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ABSTRACT

Today, the use of gel polymerto prevent water production in oil and gas
wells is used extensively and many studies have been done in this field.
The present study is an investigation of the gels, which are used in industry
and in continuing the hydrolyzed polyacrylamide (PHPA) with cross-link
of chromium acetate (111 was examined as the most used and cheapest gel
polymer in the industry.

The effect of the hydrolyzed polyacrylamide (PHPA) concentration on
the time and strength of gel is studied. The Increase of PHPA concentra-
tion andcross-link increase the gel strength thereby the gel time is re-
duced correspondingly. Moreover the impact of reservoir factors on the
structure and the gel time is evaluated, temperature as the most influential
factor of reservoir causes the gel being made faster with shorter times. In
addition the impact of pH, pressure and salinity on the gel timeis studied.
The results show the use of PHPA with cross-link of chromium acetate
(1) is an effective method in reducing water generation.
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NTRODUCTION

One of the common problems in the develop-
ment of theoilfieldisproducing too much water,which
unwanted water production is caused to reduce the
effective permeability of oil thereby the efficiency
of ail is decreased. Oil wells are facing with the
increase of water production dueto variousreasons.
One of the most common reasons of water genera-
tionis pressure drop of reservoir dueto the produc-
tion. As aresult of this pressure drop, the contact
surface of oil-water goes up and reached to the pro-
duction well.

Thelimited capacity of theprocessing facilities,
environmental problems, increase of the corrosion
rate, sediment production areincluding of water pro-
duction problems? 1. Water production reduces the
economic lifetime of thewel 1, Thereare different
waysto prevent water productionin oil wells, which
aredividedinto two categories of mechanical meth-
ods and chemical methods. The mechanical method
islike to close by cement or metal objectsthat isa
sustained clamping and causes to closure the pro-
duced layer. Separation within thewell and changes
inthe generative dischargeor closethewell for sev-
eral daysis horizonta drilling* ¥, which is under-
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going a huge cost®. Chemical methods unlike ce-
menting methods and metallic objectsdon’t closure
the produced layer for permanentand it is a cheap
and readily available method. The chemica method
isthe use of the gel polymer. Gel polymers are cre-
ated based on a polymer and a soluble cross-link in
water after passing sufficient time®.

Gel polymers can be used to improve oil recov-
ery. Actualy the aim of the gelpolymer injection to
the oil wellsis decrease of relative permeability of
water without any change in the oil permeability
curve, athough it may effect from water saturation
on oil permeability!” 3,

Selecting the appropriate gel polymer for pre-
venting the production in oil wellsis dependent on
the reservoir conditions such as temperature, salin-
ity, permeability and lithology. This gel polymer
might be completely soluble in water to prevent the
sediment in the empty spaces of thereservoirt® 9,

Types of gel polymers

Gel polymersare madeby dissolving a polymer
and a cross-link in water after required time. Gen-
erated gel should have high rheological property and
also suitable strength, whichwould be resident in
injection time and facing with stresses?. Polymers
used inindustry are divided into two categories:

a) Synthetic Polymer

b) Bio Polymer

Synthetic polymers are used for high tempera-
ture and acidity when they are mixed with the ap-
propriate cross-link. The obtained gel from these
polymers is relatively low cost because the major
portions of the gel are being made by water. Poly-
acrylamide and copolymers can be noted among the
synthetic polymers, which are used in industry.
Biopolymers are insensitive toward divaent ions
and have high thermal resistance to synthetic poly-
mers. Being sensitiveto microbial attacksisthedis-
advantage of using the biopolymers. Biopolymers
areexpensiveand they are obtained difficulty to con-
trol thewater production. Hgzantan and polysaccha-
rides can be named as biopolymerg# 10 11 24 23],

Cross-link usedinindustry
As stated before the gel polymer is obtained by

adding cross-link to the polymer solution. Cross-
link causes the polymer chains are joined together
and a three-dimensional structure of the gel occur
and also the gel has more power and takes better
rheological property™®. The cross-link used in in-
dustry is divided into two categories:

a) Metalic

b) organic

Metal cross-link are such asboron, titanium, alu-
minum, zirconium, chromium(3), chromium(6), and
the organic cross-links are such as phenyl acetate,
hydroquinone, phenol, formaldehyde, hexamethyl-
enetetramine which each of them is selected accord-
ing to the conditions of reservoir and the used gel®
4,5,12]

