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AHHOTaums. B naHHon pabote npeacrtasneHbl pesynbTaThl 06pa- | Annotation. The results of treatment of a
6oTkn Mogeneit nnacta KOC,KUCNOTHBIMU pacTBopaMt B TEPMO- Iﬁrma"g” JSe ":j‘?t‘_’e's with SO'U“?”Z _U”t?]?r

_ ermobaric conaitions are presented In 1S
Gapuyeckmx ycrnosusx. OnpeneneHbl KO3(PULNEHTLI NPOHULIAE paper. The permeabilty coefficients of reser-
MOCTW mMozenei nnacra [0 1 nocne NpoBEeAEHUs KNCMOTHBIX 00- | voir models were determined before and after
paboToK, NpoBeAeH BM3yanbHbIN aHanus kepHa. 1o pesynbTataMm | acid treatments, and a visual analysis of the
OMbITOB PEeKOMEeHOOBaH MNOAXOASAWMIA KUCMOTHBIM pacTBOp Ans | core were carried out. According to the re-

npoBeaeHnst KUCMOTHoI 06paboTku nnacta FOC.,. gults of the experiments, a suitable acid solu-
tion was recommended for treatment of the

formation JS..

KnioueBble cnoBa: nnact HOC,, kucnotHas obpaboTka, Mogenb | Keywords: formation JSz, acid treatment,

nnacTa, rMUHOKMCIOTA, N30NPOMNUIOBLIN CINPT, 3TUMNEHITINKONb. ;?ﬁefgﬁggT%%?" clay acid, isopropyl alcohol,
y ycol.

he Tyumen formation (formation JS,) contains up to 4.5 billion tons of oil according to various

estimate [1, 2]. JS, formation is a terrigenous reservoir. However, the reserves of the JS, for-
mation are hard-to-recover. Low oil production rates are due to low permeability(3-5-10 um?) and layered
reservoir heterogeneity. Also, the clogging of the near-wellbore zone in the process of construction and re-
pair of wells lead to reduce hydrodynamic connection between production wells and injection wells [3].

The main method of cleaning from clogging and increasing the permeability of the formation is acid treat-
ment. The treatment of terrigenous reservoir is carried out by Clay acid with various additives. Clay acid with Iso-
propyl alcohol is used for treatment of JS, formation [4]. However, Isopropyl alcohol is a flammable liquid. Safety
requirements at some oilfield facilities prohibit the storage of flammable liquids with acids in the storage of chemi-
cals. In this regard, the selection of a non-flammable co-solvent for adding to the acid is relevant.

A series of filtration experiments was carried out to compare of acid solution. An increase in the fluid con-
ductivity of the rock was an indicator of effectiveness. The experiments were carried out on multiprofile module
system ACRS-831Z (Coretest system, USA) under thermobaric conditions (pore pressure P = 10 MPa, reservoir
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pressure P = 42-44 MPa, reservoir temperature t = 82 °C). Solutions of the composition Clay Acid+Surfactant
(HCI — 22 wt %, HF — 3 wt %, Surfactant — 3 wt %) [5], Isopropyl alcohol+Clay Acid+Surfactant (HCI — 16 wt % ,
HF — 3 wt %, Surfactant — 3 wt %, Isopropyl alcohol — 20 wt %) and Ethylene glycol +Clay Acid (HCI — 17,1 wt %,
HF — 3,2 wt %, Ethylene glycol — 8 wt %, Tradename — «CHI1X-9030, mapka B») were chosen for experiment.
Core samples from the JS, formation (fine-grained silty sandstone) were used. Cylindrical samples had dimen-
sions of length and diameter | = d = 3 cm, helium gas permeability in the range K = 3.52-6.62- 107 pm?, porosity
@ = 15.08-17.68 %. The reservoir model was composed of 3 samples. Fluid injection rate of solutions to the reser-
voir model was Q = 6 cmh. Drilling fluid filtrate (polyacrylamide Survey D1 — 1.0 wt %; biopolymer Xanthan
Gum — 1.0 wt %; filtration stabilizer Survey FL — 2.0 wt %; Clay powder — 8.0 wt %; NaOH — 0.1 wt %) was used
as a clogging agent.

