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Keywords: A promising method for monitoring the process of waiting for cement hardening in wells is the use of fiber optic well
fiber optic monitoring, fiber optic thermometry or distributed temperature sensing (DTS). The DTS method creates the opportunity to move from post-facto
systems, well annulus, cementing measurements to real-time monitoring with the identification of complicated areas and timely adoption of the necessary design
control, distributed temperature decisions. As a result of the research, the technology for thermometric monitoring of the process of cement stone formation was
sensing, waiting for cement developed. The purpose of the work was to determine the applicability of practical skills developed over more than 10 years in
hardening. the field of production geophysical research using the DTS method to solve the applied problem of well construction. It was

established that the data obtained from DTS, in addition to solving applied problems (determining the reaction temperature,
data on the result of cementing, etc.), made it possible to solve the problems of monitoring the processes occurring in the
annulus during the formation of cement stone and create a platform for the further development of technologies for rapid
response to identified complicated areas. The results of the work performed can be widely used in monitoring the well
construction process, and are also of interest from the point of view of further development, both from a technological point of
view and methodologically.

KorogeBsie ciroBa: TlepCrIeKTUBHBIM TIPU KOHTPOJIE IIpOLlecca OXUAAHWA 3aTBEpAEBAHUA LeMEHTa B CKBAXWHAX SABJISETCA [pPHMeHeHHe
OIITOBOJIOKOHHBIII MOHUTOPHHT, OIITOBOJIOKOHHO# TepMomerpuu ckBaxuH (DTS). Merox DTS co3gaeT BO3MOXHOCTh IEPEHTH OT 3aMepoB MOCTGAKTYM K
OIITOBOJIOKOHHbIE CHCTEMBI, MOHHUTOPHHTY B PpeXHME DeaJbHOr0 BpEeMeHH C BBIABJIEHHEM OCJIOXHEHHBIX YYacTKOB M CBOEBPEMEHHOMY MPUHATHIO
3aTpy6HOE MPOCTPAHCTBO CKBAXHH, HEOOXOJUMbIX IPOEKTHBIX pelIeHNil. B pesysibTaTe NPOBENEHHBIX KCCIENOBaHUII OTpabOTaHa TEXHOJIOTHs IMPOBeJEeHHs
KOHTPOJIb LIEMEHTHUPOBAHUS, TEPMOMETPHUYECKOT0 MOHHUTOPHHIa mporecca (GOpPMHPOBaHMs LeMEHTHOro KaMmHs. llesbio paGoThl ABJISETCA ONpejesieHne
pacnpezieJIeHHOe TeMIepaTypHoe NPUMEHNMOCTH HapaGoTaHHBIX 3a Gojiee 4eM 10 JieT NPAaKTUYECKHX HAaBBIKOB B OGJIACTH HPOMBICJIOBO-Te0dH3NIECKIX
30HANPOBAHKE, OXKUJAHNE nccsteoBanuit MerogoM DTS [yist peleHus NPUKJIaJHON 3aa4i CTPOUTEIBCTBA CKBAXHHbI. Y CTAHOBJIEHO, YTO MOJIy4YeHHbIE T10
3aTBepAeBaHus LIEMEHTA. DTS paHHble, IIOMHMO pelleHUs NPUKIAAHBIX 3a4ady (OmpejesieHHMe TeMIeparypbl peakiuy, MAaHHble O pe3yJbTare

LEMEHTHPOBAHUA U TIP.), MO3BOJIAIOT PEIINTh 33Ja4ll KOHTPOJIA NPOLECCOB, NMPOMCXOAMNX B 3aTPyOHOM NPOCTPAHCTBE HPU
popMHUpOBaHMU LEMEHTHOTO KaMHA U CO3[Aal0T IulaTGopMmy Ui AajbHeHIero pasBUTHUs TEeXHOJIOTHIl OIepaTHBHOTO
pearupoBaHHs Ha BbIABJIEHHbIE OCJIOXKHEHHbIe 30Hbl. Pe3ysIbTaThl BHIIOJHEHHON paboThl MOTYT HMOJIYYUTh IIHPOKOe IPUMeHeHHe
IPH KOHTPOJIE 3a MPOILIECCOM CTPOUTEILCTBA CKBAXHUH, a TaKXKe MPe/ICTaBJIAIOT MHTEpPeC ¢ TOYKU 3PeHHs NaJIbHENHIIero pa3BuTHsA
HarnpaBJIeHUsA KaK ¢ TeXHOJIOIMYeCKOI TOUKH 3PeHHs, TAK U MeTOH0JIOTHYECKH.
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Introduction