Cross-link of chromium (3) and chromium (6)
have been used widely. Usage of chromium (6) is
not recommended dueto it is sensitive to hydrogen
sulfate and carcinogenic and toxic properties . An-
other reason for less use of chromium (6) is dueto
thedifficulty of controlling the gel time. Oneway of
solving this problem is adding reducer to the solu-
tion that convertsthe chromium (6) to chromium (3)
thereby cross-link is reduced and, lets the gel solu-
tion to penetrate into deeper regions of the reser-
VoI 1,

Chromium (3) is less toxic than chromium (6)
and used widely. In addition, chromium (3) isused
in high acidity conditionsbetween2to 12.5anditis
insensitiveto the carbon dioxide and hydrogen sul-
fatel®®,

The use of aluminum is recommended morein
accordance with its naturalness but it is used less
dueto it cannot control the cross-link.

Titanium and zirconium are less toxic toward
chromium (3) and have less sensitivity to shear
stress. Titanium and zirconium are used in the span
of the well?Y, The organic cross-links are suitable
for high temperatures. Cross-link links a covalent
bond with the organic polymer and the reason of its
sustainability at elevated temperatures is the cova
lent bonding. Moradi Araghi reported the stability
of the organic cross-link to upper 120 °C. Cross-
link of the formal dehyde and phenol isoccurred be-
tween carboxyl groups in synthetic polymers and
single cations but the main problem of phenol and
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TABLE 1 : Examples of organic and metallic cross-link gelpolymerd

Polymer Crosslinker Organic Or Metallic
PHPA Aluminum citrate Metallic
PHPA Chromium acetate Metallic
PHPA Sodium dichromate Metallic
PHPA Zirconium lactate Metallic
PHPA Glyoxal Organic
PAtBA Chitosan Organic

Hydroquinone/Hexamethyle- .
PAM }/nete?rami ne(HQ/HM TX) Organic
PTS’LMPANI?/IA \'\//I FE) S Pheny! acetate/HMTA Organic
PAtBA PEI Organic

formaldehyde is toxicity and carcinogenic prop-
ertyl®, TABLE 1 shows types of organic and
metalliccross-links and their used polymer.

Selection of the gel polymer and appropriate
cross-link

Selecting the appropriate gel polymer for pre-
venting thewater productionin oil wellsisthe most
important step in this operation. The gel polymer
should be selected according to the environmental
and repository conditionsand it should havethe con-
sistency inside the reservoir. The hydrolyzed poly-
acrylamide (PHPA) with cross-link of chromium
acetate ( has demonstrated a better performance
among all of the used gel polymers® 3. Thereby in-
vestigation of the PHPA with chromium acetate is
studied.

By dissolving a certain concentration of the
PHPA inwater and then adding a certain concentra-
tion of chromium acetate( (toward PHPA to cross-
link, usually 1:40 is more appropriate®) after a pe-
riod of time athree-dimensional network gel poly-
mer is produced.

The PHPA ismade by adding astrong base such
as sodium hydroxide to polyacrylamide at a certain
temperature (about 60-80 °C) (Figure 1). The de-
gree of hydrolyzed is a very important parameter
and indicatesthe density of the polymer. The hydro-
lyzed degree is defined as the proportion of car-
boxyl groupsdivided to thetotal number of carboxy-
late and amide groups. If apolymer hasthe high de-
gree of hydrolyzed it indicates a strong interaction
between polymer chainsand available cationsin the

solvent!™- 18, ThePHPA is containing carboxyl groups
and when the chromium acetate is added to thesplit,
due to the weak bonding of ligand and chromium
acetate, chromium is separated from its ligand and
links with carboxylate group and controls the gel
timelt 4,

Effect of polymer concentration on the gel time

Polymer concentration for making the gl iscriti-
cal and should always obtain the minimum polymer
concentration for proper gel. There are different
ways to measure the various properties of gel poly-
mer; one of the used methods isthe bottletest. This
method is offered by Sydansk!*® and it is a cheap
and fast method. The formation of the gel is deter-
mined by the codes between A to |. The code of A
indicates non-formation of gel or it isthe gel lubri-
cant and thecode of | represents gel formation of
three-dimensional . With study of conducted experi-
mentsit isidentified that the increase of PHPA con-
centration decreasethe gel time and increase the gel
strengthl2 11.8.5.4.3.1 Polymer concentration should
be adjusted in such a way thatthe gel would be
formedat the time between 4 to 24 hourg*”.

