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CAUSES AND ANALYSIS OF WATER ENCROACHMENT OF SOME OFFSHORE
FIELDS PRODUCTS OF AZERBAIJAN

Abstract. The results of researches of the water encroachment of some offshore fields (Neft Dashlary,
Guneshli, Pirallahi, Darwin Banka, Apsheron Banka, Western Apsheron, etc.) of the Republic of Azerbaijan,
most of which are at a late stage of development, have been presented. These fields are represented by
weakly cemented and loose reservoirs of heterogeneous structure, in which there is an uneven fluid flow.
Water breakthrough occurs through high-permeability layers, and layers with low permeability are involved
in development to a less extent. Subsequent attempts to involve them in the development process cause
an irrational increase in the volume of injected water, which leads to product encroachment. The type of
reservoir, characterized by the presence of fracture zones, contributing to the flow of water from the aquifers
to the producing wells, as well as improving their hydrodynamic connection with the injection wells, also
contributes to the growth of the rate of watering. The geological and technological reasons for the water
encroachment have been determined. The heterogeneity of the above mentioned deposits has been proven.
It is indicated that an additional reason for the early water encroachment of production wells is the violation
of the annulus tightness. Maintaining high rates of oil production is achieved by bringing in new production
wells, while most of the watered wells are retired from operation without having exhausted their potential.
It is proposed to carry out the measures that will ensure isolation of the most washed out zones and depleted
areas of the main productive layer of the field. Methods of selective water isolation and flow diversion
technologies should be carried out, first of all, in wells with an increased density of current reserves in order
to obtain additional oil production and increase the oil recovery factor, as well as in wells with a high fluid

flow rate.

Key words: oil, injection wells, profile alignment, depression, tightness of the annulus, weakly cemented
and loose reservoirs, water encroachment rate, efficiency of repair and isolation works

Introduction. The main deposits of the
Republic of Azerbaijan have entered the late stage of
development, which is accompanied by a high water
encroachment in well production, with significant
reserves of residual oil. Large volumes of associated
water dictate the use of additional energy resources.
This forces oil companies to implement large-scale
methods of enhanced oil recovery and take measures
to limit the production of associated water. To reduce
the water encroachment of the well production, the
technologies of profile alignment of the injectivity of
injection wells and repair - isolation works (RIW) in
production wells are usually used. Taking into account
the massive water encroachment of products and the
rise in prices for field geophysical research, there is a
need to search for simple and cheap methods.

The nature of the water encroachment of
the produced products is influenced by many
factors related, on the one hand, to the geological
structure and reservoir properties of the layer the
physicochemical properties of oil and displacing
fluid, on the other hand, to the used well placement
system, the technology of their construction, and
operating modes. Under the conditions of increasing

depressions, a large number of wells are flooded
due to water breakthrough through individual high-
permeability layers of the developed object, violation
of the tightness of the annular space, and also due to
pulling up the bottom water cones. In addition, many
oil deposits have water-oil zones and wells located
in these zones, from the very first days of operation,
they begin to give watered production. Premature
watering of wells reduces the final oil recovery
and causes large unproductive costs for production,
transportation of associated water and for the fight
against corrosion of production equipment [1,2].
Methods. From the point of view of water
encroachment the fields of the Apsheron Peninsula
and a number of offshore fields, represented
by weakly cemented and loose reservoirs of
heterogeneous structure, in which uneven fluid flows
are observed, are of interest. Water breakthrough
occurs through high-permeability layers, and layers
with low permeability are involved in development
to a less extent. Subsequent attempts to involve
them in the development process cause an irrational
increase in the volume of injected water, which leads
to water encroachment in the production. The type of
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reservoir, characterized by the presence of fracture
zones, facilitating the flow of water from the aquifers
to the producing wells, as well as improving their
hydrodynamic connection with injection wells [3],
also contributes to an increase in the rate of watering.

Field and analytical studies show that the main
geological and physical factors that determine the
anticipatory watering of oil wells are:

- high ratio of the viscosities of reservoir oil and
injected water;

- permeable heterogeneity or fracturing of the
formation, causing the early breakthrough of the
injected water to the producing wells;

- the water-floating nature of the reservoir with
a small thickness, or in the absence of a clay bridge
between the differently saturated parts of the section,
which causes the wells to be flooded with bottom
water through behind-the-casing flows or coning of
oil-water contact

- Leakage of the production string or the well
bottom.