Currently, one of the most promising areas for
monitoring the operation of oil and gas production
wells is application of fiber optic technologies.
The main advantage of using fiber optic monitoring
is the ability to carry out continuous monitoring along
the entire length of the well recording events in
real time [1, 2]. Fiber optic technologies for well
monitoring have been increasingly used in recent years
both abroad [3-5] and in the domestic oil and gas
industry [6-8]. At the same time, a promising method
for monitoring development is monitoring the
distribution of the temperature field along the wellbore
[9, 10]. In a modification of temperature measurement
at wells fiber-optic well thermometry (distributed
temperature sensing — DTS) is used [11, 12]. In the
Perm region in the period 2012-2024 there are results
of the successful using DTS technology in monitoring
development in terms of identifying zones of column
leakage and annulus flows [13-15]; identifying
anomalies associated with the separation of the liquid
phase composition [16-18]; monitoring the operating
technological equipment [19].

One of the urgent tasks of well operation is
monitoring the wells technical condition including
controling the process of waiting on cement hardening
(WOC) [20-22]. To date, studies to determine the
quality of casing cementation are being carried out
direct measurement of the parameters of the cement
injection process [23], as well as after completion of the
WCC using standard methods of cement bond logging
(ACBL) and gamma-gamma cement bond logging (GG-c)
[24-26]. If intervals of cement absence as well as
contact of cement with rock or the column are
identified, additional operations to refill cement
through specially created technological holes are
carried out [25]. It should be noted that in recent years
with the development of systems for processing
geophysical material [27-29], as well as the
introduction of CBL scanning modifications [30, 31],
the quality level of the performed measurements has
significantly  increased. @However, in generally
performing the operations described above leads to an
increase in the time for constructing a well and,
accordingly, to a significant increase in its cost. In
addition, standard methods do not allow a detailed
description of the defect types in the cement ring. In the
authors’ opinion, this problem can be solved more
effectively and at a lower cost by using fiber wells optic
thermometry. At the same time, measurements based on
fiber optic thermometry technology (DTS) can be
implemented both in the conductor and in the technical
string of a well under construction. In general, this
creates the opportunity to move from post-facto
measurements to real-time monitoring [32-34] with the
identification of complicated sites and timely adoption
of necessary design decisions. In particular, the use of
DTS-based monitoring makes it possible to complete the
WOC process not according to the average time interval
included in the well construction plan but precisely at
the actual completion of the cement setting process
which reduces the risks of construction and subsequent
operation of the well.

Modern DTS recording systems allow simultaneous
measurements on five fiber optic lines. While
implementing method, it was used the Silixa Ultima-S
recorder which is a small-sized measuring complex that
allows measurements of the required quality level to
solve thermometry problems [9], the technical

Technical characteristics of the measuring
thermometry complex Silixa Ultima-S

Parameter Silixa Ultima-S
Discretization interval, cm 12,5
Sampling resolution, cm 25
Temperature resolution, °C 0,01
Measuring time, ¢ From 1
Responsivity, °C 0,05
Cable length, km Upto5
Lenth resolution, cm 12
Time

Storage time, min 12

characteristics are given in the table which provides the
ability to measure temperature along the length of a
fiber optic cable with a step of 25 cm and accuracy up
to 0.05 degrees.

Research Objectives. Materials and Methods

A specialized cable in a reinforced sheath is used
as a sensor which prevents damage to the fiber during
round-trip process and also allows the cable to be
operated on a standard geophysical logging self-propelled
hoist. Moreover, instead of the standard cable design
(conductive cores and polymer insulation) four fiber
threads are used which are direct temperature sensors
placed in a gel-filled steel tube. The design uses two
layers of cable armor, which ensures a maximum tensile
load of 55 kN.

To control the recorded absolute values the complex
geophysical device “Sova-5” was used which allows for
simultaneous measurement of temperature, pressure
and also the exposure dose rate of rocks gamma ray
(GR) for reference to the well section. The device has a
valid calibration certificate; during the measurement
process it was placed at the lowest point of the
geophysical cable at a depth of 971 m.

To carry out pilot work for controling the hardening
of cement stone, a well was selected that operates an
object at one of the deposits within the boundaries of
the Verkhnekamskoye potassium salt deposit (VKPSD).
The joint development of oil and potassium salt reserves
significantly increases the requirements for monitoring
the quality of well casing [35-37] which makes the task
set for this territory even more relevant.

Results

Research to control the hardening of cement
stone wusing fiber-optic thermometry as part of
pilot work was carried out at one of the wells of
LUKOIL-PERM LLC.

