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 An important task in monitoring the development of hydrocarbon fields is to obtain data on the filtration characteristics of 
reservoirs and the properties of fluids in reservoir conditions. When using standard logging in the complicated conditions of low-
permeability formations, poorly consolidated rocks and eroded wellbores, it is very difficult to perform reservoir pressure 
measurements, sampling with a detailed analysis of fluid properties. A study was carried out in order to clarify the filtration 
properties of the rocks of the geological section by the method of hydrodynamic logging with testing of the formations by a 
tester on a MDT logging cable (modular dynamic tester). This problem was solved using the example of carbonate production
formations of the Magovskoye oil and gas condensate field, which are generally characterized by a complex heterogeneous 
structure. An analysis of the effectiveness of using a modular dynamic reservoir tester made it possible to clarify the boundaries 
of permeable rock intervals with an assessment of their saturation. At the same time, working intervals of the geological section 
were established, which, with standard logging, were interpreted as dense rocks.
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 Важной задачей при контроле разработки месторождений углеводородов является получение данных о фильтрационных
характеристиках коллекторов и свойствах флюидов в пластовых условиях. При использовании стандартного каротажа в
осложненных условиях низкопроницаемых пластов, слабо консолидированных пород и размытых стволов скважин 
выполнение замеров пластового давления, отбора проб с детальным анализом свойств флюидов весьма затруднительно.
Осуществлено исследование с целью уточнения фильтрационных свойств пород геологического разреза методом
гидродинамического каротажа с опробованием пластов испытателем на каротажном кабеле MDT (модульный
динамический испытатель). Данная задача решена на примере карбонатных эксплуатационных объектов Маговского
нефтегазоконденсатного месторождения, которые в целом характеризуются сложным неоднородным строением. Анализ 
эффективности использования модульного динамического испытателя пластов позволил уточнить границы
проницаемых интервалов пород с оценкой их насыщения. При этом установлены работающие интервалы геологического 
разреза, которые при стандартном каротаже интерпретируются как плотные породы.  
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Introduction 
 

Currently, the calculation of hydrocarbon (HC) 
reserves and the design of the development of oil and 
gas fields is carried out on the basis of digital 
permanent geological and technological 3D models 
(DPGTM) [1–5]. The basis for constructing a DPGTM is 
the data interpretation results from geophysical surveys 
of wells (GSW), a complex of which is necessarily 
carried out in the open trunk of all drilled wells. The 
main methodological aspects of constructing a DPGTM 
are reflected in works [1–3]. At the same time at the 
stage of geological 3D modeling, according to GSW 
data, the reservoir properties of rocks are assessed, 
primarily the coefficients of porosity (Kp), oil saturation 
(Ks) and permeability (k). 

When interpreting GSW data in addition to the 
number of well-known methodological problems that 
arise when determining Kp [6–9], the main problem 
is the difficulty of assessing the filtration 
characteristics of the formation. According to 
filtration studies of core in combination with X-ray 
tomography data [10–14], for complex carbonate 
reservoirs the relationship between k and Kp is often 
statistically insignificant which does not allow the 
geological structure of productive objects in the 
DPGTM to be reliably represented using well logging 
data. At the same time in complex reservoir 
conditions it is recommended to use a full-size core 
during research [15–17] in combination with well 
hydrodynamic testing (HDT) data [18–20]. 

Also drilling wells with core sampling significantly 
increases the cost of drilling wells. Accordingly, for 
wells that are drilled without core sampling it is 
necessary to use additional methods to control the 
filtration properties of the formation. This paper 
analyzes the use of a modular dynamic wireline 
formation tester (MDT) for this task. 
 

Objectives Setting. Materials and Methods 
 

The Modular Dynamic Reservoir Tester (MDT) 
provides the ability to quickly perform multiple 
measurements of reservoir pressure (Pr) while also 
allowing  multiple sampling representative deep 
examples of reservoir fluid. In this case logging 
hydrodynamic studies (LHD) and sampling on a 
logging cable (SLC) are performed using both a 
double packer and a pressure probe. While 
implementing MDT technology during measuring Pr 
and testing formations in domestic fields a radial 
probe "Saturn" is ordinary used along the perimeter 
of which there are four self-sealing inlet ports 
located around the circumference at 90° intervals. 
The holes are isolated from the wellbore by the same 
inflatable packer which is pressed against the well 
walls by a sealing surface ensuring uniform fluid 
selection throughout the entire circumference, 
significantly reducing the time for testing formations. 
The main technological limitations of using the 
method include the size of the well diameter which 
should not exceed the capabilities of the inflatable 
elements (packers) as well as the unevenness of the 
well walls which do not allow hermetically installing 
the pressure probe [21–23]. 

