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Introduction
The choice of the optimal development system for objects with 
complex geology depends on many factors, the knowledge of 
which helps to make correct decisions, which further affects 
the rate of oil production throughout the development of the 
object, as well as the coefficient of oil recovery. For the object 
of development PK1-3 of Vostochno-Messoyakhskoe field 
relevant factors understood the magnitude of the influence of 
bottom waters and the lateral connections of the object.

For the entire thickness of the formation PK1-3 is characterized 
by the absence of regionally sustained clay layers, as a result 
of which the deposits are in many areas a single geological and 
hydrodynamic system belonging to the lithogenetic types of 
coastal and marine faeces [1]. The deposit is gas-oil, massive, 
complicated by tectonic disturbances, lies in a complex 

interlayer of highly porous sandstones, siltstones and mudstones 
of the pokur formation. The classic approach to developing 
this kind of oil reserves is to drill long horizontal wells. At the 
same time, as a rule, the development of oil rims is complicated 
by gas and water breakouts. Another important issue for 
decision-making on the development of the field is the need to 
implement a system of water injection and the duration of the 
well development period before injection. In these conditions, 
obtaining information about the work of the formation, control 
and management of development is extremely relevant and at 
the same time a difficult task [2].

The paper considers the applicability of the results of well 
testing on horizontal wells to identify and differentiate the 
geological features of the PK1-3 formation associated with the 
aquifer at various regions in the development of the Vostochno-
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Messoyakhskoye field. The obtained results helped not only to 
update the current geological and simulation model [1], but also 
influenced the decision-making on the choice of the optimal 
development system, the timing of the implementation of the 
water injection system.

Well testing as a tool to clarify the geological features of 
the formation

The integration of data from various methods of well testing 
helps to collectively provide an answer to the presence or 
absence of the influence of plantar water on filtration to the 
horizontal wellbore.

The target layer PK1-3 is divided into three zones A, B, C 
(Figure 1):

A - Poorly studied, predominantly gas-saturated zone

B - Floodplain part, sub-gas zone

C - Channel part, the primary object of development, highly 
permeable oil-saturated layer, located near the oil-water contact

It is assumed that zone "C" has connection with oil-water contact, 
zone "B" is mainly isolated by a clay bridge from zone "C".

Problems according to well testing and well performance:

• Almost all horizontal wells drilled do not have linear flows 
on diagnostic plots. After 10 hours of shutting, the pressure 
derivative enters the shelf of the radial flow transient 
regime, which lasts up to 1000 hours. From the point of 
view of the classical approach to well test, this suggests 
that the main part of the well is not involved in the work. To 
combine data on various methods of testing on a number of 
wells were conducted field-geophysical studies, which in turn 
showed the work of a significant part of the horizontal wells

• Number of wells received water inflow associated with 
cone formation from the lower water-saturated layers. This 
is quite well diagnosed both by the mode of operation and 
by the well testing. The water cut sharply increases to 99%, 
and on the diagnostic graph there is a drop in the pressure 
derivative-the formation of a spherical flow regime [1]

• Numbers of wells were diagnosed with the negative impact 
of gas. On pressure build-up mode the wells are restored 
periodically to initial pressure and to abnormally high. 
The main version is considered to be the effect of the high 
suspension of the pressure gauge. The pressure gauge after 

Figure 1: Geological structure of the PK1-3 formation.

Figure 2: Well interference testing wells 601G, 1601G.

Figure 3: Reservoir thickness according to well interference testing.

shutting the well at the build-up is either in the liquid phase 
or in the gaseous phase [3]. The gas released after degassing 
compresses the oil under the gauge and distorts the data at 
the initial times

During the shutdown of one of the wells at the build-up, a 
new drilled neighbouring well, located 150 meters away, was 
launched into operation.  The launch response was obtained 
within a short time interval (Figure 2). The rate of reaction 
is affected by the value of piezoconductivity of the reservoir 
(equation 1), the amplitude of the generated pulse affects the 
value of hydraulic conductivity (equation 2). Thus, knowing the 
reaction time and the magnitude of the amplitude, it is possible 
to obtain the permeability value from the piezoconductivity 
equation (equation 3), and from the hydro conductivity-the 
value of the effective reservoir thickness (equation 4) [2].

