, on the screen or

liner, or in the pump, the casing or the tubing of the well. The compositions used

include glycol ethers such as eg iso-butyl triglycol ether, an oxyethylated butyl

phenol, isopropanol and water. However, there is no disclosure that production

wells experience problems with inorganic deposits such as scale or that the

process described can inhibit scale formation.

Among known oil field chemicals are scale inhibitors, which are used in

production wells to stop scaling in the rock formation and/or in the production
lines downhole and at the surface. Scaling not only causes a restriction in pore

size in the rock formation (also known as 'formation damage') and hence reduction
in the rate of oil and/or gas production but also blockage of tubular and pipe

equipment during surface processing. To overcome this, the production well is .-

subjected to a so called "shut-in" treatment whereby an aqueous composition
comprising a scale inhibitor is injected into the production well, usually under
pressure, and squeezed into the formation and held there. The injected

composition adsorbs on to the rock surface and thereby inhibits scale formation by

slowly leaching into the produced water thus maintaining access to the oil in the

rock formation; this "shut-in" treatment needs to be done regularly e.g. one or

more times a year at least if high production rates are to be maintained and

t hen

lons of the ingredients or a
e cosol vent used or the-
osity is suitably such that at:
ey are easy to punp downhol e.
vention nmay be prepared via a
ich can be transpaorted as such to
o4 L.h..tthe aqueous medi um %ase 8585(2)
sired honogeneity and i nto which
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suitably under pressure, into an oil bearing zone, eg. rock formation, .via .
a producing well e.g. down the core, followed by a separate liquid tq force:
the pre- forned fornmulation into the oil bearing zone; the:liquid nmay-'be ;

used as an 10 overflush and can be seazvvat er -or diesel oil. The’ e
formulation is then left ("shut- in") in“the oil bearing zone while oil
production is st opped tenporarily. Duri ng this process, the injected

formul ati on perco 5 hrou hthe oi | arijng.zon er the injection
pressure. |n $98 ‘é’?ﬁﬁﬁ? OB tipe] Wiiehnq WP&%‘@B%@F Hfﬂcgftl 5T ths e thereo
contact with isegeduction if touﬁlqbsomn‘lorf correspoming tolthe@ntmberf dswn ditnes hr ee- phase

system S A IR A S AT A A a ST SRR B0 SHLDT (S e

desired surface aviour. ISt squeezgng
ef fect which Eﬁhbﬂb@ulldﬁélprral nt enance of 0|I recovery from such zones. A

desirabl e gcontact VMo Hiseovetdd Medhs Jor #8-a3RMHSd meQxfeEﬁHg fghi evable with
the formlati Of?escztlggnegg gf prOSI?C%r(])}l c val?:glts,l 1(r)1r;>aru§ular scale inhibitors, thereby
decreasing the number of times squeezing/shut-in is needed and increasing the
production rate. Moreover, we have discovered a formulation for this purpose
which is stable to storage and transportation.

10 Accordingly, the present invention is a process for increasing the
effectiveness of production chemicals by reducing the number of squeezing and
shut-in operations needed to increase the production rate from an oil well by
inhibiting scale formation in said well, said process comprising injecting into an
oil—bearing rock formation a water-miscible formulation comprising:

15 (a) a water-miscible surfactant which is an alkyltriglycol ether and
(b) at least one water-miscible ol field or gas field production chemical

- comprising a scale inhibitor, '
under pressure and holding said formulation in said formation for a period to
achieve said shut-in thereby enabling components of said formulation to be

20  adsorbed by the oil bearing formation and act as a scale inhibitor, said components
of the formulation being introduced either as a pre-formed single homogeneous
composition, or simultaneously in parallel or sequentially in either order into the
rock formation.

The alkyl group in the alkyltriglycol ether may be straight or branched

25  chain and suitably has 3-6 carbon atoms, preferably from 3-5 carbon atoms._The
alkyl group in the alkyltriglycol ether more:preferably has 4 carbon atoms and is
especially n-butyltriglycol ether (also known as triethylene glycol mono-n-butyl
ether). - L

Where the formulation is injected into the rock formation as a pre-formed

30 single composition, said formulation is suitably a homogeneous aqueous solution
containing the two components in specific proportions so as to maintain the
homogeneity of the formulation. ' |

. Thus, according to a specific embodiment, the present invention is a
homogeneous formulation comprising in an aqueous medium, (a) at least one

35  surfactant comprising n-butyltriglycol ether in an amount of 1-20% w/w and (b) at

2
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After this period the oil production can be re-started. In the case where
the 20 production chemcal is a scale inhibitor, the oil production rate
wll be initially high, as will the soluble calciumcontent of the’produced
water. Over time; e.g. 2--4 nonths, the yate of production wll ‘decrease
and the soluble salt contents will al so“decrease signifying possible
scaling problens in the rock formation, whereupon the production can be

S ar ot howst eueib Qe o ges beld prtbohe st i en BB T P AT B
i nhibition or di sgeasotber aspett, thelprgen irsehiidn dea meahodobintrgducngd e f or
ooy RS S0 e MG LT 4 O sl oLt
i nvention i s cORFsiE@Fcele Fthibitanand p sprireint isepsatk foamatianempsising adly a
scal e-i nhgbi ta@d/or 8id, whilth pro€esabdniprisel Phaéi@lthe homogeneous formulation down

a production well and thereby into the rock formation. .

The invention also provides for the use of the homogeneous formulation of
the invention to increase the effectiveness of the oil field or gas field production
chemical comprising a scale inhibitor in a rock formation, in particular by

10  increasing the duration of retention of the chemical by the rock.

By the expression "homogeneoué formulation" as used herein and
throughout the specification is meant that the formulation is a single phase system.
That is, each component is in itself homogeneous and is water-miscible when
introduced sequentially or simultaneously into the rock formation and is also

15 hombgeneous if introduced into the rock formation as a pre-formed singie '
~ composition.

It would be apparent that where the components of the formulation are
introduced simultaneously but separately, or, sequentially, it is not introduced as a
pre-formed single composition and hence the concept of the formulation being

20 homogeneous does not apply. However, in this instance, it is preferable that each
of the components used is homogeneous in itself and is also water-miscible. The
pH of the formulation is suitably from 0.1-6.0 and is as a whole is of significance
only when such a pre-formed composition is employed. The pH of the component
(b) is preferably controlled as specified.

. 25 Thus, the surfactant used suitably comprises at least one alkyltriglycol

ether and at least one production chemical and it remains clear and stable over a
range of temperatures from ambient to at least about 45°C. The surfactant is
suitably present in the formulation in an amount ranging from 1-20% by weight, .- . .
preferably from 5 to 15% by weight, more preferably from 5 to 12% by weight. In )

30 the present invention it is possible to use by-product streams from glycol ether
manufacturing processes which contain a high proportion of alkyltriglycol ethers
such as eg n-butyltriglycol ether. One such by-product stream comprises about
75% w/w of n-butyltriglycol ether, about 2.5% w/w of butyldiglycol ether, about
19% of buty! tetraglycol ether and about 2% of butyl pentaglycol ether. The

35  relative proportions of components (a) and (b) in the formulation may vary within
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ether is recovered at the surface after the above procedure of squeezing
and upon subsequent cooling thereof, nmpst of the glycol ether enters:in:the-
aqueous phase rather than the oil phase of this conpositioon. Thus, the-. .
glycol ether does not cause any problens either in subsequent productien er
refining operations such as eg 35 contﬂibuting'to any haze formation in
fuels due to the presence of solubilized water in the glycol ether.

Moreover, if the separated,aqueous ase is discharged intgo_ the sea, then
bi bdegr adat | off R HHBELPERISE oY hERe dhe SmPOSan Sredniraiops inip s Rk ho
t her mal | ayer forinatibe swadtahbarsbh yequentiatiysirag a ped-fotined Binglewoipositier e, t he

formul ati ons ghodsfi RAEEE hedd W AR ARG EHE SUERL IS5 YEnesS of the
and salinity of the formulation. For instance, at relatively higher concentrations of
5  the surfactant or at relatively higher temperatures or extr_e:mely low temperatures,
it is possible that a pre-formed formulation loses its homogeneity due to reduced
solubility of one or more components in the formulation under those conditions.
In these instances, small amounts of a solubilizing agent such as eg a lower
aliphatic alcohol, especially methanol or ethanol, can either be added to the

10  inhomogeneous pre-formed formulation or used to partially replace the surfactant

in the formulation to restore the homogeneity of the formulation.

| Thus, the homogeneous, pre-formed formulations of the present invention
may contain, in addition to the alkyltriglycol ether, a cosolvent such as eg a lower
aliphatic alcohol, especially methanol or ethanol. -

15 _ The aqueous medium in the formulation may be from fresh, tap,'river, sea,

| produced or formation water, with a total salinity of eg 0-250g/1 such as 5-50g/1
and may have a pH of 0.5-9. Where sea water is used, the formulation usually has
a highly acidic pH in the region of 0.1 to 1.5 due to the presence of a highly acidic
production chemical comprising a scale inhibitor. In such cases it may be

20  necessary to neutralise the acidity of the formulation by using an alkali metal
hydroxide, especially sodium hydroxide, potassium hydroxide or lithium
hydroxide, in order to bring the pH of the formulation to within the preferred
range from 0.1-6.0. It has been found for instance that use of lithium hydroxide as
a neutralising agent instead of the other alkali metal hydroxides allows tolerance

25  of relatively higher levels of the surfactant in the formulation when it is required
to maintain homogeneity of the formulaticn.

The oil field or gas field production chemical comprises an inhibitor of
scale. The scale inhibitor is effective in stopping calcium and/or barium scale C L
with threshold amounts rather than stoichiometric amounts. It may be a water-

30  soluble organic molecule with at least 2 carboxylic and/or phosphonic acid and/or
sulphonic acid groups e.g. 2-30 such groups. Preferably the scale inhibitor is an
oligomer or a polymer, or may be a monomer with at least one hydroxyl group
and/or amino nitrogen atom, especially in a hydroxycarboxylic acid or hydroxy or
aminophosphonic, or, sulphonic acid. The inhibitor is used primarily for

35  inhibiting calcium and/or barium scale. Examples of such compounds used as

4
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5-0or gas field chenmical e.g. by two-fold in the case of scale inhibitors,

so that | ess chem cal would be usually needed per year and the domn tlne .
due to application of the chem cal and shut-in would al so be :
correspondi ngly reduced thereby |ncrea3|€g the production rate. The pfOceSs
can be operated equally efficiently by ihjecting the 10 conponents of the
formul ati on sequentially into the production mell The present invention is

illustrated in, the follow n Ies eral
formul ati on clahlizﬁp@ 3% ale@#ﬁg ﬁﬁ?ﬁg I@awd%w&m@ Og‘ﬁlqunﬁ Salﬁlgé%%éﬂweﬂyﬂmen
anbi ent t enpediphdspromie deif dndran]ifiozld phisgofieracidsce. §. polyawiimgnethylend nents 1 5

dip;??sf glyl vaqoaﬁ}ong{rg %?Slihti Po'N al’-t)ergéJ S.é.t ea%H %earm (E?ela(sat o'ngh!ﬁé?ﬁ);lgl{e ex Monsant O_)

phosphonic acid group; examples of the latter are ethylenediamine tetra(methylene

5  phosphonate), diethylenetriamine penta(methylene phospﬁonate) and the triamine-
and tetramine-polymethylene phosphonates with 2-4 methylene groups between
each N atom, at least 2 of the numbers of methylene groups in each phosphonate
being different (e.g. as described further in published EP-A-479462, the disclosure
of which is herein incorporated by reference). Other scale inhibitors are

10  polycarboxylic acids such as lactic or tartaric acids, and polymeric anionic
compounds such as polyvinyl sulphonic acid and poly(meth)acrylic acids,
optionally with at least some phosphony! or phosphinyl groups as in phosphinyl
polyacrylates. The scale inhibitors are suitably at least partly in the form of their
alkah metal salts e.g. sodium salts. . .

