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Annotation.  All-round information about
classification of tanks of underground storage
of hydrocarbon gas. Has been given in the
work. Simultaneously the advantage of gas
tanks created in exhausted, developed to the
- | exhaustion of oil-gas, often gas and gas con-
densate deposits having more practical value
among all exploited underground gas tanks

2 has been shown herein. Besides the differ-
ence gas deposit with underground storage
has been substantiated.
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Annotation. The problem of exploration and
development of shale gas is in the focus of
world energy. In connection with the rapid de-
velopment of China's national economy, the
demand for energy resources in the country
continues to grow, and the capacity of its re-
serves is limited. Exploration and development
of shale gas deposits can effectively alleviate
the contradiction between the demand and
supply of oil and gas, optimize the energy struc-
ture, fill the necessary need. Therefore, the
study of the generation, localization and produc-
tion of shale gas in the Sichuan Basin of the Wei
Yuan area is an urgent and relevant topic now
and in the near future.

This article examines the Wei Yuan area of
the Sichuan basin in China. In the course of
the study, well log data, log data, interpreta-
tion results of the integrated assessment of
shale gas reservoirs, reports and literature on
shale gas from the Sichuan basin, core sam-
pling data, charts, structural maps, core se-
lection sections, geological profiles, graphs,
graphs Dependencies.

Exploration work in the Wei Yuan territory is
being conducted for the first time. This is the
connection with the rapid development of
China's national economy. Demand for ener-
gy resources in the country continues to
grow, and the capacity of its reserves is lim-
ited. Exploration and development of shale
gas deposits can effectively alleviate the
contradiction between the demand and sup-
ply of oil and gas, and optimize the energy
structure. Therefore, the study of the problem
of generation, localization and production of
shale gas in the Sichuan Basin is urgent and
in demand now and in the near future.

Keywords: Reservoir, well, shale gas, Si-
chuan basin, organic matter content, sponge
spicules.
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Annotation. The efficiency of the necessary
facilities provision at the sites of hydraulic
fracturing activity strongly depends on under-
standing of near-surface conditions. Geo-
physical methods provide a means to map
and quantify these geological features. The
use of modern near-surface geophysical
techniques is a key to prevent and reduce the
negative effects of fracking.
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Annotation. This article provides a brief
overview of the distribution of bitumens in the
deposits of the Kazanian stage. Bitumen,
concentrated in the Permian deposits of the
Republic of Tatarstan, lie at shallow depths
and represent heavy, highly viscous hyper-
genically transformed oil. In tectonic terms,
the area of the Kazan bituminization is con-
fined to the Melekess depression and the
adjoining slope of the South Tatar arch.
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- | Annotation. The testing and investigation of
wells in hypergenesis zone heavy oil deposit
make unacceptable traditional approaches to
assess the quantity and quality of productive
facilities. This article presents a sequence of
required works for reserves assessment at
the stage of exploration, are mandatory re-
. quirements for the Federal State Institution
: «State Commission on Mineral Reserves».
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0 0 studies of potentially oil-saturated rocks with
2 # %l % ~ | the aim of expanding the mineral resource
- % ! ' .6 % - | base of Russia. Purpose — the study of the
& | # | 2 - | rocks of the bazhenov formation on The End
| 2 % _ square and identify features of their lithologi-
| ! | o cal composition, reservoir properties and
.3 : %o ~ | bitumen. Research methods: detailed de-
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$ 140 # ! fluorescent microscopic analyses of thin sec-
) # 1 tions from wells 140 The End square. The
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2 $ % material composition and are divided into six
lithotypes.
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Annotation. Changes of corners q approach
of waves along a vertical profile are analyzed
when carrying out VSP, their communication
with the studied section at Achikulakskaya
Square comes to light. The considered data
illustrate possibilities of partition of a section
in polarization parameters P waves.

Keywords: polarization of a wave, angle of
approach of a wave, point of excitement,
longitudinal profile, not longitudinal profile,
low-power layers.
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Annotation. The work assesses petrophysi-
cal parameters of reservoirs taking into ac-
count lithological typification of rocks. As a
result of the study, petrophysical models
were obtained by constructing core-core type
bonds for various lithological types of rocks.
Interpretation of well logging data was carried
out using appropriate models, reservoir pa-
rameters of rocks of the studied section were
determined.

Keywords: lithotypes, core, petrophysical
relationships, well logging, reservoir, parame-
ters.

% -

%$ , & -

% -

%

6,9

8,7

21,1

308

14,8

9,9

19,4

186

10,9

11,1

18,4

147

23,5

12,1

17,3

86

18,5

7,2

107



—2018

108

. # %l 1 I -
# %1 %1 ( .1. # ,
% , $ - - . , -
$ % & # %l %1 ., &
( 1- !
1 )., $ -
- - 1 ,
& & % # I 1 & %
&
I
0o & I
. 2). -
% [}
# 2
( 2—- & !
5" 2—, ! #
( R
*  =0,004g %% 0,98
—* *  =0,000142s* *8% 0,99
- *  =0,0000002s 587 0,88
* = 44,485 0% 0,76
_ * =5443s 4% 0,83
_ * =5656s -2 0,63
> > > > > & > > > 0> |
> > & > - ?>>0 ># %1H> > > 0 >
> > > >> 0 > > > > >