WFT/LHD devices allow to obtain reliable data on 
the Pr distribution over the geological section and 
determine the nature of study intervals saturation with 
an assessment of their reservoir properties [24–26] in 
real time during open hole exploration. Modern 
configurations of wireline formation testers are 
equipped with a group of complex analyzers that 
allow real-time monitoring of the basic properties 
and composition of the fluid (GOR, hydrocarbon 
composition, pressure, temperature, electrical 
resistivity, density, etc.) [27–29].  

The using MDT equipment allows studies to be 
carried out for determining permeability and 
permeability anisotropy through interval testing, 
recording pressure drawdown (PDC) and pressure 
build-up (PBC) curves. The experience of using MDT 
technology in determining PDC and PBC is described in 
papers [30–32]. A schematic diagram of the MDT 
method used in research by Schlumberger is shown in 
Fig. 1. While processing MDT results, the Schlumberger 
software named InSitu Pro 3.0.0 is usually used [33]. 

Papers describe recommendations [34–36] for 
selection of sampling intervals and data processing of 
the WFT/LHD methods. In difficult geological and 
technological conditions with strong bore deviation 
(including in horizontal wells) mdt studies are 
recommended to be performed using a drilling tool 
using TLC (Tough Logging Conditions) technology. 
It is worth noting that testing a water-saturated 
reservoir with a two-packer unit with sampling  
formation fluid allows to obtain valuable information 
about the properties of formation water [37–39] 
(temperature, resistivity, formation pressure, 
salinity), which is necessary in the future while 
calculating reserves. 

The results of WFT/LHD make it possible to 
estimate reservoir pressures (Pr) of the studied 
formations with sufficient accuracy. At the same time 
the experience of conducting mdt generally shows a 
satisfactory comparison of Pr assessing results according 
to the LHD data and formation testers in the open hole 
[40–42]. 

Thanks to the capabilities of MDT several different 
productive intervals can be examined and sampled 
during a single trip. The method allows sampling at 
minor pressure differences which facilitates obtaining 
representative samples of formation fluids [43, 44]. 
 

Results 
 

In this work the analysing effectiveness of using 
MDT technology was carried out for the carbonate 
Bashkirian-Serpukhov and Tournai-Famennian deposits 
of the Magovskoye oil and gas condensate field. 

Research in the conditions of considered deposits 
was carried out sequentially in two stages: 

• firstly, fluid mobility and reservoir pressure were 
assessed using a pressure probe in promising intervals; 

• at the second stage, the intervals which are the 
most significant for assessing the nature of saturation 
and taking deep samples, previously selected based on 
the results of studies with a pressure probe, were 
studied using an assembly with a double packer. The 
decision to take a sample was made when a stable 
degree of formation fluid purification from the drilling 
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fluid filtrate was achieved according to the inflow 
composition sensors. 

Research using MDT technology in the intervals of 
the Bashkirian-Serpukhovian deposits was carried out 
on a number of the Magovskoye field domes where 
oil, oil and gas condensate and gas condensate massifs 
of productive rocks were installed. The reservoirs for 
them are represented by porous and fractured 
limestones and dolomites, overlain by clays from the 
lower part of the Vereian horizon and dense 
carbonates from the upper part of the Bashkirian 
stage. Dolomites are light gray, heterogeneous, 
unevenly calcareous, porous, cavernous, with brown 
oil exudates, strong, fractured in areas. The limestones 
are light gray, fine-grained, finely cavernous, usually 
with the smell of oil in a fresh fracture. 

Hydrodynamic studies using MDT were carried out 
in two wells where, according to core and GSW data, 
the main reservoirs are identified in dolomite 
interlayers with a total reservoir thickness of more than 
60 m. The weighted average values of reservoir 
properties according to GSW data are: Kp = 9.5 %, 
Ks = 68.28 %, k = 4 mD. 

These intervals according to the GSW complex are 
assessed as oil-saturated. In addition, in the geological 
section interlayers with a total thickness of 3.3 m 
were identified with deteriorated reservoir 
properties according to boundary values, close to the 
characteristics of reservoirs. There the weighted 
average characteristics of the reservoir properties are 

estimated from the GSW as follows: Kp = 6.6%, 
Ks = 46.6 %, k = 0.9 mD. 

The results of using the MDT technology in one of 
the wells are shown in Fig. 2. Totally 74 standard 
LHD measurements were carried out with an Pr 
estimation for 12 measurement intervals. The 
measured Pr values are in the range from 180.1 
to 183.4 atm with fluid mobility values from 0.01 
to 11.8 mD/mPa•s. At the same time, according to 
the LHD results and GSW interpretations depths 
for testing were selected in order to clarify the 
nature of reservoir saturation. 