- 15 The amount of production chemical comprising a scale inhibitor used is in
the range from 1-25% w/w of the total formulation, sultably from 5-15% wiw,
preferably from 6-10% w/w. Within these ranges the amount used would depend
upon the nature of the chemical used and its intended purpose consistent with the
formulation being homogeneous.

20 It is important with the formulations of the present invention, especially
those comprising a pre-formed homogeneous composition, that they remain a
clear and stable over a temperature range from ambient to least about 45°C.
However, within the concentration ranges of the components specified above, it is
possible to devise formulations which remain stable over a much wider

25  temperature range eg from ambient to the temperature of the production well (eg
from 90 to about 150°C, especially around 110°C) into which the formulation is
introduced. In the present invention, when the components of the formulation are
injected under pressure into the production well eitherasa pre-formed

i

formulation, simultaneoulsy or sequentially, the production chemicals in the

30 formulation are adsorbed by the rocks and are retained for relatively long periods.
By using a relatively small molecule such as a C3-Cé(alkyD)triglycol ether as the
surfactant, use of big surfactant molecules (having >C6 alkyl groups) are avoided
thereby minimising any risk of surfactant aggregates being formed which in turn
may result in high viscosity emulsions causing blockage of the wells.

35 Thus, such a formulation may contain, in addition, other components such

5
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Sea Wat er 75 parts-by weight .
Sur f act ant 15 parts by weight The p
of this formulation was not nonitored. 20 1.2 A stability test was ":
performed using 15 parts of a commrercial mxed glycol ether surfactant*®
(according to the invention) having the 1 owing approxi mate conposition
in the general fornulation of (1.1) above: n-Butyltriglycol ether
75% w w n-But yl di gl ycol et her 2.5% w w 25
n- But yl t et r agiag§0iother peaduction chemdcaloprfi) spselvisntsyviieh vdignysenssasy (fapble
2. 0% Thi s for Ay ffrinRihtioR $6'ten®fin stAble ahRIRIERAREer Yhpep¥u s bEivhethe UPON
heating a Samp G dhntis bied 15 Coskentatons in the upasr quartle OF e 2nge spomhed | ©
(when pper q ge specitied.
However, such formulations should be substantially free of water-immiscible
5 components. Examples of other production chemicals include compounds which
may be inhibitors of (i) corrosion, (ii) gas hydrate formation, (iii) wax or (iv)
asphaltene deposition; or, may be a hydrogen sulphide scavenger or wax
dispersant. Thus: _
(i) corrosion inhibitors are compounds for inhibiting corrosion on steel, especially
10  under anaerobic conditions, and may especially be film formers capable of being
deposited as a film on a metal surface e.g. a steel surface such as a pipeline wall.
Such compounds may be non- quaternised long aliphatic chain hydrocarbyl N-
heterocyclic compounds, where the aliphatic hydrocarbyl group may be as defined
for the hydrophobic group above; mono- 6r'di~ethy1enica11.y -unsaturated.-alipﬁatic
15  groups e.g. of 8-24 carbons such as oleyl are preferred. The N-heterocyclic group
can have 1-3 ring nitrogen atoms with 5-7 ring atoms in each ring; imidazole and
imidazoline rings are preferred. The ring may also have an aminoalkyl e.g. 2-
aminoethyl or hydroxyalkyl e.g. 2-hydroxyethyl substituent. Oleyl imidazoline
may be used. . '
20  (ii) a gas hydrate inhibitor may be a solid polar compound, which may be a
polyoxyalkylene compound or alkanolamide, or tyrosiné or phenylalanine.
(iii) an asphaltene inhibitor may be an amphoteric fatty acid or a salt of an alkyl
succinate while the wax inhibitor may be a polymer such as an olefin polymer e.g.
polyethylene or a copolymeric ester, e.g. ethylene- vinyl acetate copolymer, and
25  the wax dispersant may be a polyamide. The hydrogen sulphide scavenger. may be
~ an oxidant, such as an inorganic peroxide, &.g. sodium peroxide, or chlorine
dioxide, or an aldehyde eg of 1-10 carbons such as formaldehyde or
glutaraldehyde or (meth)acrolein. : . o
The pre-formed homogeneous formulations of the present invention, when
30 used, may be suitably made by adding the surfactant (a) to an aqueous solution of
the oil field or gas field production chemical (b) comprising a scale inhibitor
followed by gentle mixing. If the material made initially is cloudy, then minor |
adjustments to the relative proportions of the ingredients or a change in the nature
or amount of the cosolvent used or the temperature will be needed. Their

35  viscosity is suitably such that at the reservoir temperature, eg at 100°C, they are

6
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i't was in a single phase) with stirring, a phase transition was .observed at
95.5[err] C 30 wi th cl oudi ness beginning to appear in the formulation.”
Above this tenperature and standing with no stirring, a col ourless’ sepgrate
phase formed above a | arger |ower yell oy phase (presumably the upper phase
was mainly n-butyltriglycol ether). EXANPLE 2: REPLACEMENT SHEET 9 The
objective of this Exanple was to ascertain whether each of the above

easy to pump downhole. The pre-formed formulations of the present invention
may be prepared via a concentrate of ingredients (a) and (b), which can be
transported as such to the site of use, where it is mixed with the aqueous medium
in appropriate proportions to achieve the desired homogeneity and into which the
5  chemical has been dissolved. The pre-formed formulation can be injected,

suitably under pressure, into an oil bearing zone; eg rock formation, via a
producing well e.g. down the core, followed by a separate liquid to force the pre-
formed formulation into the oil bearing zone; the liquid may be used as an
overflush and can be sea water or diesel oil. The formulation is then left ("shut-

10  in") in the oil bearing zone while oil production is stopped temporarily. During
this process, the injected formulation percolates through the oil bearing zone under
the injection pressure. In the shut-in period, the injected formulation comes into
contact with reservoir fluids and forms in sifu a two-phase or three-phase system
which may be in the form of an emulsion and which exhibits the desired surface

15  and phase behaviour. This is the so called "squeezing" effect which enables the
maintenance of oil recovery from such zones. A desirable contact time of 5-50hrs
e.g. 20-30hrs is often achievable with the formulations of the present invention.
After this period the oil production can be re-started. In the case where the
production chemical is a scale inhibitor, the oil production rate will be initially

20  high, as will the soluble calcium content of the produced water. Over time, e.g. 2-
4 months, the rate of production will decrease and the soluble salt contents will
also decrease signifying possible scaling problems in the rock formation,
whereupon the production can be stopped and fresh aliquot of the formulation
injected into the well. Similar methods can be used to achieve asphaltene

25  inhibition, wax inhibition or dispersion and hydrogen sulphide scavenging, while
for corrosion and gas hydrate inhibition, the formulation is usually injected
continuously downhole.
multi-phase composition comprising eg a scale-inhibitor, oil and the alkyltriglycol .

30 ether is recovered at the surface after the above procedure of squeezing and upon
subsequent cooling thereof, most of the glycol ether enters in the aqueous phase
rather than the oil phase of this composition. Thus, the glycol ether does not cause
any problems either in subsequent production or refining operations such as eg
contributing to any haze formation in fuels due to the presence of solubilized

35  water in the glycol ether. Moreover, if the separated aqueous phase is discharged

7
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formul ati ons when adnmi xed with Forties Main-O | Line Fluids (FMOLF) crude
oil generates a mddle phase in a three-phase mxture (according to Nel son,
R C and Pope, G A in an authentic publication entitled ."Phase Rel at'i onshi ps
in-Chemcal -5 -Flooding": publication No, SPE 6773 by the Society of --
Pet r ol eum Engi neers of the USA, and publgshed by the American Institute of
M ning, Metallurgical and Petrol eum Engineers, Inc. (1977)) at 95[err]C

thereby signifying the a ty of the formul ations to entrain. oil (whi ch
m ght ot herw’é‘é"l‘j‘és% %r&graﬁlaﬁl%kf dizsohva igbice) ethsr qap o rdptniphatapishs

tested. 10 inthe pheﬂnﬂnay&af thieGe@therety gsifiisibiag Yol lhox. saimhbmﬁn"re Ghet he
commer of & suPTRBERRES Sfts mredsne elat e ity aestedhepiBolhy Fuowr
(2g9), a t hreeongdeadieldsghendcenl \agsby)bmafolém the c%[oé’ rsca]IthiHltgsse s¢ thatlesphases
were, an wppetyehliaf buduldibe ﬁisually needed per year and the down time due to application

of the chemical and shut-in would also be correspondingly reduced thereby

increasing the production rate.

The process can be operated equally efficiently by injecting the
components of the formulation sequentially into the production well.
10 The present invention is illustrated in the following Examples.