—2018

JKH>[N?> > > > >k> & H> > > > > > > >SKL\>
?>> % o> > > 12 > > i> > n> >
n>$ > - > > > n> > > >> ?>* >
> > > > #> > > >t H> |
>> > &>,.>JN?>. > > > > > >
% > >t /> > >V ?2>W?
( 3- t
* # ). # 4 2%1 -
! ( . 2)
4 # % 12! 0 -
# , &
& % — -
, , - 2 % -
# * _* , * __ (* ) .
! & & - # 4.
% # % 12 ,
% % . 4
% , & & % % !
# ). . % # 3.
> $ > > > > &> —> H> H> H> H> H> -H> > |
>t H>uwy >uw,y> >> 0 > > > > H> >> H>> &> >
> >> # ?>, %> > # %> %> >>2 > H>
>>>> >> >> >> >> >> ?7>> S>> S>> >> H>> # >>>
5" 3-. % # ).
4 ' # " MR i u, % i - **’ u, %
2434,2 2441,5 7,3 , 0,21 0,24 14 678 518 -24
2442,1 2444.8 2,7 ( 0,09 0,06 -33 3 6 125
2449,2 2451,9 2,7 , 0,20 0,21 7 160 279 74
Vil 2454,2 2457,9 3,7 , 0,20 0,20 -2 99 207 110
2457,9 2461,1 32 |, ! 0,21 0,24 14 324 527 63
2463 2466,9 39 |, ! 0,21 0,27 29 987 947 -4
2467,6 2470,7 31|, ! 0,20 0,21 4 131 288 120
2483,6 2485,6 2 ( 0,18 0,18 -3 48 147 206
2487,7 2498,7 11 , ! 0,19 0,22 16 513 539 5
VIl 2500,3 2503,1 28 |, ! 0,15 0,10 -33 7 23 219
2514,8 2522,5 7,7 |, ! 0,18 0,16 -11 40 115 188
2530,2 2533,2 3 , ! 0,15 0,08 -42 3 7 134
2534,1 2541,3 72 |, ! 0,17 0,14 -18 18 59 226

109



—2018

core analyzes, testing and testing of reservoirs. — Kalinin, 1990.

260 p.

( 4-" %
$
1
+
, %
!
4,
&
1., % 4.,
<
2. %% ! 7 .,
&!
, !
3. 3 # ... 8
,1984. - 260 .
Reference:

4., 5#
.-3
., Sf

%$

%

! #
30 % ( . 3).
! 2
200 %.
%
#
, .6 « % », 2003.
# 1

! &

- , 1990.

- $

% -

1. Peterselie V.1., Poroskun V.1., Yatsenko G.G. Methodical recommendations on the calculation of geological
reserves of oil and gas by the volumetric method. — Moscow-Tver : VNIGNI, SPC «Tvergeofizika», 2003.
2. Wendelstein B.Yu., Kozyar V.F., Yatsenko G.G. Methodical recommendations for determining the counting
parameters of oil and gas deposits from materials of geophysical studies of wells with the involvement of the results of

3. Muromtsev V.S. Electrometric geology of sandy bodies-lithological traps of oil and gas. — L. : Nedra, 1984. —

110



( ¢ -2018

550

(6 ( (' & (% %

: ) () 2( ( % 1, 2
( ( ( 2 % (. 8

IMPROVEMENT OF LABORATORY BASE AND METROLOGICAL SUP PORT
FOR DEFINITION OF CHARACTERISTICS OF GEOPHYSICAL DE VICES OF
CONTROL OF TECHNICAL CONDITION OF A TIMBERING OF WE LLS

#+ /| + * 4+ Klimov Vyacheslav Vasi lyevich

Candidate of Technical Sciences,

| | | Kuban state technological university
: Id.yug2016@gjmail.com

Id.yd92016@gjmaiI:com

"/ L * & Annotation. For control of technical condition
% % of wells it is necessary to provide reproduci-
bility of technical characteristics of the used
geophysical equipment, constancy of calibra-
, 0 ! , | tion and unity of the measurements per-

| | . formed by the specified equipment.
( _ | The analysis of a condition of metrological
support in geophysical services of JSC Gaz-
prom confirms unsuccessful situation in this
& 0! ) - | area, despite the decision (heads of geophys-
$ ( & ! - | ical services State Committee on Geology
' ' ' 0 and Subsoil Resources, Ministry of Fuel and

30 ( « > « % ») Energy of the Russian Fede?/ation, RJSC

Gazprom, GP «Rosneft») on creation of uni-

# ! - | form Russian system of standardization,

# , & - 0 metrological support and certification of geo-

| # _ | physical production made earlier and also

’ creation is scientific-methodical advisory

council on this problem for coordination sci-

4, ) -( 2 . | entifically — technical policy in the field of

, 0 # - | metrological support of GIS within Euro-Asian

2 % 0 ) geophysical society. However, the economic

situation in the country hasn't allowed to carry
out the actions planned in this direction.

4. % The lack in Russia of the corresponding met-

0 ! - | rological support of GIS doesn't allow to de-

| 0 _ | velop rather effective methods and technical

’ means of measurements of necessary pa-

rameters at control of development and oper-

: ation of oil and gas fields and UGS. There-

— - | fore are developed by us:

# | | — laboratory metrological installations for
’ " identification of characteristics of receivers
, and radiators of the acoustic equipment of
- # ! & quality control of cementation of wells;

— a complex design of models of wells for
control of technical condition of upsetting
columns.