While performing the work, the following tasks
were set:

—to determine the possibility of controlling the
cement setting process using a fiber optic cable;

—to determine the time required for complete
hardening of the cement stone for subsequent support
quality control.
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~ Current depth 984,2 m
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Fig. 1. Monitoring the WOC of a technical column using fiber-optic thermometry (a);
Controlling WOC of the technical column using fiber-optic thermometry (sweep) (5)

In the process of research, fiber optic cable was
lowered into the well after cementing the technical
casing (d = 245 mm), the first recording was made
4 hours after the completing cement pumping. The
recordings lasted 44 hours in increments of 12 min
(accumulation time).

Preliminarily, in order to increase the reliability
of the data and eliminate ambiguities in interpretation
during the well construction process (in an open hole)
a logging set was carried out for the purpose of
lithological subdivision of the section, the data was
plotted on tablets (Fig. 1, 2). After completion
of the monitoring it was carried out recording using
acoustic (ACBL) and gamma-gamma cement bond
logging (GG-c) methods, the result was plotted on
tablets (see Fig. 1, 2). One of the possible ways
to improve technology can be the using formation
testing the inflow [38-40] which will allow to obtain
the most reliable information about rocks saturation
in the target interval. In this case, these methods
were not used due to the technological features of the
well operating mode.

During the research the following recordings were
made: background measurements using the complex
geophysical device “Sova-5” and thermometry
measurements during the time of technical column
WOC. As a result of the interpretating a fiber-optic
thermometry studies complex, the following practical
conclusions were obtained:

— the position of the current face after cementing is
determined at a depth of 984.2 m (see Fig. 1, a);

— cement lifting to the wellhead was established (see
Fig. 1, b);

— after cementation, thermodynamic processes are
observed throughout the wellbore. The most intense
heating was noted in the interval of the carnalite
sequence of the Irensky horizon; the maximum heating
temperature was 50.6 °C (see Fig. 1).

At the same time, an analysing the dynamics of
temperature changes shows that at a depth of 971 m the
temperature increased from 24.7 to 29.5 °C, then
gradually decreased and at the end of the measurement
it was 22.0 °C. The pressure did not change and was
about 125.6 atm (Fig. 2).
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In the first day, an intense reaction occurs with
the heat release, the function is exponential in nature,
and specifically due to heat transfer to the environment.
After a day the potential of the exothermic reaction
drops, the reaction slows down - the temperature
decreases according to a linear law due to heat transfer
to the environment. It has been established that
in the interval of a two-column structure the process
goes on more slowly than behind a single column. This
occures probably due to heat transfer and/or cement
hydration processes. It is expected that when the
reaction stops, the process of equalizing the
temperature with the environment will take the
hyperbolic form. In this case we can talk about the end
of the hardening process in the cement stone. Due to
limited recording time the temperature reached an
asymptote during the work was not recorded.

Since the fiber optic cable is directly a temperature
sensor, at each wellbore point with a sampling step
(see table) it is possible to plot the temperature
distribution over time.

In this case, unlike a standard geophysical
instrument with a temperature sensor (Fig. 2), there is
no need for cable movement in the well. This allows
you to study the dynamics of rapidly changing well
events without the risk of data loss.

Conclusion

As a result of the research carried out using DTS, the
technology was developed and the process of cement
stone formation was monitored. The obtained results
make it possible to record temperature online, in
contrast to standard methods for measuring ACBL and
GG-c. As a result, it was found that the planned stated
cement hardening time is not enough to complete the
reaction which indicates incomplete cement formation

Pressure and temperature measurement on the depth of 971 m ™

T, grad

17.04.2022 210X 18.04 2022 900 18.04.20 1.‘-:| X
Date, time
— Temperature, grad  —— Pressure, atm

Fig. 2. Temperature and pressure distribution in time
at the bottom using the “Sova-5” device

stone at the time of measuring ACBL and GG-c
Analysing the obtained results suggests that there is
high potential for further development of the proposed
technology, including its methodological development,
as well as development through automation of
technological processes. An important advantage of the
DTS method is the future possibility to place a fiber
optic cable behind the column directly in the cement
which makes it possible to organize a long-term
monitoring system both during and after completion
of the well construction.

A promising direction for solving these problems
seems to be the integrating DTS with the technology
of distributed acoustic sensing (DAS) [41-43],
which will allow us to speak more reliably about
the nature of the identified temperature anomalies.
It is advisable to monitor well performance using
DTS and DAS methods simultaneously with a unified
recording system that allows synchronizing their
results.
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