The negative effect of the permeable
heterogeneity of the reservoir on the efficiency
of water flooding is also enhanced by capillary
forces (their effect increases with a decrease in the
permeability of productive rocks), the swelling of
clay cement of productive rocks in contact with the
injected water, clogging of the bottom hole formation
zone of injection wells with mechanical impurities

[4].

Research. For 2016-2020, the results of the
repair and insulation works (RIW) of “Neft Dashlary”
OGPD were studied. During this period, 103 repair
and isolation works were carried out at the "Neft
Dashlary" field, the data on the horizons of which are
presented in Fig. 1.

6
6

6

5,4
4

4
3
2
1

((,

Number of RIW

—u

N

4\*‘\** S <<‘<9’<<<c
IS SEEIFS S

Horizons

Fig.1. Distribution of RIW by horizons for the
period 2016-2020 at the "Neft Dashlary" field

As it is seen from figure 1, most of the RIW were
carried out in water injection facilities (VIII, IX, X,
PF, UG2) and lower horizons (UG1, UGz, UGs, UG4).

The effectiveness of the RIWs carried out for
2016-2020 was presented in Fig. 2.

At the Neft Dashlary field, there are 371 wells
in the operating fund. In most of them, there is an
intense manifestation of water.

Watering of well production during operation

is an expected process. Attention is drawn to the
fact that, due to objective and subjective (long-term
operation of overpasses and their failure) reasons,
it is impossible to fight against encroachment, and
this leads to incomplete use of potential oil and gas
production rates.
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Fig.2. Efficiency of RIW by years for the period
2016-2020 at the "Neft Dashlary" field.

All this in the future may adversely affect
the technical and economic indicators during the
development of the field. In addition, watering of
products leads to accelerated corrosion of down hole
and surface equipment and becomes the reason for
their premature failure.

Figure 3 shows the distribution of the operating
well stock (371 wells) by the degree of water
encroachment.
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Fig.3. Distribution of the operating well stock by the
degree of water encroachment.

In the period from 2016-2020, 1630 tons of oil
were additionally produced due to the regulation of
water inflow by the elastic-strength mass (ESM). The
data of this event are shown in figure 4.
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Carried outresearches show that the primary cause
of well failure is water containing corrosive elements,
produced together with oil. These aggressive media
include sulfur and hydrogen compounds, hydrogen
sulfide (H=S) and carbon dioxide (CO2), as well as
salts dissolved in formation water.

At the 28 May OGPD, two fields are being
developed - Guneshli and Zhiloy. For 2016-2020,
the results of the repair and insulation works (RIW)
were studied. During this period, 77 RIW were
carried out on the Guneshli field, and 39 RIWs on the
Zhiloy field. Repair and insulation works carried out
during this period are shown in Figure 5.
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Fig.5. RIW conducted for the period 2016-2020

The collected field materials indicate that the
efficiency of the exploration and survey work carried
out for the period 2016-2020 was: at the Guneshli
field -53-77%, at the Zhiloy field -0-50% (Fig.6).

80

77

70 #71 70
464

+ Guneshli
m Zhiloy

L 20
—
B
25
0 Bo
W16 2017

2018 2019 2020

Years

Fig.6. The efficiency of the conducted RIW for the
period 2016-2020 at the Guneshli and Zhiloy fields
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Fig.7. Distribution of RIW for the Guneshli field.

Since the efficiency of RIW for the Guneshli and
Zhiloy fields varies in a large interval, the efficiency
of RIW for individual horizons was analyzed. The
distribution of RIW for the Guneshli field is shown
in figure 7. As it can be seen from figure 7, most of
the RIW falls on horizons IX, X and the Formation
Pererive (FP).

At present, Ausheronneft Oil and Gas Production
Directorate develops the Pirallakhi, Darwin Banka,
Gyurgyan-Sea, Western Apsheron and Apsheron
Banka fields. The analysis of RIW was carried out at
these fields for the period 2016-2020. The dynamics
of RIW changes is shown in figure 8.
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Fig.8. Dynamics of RIW changes for the period
2016-2020
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According to figure 8, over the past 5 years, there
has been an increase in RIW performance.
At Apsheronneft OGPD for the period 2016-
2020, the results of overhaul are presented in the
table 1.