= + + : % & , | Keywords: control of technical condition of
% 1 wells, reproducibility of technical characteris-
tics of the used geophysical equipment, con-
stancy of calibration, unity of measurements,
! ) , 4 - | metrological support, GIS, development and

0 # & | . operation of oil and gas fields.
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MEASURING SYSTEM FOR CONTROL OF PARAMETERS
AND DIAGNOSTICS OF SIGNALS

+ + $! Guliyeva Sevinj Vagif
% Tutor of department Control
| & and System Engineering,
; ) Azerbaijan State University of
( '& ! ! Oil and Industry

.9+ / / Pashayeva Aliya llyas
! & , master of Department Control
( '& ! | and System Engineering,
$ Azerbaijan State University of
Oil and Industry

( 5 ( # Rajabli Rza Ismail
! & , master of Department Control
( '& ! ! and System Engineering,
$ Azerbaijan State University of
Oil and Industry

"/ L * $ - | Annotation. To increase the reliability of

diagnostics of the state of controlled objects,

# % it is necessary to ensure the robustness of

, 0 ~ | estimates of statistical characteristics that are

1 . # - | used as informative signs. We have devel-

Matlab, $ $ - | oped simulation in the Matlab environment to

| & % % solve the above problem and obtained posi-
’ ’ tive results.

= + + : % - | Keywords: measuring system, diagnostics,
$ $ _ | increase of accuracy, measurement methods,
! ! increase of reliability, simulation.
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THE CURRENT SITUATION AND PROSPECTS OF FURTHER EXPL ORATION WORKS
IN THE SOUTH OF THE REPUBLIC OF KALMYKIA, BASED ON
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Kuranov Yury Vyacheslavovich
Leading specialist of the Exploration
Department, LLC Lukoil-Engineering
(Moscow)

Annotation. In the early 2000s, a significant
number of domestic and foreign oil and gas
companies were involved in the study of the
subsoil of Kalmykia. During the period from
2000 to the present time, these companies
have received a significant amount of newest
geological and geophysical information on
the territory of the Republic. New data had
limited access and were not been compiled
or analyzed for the region as a whole. These
data were also not compared with data from
previous years. This paper presents the au-
thor's analysis of the newest geological and
geophysical data for the specified period. The
author offers the most perspective directions
of further exploration works in the southern
part of the Republic of Kalmykia.

Keywords: Early Triassic, Middle Triassic,
neftekums deposition, prospects of explora-
tion works, East-Manych trough, Republic of
Kalmykia.
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Annotation. The results of testing and prac-
tical application of mobile direct-prospecting
technology of oil and gas accumulations
prospecting and exploration are analyzed.
The used technology includes the frequency-
resonance method of remote sensing data
processing and decoding and ground-based
geoelectric methods of forming the short-
pulsed electromagnetic field (FSPEMF) and
vertical electric-resonance sounding (VERS).
Mobile methods are developed on the princi-
ples of «substance» paradigm of geophysical
research, the essence of which lies in «di-
rect» searching for the desired in each case
substance — oil, gas, gold, uranium, water
(mineral, drinking, geothermal), etc. Some
methods of direct-prospecting technology can
be used at various stages of prospecting
operations — reconnaissance (assessment of
petroleum potential of major prospecting
blocks), detailing (assessment of prognosis
oil and gas resources within the individual
anomalous zones, detected at the reconnais-
sance stage), field works (ground-based field
studies by the geoelectric methods FSPEMF
and VERS for the prognosis oil and gas re-
sources clarifying and the choice of optimal
locations for exploration wells laying). The
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0p | # , & % - | features and volumes of additional infor-
0 % % | mation that can be obtained at various stages
of exploration works with the mobile technol-
ogy using are described in detail.
' % % - | The technology efficiency is demonstrated by
the results of its application within the major
% ( _ | prospecting blocks and local areas in Uzbeki-
! ! ! stan, Kazakhstan, Tunisia, England, Ukraine,
) ) : ( vt ; West Africa, the Mediterranean and Caspian
. % Seas. On the local area in the Carpathians
# % *_ $ - | the feasibility of remote sensing data pro-
0 cessing in a large scale was demonstrated.
& % 1 , , o X

Discovered anomalous zones are, in fact, the
# 1 % ! projections into surface of hydrocarbon ac-
. 8 # & % % - | cumulations contours in the cross-section.
& | # - | This additional information can be used for
the approximate assessments of hydrocarbon
& % # resources within the surveyed areas and
0 ) ' | structures. The development of the surveyed
2 % % ! license blocks starting from detected anoma-
# . lous zones will allow, in general, significantly
' 1 1 % % accelerate and optimize the prospecting pro-

# (oo e .
; It is recommended to use the direct-
, 1 % ).) & - | prospecting technology in combination with
0 | 0 $ - | traditional geophysical methods (seismic,
| # | _ | primarily). Its use can bring significant effect
’ ’ during the commercial hydrocarbon accumu-
: lations searching in unconventional reservoirs
# , -3 % - | (including the shale sediments, rocks of the
& $ % - | Bazhenov formation, coal-bearing formations,
and crystalline rocks). Mobile technology can
also be successfully used during prospecting

! ) & # within the poorly studied areas and blocks

% ! # 1 - | within the known oil and gas-bearing basins,

& % as well as for search and localization of verti-
« &% ». cal channels of deep fluids migration on the

hydrocarbon fields and within the mapped
anomalous zones of the «accumulation of
hydrocarbons» type.

