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Abstract. The work is aimed at analyzing the efficacy of eorery enhancement technology
by treatment of the bottom-hole zone of Potochrftd. Such technologies become a must, if
there is a possibility of dissolution of rocks ¢ereents that sediment and reduce permeability.
When developing a bottom-hole zone, the choicesafients taking into account all reservoir
conditions and the properties of its fluid shoudddeientifically justified. The results presented
in this work are used when planning and implementéthnologies for enhanced recovery by
treating the field bottom-hole zone. The reseamdlyaes laboratory experiments mimicking
the conditions of Potochnoye field. We have studieel core samples of Uryevsk (zones
YuV1, AB13 and Ach2) and Severo-Potochnoye (zone6BYlelds and their reaction to
chemicals. Compound Eltinoks/1.2 was found to hkoxe corrosion activity in reservoir
conditions, correspond to requirements to iron @ohtind stabilization, be compatible with
water and completely suitable for operating coodgi of Potochnoye field. In addition, the
work considers the efficacy of the technologies emehpounds for separate zones, which were
used to make recommended compounds accountinghéorcampatibility of reagents with
reservoir water, core solubility and compatibilitith oil.

1. Introduction
Technologies for enhancing recovery by treatmeridatfom-hole zone are widely used for increased

oil recovery; they allow extending the coveragedefrelopment of nonuniform reservoirs having a
large number of unwashed zones. Existing experideogonstrates that the treatment of the bottom-
hole zone, which affects the reservoir, appreciabigroves oil recovery [1]. This effect can be
produced when treating the reservoir by hydrodyeathermal and physicochemical methods.

The possibility of increased reservoir fluid recovgrows substantially when using new highly
effective equipment and technologies. The physientbal treatment concurrently provides filter
cake removal and dissolution of asphaltene sedsnenthe bottom-hole zone and allows increasing
the production rate of low-production payzones @iimgy of clayish reservoirs due to recovery of
reservoir porosity and permeability through clegnamd spread of existing channels and occurrence
of new ones, stabilization in remote areas of tb#on-hole zone and along the whole perforated
stratum.

2. Materialsand Methods
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Obtained results discussed in the paper are pdtify the methods of core sample composition gstin
under conditions ultimately close to those in tieddf also, the data before and after implementatio
of technologies were compared. The field data weoeessed on a personal computer using well-
known and tested analytical methods. The developedmmendations were tested at oil field and
demonstrated positive technological effect.

The results presented in this work are used whannihg and implementing technologies for
enhanced recovery by treating the field bottom-lzolee.

3. Resultsand Discussion
Let us investigate the results of recovery enhaecetechnologies using treatment of the bottom-hole
zone of Potochnoye field [2].

From the start of development using production svalf Potochnoye field zones, 216 well
operations were carried out involving field botttwwle zone. The well operations involved the
following wells: 125 production wells, 1 drilled We50 idle wells, 21 suspended wells, 19
piezometric wells.

The success ratio was 87%, total incremental oitlpetion amounted to 288.05 kilotons, average
effect duration is 275 days, average incrementalaté is 5.2 tons per day, specific effectivenigss
1334 tons per well operation or 5.1 tons per dée affect persisted in 31 wells stimulated from200
until 2011.

According to Fig. 1, the majority of activities wperformed in 2011, 2010 and 2009 (39, 33 and
32 treatments, correspondingly). There were nartreats in 1984, 1985, 1986, 1989, 1992, 1993,
1995 and 1996. Maximum volume of incremental oddarction was in 2010 (56.2 kilotons), while in
1983 and 1990 there was no any.

Treatment of bottom-hole zone on Potochnoye fieldswperformed using the following
technologies and compounds (Fig. 2):

— Technologies for bottom-hole zone treatment i{G€L19 well operations);
hydrochloric treatment (HCT) (36 well operatipns
mud-acid treatment (MAT) (32 well operations);
acid microemulsion (AME) (8 well operations);

Eltinoks compound (7 well operations);
Hydrovibration treatment (HVT) (2 well operatg)n
Aksis compound (1 well operation);

— vibrowave depression-chemical impact, VDCI (1l wperation).