Example 1:

1.1 A general formulation capable of remaining clear and bright in appearance

between ambient temperature and 95°C and used for the following experiments

had the following composition:

1 5 Dequest® 20608 (scale inhibitor, ex Monsanto) _ 10 parts by \.;veight
Sea Water 75 parts by weight
Surfactant ' 15 parts by weight

The pH of this formulation was not monitored.
1.2 A stability test was performed using 15 parts of a commercial mixed
20  glycol ether surfactant (according to the invention) having the following
approximate composition in the general formulation of (1.1) above:

n-Butyltriglycol ether 75% wiw
n-Butyldiglycol ether 2.5% wiw
n-Butyltetraglycol ether 19.0% w/w
25 n-Butylpentaglycol ether 2.0% -

This formulation resulted in a homageneous yellow solutmn Upon
heating a sample of this homogeneous formulation from room temperature (when
it was in a single phase) with stirring, a phase transition was observed at 95.5°C .- ~
with cloudiness beginning to appear in the formulation. Above this temperature
30  and standing with no stirring, a colourless separate phase formed above a larger
lower yellow phase (presumably the upper phase was mainly #-butyltriglycol
cther). ' '
EXAMPLE 2: '
The objective of this Example was to ascertain whether each of the above
35 formulations when admixed with Forties Main-QOil Line Fluids (FMOLF) crude oil

'8
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(presumably nmainly crude oil), a middle orange-red phase (presumably mainly
the 1 5 comercial surfactant m xture), and a | ower .yell ow phase '
(presumably mainly aqueous Dequest solution). This three-phase systen1mas
observed to persist over seven days and presumably it woul d have: perswsted

I ndefinitely. Mdreover, with stirring, tie niddle phase was observed to
break-up readily forning droplets or filanents, which were drawn down into

t he | ower phase. On standin t he 20 m ddl e phase and the | ower-phase
wetted the teﬁen%@gémeqﬂa@gasmnptlnree-ah@cmlmre teeprding trNalwongBdepntht i ons

were consi st erfop¥d ¢ b&\ inQiY dufteRifié pebiRhtibaRited "Bidss Re[bﬁoﬁﬁﬁ fITHeRcalqUEOUS
oo e SR ) S 8 e S e B e
formul ati on haWSAn,qxnﬁtpubhﬂleé by the American Institute of Mining, Metallurgical and
5  Petroleum Engineers, Inc. (1977)) at 95°C thereby signifying the ability of the
formulations to entrain oil (which might otherwise be entrapped in rock
formations) by the formulations tested. '
Upon heating a homogeneous yellow solution of the formulation
described in (1.2) above (10g, containing 1.5g of the commercial surfactant
10  mixture) with stirring in the presence of added FMOLF (2g), a three-phase system
was observed at 95°C. These three phases were, an upper black liquid
(presumably mainly crude oil), a middle orange-red phase (presumably mainly the
commercial surfactant mixture), and a lower yellow phase (presumably mainly
aqueous Dequest® solution). This three-phase system was observed to persist -
15  over seven days and presumably it would have persisted indefinitely. Moreover,
with stirring, the middle phase was observed to break-up readily forming droplets
or filaments, which were drawn down into the lower phase. On standing, the
middle phase and the lower-phase wetted the test vessel glass wall to a similar
degree. These observations were consistent with low interfacial tension existing
20  between the aqueous and oily phases as described by Nelson and Pope in the
publication referred to above. '
EXAMPLE 3: -
As a general procedure a homogeneous formulation having the same
general composition as in Example 1 above was used for the following
25  experiments. However, in this case, 10 parts of Dequest® 2060S was first mixed
with 75 parts of sea water and the pH was'then adjusted using either solid sodium
hydroxide (Examples 3.1-3.3) or solid lithium hydroxide monohydrate (Examples
4.1-4.3) to bring it to a value of 2. Asin Example 1 above the amount of L
surfactant used in each case was 15 parts by weight.
30 As a result of controlling the pH, this formulation remained homogeneous
(ie clear and bright appearance) between ambient temperature and 110°C. The
object of these Examples was to ascertain whether a ternary mixture formed by the
above formulation when admixed with North Alwyn crude oil from the North Sea,
UK (Density, API No. from 37.2 to 42.1) as published by The Geological Society,
35 London in "United Kingdom Oil and Gas Fields 25 Years Commemorative

9
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general conposition as in Exanple 1 above was used for the following
experiments. However, in this case, 10 parts of Dequest 2060S was first:
mxed with 75 parts of sea water and the pH was t hen: adj ust ed usi ng erther
soli d sodi um hydroxi de (Exanples 3.1-3.3) or solid lithium hydroxide -+ -
nonohydr at e (Exanpl es 30 4.1-4.3) to f ing it to a value of 2. As in
Exanmpl e 1 above the anpbunt of surfactant used in each case was 15 parts by
weight. As a_result of controlling the pH, this formulation, remined

homogeneous (adume's Menaeie Ngy l‘brﬁdlta%béél-a%wts BEI e senesaies amiddlephase at ur e
and 110C. Thet oiyo€ecds dekcribee HEE besov®S t0 ascertain V\/net her a ternary

mxture Tor e By e S5 above o ] 3 h, oD, ARG Ml A T
crude oil EXROTRH 925 ¢

parts by weight of the_commermal surfactant mixture used in Example 1.2 above.
5  Upon heating a sample of this formulation from room temperature (when it was in .
a single phase) with stirring, a phase transition was |
~ observed between 48 and 49°C when cloudiness appeared in the formulation..
3.2 A further experinient was carried out using the same formulation as in
Example 3.1 except that 7 parts by weight of the commercial surfactant mixture
10  used in the formulation of this Example was replaced with 7 parts by weight of
methanol.
Upon heating a sample of this formulation containing methanol in a Buchi
glass pressure tube from room temperature (when it was in a single phase) to 90°C
and no phase transition was observed. B
- 15 This experiment shows that when using formulatxons contammg a
relatively higher concentration of the surfactant, the mhomogenexty of the
formulation can be rectified by replacing a part of the surfactant with methanol
~ and thereby the homogeneity of the formulation can be restored and the stability
thereof enhanced significantly.
20 3.3  Upon heating and stirring a sample of the formulation according to
Example 3.2 (25g, containing 2.0g of the commercial surfactant mixture in
Example 1.2 and 1.75g of methanol) in the presence of added North Alwyn crude
oil (2g) in a Buchi glass'pressure tube, a three-phase system was observed at
110°C. These phases and their behaviour were similar to those of the formulation
25  in Example 2 above. -
EXAMPLE 4: »
4.1 A formulation containing 15 parts by weight of the commercial surfactant
mixture in Example 1.2 above but otherwise having a general composition .- = . .
outlined in Example 3 above was gradually heated and stirred in a Buchi glass
30 pressure tube beginning at room temperature when the formulation had only a
single phase A phase transition was observed between 67 and 68°C when
cloudiness began to appear in the formulation.
4.2 The experiment in 4.1 above was repeated except that 6 parts by weight of
the commercial surfactant mixture in that formulation was replaced with 6 parts by
35  weight methanol.

10
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1°0 UK (Density, APl No. from37.2 to 42.1) as published by The GEoIoglcaI
Society, London in " Un| ted Kingdom G| and Gas Fields 25 Years
Commenor ati ve Vol une", Menmpir No. 14, Edited by | L Abbotts (1991) - B
generated a mddle phase at 110[err] C as described in Exanple 2 above.._,5_ '
3.1 An experinent was carried out with aﬂ1hormgene_ous formul ation containing
15 parts by weight of the comrercial surfactant m xture used in Exanple 1.2
-above. Upon heating a sanple of this fornulation fromroomtenperature
(when it was in a 8130@3@(19@115@3)1’:1&3 ard sm:mg t}ilmggvmeqafmalatlomnmtﬁ1nmg was

|
observed bet wagihafd 1&9%&8{@5{] é:r?es%l%@utfe fin n%ﬁ r@&,??e%l{ %Pantlﬂg G‘Vpﬁbthfhe same

exper 1 meAt Wers carr i ed
¥ 8; m: ZE : 82 aéanlatlon exhibited a single phase) to 109°C and then after one hour raising the

temperature to 115°C, no phase transition was observed.

5 This experiment again shows that when using fonﬁulations containing a
relatively higher concentration of the surfactant, the inhomogeneity of the
formulation can be rectified by replacing a part of the surfactant with methanol
and thereby the homogeneity of the formulation can be restored and the stability
thereof enhanced significantly.

10 4.3 Upon heating and stirring a mixture of a formulation according to Example
3.2 (30.0g, containing 2.7g of the surfactant used in Example 1.2 and 1.8g of
methanol) with added North Alwyn crude oil (4g) in a Buchi glass pressure tube, a
three-phase system was observed at 110°C. These phases and their behaviour were
similar to the results in Example 2 above. -

15 Example5: . :

The homogeneous formulation of Example 3.2 above was compared for
effectiveness of scale inhibition with a control formulation (not according to the
invention) containing only Dequest® 20608 (10 parts by weight) and sea-water
(90 parts by weight) for a simulated squeeze treatment process.

20 From a sandstone core from a well in the Brent group in the North Sea, 15
' cm long vertical cores were drilled out. Each 15 cm core was de-oiled by solvent
extraction successively with toluene and then methanol/chloroform, prior to being
mounted in a vertical column fitted with entry and exit taps. Degassed sea-water
at pH 5.5 was passed through the core at room temperature until saturation. 5
25  Pore volumes of degassed Brent crude oil (filtered to remove material larger than
10u) were then passed into the core at 150 ml/hr until no more water was collected
from the exit tap. The core was then heated to 110°C, simulated reservoir
temperature for 24 hours, prior to the injection at 150 ml/hr of degassed sea-water T
~ atpH 5.5 until no more oil was collected. The core then had a residual oil
30  saturation and residual brine saturation and so simulated oil bearing rock
formation downhole.

The core was cooled to 40°C without entry of gas and then at 30 ml/hr 8-
10 pore volumes of inhibitor medium (as described below) was injected to
saturation. Thereafter, the taps were closed and the core reheated to 110°C, and

35  kept there for 17 hours. Degassed sea-water at pH 5.5 was then passed through

11
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Exanpl e 3.1 except that 7 parts by weight of the commercial surfactant

m xture used in the formulation of this Exanple was replaced with 7 parts
by wei ght of nmethanol. Upon heating a sanple of this fornul ation containjng
methanol in a Buchi 1 5 glass pressure &ube fromroom tenperature (when *
it was in a single phase) to 90[err]C and?no phase transition was observed.
Thi s experinent shows that when using fornul ations containing a relatively

Formil at 1 on cAFE ti5e RSl REREApENAS A s aYre Ghlleied Poiedislbsane i t h
met hanol 20  aaslg¢sdédfer athybiton éevieDum{ Qlﬁlﬂtdnyerﬂfaubﬂ of fnbibiiek &l low 3 pgﬂ
e
exam1nat1on by scanning electron m1croscopy to check any effect of the treatment -
5 onthe clay or pore morphology; none was observed.
Two sets of experiments were performed using the above procedure: one
with the formulation described in Example 3.2 above, and the other with a control
which contained the relevant inhibitor at the same % w/w and pH=2 and sea-water
only.
10 The relationship of the inhibitor level of the effluent to the volume of sea-
water passed through the core (expressed as number of pore volumes of the
solution) is a measure of the amount of inhibitor taken up by the rock formation
initially and on its rate of release, ie a measure of the rate of removal of the
inhibitor from the rock formation during production (ie its resistance to leaching)-
15 and hence is a measure of its effectiveness in inhibiting scaling with time. The
results appear in Table 1 below:

TABLE 1
Example 5 Control(Comparative Test)
No. Pore Vols Inhibitor Conc(ppm) No. Pore Vols Inhibitor Conc(ppm)
0.08 33122 0.06 22040
0.45 11962 0.69 3982
0.95 4445.8 0.94 3054
1.95 4231.2 2.19 2584
9.81 10544 9.56 84.8
102.51 148.17 107.69 45.6
189 80.1 188.94 315
255.5 67.5 ’ 292.38 18.7
393.67 353 401.75 12
454.67 25.7 489.25 8.7 -
551.2 17.5 591.75 52 7
611.09 15 629.63 4.9
705.68 10.6
830.06 7 .
920 4.1
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Exanple 3.2 (25g, containing 2.0y of the commercial surfactant m xture in
Exanple 1.2 and 1.75g of nethanol) in the presence of added North Alwn. -
crude 25 oil (2g) in a Buchi glass pressure tube, a three-phase system,  ;
was observed at 110[err] C. These phases and18heir behaviour were simlar to
those of the-formulation in Exanple 2 above. EXAMPLE 4: 4.1 A formul ation
containing 15 parts by weight of the commercial surfactant 30 m xture
in Exanple 1.2 alExsmple®6: ot herwi se having a géneral conposit i on outlined in