=+ + 3 % , - | Keywords: Mobile technology, anomaly of
&% (7 $ % deposit type, oil, gas, gas condensate, shelf,

! ! ! ! fault zone, satellite data, direct searching, RS
) ) » | data processing, interpretation, geoelectric

# , 0 < ) % - | survey, vertical sounding.
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Annotation. The problem of detection of
leaky couplings, through holes and casing
damages by geophysical methods in gas
wells and oil wells in fields with a large gas
factor is considered. It is shown that for small
leaks (over gas), the application of traditional
methods of geophysical research and exist-
ing technical means does not yield a result.
Special attention is paid to the method of
thermometry and thermometers of a new
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) Annotation. In the East of the Central-
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Annotation. The main problem is the in-
crease gas recovery from the coal seam is a
low permeability. The article is devoted to
justification of the adoption of technological
solutions for the preparation of the coal seam
to intensive testing on the basis of compre-
hensive impact. The use of the wave method
at the final stage of a comprehensive expo-
sure to intensify the process of formation of
new system of cracks in conjunction with a
pregidrosistem allows to increase the degree
of fracturing, which will provide intensive
metanotum from remote areas of the coal
seam. As a research problem, the author has
defined an attempt to assess the use of inte-
grated technologies with the use of vibration
exposure on the final stage to get the effect
you want to accomplish the task.
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Annotation. The article deals with the project
of a complex of geophysical studies and
works in three production wells at the Yam-
burg gas-condensate field located in the
Yamal-Nenets Autonomous District. Wells
designed to increase gas production must
open the senomanian reservoir. It is assumed
that the primary value in the overall research
complex will be the standard logging, based
on the study of the resistivity of the rocks
passed and the potentials of the intrinsic
electric field along the wellbore. Lateral log-
ging will be used to determine the true resis-
tivity of the seams and to estimate the depth
of penetration of the mud filtrate into them.
Micro logging and lateral logging will help to
identify very thin rock layers in the borehole
section and will allow estimating their re-
sistance.
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Annotation. At present, in Russia and
abroad, geochemical indicators of oil and gas
assessment are becoming increasingly im-
portant. Investigations of the trace elements
(TE) composition of the oils and organic mat-
ter (OM) of rocks have gone beyond the
framework of purely theoretical developments
and acquire a significant applied value. In-
formation on the content of TE in naphthydes
is taken into account in a wide range of fields
of knowledge, and most important for us, is
an effective and necessary tool in solving the
problems of oil and gas prospecting geology.
In the article, the TE-criteria are considered
that, combined with other indicators, make it
possible to assess the prospects of the oil
and gas potential of the lower structural floor
of the West Siberian oil and gas basin (OGB).

Keywords:  naphthydes, trace elements,
organic matter, oil and gas exploration geolo-
gy, oil and gas prospects.
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"/ . % $ Annotation. The paper studies the problem
# % _ | of unsteady temperature field in heterogene-

ous reservoir during fluid filtration. The aim of
this work was to develop and provide ra-
%1 2 1 - | tionale for simplified analytical model of non-
| | | % - | isothermal single-phase fluid filtration in het-

# & 0% | %1 ) erogeneous reservoir. Analytical solution for
the temperature field in the formation after
( $ flow rate change is obtained by the method of
. | characteristics. Two assumptions were made
, $ 2 : 1 - | in solving the problem: radial thermal conduc-
% % & % 2 1 _ | tion and compressibility of saturated porous
medium are ignored. Analytical models are
compared with the numerical solution of the
$ - ) % ! problem. Radial heat conduction and com-
& - 2 - | pressibility of oil- or water-saturated reser-
# voirs influence insignificantly on the unsteady

temperature field after the flow rate changes.
It is possible to solve the inverse problem on
! - | the evaluation of the damage zone radius of

& $ % 1 the permeability in the reservoir basing on the

# $ # model curves of the temperatur_e change a_fter
% | $ flow rate change. The paper gives a detailed
0 : algorithm for solving the inverse problem.

! . & % # ! The possibility of that method realization is
% - | demonstrated on model curves of the tem-

perature change.

= + + : % # - | Keywords: temperature, pressure, filtration,

# % 1 0 _convection, thermal conduction,_ compressibil-

& | ity, barothermal e_ffect, reservoir, well, heter-
) ) : 0geneous reservoir.

I ntroduction. Recently there has been increasing interest in the study of wells with autonomous
sensors of pressure and temperature [2]. Such approach to study makes it possible to detect the
change in pressure and temperature in time and explore layers of transient conditions when the well test
[2, 3]. Usually, only the data about pressure changes are used in the quantitative interpretation of the well
test. Data of the temperature sensing can be used as an additional independent source of information about
the reservoir characteristics. A series of papers and patents are dedicated to methodology of interpretation
and research method of thermometry [2, 4, 5-11].

Paper [2] offers a method of multilayer wells study. This method involves the registration of pressure
and temperature changes on the top and the bottom of each productive formation during the transition condi-
tions. Such method of well testing requires only one operation of flow rate change at the wellhead for obtain-
ing interpretable data of pressure and temperature in the transition regime. The inverse problem is solved
using the regression algorithm of Levenberg — Marquardt.

Patents [5-11] present the possible practical applications of non-stationary thermometry data. It is
possible to determine: influx profile, flow rates of the different productive layers in multilayer well and param-
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eters of near wellbore zone: permeability and skin factor. The solution of inverse problems involves the nu-
merical simulation of the wellbore temperature.

Paper analyses the problem of unsteady temperature field in the reservoir after flow rate changes. The
aim of this work was to develop and provide rationale for simplified analytical model of non-isothermal single-
phase fluid filtration in heterogeneous reservoir.

Mathematical Statement

The non-isothermality of flow is due to radial thermal conductivity and the barothermal effect.

Assumptions for reservoir — horizontal, porous, heterogeneous permeability, contains a slightly com-
pressible single-phase fluid.