For 10 wells, there is no information on compouunsisd.

The majority of treatment operations were made Zones A\, and Ach (112 and 52 well
operations, correspondingly). The next group inetudones BY BVg and BVi, (27, 14 and 9 well
operations, respectively) (Fig. 3). For each ofemB\; and Yu\4, 1 well operation was performed.

In general, the volume of incremental oil producticorresponds to the number of treatment
operations; there is nearly linear dependence laestireem [3].

For 36 well after bottom-hole zone treatment, tbevml hole pumping equipment was optimized.
On the ground of calculated effect from equipmdrenge and chemical bottom-hole zone treatment,
we have established that:

— for 4 wells (nos. 937, 878N, 104N, 892N), thehtelogical effect was conditioned by
optimization of down hole pumping equipment;

— for 11 wells (nos. 1677, 1729, 589, 101, 270949, 137N, 1688B, 1677, 456, 198), the effect is
combined (change of down hole pumping equipmentdtton-hole zone treatment);

— for 21 wells (nos. 780, 972N, 408N, 1962N, 9B333N, 730T, 130N, 456, 516, 1927N, 898N,
1055, 1926N, 108T, 2203, 958, 108T, 345N, 105N, 178%),effect is conditioned only by chemical
bottom-hole zone treatment.
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Figure 2. Distribution of incremental oil production and nioen of operations according to

technologies/compounds

As a result of comparison of operation regimes pérating wells before and after bottom-hole

zone treatment, we have established that:

— for 195 wells there is incremental fluid raterfr 2 up to 344.29 tons per day; for 8 wells the
fluid rate changed little (up to 2tons per dafgr 13 wells the rate decreased. Thus, from the
perspective of incremental fluid rate, the treath®eitcess amounted to 90%.

— for 151 wells the water cut increased up to 98%10 wells it did not change; for 55 wells the

water cut decreased down to 52%. We cannot dishasgasons for water cut decrease due to lacking
studies of flow profile before and after the treatihoperations. Presumably, the water cut decreased

due to changed flow profile [4].
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Figure 3. Distribution of incremental oil production and nioen of operations according to zones

From 1982 to 2006, for 27 wells of Potochnoye figleke incremental oil rate was less than 1 ton
per day because of water cut along highly permeatitrlayer by underlying or injected water,
clogging of porous space by reaction products, liveiig failure and untimely repair works [5, 6].

Over 2007-2011, bottom-hole zone treatment hadffeateon incremental oil rate only for one
well. This well was suspended from September 1988 dune 2008; after pumping equipment repairs
and field geophysical tests it was put into operatvith average monthly production of 1.8 tons per
day. The main reason for low success of the treatmas water breakthrough (WBT) from the
reservoir border zone along the highly permealikrlgyer after installation of large horse-head pum
on the well. The WBT is proved by settled well dyna head before its shutting-in (901 m), which is
larger than in the first month after bottom-hol@edreatment (1430 m).

The distribution of technological parameters inaregto the technologies used on Potochnoye field
is shown in Table 1.

In laboratory testing for conditions similar to Bchnoye field we studied core samples from
Uryevskoye (zones Yuy AV,® and Ach) and Severno-Potochnoye (zone B\eposits and the
effect of reagents on them (Table 2).

The most conclusive and closest to field conditiese tests of compounds on core samples [7].

To assess the acid composition, we determined toeipatibility with reservoir water, corrosion
activity, core sample solubility, stabilizationiobn ions, prevention of formation of acid-oil ersigin
fluids, dispersion of asphaltene-resin-paraffinagys, high permeability and increase of core sampl
phase behavior.