Exampl e 3 above was grAGULinoRSAl EilyaRdAlddd PahihaBicPliSlla OF ASSoRISIPLI ©

t ube begi nning at room ure singl e

phase. A phase t rlaﬁyamplsrﬁ vUé‘SO 8l of tyials wese peréorned: @h@iswlﬁrﬂme@ Qﬁﬁ?ﬁmple
cl oudi ness began 3 RifPPRGhogeReb it olitiolshd iy 3Bpeating Example 5 but now using a

5  sequential addition in which the surfactant was initially introduced into the
sandpack followed by a slug of the scale inhibitor.
The formulation for (i) above was prepared from the following

~ components:
inhibitor used - Dequest®2060S - 10 parts by wt
10  amount of sea water used - 75 parts by wt
Commercial Surfactant used A mix of 8 parts by wt of that used in
Example 5 and 7 parts by wt of methanol
residual oil
residual oil - A Forties Field crude oil (dry & additive
15  free) . ' '
pH - - 20
‘temperature - 110°C

The process was thereafter repeated for the purposes of a control (baseline)

experiment in which the homogeneous formulation used contained 90 part by wt
20  sea-water and 10 parts wt Dequest® 2060S in the absence of a surfactant.

Trial (ii) was performed using a sandpack in a 1.524 metre (5 feet) metal |
tube packed with Clashach sand. The pack was flushed with residual oil (using
Forties Field mainline fluid) and a sea-water flood was performed in the same

~ manner using the same temperatures (110°C) and the same flow rates as in

.25  Example S above. In these experiments, the pre-flush data was obtained by_
sequential additions of first an 8% by weight solution of the commercial surfactant
described above dissolved in sea-water (pH adjusted as required), shut in at 110°C
for 12 hours, followed by addition of a slug of scale inhibitor similar to that used - -
for baseline data without the surfactant. The baseline data were repeated using the

30 sandpack but using 10% by weight solution of Dequest® 20608 in sea-water
adjusted to a pH of 2.0 but without the surfactant in order to make comparisons
with the sandpack more accurate.

The results are shown in Table 2 below:
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35 4.2 The experi nent

wei ght of

t he commerci al
replaced with 6 parts by wei ght methanol .
stirring this revised fornul ati on contai
pressure tube begi nning at
exhi bited a single phase) to 109[err]C and then,
tenperature to 115[err]C, _
agai n shows that when using fornul ati
concentration of the surfactant,

in 4.1 above was repeated except that 6 parts_ by
surfactant m xture in that fornulation was:

no phase tr

roomtenper at

&
nd

Upon gradual |y heating and-

ng mnet hanol

in a Buchi

e (when the 5

after

t he i nhonbgeneity of the

one hour

gl ass
formul ati on

rai sing the
n was observed. This experinent
taining a relatively higher

Control (Baseline) Pre-flush Middle Phase Homogeneous Phase
(Sequential Addition)
Pore Inhibitor Pore Inhibitor Pore Inhibitor
Volume Conc Volume | Conc (ppm . Volume Conc
(ppm) (ppm)
2.04 1680 1.98 2240 1.98 1520
291 1120 2.84 2268 2.84 904
4.09 388 3.97 938 3.97 489
4.96 168 4.82 484 4.82 278
5.84 92.6 5.96 196 5.96 - 108
7 43 7.09 84 7.09 52
7.9 25 7.94 54 7.94 .30
8.76 20 8.79 32 8.79 20
9.92 14.4 9.9 _ 22 9.9 1.4
11.97 12.2 11.91 12.8 11.91 11.6
14.84 8.4 14.75 10.4 14.75 84
18.1 7.4 18.15 8.4 18.15 5.8
20.12 7.4 20.14 8 20.14 6.4
Example 7:
5 This Example was carried out with a Tarbert core material using the

procedure described in Example 5 above and with a homogeneous mixture of the
- surfactant and the scale inhibitor Dequest 2086 shown in the formulation below:
The inhibitor was used in a 4% by v’veight concentration and the mixture
was prepared in distilled water. Thus the full formulation used was:

10 15.7% wiw Dequest® 2086 in distilled water adjusted to pH2.0 - 85 parts - ~
Distilled water - 7 parts
Commercial surfactant formulation of Examples 1.2 above - 8 parts

- The baseline data was obtained using Dequest 2086 in sea-water (at 15.7
% wiw as supplied, corresponding to 5% w/w active material) adjusted to a pH of
15 5.45. The data shown in Table 3 is for a homogeneous formulation as when

14
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f'ormul ation can be rectified by replacing a part of the surfactant with .
nmet hanol 10 and thereby the honogeneity of the fornulation can be .
restored and the stability thereof enhanced significantly. 4.3 Upon heating
and stirring a mxture of a formnul ation1%ccordi ng to Exanple 3.2 (30.0g,*
containing 2.7g of the surfactant used in Exanple 1.2 and 1.8g of nethanol)
with added North Alwyn crude oil (4g) in a Buchi glass pressure tube, a 1 5
t hr ee- phase s [Y\gsd ] C. These phases and their

behavi our \Aeréefﬁél?g% ar etg‘g%lgﬁgﬁrgé%ﬁﬁl%%ﬁc%xanpl e 2 above. Exanple 5: The
honogeneous f or nul Has wssulisrareshon ia Table Sdbebems: was conpared for effectiveness
of scale inhibition with a control fopgggaison (not according to the 20

i nvention) containing only Dequest 2060S (I0 parts by weight) and sea-water

Control (Baseline) Homogeneous Formulation
Pore Volumes Inhibitor Conc Pore Volumes Inhibitor Conc
(ppm) (ppm)
1.67 36947 1.73 2256
4.18 65.12 3.97 3611
10.57 27.7 9.7 737
16.95 19.58 17.31 403
29.72 12.97 29.1 275
4728 10.85 45.96 206
101.15 7.7 101.25 - 76
158.61 6.48 - 152 30
5 _
10
15
20
15
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(-90 parts by weight) for a sinulated squeeze treatnent ' .
sandstone core froma well in the Brent 'group in the Nclmmmﬂﬁ"ﬂnmmlong
vertical cores were drilled out. Each 15 cmcore was de-"oi I‘'ed"by" saol vent
extraction successively with tol uene and éhen met hanol / chl orof orm prior to
bei ng 25 mounted in a vertical colum ? tted with entry and exit taps.
Degassed sea-water at pH 5.5 was passed through the core at room
tenperature until saturation. 5 Pore volunes of degassed Brent }(2 oi |
(filtered to renove nmaterial |arger than 10[err]) were then%%é%gg f)nto t he
core at 150 m/hr until no nore water was collected fromthe exit tap. The
core was then heated to 110[err]C, sinulated reservoir 30 tenperature for
24 hours, prior to the injection at 150 ml/hr of degassed sea-water at pH
5.5 until no nore oil was collected. The core then had a residual oil
saturation and residual brine saturation and so similated oil bearing rock

" Claims:
1. A process for increasing the effectiveness of production chemicals by
reducing the number of squeezing and shut-in operations needed to increase the
production rate from an oil well by inhibiting scale formation in said well, said
process comprising injecting into an oil-beating rock formation a water-miscible
5 formulation comprising: _ :
(a) a water-miscible surfactant which is an alkyltriglycol ether and
(b)  at least one water-miscible oil field or gas field production chemical
comprising a scale inhibitor,
under, pressure and holding said formulation in said formation for a period to

10  achieve said shut-in thereby enabling components of said formulation to be
adsorbed by the oil bearing formation and act as a scale inhibitor, said components
of the formulation being introduced either as a pre-formed single homogeneous
composition, or simultaneously in parallel or sequentially in either order into the
rock formation.

15 2. A process according to Claim 1 wherein the surfactant comprises at least
one alkyltriglycol ether which is present in the formulation in an amount ranging
from 1-20% by weight.

3. A process according to Claim 1 or 2 wherein the alkyl group in the R
alkyltriglycol ether is straight or branched chain and has 3-6 carbon atoms. o

20 4 A process according to any one of the preceding Claims wherein the alkyl
group in the alkyl triglycol ether has from 3-5 carbon atoms.

5. A process according to any one of the preceding Claims wherein the
alkyltriglycol ether is n-butyltriglycol ether (also known as triethylene glycol
mono-n-butyl ether).

16
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f-or mati on downhol e. The core was cooled to 40[err] C w t hout

and then at 30 m/hr, 8- 35 10 pore volunes of inhibitor rm"[mllﬂ" ﬂm"'“'
descri bed below) was injected to saturation. Thereafter, thectaps merse =
¢l osed and the core reheated to 110[err] C, and kept there for 17 hours.
Degassed sea-water at pH 5.5 was then pa%%ed t hrough the core at 30 m/hr
and sanples of the effluent were collected periodically and anal ysed for
inhibitor level until the concentration of inhibitor fell below 5 ppm 5.

