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Abstract

The article aims at the development and testinthefmehods of gas flow intensification on the Sarmatiadiment
samples of BilcheMolytske zone. The existing standard methods faropéysical study of reservoir rocks have servedhs
methodological basis for the implementation of aesle. Studies haveekn performed on three samples of reservoir rog
modeling their contamination with drilling mud, wng in the reduction of effective phase perméggbiof gas. Thi
permeability of reservoir rocks has been restoritd tive help of modern foaming reagent, hydrocklarid acetic acid.

Lithological and petrographic features of the sasapiave been considered to determine their rothamrestoration «
effective permeability of gas bearing Sarmatiarireedts.

Key words:acetic acid, drilling mud, effective phase permeability of gas, hydrochloric acid, modern foaming component, rock
microstructure, rock texture.

Introduction Filtration-capacitance properties of rocks

The object of the research is Sarmatian rocks The results of filtration-capacitance parameters,
reservoir layer (horizon ND-10) in the north-wester defined in the course of reservoir rocks studylated
part of Bilche—Volytska area of the Carpathiarbelow in a table 1.
foredeep. Core samples have been taken from tlye ran
of 1105-1107.5 m. Parameters of researched models

The task of the article is to carry out lithologicd
petrophysical study of reservoir rocks and test For accurate evaluation of the action of a reagent
methodological issues to intensify gas flow in thesthat can be used in the process of hydrocarbomrs tid
geological conditions of deposits occurrence. intensification three models have been selectegyTh

As for the methodology, the research has beare characterized by similar filtration-capacitance
performed under the existing regulatory documentsroperties and similar pore space structure, iiedtby
[1-3] and the recommendations, described in [4H6& capillary pressure curves.
research has been conducted under conditions, Model No 1 (sample GR-5) has the following
simulating reservoir conditions on cylindrical speens filtration-capacitance parameters: absolute peritisab
with the length of 3 cm and with the diameter afr8, of 2.45 mD; effective phase gas permeability at 38%
drilled out perpendicularly to the reservoir rockswvater saturation — 0.48 mD; residual water satomati
layering. The value of the effective pressure ddpem 47% (53% gas saturation); open porosity — 17.3%e Po
the depth of the rocks and in our case it was 12.MPspace structure parameters (Figs. 1, 2) are asvallat
Lithologic and petrographic studies have been edrri a fraction of subcapillary pores that are filledtiwi
out on the basis of the production and analysithiof residual water and the radius of less than 0.5angr
sections. falls 48%; proportion of capillary pore radius frddrb
to 2.2 microns is 24%; the rest of the total voluime
constituted by the overcapillary pores with radafs
from 2.2 to 100 microns (26%).

The dependence of the phase permeability for gas
* Corresponding author: and water (Fig. 3) indicates that for the rockshwiater

zderka@ukr.net saturation of about 50% it is close to zero for amsvell
as for water, but at a water saturation of abou.40
Therefore studied rocks are characterized by exem
low phase permeability for both phases in the rasfge
water saturation of 30—70%.
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Table 1 — The results of filtration-capacitance paameters

PorosityK,, % Gas permeability, mD The residual
Labfo rator;q No Inte_rval in surface | in reservoir water saturation

of sample conng conditions | conditions absolute phase K, %
GR-1 22.8 21.9 6.90 0.20 47.6
GR-4 21.6 20.7 0.95 - -
GR-5 1105- 18.0 17.3 2.45 0.48 47/0
GR-6 1107.5 22.1 21.2 1.19 - —
GR-7 18.9 18.1 0.29 - -
GR-8D 17.6 16.9 10.6 5.30 45.3
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Figure 1 — Dependence of water saturation upon
displacement pressure (sample GR-K,=17.3 %,

Pore content w, %

Kpm=2.45 MD,Kpme=0.48 mD,K,=47 %)
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Figure 2 — Pore-metric characteristics of the sampl
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Figure 3 — Dependence relative phase permeability

