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Abstract

During the well operation, it is important to monitor the current state of production on an ongoing
basis, identify water or gas breakthroughs, analyze the reservoir depletion, and predict the well operation
parameters. Production logging is a key stage of the efficient field development management.

This paper presents for the first time the results of the three-phase well surveillance on the North Caspian
shelf. The specific features of the wells being studied are the presence of a motherbore and sidetracks as well
as a multi-phase flow. The purpose of the studies was to acquire information on the actual inflow profile
distribution and its composition, borehole contribution ratio, as well as water and gas breakthroughs in the
boreholes of the wells in question based on the results of the long-term production surveillance using the
innovative technology — markers for the oil, water and gas inflow.

The collected data improve the quality of technological decision-making, which further contributes to
enhanced hydrocarbon recovery and reduces operating costs. The paper presents the accumulated experience
in conducting the studies of horizontal and multilateral wells at the North Caspian offshore fields.

Introduction

The subject of the study are the North Caspian fields, differing in the structure of occurrence of the pay
formations and trap types; development targets are the terrigenous Lower Cretaceous deposits, which are
highly heterogeneous in terms of permeability and complicated by a system of tectonic faults and the
presence of carbonatized consolidated intervals.

The dynamic marker-based production profile surveillance technology, which makes it possible to obtain
long-term oil, water and gas inflow profiles for horizontal wells and to timely identify the intervals of an
untargeted fluid ingress, was applied as one of the elements of the unified information & measurement
system for production and development surveillance at offshore fields. The marker-based surveillance
technology has been applied at six offshore wells in the Caspian Sea shelf, four of which are dual-laterals
with smart lower completions and a sealed TAMLS junction. The marker-based systems are integrated into
the lower completion assembly.
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Dynamic marker-based production profile surveillance technology

The dynamic marker-based production profile surveillance for horizontal wells refers to permanently
installed information & measurement systems for production logging during field development and it has
a number of advantages over conventional PLT methods (Kremenetsky, M.I. and Ipatov, A.I., 2020, 660)

e N0 process interruptions in well operation nor related oil production losses;
o multi-fold reduction of the specific cost of the data collected;

o representative data of stationary geomonitoring due to the possibility of carrying out an unlimited
number of measurements directly in well operation modes;
¢ any study frequency.

The dynamic marker-based surveillance relies on the application of high-precision reservoir fluid inflow
tracers. The tracers are polymer microspheres doped with semiconductor nanocrystals (quantum dots)
(Guryanov, A., Katashov, A. and Ovchinnikov, K., 2017, 40-49). Various combinations of quantum dots
used in the synthesis of microspheres create unique codes that do not repeat within the studied intervals of
the well (Kawasaki, 2005, 101-109). Fluorescent microspheres are placed in a polymer matrix. The marked
material is a non-homogeneous microfilled composite, which consists of a cross-linked polymer network,
with a filler (hydrophilic, oleophilic) and polymer microspheres (markers-reporters) uniformly distributed
in its volume inside. The marked material ensures the physical release of markers into the target phase of
the reservoir fluid in direct proportion to its velocity (the flow rate of the horizontal wellbore interval in
question) for at least five years (Fig. 1).

Dry consistence The functional filler swells Transporting to the surface

Figure 1—The process of physical release of the markers from the polymer matrix when flushed with the reservoir fluid

As a result, each phase of the reservoir fluid has its own inflow tracers. Polymeric compositions
with markers-reporters are placed in special downhole quantum marker sleeves integrated into the lower
completion assembly (see "Quantum marker sleeve with a marked composite material"). The marker
sleeve design is selected based on the geological and technical characteristics of the well and of the lower
completion assembly. After the field operation to run the marker sleeves in the hole is completed and during
the further well operation, inflow studies are carried out by way of sampling the reservoir fluid from the
wellhead and analyzing the samples using an analytical hardware & software package by the flow cytometry
method (Fig. 2). The marker identification process is fully automated and based on the application of
machine learning algorithms, which allows identifying markers with high rapidness and accuracy, without
any human factor impact.
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Figure 2—L.ife cycle of dynamic marker-based production profile surveillance projects at the North Caspian offshore fields

Summary results of the well studies

Before the study began, successful blind testing of the tracer systems was carried out in laboratory conditions
and a gas sampling methodology for the existing well hookups was developed.