The core was Bhen AoBIOEEHS RePrding drieny anieta theprecadiig @lrimg wheseimntie ng and

exani nati on byuFgad i @bebesduttotrelitn Grods §9BYI dilter ehidtfachmig PidRsdes Ghidhhe
Lreat ment. contains a high proportion of n-butyltriglycol ether.
7. A process according to Claim 6 wherein the by-prqduct stream comprises
5  about 75% w/w of n-butyltriglycol ether, about 2.5% w/w of butyldiglycol ether,
about 19% of butyl tetraglycol ether and about 2% of butyl pentaglycol ether.
8. A process according to any one of the preceding Claims wherein the
amount of production chemical used is in the range from 1-25% w/w of the total
formulation.
10 9. A process according to any one of the preceding Claims wherein the
formulation is injected into the rock formation as a pre-formed single
homogeneous composition, said formulation being an aqueous solution containing
the two components in specific proportions so as to maintain the homogeneity of
the formulatlon
15 10. A process according to any one of the preceding Claims wherem said
formulation is a homogeneous formulation comprising in an aqueous medium, (a)
at least one surfactant comprising n-butyltriglycol ether in an amount of 1-20%
w/w and (b) at least one oil field or gas field production chemical comprising a
scale inhibitor in an amount of 1-25% w/w.
20 11. A process according to Claim 5 wherein the method of introducing an oil
field or gas field production chemical comprising a scale inhibitor and the
surfactant into a rock formation comprising oil and/or gas, which process
comprises passing a pre-formed homogeneous formulation of said production
chemical and the surfactant down a production well and then into the rock
25 formation. . o -
12. A process according to any one of the preceding Claims wherein the
formulation is a pre-formed single composition comprising the alkyltriglycol ether
and at least one production chemical comprising a scale inhibitor which. o
composition remains clear and stable over a range of temperatures from ambient
30 to at least about 45°C.
13. A process according to any one of the preceding Claims wherein said
formulation contains, in addition, other components including (i) other production
chemicals or (ii) cosolvents which enable the formulation to remain stable at
relatively higher temperatures or when the surfactant is used in concentrations in
35  the upper quartile of the range specified and is substantially free of water-
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on the clay or pore norphol ogy; none was observed. Two sets : :
were performed using the above procedure: one with the forwdmumuﬂ“mmm"l '
described in Exanple 3.2 above, and the other with a control *0.t which s =
tontai ned the relevant inhibitor at the game % w w and pH=2 and sea-wat er
only. The relationship of the inhibitor Tevel of the effluent to the vol une

of sea- water passed through the core (expressed as nunber of pore vol unes

of the sol Utiﬁ{%iséiﬁleaco%%ﬁ&ﬁ of the anount of i*nhibitor taken up by the
IniFtra and on its rate of release, i'e a neasure of

S

rock formation. ] _ :
the rate of rkhovaf psrcessaccordingiot@rint Fhwhemin the the coselmentiimhloderi ng

pr oducft on ( iﬁiﬂhhﬁc glggioqgagggd Fr@mhﬁétﬁmdllﬁﬂd aaghdience is a neasure pf its
ef fecti veness, /n | ghibLLing scaling wih time.  Jhe gsulis, appear in Table
5  of the components of the formulation when injected into the rock formation
sequentially is in a homogeneous state whether used neat or as an aqueous
solution thereof.
16. A process according to any one of the preceding Claims wherein the
aqueous medium in the formulation is sourced from fresh, tap, river, sea, produced
10  or formation water, with a total salinity of eg 0-250g/1 and has a pH of 0.5-9.
17. A process according to any one of the .preceding Claims wherein sea water
is used as the aqueous medium and the formulation has an acidic pH in the region
of 0.1 to 6.0.
18. A process according to any one of the preceding Claims wherein the oil
15  field or gas field productio.ri chemical is a scale inhibitor which is effective in
stopping calcium and/or barium scale formation. '
19. A process according to Claim 17 or 18 wherein the scale inhibitor is a
water-soluble organic molecule with at least 2 carboxylic and/or phosphonic acid
and/or sulphonic acid groups.
20 20. A process according to Claims 17 or 18 wherein the scale inhibitoris a
monomer, oligomer or a polymer having at least one hydroxy! group and/or amino
nitrogen atom.
21. A process according to Claim 19 wherein the scale inhibitor is an aliphatic
phosphonic acid with 2-50 carbons or an aminoalkyl phosphonic acid[s] each
25  bearing at least one methylene phosphonic acid group. -
22. A process according to Claim 21 wherein the scale inhibitor is selected
from the group consisting of ethylenediamine tetra(methylene phosphonate),
diethylenetriamine penta(methylene phosphonate) and the triamine- and tetramine- -.
polymethylene phosphonates with 2-4 methylene groups between each N atom. o
30 23. A process according to Claim 19 wherein the scale inhibitor is a _
polycarboxylic acid selected from lactic acid, tartaric acids and poly(meth)acrylic
acid.
2% A process according to any one of the preceding Claims wherein the other
production chemical in the formulation is an inhibitor of:
35 (1) corrosion,

18
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TABLE 1 .20 Exanple 5 Control (Com arative T,
Vol s I nhi bi tor Conc(ppm No. Pore Vol s I nhi bi tor Conc(Hi I “'lﬁ”“l

133122 0. 06 22040 0. 45

0. 69 3982 0. 95 4445.8 0.94

3054 1.95 4231, 2 19 258.4 9. 81
1054. 4 9.56 84.8 102. 51 148. 17
107. 69 " 5 16438 %0 rmatic 80.1 - 188. 94
315 255.5 W gy gt tgrmation, 292. 38 ' 18. 7

(iii) wax, or
(iv)  asphaltene deposition;

or, is a hydrogen sulphide scavenger or wax dispersant.
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OIL AND GAS FIELD CHEMICALS

This invention relates to oil field chemicals in particular oil field
production chemicals and their use.

It is well known to use several types of chemicals in the production of oil
from oil wells and to enhance the production of oil from such wells. One such
method is described in US-A-3481870 which discloses methods and compositions
for removing organic deposits such as eg paraffin, waxes and asphaltic and
bituminous substances from the face of the producing formation, on the screen or
liner, or in the pump, the casing or the tubing of the well. The compositions used
include glycol ethers such as eg iso-butyl triglycol ether, an oxyethylated butyl
phenol, isopropanol and water. However, there is no disclosure that production
wells experience problems with inorganic deposits such as scale or that the
process described can inhibit scale formation.

Among known oil field chemicals are scale inhibitors, which are used in
production wells to stop scaling in the rock formation and/or in the production
lines downhole and at the surface. Scaling not only causes a restriction in pore
size in the rock formation (also known as 'formation damage') and hence reduction
in the rate of oil and/or gas production but also blockage of tubular and pipe
equipment during surface processing. To overcome this, the production well is
subjected to a so called "shut-in" treatment whereby an aqueous composition
comprising a scale inhibitor is injected into the production well, usually under
pressure, and squeezed into the formation and held there. The injected
composition adsorbs on to the rock surface and thereby inhibits scale formation by
slowly leaching into the produced water thus maintaining access to the oil in the
rock formation,; this "shut-in" treatment needs to be done regularly e.g. one or
more times a year at least if high production rates are to be maintained and




Exanple 5. Two sets of trials were perfornmed: (i) a straj ght

Exanpl e 5 using a honogeneous solution and (ii) repeati
using a 5 Sequential addition in which the surfactant
i ntroduced into the sandpack foll owed by 2 slug of the
formul ation for (i) above was prepared fromthe follow
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i nhi bitor used - Dequest 2060S - 10 parts by wi IO
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during the squeeze/shut-in operation, as well as reduced production as the scaling -
problem builds up.

We have discovered means for and a method of increasing the
effectiveness of production chemicals, in particular scale inhibitors, thereby
decreasing the number of times squeezing/shut-in is needed and increasing the
production rate. Moreover, we have discovered a formulation for this purpose
which is stable to storage and transportation.

Accordingly, the présent invention is a process for increasing the
effectiveness of production chemicals by reducing the number of squeezing and
shut-in operations needed to increase the production rate from an oil well by
inhibiting scale formation.in said well, said process comprising injecting into an-
oil-bearing rock formation a water-miscible formulation comprising:

(a)  awater-miscible surfactant which is an alkyltriglycol ether and

(b)  atleast one water-miscible oil field or gas field production chemical
comprising a scale inhibitor,

under pressure and holding said formulation in said formation for a period to

achieve said shut-in thereby enabling components of said formulation to be

adsorbed by the oil bearing formation and act as a scale inhibitor, said components

of the formulation being introduced either as a pre-formed single homogeneous

composition, or simultaneously in parallel or sequentially in either order into the

rock formation.

The alkyl group in the alkyltriglycol ether may be straight or branched
chain and suitably has 3-6 carbon atoms, preferably from 3-5 carbon atoms. The
alkyl group in the alkyltriglycol ether more preferably has 4 carbon atoms and is
especially n-butyltriglycol ether (also known as triethylene glycol mono-n-butyl
ether).

Where the formulation is injected into the rock formation as a pre-formed
single composition, said formulation is suitably a homogeneous aqueous solution
containing the two components in specific proportions so as to maintain the
homogeneity of the formulation.

Thus, according to a specific embodiment, the present invention is a
homogeneous formulation comprising in an aqueous medium, (a) at least one
surfactant comprising n-butyltriglycol ether in an amount of 1-20% w/w and (b) at

! d H U 1 : e . 7 ttl eby V\K.
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resi dual oil - A Forties Field crude oil
5 free) pH '

t emperature -
process was thereafter repeated for the purposes of a cont}fo
experiment in which the honogeneous fornmugati on used cont &
wt 20 sea-water and 10 parts w Dequers??err] 2060S in tHe abs
surfactant. Trial (ii) was performed using a sandpack I

. feet) nmetal tuybe pack ith hach san *
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comprising a scale inhibitor and a surfactant into a rock formation comprising oil

5 and/or gas, which process comprises passing the homogeneous formulation down
- a production well and thereby into the rock formation.

The invention also provides for the use of the homogeneous formulation of
the invention to increase the effectiveness of the oil field or gas field production
chemical comprising a scale inhibitor in a rock formation, in particular by

10 . increasing the duration of retention of the chemical by the rock.

By the expression "homogeneous formulation" as used herein and
throughout the specification is meant that the formulation is a single phase system.
That is, each component is in itself homogeneous and is water-miscible when
introduced sequentially or simultaneously into the rock formation and is also

15  homogeneous if introduced into the rock formation as a pre-formed single
composition. |

It would be apparent that where the components of the formulation are
introduced simultaneously but separately, or, sequentially, it is not introduced as a
pre-formed single composition and hence the concept of the formulation being

20 homogeneous does not apply. However, in this instance, it is preferable that each
of the components used is homogeneous in itself and is also water-miscible. The
pH of the formulation is suitably from 0.1-6.0 and is as a whole is of significance
only when such a pre-formed composition is employed. The pH of the component
(b) is preferably controlled as specified.

25 Thus, the surfactant used suitably comprises at least one alkyltriglycol
ether and at least one production chemical and it remains clear and stable over a
range of temperatures from ambient to at least about 45°C. The surfactant is
suitably present in the formulation in an amount ranging from 1-20% by weight,
preferably from 5 to 15% by weight, more preferably from 5 to 12% by weight. In

30 the present invention it is possible to use by-product streams from glycol ether
manufacturing processes which contain a high proportion of alkyltriglycol ethers
such as eg n-butyltriglycol ether. One such by-product stream comprises about
75% wiw of n-butyltriglycol ether, about 2.5% w/w of butyldiglycol ether, about
19% of butyl tetraglycol ether and about 2% of butyl pentaglycol ether. The

35 relative proportions of components (a) and (b) in the formulation may vary within



sequential additions of first an 8% by wei ght solution of ghe-ecormerclial
su(r:]f actant descri bed above dissolved in sea-water (pH adj UWMENT SHEET
required), shut in at 110[err]C for 12 hours, followed by fa ( : l
slug of scale inhibitor simlar to that used for baseline{(d taa\gat{]ﬁ% t he
surfactant. The baseline data were repeat@d using the 30 an ‘d &

using 10% by wei ght solution of Dequest[err] 2060S in sea- : .
a pHof 2.0 but without the surfactant in order. to nmake cqnparisons wth

. hown i n .Tabl e Z.Dctow 14
the sandpa_ck & r%?g%%' Hgﬁeendm%hueporneﬁsrﬁjeltﬁe% tl‘f-fler ceon?ponents are 1ntroéuceé into tllev‘;'ock-

- formation simultaneously, sequentially or as a pre-formed single composition

consistent with the need to maintain homogeneity at the operative temperatures

and salinity of the formulation. For instance, at relatively higher concentrations of
5  the surfactant or at relatively higher temperatures or extremely low temperatures,

it is possible that a pre-formed formulation loses its homogeneity due to reduced

solubility of one or more components in the formulation under those conditions.