38

for gas and water upon water saturation
of reservoir rocks of Sarmatian tier

The parameters of model number 2 (sample GR-1)
are very similar to the previous one (Figs. 4-5)d a
identical with the model number 3 (sample GR-8D).
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Figure 4 — Dependence of water saturation upon
displacement pressure (sample GR-K,=21.9 %,
K;m=6.9 mD,Kpne=0.2 mD,K;=46.6 %)
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Figure 5 — Pore-metric characteristics of the sampl
GR-1

Drilling mud impact upon reservoir rocks
filtration properties

After modeling of the residual water saturation
(gas saturation) and measuring of effective (phase)
permeability the lower ends of core samples were
immersed in drilling mud at a depth of 4-5 mm and
saturated under vacuum for 17 hours. Then the sampl
were in turn inserted into the core holder andrajses
purging from the opposite end at the pressure of
0.4 MPa, effective phase permeability was measured
once again. Driiling fluid turned out to be deciegs
effective phase permeability by a factor of 1.7402.
(at an average of 2.1), so intensification proceduaust
be a compulsory one in field conditions.
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Simulation of recovery phase permeability after Lithologic and petrographic features of
exposure of drilling fluids Sarmatian tier rocks (horizon su-10) before and
after the intensification
Model number 1 (sample GR-5) — was subject to
the influence of MFFC (modern foam forming Structural and textural features of rocks that were
component, I1.B. Hubych, 2013) during 24 hours.His t detected, its internal structure and results of
case the effective permeability increased in thhydrochloric acid treatment and interaction withe th
following order: first day — 0.76 mD, the second/da reagent are as follows.
1.52 mD, the third day — 2.3 mD, multiplicity ofeth Rocks are characterized by irregularly layered
increase permeability was respectively 1.58; 3.8, 4texture, which was formed under the delay condiioh
times (Fig. 6). sediment in coastal-marine (beach) environment.
K.., mD Formation of layers took place by successive layhg
individual layers and layers of small thicknessifirthe
e first mm to few cm). These layers and thin-layers a
/// characterized by different grade and variable-multi
- directional nature, as in the adjacent seriesysraand
% B thin-layers are seeing a fall in different direago One
% series of layers is represented by mixed (pooriyesd
/// silt-finely psammite  terrigenous accumulations,
cemented by apoclay pellicle-porous cement withigdar
L~ filling of pores with basal. Siltstone terrigenous
component with clay cement characterized by uneven
distribution can prevalil in the following series.
0 T = - = = T This layering is usually formed by ocean currents
i ) o in the coastal zone, which are characterized bipgier
Figure 6 — Dynamics of the recovery of effective changes of direction.

(phase) permeability over time in the model, Often layers and thin-layers consist mainly of
containing 40% of residual water after treatment  gjjisione and medium-small  psammite terrigenous
with MFFC reagent (1) and 10% hydrochloric acid  material. In siltstone cement is apoclay with a@dditof
and MFFC reagent (2); point at the beginning of the  gmga|l amounts of calcite. In sandy parts calcite
second displays gﬁec;ive permeability value after component is prevailing in the cementing mass.

hydrochloric acid treatment (HAT) Sometimes calcite is dominant as compared to

, terrigenous part, that stipulates the transition to
Model number 2 (sample GR-1) was subject to th%rrigenous—carbonate rocks.