Following equation describes the change of temperature in reservoir due to convection, heat conduc-
tion and barothermal effect [1]

m m_ry 1. Ip Ip
Cres g *Crv{rt)g- =130 T - Crev(rt)g+ TG, (1)

where C,es, Cr are volumetric heat capacities of the reservoir and the fluid J/(m3 K); T is reservoir tempera-
ture, K; r is the radial coordinate, the distance in the reservoir from the wellbore axis, m; t is time, s;
v is velocity of fluid flow filtration, m/s; Ais thermal conductivity of the reservoir, W/(m-K); <, GEare the
Joule-Thomson coefficient and the adiabatic coefficient for the fluid, K/Pa; f is reservoir porosity (dec-

imal fraction), p is pressure, Pa.

At the initial point of time, the temperature is the same everywhere in the reservoir

T(r ’0) =Tres. )

Condition at the external boundary

T(R’t) =Thes, €)

R — reservoir radius, m; T,es — is the initial reservoir temperature, K.
The boundary condition on the sandface (r =r,)

I

" =a Ty, (t)- T| , (4)

r=r,
r=r,

where T,,— is mean wellbore temperature, K; t —is the thermal exchange coefficient, W/(m* K).

To describe the pressure field in a reservoir, we use a one-dimensional diffusion equation for the axial
symmetry case

b*Ezll rmE

5
m  rqr m Tt ®)

b= fbf +b°, ®)

where, " — total compressibility, 1/Pa; , ", S fluid compressibility and pore compressibility, 1/Pa; k — perme-
ability, m% e —is viscosity of the fluid, Pa s.

At the initial point of time, the pressure is the same everywhere in the reservoir and equals to the res-
ervoir pressure

plr0) =Pes (7)
and at the outer boundary of the reservoir, the pressure remains equal to the reservoir pressure
p(R,t) =Ples. (8)
The boundary condition on the sandface, taking into account the presence of skin factor, is then
pul)=plwt)-s T2 ©
fir r=r,
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where p,, — borehole pressure (or bottom-hole), Pa; r,, — wellbore radius, m; S — is the sandface skin factor.
Borehole pressure at the initial point of time

Pw(0) =Py (10)
Transition process for the wellbore pressure is modeled by the following equation
d
Q(t):Zp rs(r)% -CSdL.;"’, (11)

r=r,

where Q(t) is the well flow rate, m%s; Z is reservoir transmissibility, m*(Pa s); Cs is wellbore storage effect,
m*/Pa.

, (12)
h is thickness of the reservoir, m.

Thus, we have the following mathematical model that can be divided into two problems for tempera-
ture and pressure

LN mw_ry Ip Tp
Cres m +Cpv(r,t) iy i Cfev(r,t)ﬂr+ fC¢h o
T(r!o):Tres
(13)
T(R!t) =Tres
1T _
) IWr:rW =a T,(t)- T|r:rw

p TP 11 ki)t

It rqr m qt
p(rlo):Pres
p(R't):Pres
pu(t) = pli )- S 1 1P

fir r=r,

pw(0) =Py

- Ip _c. 9pw.
o)=20 15 -,

r=r,

The problem (13) — (14) in this form does not have an analytical solution, so it was solved numerically
by using the control volumes method for temperature [12]. The radial coordinate grid is uneven. Coordinates
1

: N-1 . . . :
of control volumes are related by the ratio: r; =qri_.4, q= R (i is the index corresponding to the node
r

w
of the control volume, N is the number of nodes).
Simulator is developed on the basis of the numerical model. The simulator calculates the model
curves of pressure change and temperature change depending on the reservoir parameters for variable flow
rate [13].

Analytical solution

The following assumptions were made to have an analytical solution for problem (13) — (14):
— radial heat conduction is neglected (f = 0);

— fluid and reservoir pore are incompressible (, = 0);

— influence of wellbore processes for reservoir pressure is neglected (Cs = 0);

— sandface skin-factor is neglected, py(t) = p(rw, t).
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Given these assumptions the temperature field in the reservoir is described by the following task

£+u(r,t)£: -eu(r,t)E+ h*E
It I I It (15)
T|t:0 =f(r)
- = _cKIp 16
u(r,t)=cv(r,t) Cmﬂr (16)
* C
h'=f=h (17)
Cres
Ci
c= =t (18)
Cres

Problem (15) is solved by the method of characteristics. The characteristics r(t, r;) are the solution of
the next problem

dr

— =ulr,t

dt ( ). (19)
r|t:0 =n

The temperature along the characteristics calculate by the formula [14]

t
T =1(0) *lRes - ol (o)) e | L ey @)
0
The pressure distribution p(r, t), 11]]_p 2—? and u(r,t) are solution of the problem (14), which, taking into
r
account the accepted assumptions above takes a simpler form
I
r m¥9r
p(r !0) =PFres
p(R,t) =Pes
Q(t) =2p s(r)rﬂ—p

Iir r=t,

Suppose that the permeability distribution and flow rate is described by piecewise-constant functions

ki, rEry
Kr)= (22)
Ko, 1>14
Q, tEt
Q(t) = (23)
Q,, t>t

Production during the time t at flow rate is Q;, after this the flow rate becomes Q.. The reservoir per-
meability k,, and in the near wellbore zone k;.