The permeability assessment test was based on the pressure difference created by fluids injected into
the reservoir model at the ends of a core sample. First, a reservoir oil model was pumped through the core
and oil permeability (K;-107%, um?) was determined; then drilling fluid filtrate was injected, and afterwards oil
phase permeability (K,-107%, ym?) was determined. The next stage involved acid treatment, followed by the
determination of oil permeability of the reservoir model (Ks,Ks-10~, pm?). Also, the calculation of the coeffi-
cient of decrease and increase in permeability relative to the initial value of Ki: (1-K3(K4)/K4) -100% and
(Ka/K2.1)-100% was made [6].

Rock permeabilities were assessed in terms of the Darcy linear filtration law:

wi-Q
~Ap-F’ (1)
Where K is rock permeability, m® ; Q is fluid volume rate per unit time, m® /s; u is dynamic viscosity of the
fluid, N-s/m? ; /is carbonate reservoir model length, m; AP is pressure difference at the ends of res-
ervoir model, N/m? and Fis filtration area, m?.

The results of filtration experiments are presented in Table 1. Treatment of the JS, reservoir models
with drilling fluid filtrate led to a decrease in oil permeability by 2.3-2.6 times. Also this shown in the graphs
of pressure gradient changes versus injected pore volumes of solutions. He increased from initial values
GradP = 35-55 atm/m to GradP = 80-120 atm/m (Fig. 1).

Table 1 — Filtration characteristics of the reaction between terrigenous core models and acid fluids

Acid solution Voo | e 0% | umei0° | oot | Koy
Clay Acid+Surfactant [5] 7,2 2,61 1,09 >920 >380
Isopropyl alcohol+Clay Acid+Surfactant 3,3 1,65 0,63 >1590 >610
Ethylene glycol+Clay Acid 7,7 2,62 1,04 >960 >420

Filtering the first volume of Clay Acid+Surfactant led to an increase in permeability with K = 1.09-107
um? up to K = 3.13-10° um?[4]. Injection of the second volume acid solution led to significant (K > 1000-103
um?) increase in rock permeability. This is explained by the dissolution of the aluminosilicate framework of
the rock by hydrofluoric acid and the formation dissolution channel. Injection of an acid solution of Isopropyl
alcohol+Clay Acid+ Surfactant into the reservoir model also led to a significant (K > 1000-10® um?) increase
rock permeability. Smallest volume of solution V = 3.3 Ve Was spent on this treatment. Injection the second
volume of acid solution was not required. Filtering of solution with non-flammable co-solvent looks like injec-
tion of Clay Acid+Surfactant, but volume of solution was V = 7.7 V.

Visual analysis of the core was carried out after filtration experiments (fig. 2). Formation of highly per-
meable dissolution channels in all models was confirmed. The formation of dissolution channels with a diam-
eter of 1-83 mm was noted. High reactivity led to the destruction of the rock matrix and the removal a layer of
frame grains of sandstone (quartz, feldspar) by the filtration flow from models.

Thus, in a series of experiments, it was confirmed a significant decrease of the permeability of the JS,
reservoir models after their treatment with process fluid (drilling fluid filtrate). All acid solutions led to increase
of permeability and formation of highly permeable channels of dissolution. The smallest volume of the solu-
tion is required when acidizing the reservoir model with a solution of Isopropyl alcohol+Clay Acid+Surfactant.
However isopropyl alcohol is a flammable liquid. Therefore, the treatment of formation JS, at some oilfield
facilities is recommended to be carried out with acid solution Clay Acid+Surfactant. Acid treatment of the JS,
formation with an acid composition with non-flammable alcohol (Ethylene glycol+Clay Acid) is also an ac-
ceptable method. Besides this, the addition of various surfactants to the acid solution Ethylene glycol+Clay
Acid is of interest and will be further investigated by the authors.
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Figure 1 — Pressure gradients at the ends of the reservoir core sample upon the injection of oil,
drilling fluid filtrate, and (a) Clay Acid+Surfactant [5], (b) Isopropy! alcohol+Clay Acid+Surfactant
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Figure 2 — End surfaces of terrigenous core models after the rock was treated with (a) Clay acid+Surfactant [5],
(b) Isopropyl alcohol+Clay Acid+Surfactant and (c) Ethylene glycol+Clay Acid
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