influence of 10% hydrochloric acid solution by megan It is significant that the next layer or thin-layer
of its capillary saturation under vacuum for 1 HteA overlaps the previous one, usually contrary, @sifing
purging the reaction products from the porous mediu off the previous layering. This feature is closefated
gas through its relief under the pressure from 0.4 g the processes mentioned above (Yu.l. Fedoryshyn,
0.1 MPa, the phase permeability was 0.7 mD (in €ig. 2013). Convolution of layers within the certain iser
it is shown with the point and dotted line) that i)oints to slide of unconsolidated but already
increased by 3.5 times (as compared to the initighecipitated material under the influence of vasiou
0.2 mD). _ ~dynamic factors (tsunamis, severe storms, earthegak
Then, after treatment with 10% hydrochloric aC"bravitational processes, etc.) (Fig. 7).
sample was saturated with a MFFC reagent under Typical structural heterogeneity of rocks can be
vacuum during 24 hours, inserted in core holder arghserved and therefore the figure 7 displays the
blowed by gas through relief of pressure from @4 tollowing: light spot on the right side of the figu
0.1 MPa. 3 (below) is a layer enriched with carbonate cement;
FEffective phase permeability ~measurements,yed dark gray area in the middle of both halvks
c_onflrmed its growth over time in the following @d e cut is the siltstone layer with predominamaay
first day — 1.2 mD, second day — 1.75 mD, the fourtcement; black lenticular layers are enriched with
day — 2.6 mD, ie multiplicity of the increaseqrganic matter; blue areas are differently dirgcte
permeability was — 6; 8.7; 13 times (compared Wi  piqgen fractures areas, some of which are enrietithd
initial 0.2 mD) (Fig. 6). For comparison the resulff  organic matter and are closely associated witlidefar
treatment with MFFC reagent are shown on this graph gnomalously enriched in organic matter thin-layers.
Model number 3 (sample GR-8D) — was subject t@ssentially  zones of fracturing and thin-layers,
the “influence of 10% solution of acetic acid forapnormally enriched with organic matter represent a
21 hours. through its capillary saturation undenwa.  gingle cavity-fracture system of secondary voiccepa
Effective gas permeability measurements showedithat Fragment of line-scattered zones, enriched with
was increased to 8 mD over the initial 5.3 MDyganic matter, filling cracks and cavities, is whoon
(1.5 times). Fig. 8. Within these areas growth of calcite in the
cement composition is inherent.

3
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5 m ‘
Figure 7 — GR-1 example (sampling interval — 1105-0107.5 m):
the cross-section of core cylinder after treatmentvith hydrochloric acid and MFFC

o 8 \gﬁ’. = i wﬁf 5% 3 ".;‘ :ib .-
Figure 8 — Example GR-1 (sampling interval — 1105-.107.5 m):
there is panoramic image of thin sections before ¢latment with hydrochloric acid and MFFC

Lens-layered  formations of  concentratechpparent only after treatment with hydrochloricdaand
accumulation of organic matter and mica mineraés aMFFC (Figs. 7-10). Blue color on Fig. 10 shows the
located according to the stratification, and some$i extent of increase in volume of the void spacerafte
are partially penetrating into individual layershélr hydrochloric acid and the MFFC reagent treatment.
thickness is usually from a part of mm to 3-4 mm  The volume of initial void space was significantly
(Fig. 9). General view of the section along theecaxis. reduced by imposed carbonization. Carbonization
In this cross-sectional allocated: dark gray fragime developed unevenly in the rock. In some cases fhaae
right at the top — a layer of sandy siltstone witay- slight presence of calcite, in the others thereais
hydromica-chlorite cement composition, calcite igontinuous zone of carbonization.
virtually nonexistent; light gray fragment in thenter Zones of cavernous-fissure type are formed on the
of the cross-section — silt medium-grained sandstotoundary of layers and thin-layers at the stage of
with significantly calcite cement; lenticular blaskipe transformation of plastic sediment into rock byédesy
at the bottom right and upper left — layers witlghhi displacement. The bulk of organic matter is focused
concentration of mica mineral and organic mattert ththere.
fills the intermittent cracks and cavity located@ualing The other type of fractured zones usually crosses
layering. the layers. Most cracks are short, rarely go beyameal

These lens-layered clusters at microscopic studies two layers, randomly oriented, organic matter is
turned out to be extended cavernous-fracturedszofie usually absent, the void space for them is notcglpi
permeability, closely related with differently dited (Yu.l. Fedoryshyn, 2013).
fracture zones. In this case fracture porosity bexa
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Figure 9 — Example GR-1 (interval of selection 1106-1107.5 m):
it's to hydrochloric acid treatment and interaction with the reagent