Table 1. Distribution of technological parameters in termisechnologies used in zones of
Potochnoye field

Technologies and compounds

Other
bottom-
Zone Gely HCT MAT AME SOkt Aksis  vbcl o€
S zone
treatmen
t
O 7569 2350 2160 812 006 are 0.20 - 0.62
N 64 18 16 5 1 - 1 - 7
AV, 1 285 277 257 507 15 - 72 - 87
Aguc 571  3.49 284 414 420 - 2.35 - 503
K, 118  1.31 135 162 006 - 0.2 - 0.09
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Qiner - - 0.64 - - - - - -
N - - 1 - - - - - -
BVs T - - 174 - - - - - -
Aque - - 7.38 - - - - - -
Ka - - - - - - - -
Qnee 1284 774 921  2.15 - - - - 0.00
N 10 7 7 2 - - - - 1
BV T 407 336 209 324 - - - - -
Ay 474 197 812  7.21 - - - - -0.97
Ka 1.28 1.11 1.32 1.08 - - - -
Quns 374 045 704  1.86 - - - - 0.39
N 2 2 7 1 - - - - 2
BVg T 473 164 185 754 - - - - 57
Aqy 361 -1803 750  2.00 - - - - 1.68
Ka 1.87 0.22 1.01 1.86 - - - - 0.19
Qincr 20.79 3.92 0.81 - 3.54 - - - -
N 5 1 1 - 2 - - - -
BVio T 609 182 104 - 170 - - - -
Aqye 1073 4221  4.70 - 7.84 - - - -
Ka 4.16 3.92 0.81 - 1.77 - - - -
Qn: 60.85  6.89 - - 283  9.66 - 0.77 -
N 38 I - - 4 2 - 1 -
Ach T 223 250 - - 134 440 - 130 -
Aqyc 7.66  3.84 - - 7.04 1243 - 6.75 -
Ka 1.60 0.98 - - 0.71 4.83 - 0.77 -
Qiner - 2.14 - - - - - - -
N - 1 - - - - - - -
YuV, T - 375 - - - - - - -
Aguc - 6 - - - - - - -
Ka - - - - - - - -

where Q. is incremental oil production, kilotons; N is thember of bottom-hole zone treatment
operationsy is effect duration, day®qy incremental oil rate, tons per day,Ispecific effect,
kilotons per well operation.

The basis for all acid compounds are water solatioh hydrochloric acid. According to the
composition, the analyzed compositions can be dividto three groups:

- hydrochloric-acid Aldinol 20P, Eltinoks/1.1 anttioks/1.2;

- mud-acid HGlg, Eltinoks/1.2 +1%HF;

- hydrochloric-acid with acetic acid, Flaksokor 210

Table 2. Characteristics of acid compounds

o Reagent Compound
Inhibited HCI g\);drochlonc acid, hydrofluoric acid, corrosion ibtior VNPP-
Aldinol 20P Hydrpchlonc acid, polyatomic alcohol, surfactantprrosior
inhibitor
Eltinoks/1.1 Hydrochloric acid, corrosion inhibitor, sludge ibhor,
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Eltinoks/1.2 demulsifier, VR25 solvent

Hydrochloric acid, sludge inhibitor, corrosion ibftor,

Eltinoks/1.2, HF demulsifier, VR25 solvent, 1% HF

Flaksokor 210

Hydrochloric acid, acetic acid, surfactant, comosinhibitor
Flaksokor 210, HBF

Relatively good results were obtained for Eltindka/ It has low corrosion activity in reservoir
conditions, correspond to requirements to iron @ohand stabilization, be compatible with water and
completely suitable for operating conditions ofdabinoye field [8].

4. Conclusions
For zone YuV1 we recommend using complex compotitiisoks/1.2 with addition of hydrofluoric
acid (no more than 1%) with time for reaction toigh. In wells with high carbonate content or
carbonate sediments and in cases of well killingchicium chloride, we recommend using this
compound without hydrofluoric acid [9, 10].

For zone Ach we recommend using pure Eltinoks/1.2 without hfldaric acid. This zone is
recommended to be treated by acid without waitargéaction to finish.

According to the results, the most favorable fanedV,® is compound Eltinoks/1.2 with addition
of 1% hydrofluoric acid. This reagent is compatibieh reservoir water; the core sample solubilgty i
higher than average [11]. The initial solution a&rahted solution are compatible with oil.

For zone BV6, compounds Eltinoks/1.2 and Flaksdkbd can be used. These compounds are
recommended as basic ones. Wells with increasedneks can be treated with addition of 1%
hydrofluoric acid or 3% butyl phosphoric acid im@ntioned compounds.
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