Then, according to (21), the pressure distribution when production at flow rate is Q; (t < t) is calculate
by the formula
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Q1 r

P,1+ In—, Tr£r
wil 2ps, I, d
Q1 r
t)= rq)+ In—, r>rq, TER .
pl() pl(d) 2ps, g d
Pes, >R

Pressure distribution when production at flow rate is Q, (t > t ) is calculate by the formula

Pyo + Q2 InL, r£ry
2psy fy
Q2 r
t)= rg)+—=—In—, r>rgq, r£R
Pz() Pz(d) 2ps, g d
Pes: T >R

rq — damage radius of near wellbore zone, s, — near wellbore zone transmissibility (r £ry)
transmissibility (r >rq ), Pur  Pw2 — borehole pressure for production at flow rates Q; Q..

_ Q R
Pw1=Pres - —;2 |nr_+Sd
w
_ Q2 R
PW2 _Pres' 2 S, Inr_"'sd
w
Sg= K2 qppla
kl Mw
Then
- C%E, t£tID
r
u(r.t)= P
- C—Q2 E, t > tp
2phr

and

9 _ (5,)- P )+ () pl ek 1)

(24)

(25)

s, —far zone

(26)

(27)

(28)

(29)

(30)

Taking into account (29), (30), based on (20) it is easy to obtain formula for sandface temperature af-

ter change the flow rate

T (r ) = (rr2) +elpa(rr2) - P2l - (e+ h*)x{pl(rTZ)' P2 ()]
where

f(x) =Tres +e[Pres - pl(X)] - (e+ h' )[Pres - pl(rTl )]

t
T, = ,/xz +cQI;h

(31)

(32)
(33)

(34)

The correctness of the analytical solutions are verified by comparison with the results of numerical so-
lution of (13) and (14), with account taken assumptions for the analytical model. Production from a homoge-
neous reservoir for variable production rate is simulated. Standard deviation (SD) did not exceed 107 K.
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Analysis of the results of simulation
) Influence of thermal conductivity and compressibility to temperature

Temperature change is simulated numerically and analytically for production from water-saturated and
oil-saturated reservoir. Thermal conductivity (f « 0) and compressibility (, "+ 0) of reservoir were taken into
account during numerical simulation.

Simulation parameters: well radius 0.1 m; reservoir radius 100 m; wellhead flow rate 100 m®day for
10 hours and 50 m*/day at a later time; the initial pressure in the well and in the reservoir 200 atm; parameter
of wellbore storage effect 0 m%Pa; initial temperature in the reservoir 20 C; reservoir permeability 100 md;
reservoir porosity 0.2; thickness 5 m; pore compressibility 2 10™° 1/Pa; rock thermal conductivity 2 W/(m-K);
rock heat capacity 800 J/(kg K); rock density 2200 kg/m?®.

Table 1 — Parameters of the saturating fluid reservoir

Parameter Water Oil
Joule-Thomson coefficient, K/Pa 2 10”7 4 107”7
Adiabatic coefficient, K/Pa 3107 1.4 107
Heat capacity, J/(kg K) 4150 2000
Density, kg/m® 1000 800
Viscosity, Pa s 1073 1072
Compressibility, 1/Pa 4107 15 107
Thermal conductivity, W/(m K) 0.55 0.14

The thermal conductivity of fluid saturated reservoir was calculated with the Lichtenecker model [15]
— 14 f
=140 (35)
The thermal conductivity and the compressibility of reservoir in the analytic model are zero.

Water-saturated reservoir

Figure 1 — Sandface temperature changes for water-saturated reservoir: B1 — analytical model, B2 — numerical model

“tS{g>K>‘URf>'Uz'>'Ug> PS}g{1Tz|>'1}S|z'tRP>{§'3P"“>zPz| "t Tz|>}R"g|>Tz| TS|ztRP*>z{g> «{zT'1 BZ{Jg>
‘Z}g?>clfeU>1}ezT'>R—>'Ug>TR}+{g"thi|1 " H>UETUN > UzP>fR>URS{ H>zegz{"> 1 P>'Ug>1P{ {zR*eR—>'Ug>+(RI
“ST'1RP>V"1eS{g>[W?>c—>hg—R{g>TUzP+g'>R-X2RAKIGH>2—"g{>TUzP1Ps>—|Rf>{z'g>c—>fz'>X?XXKX>"?

Figure 3 shows the results of numerical simulation (considering the thermal conductivity and com-
pressibility) and they are equal by analytical model. The magnitude of the temperature change on the numer-
ical model is slightly higher results of the calculation of the analytical model. This effect for oil saturated res-
ervoir is shown more than in the case of water-saturated reservoir. It is explained by the influence of the
compressibility of reservoir, the compressibility of oil is almost four times more than compressibility of water.
RMS before changes production rate 0.149 K, and after changing production rate SD was 0.012 K.
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Figure 2 — Sandface temperature changes (T-Tes) for inflow period from the water-saturated reservoir.
Symbols as in Figure 1

Oil-saturate reservoir

Figure 3 — Sandface temperature changes for the oil-saturated reservoir:
H1 — analytical model, the H2 — numerical model

B) Filtration in homogeneous and heterogeneous reservoir

The temperature in long production wells varies slightly with time and thus to probe the reservoir by
temperature changes is difficult. The easiest way to achieve the temperature change - is to change flow
rate.

Case with a variable flow rate from homogeneous and heterogeneous reservoir is simulated to test the
possibility of obtaining information about the reservoir by temperature.

Simulation parameters: well radius 0.1 m; damage radius near wellbore zone 0.5 m; reservoir radius
10 m; wellhead flow rate 100 m®day for 10 hours and 50 m*/day at a later time; the initial pressure in the well
and reservoir 200 atm; initial temperature in the reservoir 20°C; permeability of damage zone 50 md, perme-
ability of reservoir 100 md; porosity 0.2; thickness 5 m; viscosity of the fluid 1 cPs; Joule-Thomson coefficient
0.02 K/atm; Adiabatic coefficient 0.003 K/atm; rock heat capacity 800 J/(kg K); water heat capacity
4150 J/(kg K); rock density 2200 kg/m®; water density 1000 kg/m®.