In these instances, small amounts of a solubilizing agent such as eg a lower

aliphatic alcohol, especially methanol or ethanol, can either be added to the

10  inhomogeneous pre-formed formulation or used to partially replace the surfactant
in the formulation to restore the homogeneity of the formulation.

Thus, the homogeneous, pre-formed formulations of the present invention
may contain, in addition to the alkyltriglycol ether, a cosolvent such as eg a lower
aliphatic alcohol, especially methanol or ethanol.

15 The aqueous medium in the formulation may be from fresh, tap, river, sea,
produced or formation water, with a total salinity of eg 0-250¢/1 such as 5-50g/1
and may have a pH of 0.5-9. Where sea water is used, the formulation usually has
a highly acidic pH in the region of 0.1 to 1.5 due to the presence of a highly acidic
production chemical comprising a scale inhibitor. In such cases it may be

20  necessary to neutralise the acidity of the formulation by using an alkali metal
hydroxide, especially sodium hydroxide, potassium hydroxide or lithium -
hydroxide, in order to bring the pH of the formulation to within the preferred
range from 0.1-6.0. It has been found for instance that use of lithium hydroxide as
a neutralising agent instead of the other alkali metal hydroxides allows tolerance

25 ofrelatively higher levels of the surfactant in the formulation when it is required
to maintain homogeneity of the formulation.

The oil field or gas field production chemical comprises an inhibitor of
scale. The scale inhibitor is effective in stopping calcium and/or barium scale
with threshold amounts rather than stoichiometric amounts. It may be a water-

30  soluble organic molecule with at least 2 carboxylic and/or phosphonic acid and/or
sulphonic acid groups e.g. 2-30 such groups. Preferably the scale inhibitor is an
oligomer or a polymer, or may be a monomer with at least one hydroxyl group
and/or amino nitrogen atom, especially in a hydroxycarboxylic acid or hydroxy or
aminophosphonic, or, sulphonic acid. The inhibitor is used primarily for

35  inhibiting calcium and/or barium scale. Examples of such compounds used as




TABLE 2 Control (Baseline)

Pre-flush M ddl e Phase Hono = '
(Sequential Addition) Pore I nhi bi tor Por e I nhi gt Mliﬁ'EfSHEET
| nhi bi tor Vol ume Conc Vol une Conc (ppm Vol upre Conc
(ppm | | (ppm) 2.04 16 JON 1008
1.98 2240 - 1.98 1520 291 1120 2. 84
2268 2. 84 904 4.09 88 3.97 T 93T
3.97 489 4.96 168 4.82 484 4.82. _
278 5. 84 .92.6 .. 5.96 .. 196 5. 96 108 7 —
43 7. Oihibitors are aliphatic phosphonic@gids with 2-50 earbons, such as hydroxyethyl

diphosphonic acid, and aminoalkyl phosphonic acids, e.g. polyaminomethylene
phosphonates with 2-10 N atoms e.g. each bearing at least one methylene |
phosphonic acid group; examples of the latter are ethylenediamine tetra(methylene
5  phosphonate), diethylenetriamine penta(methylene phosphonate) and the triamine-
and tetramine-polymethylene phosphonaies with 2-4 methylene groups between
each N atom, at least 2 of the numbers of methylene groups in each phosphonate
being différent (e.g. as described further in published EP-A-479462, the disclosure
of which is herein incorporated by reference). Other scale inhibitors are
10 polycarboxylic acids such as lactic or tartaric acids, and polymeric anionic
compounds such as polyvinyl sulphonic acid and poly(meth)acrylic acids,
optionally with at least some phosphony! or phosphiny! groups as in phosphiny!
polyacrylates. The scale inhibitors are suitably at least partly in the form of their
alkali metal salts e.g. sodium salts.
15 The amount of production chemical comprising a scale inhibitor used is in
the range from 1-25% w/w of the total formulation, suitably from 5-15% w/w,
preferably from 6-10% w/w. Within these ranges the amount used would depend
upon the nature of the chemical used and its intended purpose consistent with the
formulation being homogeneous.
20 It is important with the formulations of the present invention, especially
those comprising a pre-formed homogeneous composition, that they remain a
clear and stable over a temperature range from ambient to least about 45°C.
However, within the concentration ranges of the components specified above, it is
possible to devise formulations which remain stable over a much wider
25  temperature range eg from ambient to the temperature of the production well (eg
- from 90 to about 150°C, especially around 110°C) into which the formulation is
introduced. In the present invention, when the components of the formulation are
injected under pressure into the production well either as a pre-formed
formulation, simultaneoulsy or sequentially, the production chemicals in the
30 formulation are adsorbed by the rocks and are retained for relatively long periods.
By using a relatively small molecule such as a C3-C6(alkyl)triglycol ether as the
surfactant, use of big surfactant molecules (having >C6 alkyl groups) are avoided
thereby minimising any risk of surfactant aggregates being formed which in tumn

may result in high viscosity emulsions causing blockage of the wells.
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and the mxturg the formulation to remain stable at relatively higher temperatures or when the
surfactant is used in concentrations in the upper quartile of the range specified.

5  However, such formulations should be substantially free of water-immiscible _
components. Examples of other production chemicals include compounds which
may be inhibitors of (i) corrosion, (ii) gas hydrate formation, (iii) wax or (iv) -

‘asphaltene deposition; or, may be a hydrogen sulphide scavenger or wax
dispersant. Thus: _

10 (i) corrosion inhibitors are compounds for inhibiting corrosion on steel, especially
under anaerobic conditions, and 'may especially be film formers capable of being
deposited as a film on a metal surface e.g. a steel surface such as a pipeline wall.
Such compounds may be non- quaternised long aliphatic chain hydrocarbyl N-
heterocyclic compounds, where the aliphatic hydrocarbyl group may be as defined

15  for the hydrophobic group above; mono- or di-ethylenically unsaturated aliphatic
groups e.g. of 8-24 carbons such as oleyl are preferred. The N-heterocyclic group
can have 1-3 ring nitrogen atoms with 5-7 ring atoms in each ring; imidazole and
imidazoline rings are preferred. The ring may also have an aminoalkyl e.g. 2-
aminoethyl or hydroxyalky! e.g. 2-hydroxyethyl substituent. Oleyl imidazoline:

20  may be used. | _

(ii) a gas hydrate inhibitor may be a solid polar compound, which may be a
polyoxyalkylene compound or alkanolamide, or tyrosine or phenylalanine.
(iii) an asphaltene inhibitor may be an amphoteric fatty acid or a salt of an alkyl
succinate while the wax inhibitor may be a polymer such as an olefin polymer e.g.
25  polyethylene or a copolymeric ester, e.g. ethylene- vinyl acetate copolymer, and
- the wax dispersant may be a polyamide. The hydrogen sulphide scavenger may be
- an oxidant, such as an inorganic peroxide, e.g. sodium peroxide, or chlorine
dioxide, or an aldehyde eg of 1-10 carbons such as formaldehyde or
glutaraldehyde or (meth)acrolein.

30 The pre-formed homogeneous formulations of the present invention, when
used, may be suitably made by adding the surfactant (a) to an aqueous solution of
the oil field or gas field production chemical (b) comprising a scale inhibitor
followed by gentle mixing. Ifthe material made initially is cloudy, then minor
adjustments to the relative proportions of the ingredients or a change in the nature

35  oramount of the cosolvent used or the temperature will be needed. Their
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easy to pump downhole. The pre-formed formulations of the present invention
may be prepared via a concentrate of ingredients (a) and (b), which can be
transported as such to the site of use, where it is mixed with the aqueous medium
in appropriate proportions to achieve the desired homogeneity and into which the
chemical has been dissolved. The pre-formed formulation can be injected,
suitably under pressure, into an oil bearing zone, eg.rock formation, via a
producing well e.g. down the core, followed by a separate liquid to force the pre-
formed formulation into the oil bearing zone; the liquid may be used as an
overflush and can be sea water or diesel oil. The formulation is then left ("shut-
in") in the oil bearing zone while oil production is stopped temporarily. During
this process, the injected formulation percolates through the oil bearing zone under
the injection pressure. In the shut-in period, the injected formulation comes into
contact with reservoir fluids and forms in sifu a two-phase or three-phase system
which may be in the form of an emulsion and which exhibits the desired surface
and phase behaviour. This is the so called "squeezing" effect which enables the
maintenance of oil recovery from such zones. A desirable contact time of 5-50hrs
e.g. 20-30hrs is often achievable with the formulations of the present invention.
After this period the oil production can be re-started. In the case where the
production chemical is a scale inhibitbr, the oil production rate will be initially
high, as will the soluble calcium content of the produced water. Over time, e.g. 2-
4 months, the rate of production will decrease and the soluble salt contents will
also decrease signifying possible scaling problems in the rock formation,
whereupon the production can be stopped and fresh aliquot of the formulation
injected into the well. Similar methods can be used to achieve asphaltene
inhibition, wax inhibition or dispersion and hydrogen sulphide scavenging, while
for corrosion and gas hydrate inhibition, the formulation is usually injected
continuously downhole.
A further feature of the formulations of the present invention is that when a
multi-phase composition comprising eg a scale-inhibitor, oil and the alkyltriglycol
ether is recovered at the surface after the above procedure of squeezing and upon

~ subsequent cooling thereof, most of the glycol ether enters in the aqueous phase

35

rather than the oil phase of this composition. Thus, the glycol ether does not cause
any problems either in subsequent production or refining operations such as eg
contributing to any haze formation in fuels due to the presence of solubilized
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water in t}71§ glyggl eEtsher. Moreover, if the,%eparated aqueous phase is &iggharged

" into the sea, then biodegradation of dissolved glycol ether can be relatively rapid

in the thermal layer of the sea thereby minimising pollution. Furthermore, the
formulations of the present invention can increase the effectiveness of the oil field
or gas field chemical e.g. by two-fold in the case of scale inhibitors, so that less
chemical would be usually needed per year and the down time due to application
of the chemical and shut-in would also be correspoﬁdingly reduced thereby
increasing the production rate.

The process can be operated equally efficiently by injecting the
components of the formulation sequentially into the production well.

The present invention is illustrated in the following Examples.