According to signals obtained on these wells and the previous 
equations reservoir thickness was calculated, which ranged 
from 100 meters to 120 meters, which is much higher than 
oil-thickness of the reservoir in geological model [4]. These 
thickness results were superimposed on the map of the clay 
barrier of zone C and aquifer, which allowed us to conclude: 
where the clay barrier is smaller-the thickness of the interference 
test increases (Figure 3).
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where χ -piezoconductivity, m2/sec; R-the distance between 
the disturbing and reacting wells, t1-the time between the first 
and second changes in the flow rate of the disturbing wells, 
sec; t2-time delay signal (tmax- t1),  tmax-the time since the first 
change in the flow rate, κ -permeability of the formation, µ
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-viscosity of the liquid in formation conditions [5], MPa × sec; 
*β : coefficient of elastic capacity of the formation, 1 kg/cm2.

0 0 1

max

( ( ) ( ))921.5 i iQ E x E x k h
p

ε
µ

∆ − − − ×
= =

∆

                
2 2

0 1
max 2

;
4 4

R Rx x
t tχ χ

 (2)

Whereε -the coefficient of hydraulic conductivity of the 
formation, (mm2 × m)/(MPa × sec); )( xEi − -integral exponential 
function of the argument x; maxp∆ -the maximum pressure change 
in the reacting well, PA, h-the effective power of the formation, m.
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After unambiguous determination of the influence of the 
underlying water, we returned to the question of the absence 
of a continuous regime of linear transient flow in the testing 
of horizontal wells. The option of shutting down the well at 
the build-up during the operation of not only the oil-saturated 
reservoir, but also the water-saturated part is calculated (Figure 
4). In this case, the response created from the impenetrable 
border is diagnosed at a fairly late time, or not diagnosed at 
all [6]. As a result, the error occurs not only in determining the 
effective length of the horizontal well, but also in determining 
the permeability.

However, quite long linear flows were obtained for a number 
of wells. These wells were divided by geological location into 
zone B and C. The linear transient flow in the wells of zone B is 
a consequence of the horizontal well, since the zone itself is not 
hydro dynamically associated with the aquifer and the pressure 
response to the roof and sole is diagnosed by a linear flow on the 
pressure derivative [7].

Also, the analysis of geological and hydrodynamic connectivity 
of launched wells was performed, which showed in more than 
half of the cases the lack of connection. The map based on the 
results of the analysis helped to clarify the geological features of 
the formation in the production zone [8].

The influence of the underlying water at the rate of decline 
of reservoir pressure

On a sector model calculation on a grid of wells with typical 
placement for a zone C-150 meters between wells is carried out. 
The growth of mobility with depth-in water is 30 times more 
(Figure 6). The calculation shows that when working 120 meters 
and average production rate is 50 m3/day, the rate of decline in 
reservoir pressure at the region is 29 atm per year [9], which 
means the need to enter the water injection wells in the first year 
of operation of the wells.

Diagnostic graph of build-up according to the data on the sector 
model (Figure 6) identical with analytical calculations and has 

Figure 4: Model curves of well testing of horizontal well (1000 meters) at effective reservoir capacity of 20 m (yellow and green) and 120 m (red 
and brown).

 

 

 

 

 

60

70

] 
2̂

мс/гк[ 
е

и
н

е
лв

а
Д

0 2000 4000 6000 8000 10000

Время  [ч]

0
125

]
D/

3̂
м[  

итс
ок

д
и

ж 
о

п 
ат

и
б

е
д 

а
н

ич

Figure 5: The presence of hydrodynamic connection between launched wells on the coherence map.
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similarity with actual data.

In addition to the powerful aquifer underlay layers; there is 
lateral support from the aquifer according well surveys, which 
means operation without the introduction of water injection 
wells for a period of about one year. Long-term monitoring of 
wells on the simulation model confirmed the participation in 
the filtration of additional downstream aquifer capacity of 150 
meters-200 meters and the influence of the horizontal aquifer 
in the amount of 20% compensation of liquid production [10].

Conclusion
• Due to the understanding of the rate of pressure drop at 

the Vostochno-Messoyakhskoye field, the time of well 
development before transfer to the water injection was 
increased from 6 months to 12 months

• According to the results of the well testing it was 
recommended to convert to water injection wells with the 
highest water cut to compensate the pressure loss through 
the underlying water layers

• In the wells of zone B injection of fluid at low repression is 
necessary to ensure lateral flooding and minimize the water 
breaks

• Conceptual scheme was made for horizontal wells testing 
for determining the geological features of the formation 
structure and making decision of water injection beginning
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Figure 6: Sector model of a typical development region with a reservoir thickness of 120 meters.

Figure 7: Diagnostic graph of actual and model build-up; а): Model curve Heff=120 m; b): The actual curve.
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