Figure 4 shows that the temperature decreases after reduction of flow rate. In the case of heterogene-
ous reservoir the temperature change is greater as the magnitude of draw-down pressure due to a decrease
permeability in the near-wellbore zone more than for a homogeneous reservoir. The following algorithm
(based on solution (31)) is used to define the boundaries of damage zone:

1. Draw the chart:

'T(r't]m STt land Inft-t )
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Figure 4 — Sandface temperature change after change flow rate
(1 - heterogeneous reservoir, 2 — homogeneous reservoir)

2. Select the straight sections on the chart

3. Find time, which corresponds to a break in the chart

4. According to the formula (32) calculate the damage radius of near wellbore zone. T  — temperature
at the time of changing flow rate, T"= T(t ).

Figure 5 — Sanface temperature change after change flow rate
(1 — heterogeneous reservoir, 2 — homogeneous reservoir)

Time after changing flow rate corresponding to the point of break is 0.96 hours (ot ), and the damage
radius of near wellbore zone 0.497 meters. The difference between the specified damage radius and the re-
sulting inverse problem solution is 0.48 %.

One more proof that the unsteady temperature from inflowing fluid after changing flow rate brings in-
formation about a damage radius zone is illustrated on Figure 6. As an example of three model curves
shows the slope of the curves in a semi-logarithmic coordinates after the break the same and equal to
0.0229 K. This is explain by the same permeability’s distant zones — 100 md.
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Figure 6 — Sandface temperature change after changing flow rate
(permeability of near wellbore zone 10 md, 25 md, 50 md)

Conclusions

1. Analytical model is developed to describe the non-stationary temperature field during a single-
phase fluid filtration in the reservoir with the radial inhomogeneity after changing of flow rate. It is based upon
convective heat transfer and barothermal effect.

2. Comparison calculations of analytical model with the numerical solution that takes into account
thermal conductivity and compressibility showed that the influence of the thermal conductivity and compress-
ibility on the simulation results is negligible.

3. As a result of model research it is clear that damage radius of near wellbore can be estimated by
the curves of temperature history recorded after flow rate change.

This work was supported by Russian Foundation for B asic Research (RFBR) (project 17-45-020193 )
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Annotation. In the field Neft Dashlary for
determining  lithological-petrographic  and
reservoir properties of deep layers, as well as
patterns of changes in area were defined
carbonate, porosity, permeability, density,
grading and speed of dissemination of longi-
tudinal seismic waves on the samples select-
ed from exploratory wells. The minimum and
average, maximum limits of physical proper-
ties of rocks were established. The depend-
ence of reservoir properties and other physi-
cal factors on the depth of occurrence of the
latter is considered. Analyzing the results of
these studies, it is possible to predict the oil
and gas content of deep-lying layers along
with those already exploited.
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Annotation. The paper considers the relation
of deformation processes developed when
the reservoir pressure in the oil deposits of
the Pripyat Trough decreases with the coeffi-
cient of oil displacement by water. The re-
search is based on the analysis of the results
of dynamic core studies conducted by Bela-
rusian Research and Design Institute of Oil
BeINIPIneft in conditions of the reservoir
pressure decrease in the oil deposits of the
Pripyat Trough.

Keywords: core material, the collector, fluid
properties, permeability, pressure, filtration,
displacement factor.

%

|RRKXX>
>

>

>

I>

>@...1tPT+>QgTUPR|R+1g">
> %l

> |

%> >

I>> |

>

>> & >

& ?

% # ,



—2018

5 1-9 !
3 & , &%
9 - - - - -- -- .- .- % -
| * -1« % - % - -
Dgln’ Dgsr’ Dgsm’ ngr’ Davr ’ Dsptr Dgptr-éd Dgor’ ngr’
* , 14,75 15,43 16,06 18,11 16,74 16,75 23,5 14,86 14,84
2% o, 6,871 6,901 6,933 6,971 6,957 6,91 6,761 6,78 6,8
(1
# % 256,1 2,669 13,79 11,936 | 10,725 3,117 4,126 12,422 40,28
,110°  °?
17,31 6,38 9,2 10,37 8,79 8,13 6,03 9,01 7,0
% ,%
< , B 17,55 6,812 10,22 12,3 10,27 9,4 9,58 8,14 7,018
%
2 - 0,752 0,705 0,66 0,699 0,852 0,749 0,929 0,909 0,876
%,
—— - - - - 2 _— - - -2 ;
5., % ! %1 % 1 !
2 %l % % # .
6. % # - $1 % !
! & # % #
7. . & 2 & -
) # % # $ -
12 0
8., %1 % # , $ 12! 0 & -
, # % #
& 0 0 # %
- % - .1, 2).
( 1-* 0 ! #
! % & , ! (D3or) &