The interpretation results in the interval 1990.5–
2004.2 m are given in table 1 where it can be seen 
that the MDT technology makes it possible to evaluate 
the nature of reservoir saturation with an assessment 
of the fluid viscosity (μ), Kn and k of the study interval 
as well as the skin factor (S). 

In table Fig. 1 it is shown reservoir intervals where 
according to well logging interpretation the nature of 
saturation was not reliably established. At the same 
time according to GSW the reservoirs were assessed as 
probably oil-bearing in the interval of 2003.1– 
2004.2 m, while according to the LHD, an influx of oil 
with water was obtained in a ratio of 70 to 30 %. 
In general, a comprehensive interpretation of standard 
logging and geological testing methods provides the 
recommendations basis for additional studies of this 
interval in the column to clarify the position of the oil-
water contact (OWC). 

 

 
 

Fig. 1. Layout scheme of MDT method [33] 
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Fig. 2. Graphic representation of the MDT record in one of the wells of the Bashkir-Serpukhov production facility 

 

  
Fig. 3. Graphic representation of an MDT record in one of the wells of the Tournai-Famennian production site 

 
Table 1 

Formation characteristics of the Bashkir-Serpukhov production facility 
based on the results of using MDT technology 

Depth interval, m Formation pressure, аtm μ, mPa·s k, mD Кs % Skin factor S, without unit Fluid content
1990,5–1993,5 180.1 0.69 1.96 59.1 2.0 Oil
1994,3–1997,4 180.6 0.69 40.4 60.8 52.0 Oil
1998,0–1998,9 179.1 0.69 29.6 64.2 38.0 Oil
1999,6–2001,2 183.4 0.69 86.9 55.7 124.3 Oil
2003,1–2004,2 183.2 0.4 – – – Water

 
Table 2 

 
Formations characteristics of the Bashkir-Serpukhov and Tournais-Famennian production facilities 

based on the results of hydrodynamic studies using MDT 
 

Object Depth interval, m μ, mPa·с Formation 
pressure, atm k, mD Кs, % Skin factor, 

S, without unit. Fluid content 
Т-Fm 2466.7–2467.0 1.0 204.70 84.1 82.7 543.0 Oil
Т-Fm 2468.2–2469.0 1.0 205.18 82.8 82.5 543.0 Oil
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Oil and gas condensate deposits on the Magovsky 
and Raevsky domes, oil deposits on the Yuzhno-
Raevsky dome and non-industrial gas condensate 
deposits on the northern dome of the Yuzhno-Mysinsky 
uplift are confined to the Tournaisian-Famennian 
deposits. The reservoirs are characterized as low-
porosity, their share in the section is insignificant. 
According to the core data, the sediments are 
represented by gray, fine-grained, slightly porous, 
locally fissured and cavernous limestones. 

The results of applying the MDT technology in 
Tournaisian-Famennian deposits are shown in Fig. 3. 
A total amount of 59 standard LHD measurements were 
carried out with an estimate of Pr for 14 section 
intervals. The measured Pr value was 204.7 atm with 
fluid mobility values of 24.8 mD/mPa∙s. 

Based on the results of GSW interpretation no 
reservoir intervals have been identified in the Tournai-
Famennian deposits, while for a number of Kp 
interlayers was estimated to be in the range of 5–6 %. 
The interpretation results of hydrodynamic studies 
using MDT in the interval 2466.7–2469.0 m are given 
in table 2. 

From the data in table 2 it is shown that the use 
of MDT technology in a dense section according to 
GSW data made it possible to identify thin oil-
saturated reservoir layers with k of the order of 
80 mD. In these intervals with a total thickness of 

1.1 m the fluid and reservoir characteristics (μ, Kn, S) 
were also determined. 
 

Conclusion 
 

Thus, as a result of the analysing the MDT 
technology effectiveness, the reservoirs boundaries with 
their saturation and qualitative characteristics were 
clarified. Analysing the effectiveness of using a modular 
dynamic formation tester made it possible to clarify the 
boundaries of permeable rock intervals with an 
assessment of their saturation. At the same time 
working intervals of the geological section have been 
established, which are interpreted as dense rocks while 
standard logging. 

It should be noted that in general the MDT method 
has a relatively low cost of research and significantly 
complements the results of GSW interpretation. 
In addition, MDT is a direct method for studying 
productive formations providing fluid selection with 
determination of formation saturation (oil, gas, water) 
which cannot be always performed with sufficient 
reliability in a carbonate section using standard well 
logging methods. As a result of the research, the 
structure of the Bashkir-Serpukhov and Tournai-
Famennian productive formations was clarified, that 
can be used in the DPGTM construction of the 
Magovskoye oil, gas and condensate field. 
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