Effect of the cross-link concentration on the gel
time

Cross-link givesbetter physical propertiesto the
solution which close the porous media easier and
protects the gel against destruction. Cross-link,
causesthe bond between the polymer chainsand in-
crease the molecular weight of solution and gives
better rheological property to the gel. (Figure 2)
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Figure 1 : Conversion of PHPA to polyacrylamide by a strong foundationsuch as sodium hydroxide at a tempera-

ture between 60-80 °C

Chromium acetate iscompletely solvent in water and
by adding the cross-link to the solution; the lubri-
cant gel is become non-rigid motion and makes a
three-dimensional gel network occur. The speed of
the gel increases with the increase of cross-link of
chromium acetate and the gel time decreases thus
the power and strength of the gdl increasd 19, Large
increase of cross-link causing the polymer molecules
get closer to each other and thenthe gdl shrinks, which
this causes the gel strength weaker thus the gel sy-
neresis is occurred=,

Effect of reservoir factorson the gel polymer
Theinfluenceof temperature

Temperatureisakey factor to preventing the pro-
duction of water and the gel timeisaffected severely.

The increase in temperature increases the molecu-
lar mobility or the formation of new construction
and the access of cross-link to the polymer is be-
come longer thus the gelation made faster. The gel
time depends on the temperature according to the
Arrheniusequation 1:
Eﬂ
GT = Mexp (ﬁ) )
GT: gelation time (hr); E,: activation energy
(kilo joules/ mole/ K); R: universal gas constant;
T: temperature of the gelation according to the
Kelvin; M: Frequency coefficientin terms of hour
According to the above equation, the gel time
decreaseswith theincrease of the temperature (Fig-
ure 3)15 18, PHPA is affected by hydrolysisat higher
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Figure 2 (a) : The polymer before cross-link reaction,
(b) The polymer aftercross-link reaction!
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gel strength is decreased.
Effect of the acidity

Gel polymersareformed inawiderangeof acid-
ity. It isformed in the acidity range of 4 to 10.5 and
with increase of the acidity in this range the gdl is
formed faster, and the gel viscosity increasesand in
higher amounts of acidity of 10.5 due to additional
generation of cross-link,the excessive reactions oc-
cur and causes a el ectrostatic amplitudein length of
polymer chain, which increasesthe gel time but the
gdl strength decreases™*9. |n acidic system the gel
viscosity increasesinitially, but after aperiodof time
it starts to decrease®.

Effect of salinity on thegel polymer

Oneof themaininfluencing factorsonthegel is
the present of saltsinthereservoir. With increase of
the capacity of singleionsof sodium and potassium,it
iscollected around the carboxyl groupdueto having
the positively charged,which this causes the shrink-
age of the polymer chain andcoilg. The presence
of calcium and magnesium captions has a negative
effect on the gel. Water that are containing calcium
and magnesium caused athree-dimensiond gel struc-
ture becomes precarious and reduce the strength of
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Figure 3 : The effect of temperature on the gel time at different acidity®

temperatures of 100 °C, the increase of hydrolysis thegel network dueto thereaction between carboxyl
causesthe water getsout of the gel structureandthe  groupswith the negative charges of the polymer and
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divalent captions and even may cause the polymer
to be deposited. The presence of divaent ions in-
creases the gel time®22,

The effect of pressure on gel polymer

Pressure does not influence the gel strength.
Sydansk has found the gel speed isaweak function
of pressure and the speed of the gel might not change
with the pressure. Pressure can be neglected in front
of other parameters®.

CONCLUSION

1 —The use of gel polymer is caused to close the
way of water production while oil is produced
from the samelayer.

2 —The system of hydrolyzed polyacrylamide
(PHPA)with cross-link of chromium acetate (is
considered as an effective and cheap method
compared to other known chemical methods to
prevent water production.

3 - System of the PHPA with chromium acetate(in
front of the reservoir factors, such as pressure,
temperature and salinity showed less sensitivity
toward other chemical methods.

4 - Gel time of the PHPA system with cross-link of
chromium acetate(is decreased by
temperatureand has little effect on the gel
strength.

5 —The gel is formed in rangacidity between 4 and
10.5 but in the acidic environment its viscosity
decreasesafter a while.

6 —The single valence ions decreases the gel time
and the gel strength isalso reduced.
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