Table 1
Overhaul results at Apsheronneft OGPD for the
period 2016-2020

Serial | Years | GTM | GTM Cement
number name | quantity | consumption,
t
1 2 3 4 5
1 2016 |RIW |24 48
2 2017 |-//-1/- |23 69
3 2018 |-//-//- |38 90
4 2019 | -//-//- |22 85
5 2020 | -//-//- |26 60
X 133 352
= Measures 2
w =
512 9 &8
TG < B ko) 'Q ‘: —g =
555|282 Se
©wel=358 factual | efficiency | < &3
6 7 8 9
1 conventional | 24 11 3995
cement used
during 24
measures
2 conventional | 23 12 3337
cement used
during 23
measures
3 conventional | 38 21 5160
cement used
during 38
measures
4 conventional | 22 10 3400
cement used
during 22
measures
5 conventional | 26 15 3500
cement used
during 26
measures
) 133 133 69 9392

As it can be seen from Table 1, 133 RIW
performances have been held. 69 of the measures
taken were effective. In most of the activities carried
out, conventional oil well cement was used for RIW,
and a small amount was made by other compositions
(polymer-cement mortars based on Laprol). The
effectiveness of the measures taken was 51%.

An additional reason for the early watering of
production wells is the violation of the tightness of
the annulus. Maintaining high rates of oil production
is achieved by bringing in new production wells,
while most of the watered wells are retired from
operation without exhausting their potential.
Carrying out regular activities for monitoring the
development allows timely to identify the causes of
annulus overflows. High-quality repair and isolation
works can extend the service life of old wells and
significantly reduce operating costs.

Conclusion.

1. Efficient exploration and survey work in
producing wells should be the priority types of
measures to ensure the design indicators of oil
reserves recovery.

2. Technological measures should ensure the
isolation of the most washed out zones and depleted
areas of the main productive layer of the field
through the development and implementation of
new water-insulating compositions and technologies
that ensure the limitation of the mobility of reservoir
and injected waters and a change in the directions of
filtration flows.

3. Geological and technological measures for
the use of selective water isolation methods and flow
diverting technologies should be carried out, first
of all, in wells with an increased density of current
reserves, in order to obtain additional oil produced
and increase oil recovery factor, as well as in wells
with a high liquid flow rate, indirectly confirming
the presence in the productive perforated interval of
a watered high-permeability interlayer and indicating
the potentially high efficiency of geological and
technical measures in terms of reducing the volume
of associated water.
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C.I'. HoBpy3oBa, (I)apm Dukper AXMeIl, 9.B. I'npamosa
O3zipOaiikan MyHall koHe @HEpKaCcill MEMIIEKETTIK YHUBEpCUTeTi, baky, O3ipOaikan
E-mail:: sudaba.novruzova@mail.ru,