Examplel:
1.1 A general formulation capable of remaining clear and bright in appearance

. between ambient temperature and 95°C and used for the following experiments

had the following composition:

Dequest® 2060S (scale inhibitor, ex Monsanto) 10 parts by weight
Sea Water 75 parts by weight
Surfactant 15 parts by weight

The pH of this formulation was not monitored.
1.2 Astability test was performed using 15 parts of a commercial mixed
glycol ether surfactant (according to the invention) having the following
approximate composition in the general formulation of (1.1) above:

n-Butyltriglycol ether 75% wiw
-n-Butyldiglycol ether 2.5% wiw
n-Butyltetraglycol ether 19.0% wiw
n-Butylpentaglycol ether 2.0%

This formulation resulted in a homogeneous yellow solution. Upon

* heating a sample of this homogeneous formulation from room temperature (when

it was in a single phase) with stirring, a phase transition was observed at 95.5°C
with cloudiness beginning to appear in the formulation. Above this temperature
and standing with no stirring, a colourless separate phase formed above a larger
lower yellow phase (presumably the upper phase was mainly n#-butyltriglycol

ether).
EXAMPLE 2:

e
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The objective of this Example was to ascertain whether each of the above
formulations when admixed with Forties Main-Oil Line Fluids (FMOLF) crude oil
generates a middle phase in a three-phase mixture (according to Nelson, R C and
Pope, G A in an authentic publication entitled "Phase Relationships in Chemical

5 - Flooding" publication No. SPE 6773 by the Society of Petroleum Engineers of the
USA, and published by the American Institute of Mining, Metallurgical and
Petroleum Engineers, Inc. (1977)) at 95°C thereby signifying the ability of the
formulations to entrain oil (which might otherwise be entrapped in rock
formations) by the formulations tested.

10 " Upon heating a homogeneous yellow solution of the formulation
described in (1.2) above (10g, containing 1.5g of the commercial surfactant
mixture) with stirring in the presence of added FMOLF (2g), a three-phase system
was observed at 95°C. These three phases were, an upper black liquid
(presumably mainly crude oil), a middle orange-red phase (presumably mainly the

15 commercial surfactant mixture), and a lower yellow phase (presumably mainly
aqueous Dequest® solution). This three-phase system was observed to persist
over seven days and presumably it would have persisted indefinitely. Moreover,
with stirring, the middle phase was observed to break-up readily forming droplets
or filaments, which were drawn down into the lower phase. On standing, the

20  middle phase and the lower-phase wetted the test vessel glass wall to a similar
degree. These observations were consistent with low interfacial tension existing
between the aqueous and oily phases as described by Nelson and Pope in the
publication referred to above.

EXAMPLE 3:

25 As a genéral procedure a homogeneoﬁs formulation having the same
general composition as in Example 1 above was used for the following
experiments. However, in this case, 10 parts of Dequest® 2060S was first mixed
with 75 parts of sea water and the pH was then adjusted using either solid sodium
hydroxide (Examples 3.1-3.3) or solid lithium hydroxide monohydrate (Examples

30  4.1-4.3)to bring it to a value of 2. As in Example 1 above the amount of
surfactant used in each case was 15 parts by weight. |

As aresult of controlling the pH, this formulation remained homogeneous
(ie clear and bright appearance) between ambient temperature and 110°C. The
object of these Examples was to ascertain whether a ternary mixture formed by the

35  above formulation when admixed with North Alwyn crude oil from th~ North Sea,
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at 110°C as described in Example 2 above.

5 3.1 Anexperiment was carried out with a homogeneous formulation containing 15
parts by weight of the commercial surfactant mixture used in Example 1.2 above.
Upon heating a sample of this formulation from room temperature (when it was in
a single phase) with stirring, a phase transition was
observed between 48 and 49°C when cloudiness appeared in the formulation.

10 3.2 A further experiment was carried out using the same formulation as in
Example 3.1 except that 7 parts by weight of the commercial surfactant mixture
used in the formulation of this Example was replaced with 7 parts by weight of
methanol.

Upon heating a sample of this formulation containing methanol in a Buchi

15  glass pressure tube from room temperature (when it was in a single phase) to 90°C
and no phase transition was observed.

This experiment shows that when using formulations containing a
relatively higher concentration of the surfactant, the inhomogeneity of the
formulation can be rectified by replacing a part of the surfactant with methanol

20 and therehy the homogeneity of the formulation can be restored and the stability
thereof enhanced significantly.

3.3  Upon heating and stirring a sample of the formulation according to
Example 3.2 (25g, containing 2.0g of the commercial surfactant mixture in
Example 1.2 and 1.75g of methanol) in the presence of added North Alwyn crude

25  oil (2g) in a Buchi glass pressure tube, a three-phase system was observed at
110°C. These phases and their behaviour were similar to those of the formulation
in Example 2 above.

EXAMPLE 4:
4.1 A formulation containing 15 parts by weight of the commercial surfactant

30 mixture in Example- 1.2 above but otherwise having a general composition

outlined in Example 3 above was gradually heated and stirred in a Buchi glass
pressure tube beginning at room temperature when the formulation had only a
single phase. A phase transmon was observed between 67 and 68°C when
cloudiness began to appear in the formulation.

35 4.2 The experiment in 4.1 above was repeated except that 6 parts by weight of
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weight methanol.

Upon gradually heating and stirring this revised formulation containing
methanol in a Buchi glass pressure tube beginning at room temperature (when the
formulation exhibited a single phase) to 109°C and then, after one hour raising the
temperature to 115°C, no phase transition was observed.

This experiment again shows that when using formulations containing a
relatively higher concentration of the surfactant, the inhomogeneity of the
formulation can be rectified by replacing a part of the surfactant with methanol
and thereby the homogeneity of the formulation can be restored and the stability
thereof enhanced significantly.

4.3 Upon heating and stirring a mixture of a formulation according to Example
3.2 (30.0g, containing 2.7g of the surfactant used in Example 1.2 and 1.8g of
methanol) with added North Alwyn crude oil (4g) in a Buchi glass pressure tube, a
three-phase system was observed at 110°C. These phases and their behaviour were
similar to the results in Example 2 above.

Example 5: _

The homogeneous formulation of Example 3.2 above was compared for
effectiveness of scale inhibition with a control formulation (not according to the
invention) containing only Dequest® 20608 (10 parts by weight) and sea-water
(90 parts by weight) for a simulated squeeze treatment process.

From a sandstone core from a well in the Brent group in the North Sea, 15
cm long vertical cores were drilled out. Each 15 cm core was de-oiled by solvent
extraction successively with toluene and then methanol/chloroform, prior to being
mounted in a vertical column fitted with entry and exit taps. Degassed sea-water
at pH 5.5 was passed through the core at room temperature until saturation. 5
Pore volumes of degassed Brent crude oil (filtered to remove material larger than
10p) were then passed into the core at 150 mU/hr until no more water was collected
from the exit tap. The core was then heated to 110°C, simulated reservoir
temperature for 24 hours, prior to the injecﬁon at 150 ml/hr of degassed sea-water
at pH 5.5 until no more oil was collected. The core then had a residual oil
saturation and residual brine saturation and so simulated oil bearing rock
formation downhole.

The core was cooled to 40°C without entry of gas and then at 30 mVhr, 8-
10 pore volumes of inhibitor medium (as described below) was injected to



kl? 6. - A process according to any one of the preceding d ai rPRERbACEthSHEET
surfactant is a by-product stream from gl ycol ether nmanuf act ufi
Heoiis

whi ch contains a high proportion of n-butyltriglycol ether. 7]

according to Claim6 wherein the by-product stream conprises %

w w of n-butyltriglycol ether, about 2. 5%8 % w of butyl di gl yco _-1eTalli)
19% of butyl tetraglycol et her and about 2% of butyl pentaglyg¢ol ether. 8.
A process according to any one of the preceding C ains wherei mtte—amotnt
?f prlodu_ction ed\aﬁhaalThaaﬁdr,ﬁhbtapkh'&:rdsglpgsda‘ndmbmdoréféﬁewfdvmﬁll(l°m$amd&t al
ormul ati on r ordin Y% one. of the, precedin

Cl ai ms wherei ng?ﬂﬁéhefr%f‘q[nﬁzh%u eﬁigaﬁsr?aéﬁﬁ'év&%lr ﬁﬁ%ﬁ? t‘? W ?Se@?(n ?@F%{?ﬁr%‘f’g?‘as g
pre-fornmed singlezore at 30 ml/hr and samples of the effluent were collected periodically and

analysed for inhibitor level until the concentration of inhibitor fell below 5 ppm.
5  The core was then cooled and flooded with methanol prior to drying and

examination by scanning electron microscopy to check any effect of the treatment
on the clay or pore morphology; none was observed.

Two sets of experiments were performed using the above procedure: one
with the formulation described in Example 3.2 above, and the other with a control

10. which contained the relevant inhibitor at the same % w/w and pH=2 and sea-water
only.

The relationship of the inhibitor level of the effluent to the volume of sea-
water passed through the core (expressed as number of pore volumes of the
solution) is a measure of the amount of inhibitor taken up by the rock formation

15  initially and on its rate of release, ie a measure of the rate of removal of the
inhibitor from the rock formation during production (ie its resistance to leaching)
and hence is a measure of its effectiveness in inhibiting scaling with time. The
results appear in Table 1 below:

TABLE 1
20
Example 5 Control(Comparative Test)
No. Pore Vols Inhibitor Conc(ppm) No. Pore Vols Inhibitor Conc(ppm)
0.08 33122 0.06 22040
0.45 11962 0.69 3982
095 . 44458 0.94 3054
1.95 4231.2 2.19 258.4
981 - 1054.4 9.56 84.8
102.51 : 148.17 107.69 45.6
189 ~ 80.1 188.94 31.5
255.5 67.5 292.38 18.7
393.67 35.3 - 401.75 12
454.67 25.7 -  489.25 8.7
551.2 17.5 591.75 52
611.09 15 629.63 ' 4.9
705.68 10.6
830.06 7
920 4.1
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Caimb5 V\hereigkﬁtlger@t hod of introducing an oil field or gas field _ .
production chemcal_conprising a scale inhibitor and the surfactant into a

rock formation conpriisExamplievascamiad quausingai sandpack drstead ofphd eosg usedssi ng a
pre-formed honRERARPRS. "ALHYLELF RIkIOheRPefoRh&f (i ishRight repeat of Example
5 using a homogeneous solution and (ii) repeating Example 5 but now using a
5  sequential addition in which the surfactant was initially introduced into the
sandpack followed by a slug of the scale inhibitor.

The formulation for (i) above was prepared from the following

components:

inhibitor used - Dequést®206OS - 10 parts by wt
10  amount of sea water used - 75 parts by wt

Commercial Surfactant used A mix of 8 parts by wt of that used in

' . Example 5 and 7 parts by wt of methanol
residual oil |

residual oil - A Forties Field crude oil (dry & additive -
15  free) _

pH - - 2.0

temperature - 110°C

The process was thereafter repeated for the purposes of a control (baseline)

experiment in which the homogeneous formulation used contained 90 part by wt
20  sea-water and 10 parts wt Dequest® 2060S in the absence of a surfactant.