Conclusions 3. The influence of the MFFC reagent on the
reservoir rocks helps to increase the effective gas
1. Despite the high porosity of 17.6-22.1% of th@ermeability to 4.8 times.

studied rocks they have very low filtration propest— 4. The comprehensive action of the 10%
their permeability is in the range of 0.29-10.6 nii  hydrochloric acid for one hour and then the actién
gas saturation ratio is about 53%. the MFFC reagent for four days results in an ineeeaf

2. The influence of the drilling fluid upon thethe effective gas permeability (gas flow rate) b 1
reservoir leads to the 2.1 times deteriorationfigfctive  times.
gas permeability on average. Therefore, the 5. The action of the 10% solution of acetic acid ha
intensification for the purpose of its recovery gldobe led to the destruction of reservoir rocks along the
a compulsory technological procedure. micron of sandstone and siltstone foliation layers.
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Therefore the effective permeability increases by 1section (Yu.l. Fedoryshyn, 2013). The size of the
times. cavities is 2 mm (as it is shown in Figures), thains
6. Due to the wide range of quantitative variationsf approximated cavities and pores are extracted by
of different granulometric classes of the clastiatenial 5-10 mm. Under the favorable conditions (grain ,size
(silt and finely psammite) and the apoclay compmsit non-conformal packaging of fragments) the void spac
of cement with carbonization the studied rocks #houis open in vertical and horizontal directions. Gaoid
be classified as silt-sandstone with apoclay micdreatment of the reservoir results in the increafsthe
hydromica-carbonate cement (Yu.l. Fedoryshyn, 2013)oid space volume at about 30% based on the anodunt
7. The structural features and a the rock’s tekturaarbonaceous material in the cement.
features (wavy stratification with pouring and sigl
characteristics, concentration of mica as sepdag&as, References
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HDocnipxeHHs iHTeHcUiKaLuil ra30BUTyYeHHA Ha npuknaai
capMaTCcbKuX BigknagiB niBHiYHO-3axigHOI YacTUHM Binb4ye-BonuubKoi 30HM
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MeToro cTaTTi € PO3pOOJIEHHS Ta BiMIPAIOBAHHS METOJIUKH JAOCITIDKEHHS IHTeHCH(IKAIil MPHUILTUBIB Ta3y HA
3pa3Kax capMaTChbKUX BiIkiIadiB bimbue-Bomumpkoi 30HH.

MeToIoJIOTIYHO0 OCHOBOIO JUIsl BWUKOHAHHS JIOCTIPKEHb CIYTyBaJIM ICHYIOYl CTaHAApTHI METOIUKH
neTpodi3UIHUX JOCTIHKEHb TOPiA-KOJIeKTOpiB. JOCHiKeHHSS BHKOHAHO Ha TPHOX 3pa3Kax MOpiJ-KOJEKTOPiB
MOJICTIIOBaHHAM 1X 3a0pyJHEHHsS OypoBHM pO3YMHOM, BHACHIOK dYoro edexktuBHa (a3oBa NPOHHUKHICTH
3MEHIIYEThCST BABIYI. [IPOHMKHICTE MOPIA-KOJIEKTOPIB BiJHOBJIIOBAIN JII€I0 CYYacHOTO IiHOYTBOPIOIOYOTO
KOMITOHEHTY, COJITHOT Ta OLITOBOT KHCIIOTH.

PosrisnyTo titonoro-nerporpadiyHi 0coONIMBOCTI JOCHTIKYBaHUX 3pa3KiB Ul BCTAHOBJICHHS IX poii y
IpoIIeCi BITHOBICHHS e(DEKTUBHOI MPOHMUKHOCTI FTA30HOCHUX CAPMATChKUX BIAKIIAMIIB.

KirouoBi cnoBa: 6yposuii pozuun, eghekmuena ¢pazosa npoHuKHicms 2asy, Oymosa KUCI0ma, CoiaHa KUciomd,
CMPYKMypa nopoou, Cy4acHuti NiHoymeopioyuti KOMROHeHM, MeKCMypd NOPooU.
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