93IPBAIYKAHHBIH KENBIP TEHI3 KEH OPBIHJIAPBI OHIM/IEPIHIH CYJIAHY
CEBENTEPI MEH TAJIJJAVBI

AHHoTauus. O3ipbaitkan Pecrryonukacsinbin keioip TeHis ken opeinnapbis (lammapet Hedri, [tonemm,
[Mupannaxu, J{apsun banki, Anmepon 0anki, barbic AnmiepoH aHe T.0.) CyIaHIbIpyAbl 3epTTey HOTHKENepi
YCHIHBUIFaH, ONApAbIH KOIUIUIri MrepylaiH Kell caTbIChiHAA. byl KeH OpBIHAApBl KYPBUIBIMBI JKaFbIHAaH
OipTekTi emec, 9JCi3 LIEMEHTTENTeH oHe OOpIbUIIAK KOJUIEKTOPJIApMEH YCBIHBUIFAH, OJlap/a CYHBIKTBIK
aFbIHJApBIHBIH OipKenki emecTiri Oaiikananpl. CyablH >KOFapbl ©TKI3TII KadaTTapaaH eTyi OaliKaialsl, ai
OTKI3TIIITIIT TOMEH KadarTacynap a3 Jopexkene namyra Karbicansl. Onapisl o3ipiey NpoLeciHe TapTyIblH
KEHiHr1 opeKeTTepl aijanaTblH Cy KeJIEMiHIH MppaldoHalAbl ecyiHe okeneai, OyJ eHIMHIH CylaHyblHa
okeneni. CynaHaplpy KapKbIHBIHBIH ©CYiHE KOJIJIEKTOP TYPi A€ BIKIAaJ eTelli, OJ CyJbl KadaTTapiaH eHAipyIi
YHFBIMAIAPFa Cy/IbIH af ybIHA, COH/IAH-aK OJAP/IbIH ali/ay YHFhIMATAPHIMEH THIPOIHHAMHKAIIBIK OailaHbICBIH
KaKcapTyFa BIKIaJ €TeTiH JKapbIKIIAKThl alMaKTapIbIH OONyBbIMEH CUIIATTANIAAb], CYJTaHyAbIH Te0JIOTHSIIBIK
KOHE TEXHOJIOTHSUIBIK cebentepi Oenrineneni. XKorapbina aranraH KeH OPBIHIAPBIHBIH T'€TEPOTSHILIIT
JPnenaeHal. OHAIpyI YHFBIMAIapIblH OHIMICPIH epTe CylIaHIbIPYAbIH KOChIMIIa ceOebi-0araHanaH ThIC
KEHICTIKTIH THIFBI3ABIFBIHBIH OY3bUTybl. MyHall @HAIPYIiH *KOFapbl KAPKBIHBIH YCTal TYpyFa *KaHa eHAipyLi
YHFpIManapIsl Maiiaananyra Oepy apKbUIbl KOJ JKeTKi3iiemdl, OyJl peTTe CynaHAbIPbUIFaH YHFbIMalapAblH
KON 63 aleyeTiH capKbUuIMacTaH NaijalaHyJaH IIbiFaasl. EH Kell KybUIFaH aiiMakTapbl )KoHE KeH
OPHBIHBIH HETi3r1 eHiMAlI KaOaThIHBIH Ka3blIFaH ydyacKeJepiH OKIIaylayasl KaMTaMachl3 €TETiH OKIuaysay
ic-1IapanapbiH KYprizy ycblHbUIaAbl. CeJIeKTUBTI Cy OKIIayliay >KOHE arbICThl TOKTATAaThIH TEXHOJIOTHIIAP
ozicTepi, €H ajIpIMEH, KOCBIMIIA OHIIPUIreH MyHal amy >KoHe MyHal ainy Kod(QQHLUUEHTIH apTThIpy
MaKcaTbhIH/a aFbIMIaFbl KOPJIApAbIH THIFBI3IBIFBl KOFAphl YHFbIMaJap/a, COHIAH-aK CYHBIKTHIK OOMbBIHIIA
neOUTI KOFapbl YHFbIMaJIap/a Y3€ere achbIpblIybl THIC.

Tyiiin cesep: MyHaii, aiiiay yHFbIManapel, [Ipoduneai TeHecTipy, nenpeccus, OaraHa CHIPTHIHIAFBI
KEHICTIKTIH TePMETHKAaJbIFbl, 9JICi3 IIEMEHTTENICH JXOHE OOpPNBULAAK KOJUIEKTOpJap, CyJdaHy KapKbIHBI,
KOH/ICY-OKIIayJay >KYMbICTAPbIHBIH THIMILIIT.

C.I'. HoBpy3oBa, ®apu3 ®ukper Axmen, J.B. 'anamosa
AzepOaitmxanckuii [ocynaperBennsiii Yausepeutetr Hedru u [Ipombinennoctu, baky, AsepoOaiimkan
E-mail:: sudaba.novruzova@mail.ru,