205



—2018

206

( 2% 0 0 &
0 ( % & :
! (D3or) & )
0 ), ! -
% ( .2
5" 2-" % !
0 # , -
# - % %
& , ! o |
&% 0 & - & - ' ' ° s .
% % , % , %
- , Daln 60,83 3,56 9,65 1,151 -18,5
- , Dasr 64,58 6,9 9,65 1,151 -7,3
- , Dassm 54,07 2,97 17,366 1,151 -8,3 -0,7
- , Davr 55,23 4,65 17,366 1,151 -6,1 +6,7
- ( , Davr 54,71 3,3 0,562 0,601 +1,5
- ( , Daptr 53,9 1,7 0,714 0,681 -9,6 +4,1
, Daptr-zd 42,7 3,37 2,155 0,583 -11,9 -10,1
, Dsor 23,24 11,62 217,25 1,07 -36,9
% , Davr 62,28 4,87 18,1 1,402 —44.6
% 0 ( .2 0
! < L2 # -
! 0 # ! & ,
0 # 1 & # -
! .8 , # # $ 1
% ! # ,
%$ < , 2 0 -
$ , 12 1 # % # -
[2]. . ,
%% < , & 2
1 % # , ! -
12 3., o , # &
( : & 2 .
& % & 0 #



—2018

0 #
10- O
% %
% % !
, %$ !
! %1
- I
-2
! 1 ,
0 #
-2
# 1
$ % |/ 8
% . & !
! - $ %
( ! (D3or) &
0 &
%3$ ! <
!
( 4.4

207

& -
0,58-11,62 %.
(0,58 %) -
& %l 1
wl o, % %
% -
! $
0 # -
!
& -
% & -
23,24 %)
, I & -
! :
% )



( ¢ -2018

( 5-- % 0 # ! $
-2
, 2 % 0 % ! ,
% % % # # & $%
! , , | # # & 0 % -
% & , -
- $
1. 4 % # # /(.4. & -
i .—2014. - C 1(40). —. . 72-77.
2. $ (.(. 0 % # % # - ! -
# * & /i .-
2016. — C 1(44).—. . 106-113.
3. 3 (.(.( C # # & -
& . I/ .—2017.-C 1(46). —. . 135-142.
References:

1. Variabilityof reservoir quality (permeability and porosity) during oilfield development / A. I. Belonozhko, etc. //
Lithosphere. — 2014. — C 1(40). — P. 72-77.

2. Tishkov ( .( . Geological efficiency of evaluation of change of reservoir properties of oil collectors under devel-
opment illustrated by the East Drozdy field // Lithosphere. — 2016. — C 1(44). — P. 106-113.

3. Tishkov ( .( ., Abramovich . . The manifestation of deformation processes at lower reservoir pressure in the
oil deposits of the Pripyat trough // Lithosphere. — 2017. — C 1(46). — P. 135-142.

208



( ¢ -2018

*  550.832

- (

( «

% #
%

12

&' )

() &2
((

1 -(0

(8)

AN ALTERNATIVE ANALYSIS OF FILTRATION-CAPACITIVE PR OPERTIES OF
PRODUCTIVE REAMS OF CHOKRAK AGE FOR EXAMPLE SANDY D EPOSITS

+ $+
!
* .ot
’ »
#
! O- ) !
&
# & !
4.
# % # !
% %
& < L
# -
<
0 #
+ L
% # | FZI,
#
2%
$
!
;! 2
! )
2
& V, VI, VII | VII, VIl
# %1
&

IX

( %

% # -

2003

20-

209

Chuvilev Vladislav Olegovich
Student,
Kuban State University

Shkirman Natalya Petrovna
Candidate of geological and
mineralogical Sciences,
Adviser for Geophysics,

JSC «Krasnodarneftegeofizika»

Annotation. In the course of work analysis of
filtration-capacitive properties (FES) and
depositional conditions of chokrak interval cut
Sandy deposits. Classification of sediments
of chokrak tiers according to the core and
GIS and installed geophysical criteria filtration
rock types. The study established FES
breeds productive interval cut needed to
predict oil production. The resulting estimates
of filtration-capacitive heterogeneity can be
used when exploring untapped drilling zones
of a mine site facilities, as well as in drawing
up the filtration-dinaicheskih models of de-
posit and predicting volumes gas and oil
production at the stage of its operation.
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"/ , 25 | Annotation. The actual data on 25 oil and gas
& & deposits revealed in sediments on the Mesozo-
| ! ic-foundation boundary, as well as published
# - ’ & ~ | materials of recent years in the central part of
# %! 9 - | the Khanty-Mansiysk Autonomous Oblast
3 11 | 93 4 - are analyzed. The generation capabil-
KhMAO lyzed. Th i bil
# & 1 | ities of pre-Jurassic formations have been stud-
# 1 ! ! ied. It is shown that the estimation of the oil and
~ | gas resources of the pre-Jurassic complex on
! ) the considered oil and gas bearing areas, based
& # % - | on reserves on open fields and the potential of
# % # significant intervals of the foundation section,
o | ! makes it possible to estimate the potential of the
1 # % ! 93( pre-Jurassic complex in the central part of
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Annotation. Blasting nets can consist of
detonators, pyrotechnic relays, electric deto-
nators, electric detonators with electronic
deceleration, detonating cord, waveguides,
electric wires.

The damage of every element of explosive
network results in the refuses of part or all
explosive network with certain probability. At
the production of elements of explosive net-
work and their editing set by possible proba-
bility of their refuses and damages. So prob-
ability of exit of defective elements of explo-
sive network at their production is determined
on an enterprise manufacturer by selective
verification of party of the made elements. In
a passport on the prepared products proba-
bility of hit is specified in the made party of
defective element. In the presented article the
possible refuses of explosive networks are
analysed by reason of refuse of her elements
and disrepair of editing. Calculations over of
probability are brought that an explosive
network in good condition.

Keywords: detonators, pyrotechnic relays,
EBS, electric detonators with electronic de-
celeration, primacords, waveguides, electric
wires, probability of refuses.
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