The results of dynamic marker-based production profile surveillance in horizontal and multilateral wells
were used to plot consolidated diagrams of the daily average cumulative production that display the average
inflow profile distribution between the horizontal well intervals over the study period. The results of the
studies were obtained over a two-year period, 2020-2021; the planned surveillance period is five years from
the date on which each well has been put into operation. The "Summary Results of the Dynamic Marker-
Based Production Surveillance Suite Conducted During Well Testing" table provides the surveillance results
for the wells that were tested.
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Figure 3—Summary of the dynamic marker-based production profile surveillance suite conducted during well testing
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Comparative analysis of the results of dynamic marker-based production
profile surveillance and PLT

In the course of the project implementation in one of the horizontal dual-laterals, operations were performed
in the motherbore to integrate the dynamic marker-based production profile surveillance data and the PLT
suite (downhole flow metering and spectral noise logging) to identify downhole crossflows and verify the
inflow profile and composition along the motherbore. The integrity of casing packers was also examined
and the reservoir water ingress intervals were identified.

According to the PLT results, during the operation of the motherbore, a shoe leak was detected, which
resulted in a substantial ingress of the reservoir fluid from the intervals located below the screens, as well
as a leak of the packers at 4,548-4,587m (between the 1st interval and the interval below the screens).
To neutralize the impact of this factor, correction factors that account for the dilution of the marker
concentration from interval No. 1 and the crossflows were introduced. Due to the fact that the PLT was
carried out at two choke sizes, calibration curves that account for the concentration dilution for oleophilic
and hydrophilic markers of interval No. 1, depending on the drawdown created (choke diameter), were
plotted.

When the motherbore was shut in, a crossflow from the interval below the screens and interval No. 1
(the far wellbore zone) into the lost circulation intervals No. 4-6 (the near wellbore zone) was detected. In
this regard, correction factors that account for the duplicated marking of the well fluid for intervals No. 4-6
(the fluid ingress from the wellbore into the reservoir when the well is shut in and the fluid flow from the
reservoir into the wellbore when the flow is stimulated) were introduced.

Taking into account the factors associated with the shoe leakage and lost circulation in intervals No. 4-6
of the near zone in the crossflow model made it possible to refine the inflow profile distribution along the
motherbore.

The "Results of Comparison of Dynamic Marker-Based Production Profile Surveillance and PLT" table
presents a comparative analysis of the inflow profiles recorded using two independent measuring systems
— marker-based production profile surveillance and PLT.

Fluid inflow profile, %

Interval No. According to dynamic According to PLT Absolute deviation, %
marker-based production
profile surveillance
deviation, %
(refined crossflow model)
Choke size No. 1: Dchoke= 11.91 mm

1 + below the screens 52.3 59 6.7
2 8.1 17 8.9
3 19.9 8 11.9
4 8.7 1 2.3
5 53 7 17
6 5.7 0 5.7
Choke size No. 2: D choke = 2143 mm
1 + below the screens 71.3 56 15.3
2 8.4 15 6.6
<) 9.5 9 0.5
4 44 1 6.6
5 2.6 7 44
6 3.8 4 0.2
Average deviation value, % 5.9

Figure 4—Results of comparison of dynamic marker-based production profile surveillance and PLT
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Conclusions

1.

The data obtained from the three-phase dynamic marker-based production profile surveillance in
horizontal and multilateral wells of the North Caspian shelf made it possible to determine the inflow
profiles, evaluate the reservoir depletion over time, and identify the intervals of the untargeted fluid
ingress. The nature of the inflow distribution in each well being studied correlates with the peculiarities
of the geological structure and the extent of the pay intervals.

The combination of marker-based production profile surveillance, downhole flow metering and
spectral noise logging technologies made it possible to identify complications in the operation of the
well being studied. The detected crossflows made it possible to calibrate and refine the inflow profile
according to marker-based surveillance data. The average fluid inflow deviation value, according to
dynamic marker-based production profile surveillance and downhole flow metering, was 5.9%.

In the event of complications, such as the reservoir fluid flow bypassing marker sleeves (due to
the leaks on the liner string or casing packers), the marker-based production profile surveillance
technology has to be integrated with other PLT methods to ensure reliable inflow profiling.
Nevertheless, the factors obtained from the integration can be used to obtain relevant data during the
next study cycles.
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