HNPUYNHbBI U AHAJIN3 OBBOI[HEHHOCTUI/I IMPOAYKIIUN HEKOTOPBIX
MOPCKUX MECTOPOXKJAEHUU ASEPBAUTZKAHA

AnnoTtauus. [IpencraBieHsl pe3ynbraTsl UCCaeJOBaHUK 00BOJHEHHOCTH HEKOTOPBIX MOPCKHX MECTO-
poxnennii (Hedrt Jdamumapsl, tonenuy, [Iupannaxu, banka Japsuna, banka Anmepon, 3anaaneiid Armie-
POH U T.1.) A3epOaiimkanckoii PecriyOnuku, OOJIBIIMHCTBO U3 KOTOPBIX HAXOISATCS Ha MO3/AHEH cTauu pa3pa-
0OTKH. DTH MECTOPOXKIICHHS, TPEACTABICHHbIE HEOJHOPOIHBIMH 110 CTPOCHHUIO CJIa00CIIEMEHTHPOBAaHHBIMU
U PBIXJIBIMH  KOJUIEKTOPaMH, B KOTOPBIX HAOIIOMACTCsl HEPABHOMEPHOCTD IMOTOKOB KHUIAKOCTH. [Iponcxonut
IIPOPBIB BOABI 10 BBICOKOIIPOHUI[AEMBIM IIPOILIACTKAM, a IIPOILIACTKU C MAJIOW IIPOHULIAEMOCTBIO BOBJIEKA-
I0TCsl B pa3paboTKy B MeHbIIeH creneHu. [locaenyronme monbITKH BOBIEYEHUSI UX B TPOLIECC Pa3pabOTKH
BBI3BIBAIOT HEPALMOHAIBHOE YBEJIMYEeHHE O0BEMOB 3aKauMBaeMOM BOABI, YTO W MPUBOJAUT K OOBOAHEHHIO
nponykuuu. Pocty TeMrnoB 0OBOJHEHUS CLIOCOOCTBYET U THIT KOJUIEKTOPA, XapaKTePU3YIOMIUNCS HaluuueM
30H TPEIIMHOBATOCTH, CIIOCOOCTBYIOLIMX NEPETOKY BOJ U3 BOJOHOCHBIX TOPH30OHTOB K JTOOBIBAIOIINM CKBa-
JKUHAM, a TAKXKE YIIYUIICHUIO UX TUAPOJAUHAMUYECKOMN CBSI3U C HATHETAIOUIUMU CKBAKUHAMU. YCTAHOBIIEHBI
re0JIOTHYECKUE U TEXHOIOTHYECKHE IPUUMHBI 00BOAHEHHOCTH. JloKa3aHa HEOAHOPOAHOCTD BBIILICYTIOMSIHY-
TBHIX 3aJIe)Ked. YKa3aHo, 4TO JOMOJHUTENBHON NMPUUMHON paHHEro OOBOIHEHMS MPOAYKLUUHU JOOBIBAIOIINX
CKBAJKHH SIBIIIETCS HapyLIEHUE I€PMETHUYHOCTH 3aKOJOHHOIO IpocTpaHcTBa. [lognepxaHue BBICOKUX TEM-
OB 100BIYHM HE(TH JOCTUrAETCS BBOJOM B AKCILIyaTAIL[MIO HOBBIX JOOBIBAIOIINX CKBa)KUH, IIPH STOM 00JIb-
LIMHCTBO OOBOJHUBIIMXCS CKBAYKMH BBIOBIBACT M3 KCIUTyaTally, He ncuepriaB cBoii moreHumai. [Ipeanara-
eTcs NPOBEJCHNE H30JIIUOHHBIX MEPOIIPHUATHI, KOTOpbIe o0ecredaT N30S0 Han0oIee IPOMBITBHIX 30H U
BbIpa00TaHHBIX YYaCTKOB OCHOBHOTO MPOAYKTUBHOTO IJIaCTa MECTOPOXKACHUS. MeTObl CETIeKTHBHON BOIO-
H30/IS1UU U [IOTOKOOTKIIOHSOIUX TEXHOJIIOTUH JOJKHBI OCYIECTBIISATHCS, B IEPBYIO OUEPE/Ib, HA CKBAXKUHAX
C TOBBIIICHHOW MJIOTHOCTBIO TEKYILMX 3alacoB, C LEJNbIO MOJYYEHHUs! JOMOJIHUTENBHO JOOBITONH HeQTH M
yBEIMUCHHS KOAPPHULINEHTA U3BICUEHUS HEPTH, a TAK)KE Ha CKBAXKUHAX C BEICOKUM JICOUTOM IO )KUAKOCTH.
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KiroueBbie cioBa: HeTh, HarHETATEIbHBIC CKBa)KWHBI, BRIPABHUBAHHE NPOQUIIS, JCIPECCUH, TepPMETHY-
HOCTH 3aKOJIOHHOTO IMPOCTPAHCTBA, CIa00CIHEMEHTUPOBAHHBIC U PHIXJIBIE KOJJIEKTOPA, TeMIT OOBOIHEHUS,
3¢ (EeKTUBHOCTh PEMOHTHO-U3O0ISIIHOHHBIX PA0OT.
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