Trial (ii) was performed using a sandpack in a 1.524 metre (5 feet) metal
tube packed with Clashach sand. The pack was flushed with residual oil (using
Forties Field mainline fluid) and a sea-water flood was performed in the same
manner using the same temperatures (110°C) and the same flow rates as in

25 Example 5 above. In these experiments, the pre-flush data was obtained by
sequential additions of first an 8% by weight solution of the commercial surfactant
described above dissolved in sea-water (pH adjusted as required), shut in at 110°C
for 12 hours, followed by addition of a slug of scale inhibitor similar to that used
for baseline data without the surfactant. The baseline data were repeated using the

30 sandpack'but using 10% by weight solution of Dequest® 2060S in sea-water
adjusted to a pH of 2.0 but without the surfactant in order to make comparisons
with the sandpack more accurate.

| The results are shown in Table 2 below:
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used i n concepi+ati-ens—n
Control (Baseline) Pre-flush Middle Phase Homogeneous Phase
(Sequential Addition)
Pore Inhibitor Pore Inhibitor Pore Inhibitor
Yolume Conc Volume | Conc(ppm | Volume Conc
(ppm) | (ppm) -
2.04 1680 1.98 2240 198 1520
2.91 1120 2.84 2268 2.84 904
4.09 388 3.97 938 3.97 489
4.96 168 4.82 484 4.82. 278
5.84 92.6 5.96 196 5.96 108
7 43 7.09 84 7.09 52
7.9 25 7.94 54 7.94 30
8.76 20 8.79 32 8.79 20
9.92 14.4 9.9 22 9.9 1.4
11.97 12.2 11.91 12.8 11.91 11.6
14.84 8.4 14.75 10.4 14.75 8.4
18.1 7.4 18.15 8.4 18.15 5.8
20.12 7.4 20.14 8 20.14 6.4

10

16

Example 7:

This Example was carried out with a Tarbert core material using the
procedure described in Example 5 above and with a homogeneous mixture of the
surfactant and the scale inhibitor Dequest 2086 shown in the formulation below:

The inhibitor was used in a 4% by weight concentration and the mixture
was prepared in distilled water. Thus the full formulation used was:
15.7% w/w Dequest® 2086 in distilled water adjusted topH 2.0 -

Distilled water
Commercial surfactant formulation of Examples 1.2 above -

85 parts
7 parts
8 parts

The baseline data was obtained using Dequest 2086 in sea-water (at 15.7
% whw as supplied, corresponding to 5% w/w active material) adjusted to a pH of
5.45. The data shown in Table 3 is for a homogeneous formulation as when
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employed as described in Example 5 above.

The results are shown in Table 3 below:

TABLE 3
Control (Baseline) Homogeneous Formulation
Pore Volumes Inhibitor Conc Pore Volumes Inhibitor Conc
| (ppm) (ppm)
1.67 369.47 1.73 2256 -
4.18 65.12 3.97 3611
10.57 27.7 9.7 737
16.95 19.58 . 17.31 403
29.72 12.97 29.1 275
47.28 10.85 45.96 206
101.15 7.7 101.25 76
158.61 6.48 152 30
5
10
15

20
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or formation water, with a total salinity of eg 0-250g9/1 and
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Claims: _
1. A process for increasing the effectiveness of production chemicals by
reducing the number of squeezing and shut-in operations needed to increase the
* production rate from an oil well by inhibiting scale formation in said well, said
process comprising injecting into an oil-bearing rock formation a water-miscible
5 formulation comprising:
(@  awater-miscible surfactant which is an alkyltriglycol ether and
(b)  atleast one water-miscible oil field or gas field production chemical
comprising a scale inhibitor,

- under pressure and holding said formulation in said formation for a period to

10 achieve said shut-in thereby enabling components of said formulation to be
adsorbed by the oil bearing formation and act as a scale inhibitor, said components
of the formulation being introduced either as a pre-formed single homogeneous
composition, or simultaneously in parallel or sequentially in either order into the
rock forrnation. | _

15 2. A process according to Claim 1 wherein the surfactant comprises at Jeast
one alkyltriglycol ether which is present in the formulation in an amount ranging
from 1-20% by weight. '

3. A process according to Claim 1 or 2 wherein the alkyl group in the
- alkyltriglycol ether is straight or branched chain and has 3-6 carbon atoms. -

20 4, A process according to any one of the preceding Claims wherein the alkyl
group in the alkyl triglycol ether has from 3-5 carbon atoms.

5. A process according to'any one of the precediho Claims wherein the
alkyltriglycol ether is n-butyltn glycol ether (also known as triethylene glycol
mono-n-butyl ether).
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contains a high proportion of n-butyltriglycol ether.

1. A process according to Claim 6 wherein the by-product stream comprises

5  about 75% w/w of n-butyltriglycol ether, about 2.5% w/w of butyldiglycol ether,
about 19% of butyl tetraglycol ether and about 2% of butyl pentaglycol ether.
8. . A process according to any one of the preceding Claims wherein the
amount of production chemical used is in the range from 1-25% w/w of the total
formulation. | |

10 9. A process according to.any one of the preceding Claims wherein the
formulation is injected into the rock formation as a pre-formed single
homogeneous composition, said formulation being an aqueous solution containing
the two components in specific proportions so as to maintain the homogeneity of
the formulation.

15 10. A process according to any one of the preceding Claims wherein said
formulation is a homogeneous formulation comprising in an aqueous medium, (a)
at least one surfactant comprising n-butyltriglycol ether in an amount of 1-20%
w/w and (b) at least one oil field or gas field production chemical comprising a
scale inhibitor in an amount of 1-25% w/w. _

20 11.  Anprocess according to Claim § wherein the method of introducing an oil
field or gas field production chemical comprising a scale inhibitor and the
surfactant into a rock formation comprising oil and/or gas, which process
comprises passing a pre-formed homogeneous formulation of said production
chemical and the surfactant down a production well and then into the rock

25  formation. '

12. A process according to any one of the preceding Claims wherein the
formulation is a pre-formed single composition comprising the alkyltriglycol ether
and at least one production chemical comprising a scale inhibitor which
composition remains clear and stable over a range of temperatures from ambient

30 to at least about 45°C.

13. A process according to any one of the preceding Claims wherein said
formulation contains, in addition, other components including (i) other production
chemicals or (ii) cosolvents which enable the formulation to remain stable at
relatively higher temperatures or when the surfactant is used in concentrations in
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the upper quartile of the range specified and is substantially free of water-
immiscible components.

14 A process according to Claim 12 wherein the the cosolvent is a lower
aliphatic alcohol selected from methanol and ethanol.

15. A process according to any one of the preceding Claims 1-8 wherein each
of the components of the formulation when injected into the rock formation
seqﬁentially is in a homogeneous state whether used neat or as an aqueous
solution thereof.

16. A process according to any one of the preceding Claims wherein the
aqueous medium in the formulation is sourced from fresh, tap, river, sea, produced
or formation water, with a total salinity of eg 0-250g/l and has a pH of 0.5-9.

17. A process according to any one of the preceding Claims wherein sea water
is used as the aqueous medium and the formulation has an acidic pH in the region
of 0.1 to 6.0. .

18. A process according to any one of the preceding Claims wherein the oil
field or gas field production chemical is a scale inhibitor which is effective in
stopping calcium and/or barium scale formation.

19. A process according to Claim 17 or 18 wherein the scale inhibitor is a
water-soluble organic molecule with at least 2 carboxylic and/or phosphonic acid
and/or sulphonic acid groups.

20. A process according to Claims 17 or 18 uherem the scale inhibitor is a
monomer, oligomer or a polymer having at least one hydroxyl group and/or amino
nitrogen atom. '

21. A process according to Claim 19 wherein the scale inhibitor is an aliphatic
phosphonic acid with 2-50 carbons or an aminoalkyl phosphonic acid[s] each
bearing at least one methylene phosphonic acid group.

22.  Aprocess according to Claim 21 wherein the scale inhibitor is selected
from the group consisting of ethylenediamine tetra(methylene phosphonate),

diethylenetriamine penta(methylene phosphonate) and the triamine- and tetramine-

polymethylene phosphonates with 2-4 methylene groups between each N atom.
23.  Aprocess according to Claim 19 wherein the scale inhibitor is a
polycarboxylic acid selected ﬁ'om lactic acid, tartaric acids and poly(meth)acryhc
acid.

24. A process according to any one of the preceding Claims wherein the other
production chemical in the formulation is an inhibitor of:

i
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(i) corrosion,

(ii) gas hydrate formation,
(iii) wax, or

(iv) asphaltene deposition;

or, is a hydrogen sulphide scavenger or wax dispersant.

19

* c L M S *



PCT WORLD INTELLECTUAL FROPERTY ORGANIZATION

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TR

% i B —
(51) International Patent Classification § ; (11) International Publication Number: (- WO

AT 37, 41a (43) International Publication Date: 25 July. 1996 (25.07.96)

(21) International Application Number: PCTYGBO6/0DU45 | (81) Deaignated States: AL, AM, AT, AU, AZ, BB, BG,
CA, CH, CN, CZ, DR, DK, EE, ES, HI, GB, G
(22) Infernational Filing Date: 11 January 199qprﬁn.95) JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, 1&%

n;g
8553

2%
g
5
5
Sap
A
G
§i
28

(30) Priority .
9501021 19 January 1096’ (19.01.99) GB (AZ, BY, KZ, RU, TJ, T™), European patent (AT, BE,
9511483; _ 7 June 1995 go}da%) GB DE, DK, ES, GR, PT,

|
R
B
3
&
8
E
E
I

:
g
g
;
8
a8
2
:
E
5Bs

(71) Applicant (for all designated States except US): BP CHEM-
ICALS LIMITED [GB/GB) House, 1 Finsbury
Circus, London EC2M 7BA Published

(72) Inventors; and

(75) Inventors/Applicsnts (for US only: CHAPMAN, Richard,
George [GB/GB); 15 Willerton Lodge, Bridgewater Road,
Weybridge, Surrey KT13 OED (GB). COLLINS, Ian, Ralph
[GB/GB]; 39 Percy Road, Hampton, Middlesex TW12 2LD
(GB). GOODWIN, Stephen, Paul [GB/GB]; 61 Disraeli
Road, London SW1S 2DR (GB). LUCY, Andrew, Richard
[GB/GB}; 35 Main Street, Hotham, York YO4 3UD (GB).
STEWART, Nevin, John [GB/GB]; 16 Scillonian Road,
Guildford, Surrey GU2 SP8 (GB).

{74) Agent: KRISHNAN, Suryanarayanz, Kalyana; BP Intemational
Limited, Group Patents & Agreements, Chertsey Road,

Sunbury-on-Thames, Middlesex TW16 7LN (GB).

(54) Title: OIL AND GAS FIELD CHEMICALS
(57) Abstract .

This inveation relates to a process for increasing the effectiveness of production chemicals by reducing the number of squeezing
and shut-in operations needed to incresse the production rate from an oil well. The process comprises injecting into an oil-bearing rock
formation a water-miscible formulation comprising as components: (a) a8 water-miscible surfactant which is an alkyltriglycol ether and
(b) at Jeast one water-miscible oil field or gas field production chemical, said components of the formulation being introduced either as a
pre-formed single composition, or simultancously in paralle] or sequentially in either order into the rock formation via the production well.




