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N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research  databases.  
The  inclusion  of News  of  NAS  RK.  Series  of  geology  and  technical sciences in the 
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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© Қазақстан Республикасының Ұлттық ғылым академиясы, 2023
Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.

Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын-
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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STYDING THE EFFECT OF REINFORCEMENT ON THE PROPERTIES OF PLUGGING 
MATERIALS WITH EXPANDING ADDITIVES 
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Abstract. Ensuring the tightness of the insulation and durability of the cement stone depends on many 
factors that occur at all stages of cementing the operational column. If one of them is the penetration of gas 
during cementing or after the delivery of cement mortar into the annular space, then another factor is in-well 
work that creates dynamic loads on the cement stone and violates the tightness of the annular space insulation. 
These factors can be the cause of many problems that arise during the operation of the well. Therefore, 
improving the quality of well anchoring taking into account these factors, especially in the productive 
formation zone, is always relevant. Since the initiation of gas penetration into the cement mortar can manifest 
itself when moving upwards in the annular space and during its hardening, it becomes necessary to use 
expanding and reinforcing additives in the development of grouting material formulations. The article offers 
for consideration the results of a study conducted to assess the effect of reinforcement on the properties of 
grouting materials with expanding additives, as well as the role of other modifying additives. They make it 
possible to increase the deformation stability, prevent the destruction of cement stone when exposed to shock 
loads and minimize the processes of gas entering the cement mortar (stone). Instruments and equipment 
conforming to API and GOST 1581–96 standards were used for the research. The results of experimental 
studies made it possible to obtain grouting solutions with expanding and reinforcing additives at a 
concentration of 0.25 %, providing the necessary deformation stability of the grouting stone. 

Keywords: well fastening, cement stone, grouting mortar, fiber fiber, reinforcement 
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Аннотация. Оқшаулаудың герметикалығын және цемент тастың беріктігін қамтамасыз ету 
жұмыс бағанының цементтелуінің барлық кезеңдерінде болатын көптеген факторларға байланысты. 
Егер олардың бірі цементтеу кезінде немесе цемент ерітіндісін сақина кеңістігіне жеткізгеннен кейін 
газдың енуі болса, онда тағы бір фактор-бұл цемент тасына динамикалық жүктемелер тудыратын және 
құбыр кеңістігінің оқшаулауының тығыздығын бұзатын ұңғыма жұмыстары. Бұл факторлар ұңғыманы 
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пайдалану кезінде туындайтын көптеген мәселелердің себебі болуы мүмкін.  Сондықтан, осы 
факторларды ескере отырып, Ұңғымаларды бекіту сапасын арттыру, әсіресе өнімді қабат аймағында 
әрқашан өзекті болып табылады. Цемент ерітіндісіне газдың енуінің басталуы сақина кеңістігінде 
жоғары қарай жылжу кезінде пайда болуы мүмкін және ол қатайған кезде тампонаждық материалдың 
рецептурасын жасау кезінде кеңейтетін және күшейтетін қоспаларды қолдану қажет болады. Мақалада 
кеңейту қоспалары бар тампон материалдарының қасиеттеріне арматураның әсерін және басқа 
модификациялаушы қоспалардың рөлін бағалау бойынша жүргізілген зерттеу нәтижелері 
қарастырылады. Олар деформацияға төзімділікті арттыруға, соққы жүктемелеріне ұшыраған кезде 
цемент тасының бұзылуын болдырмауға және цемент ерітіндісіне (тасқа) газ ағынын азайтуға 
мүмкіндік береді. Зерттеу жүргізу үшін API және ГОСТ 1581–96 стандарттарына сәйкес келетін 
аспаптар мен жабдықтар пайдаланылды. Эксперименттік зерттеулердің жоғарыда келтірілген 
нәтижелері 0,25 % концентрацияда кеңейтетін және күшейтетін қоспалары бар тампондық 
ерітінділерді алуға мүмкіндік берді, бұл тампондық тастың қажетті деформациялық тұрақтылығын 
қамтамасыз етеді. 

Түйін сөздер: ұңғымаларды бекіту, цемент тас, тампонаж ерітіндісі, талшықты талшық, 
арматура 
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Аннотация. Обеспечение герметичности изоляции и долговечности цементного камня зависит 
от многих факторов, которые имеет место во всех этапах цементирования эксплуатационной колоны. 
Если одним из них является проникновение газа во время цементирования или после доставки 
цементного раствора в кольцевое пространство, то другим фактором являются внутри скважинные 
работы, которые создают динамические нагрузки на цементный камень и нарушают герметичность 
изоляции затрубного пространства. Эти факторы могут быть причиной многих проблем, возникающих 
при эксплуатации скважины.  Поэтому повышение качества крепления скважин с учетом данных 
факторов, особенно в зоне продуктивного пласта всегда является актуальной. Так как инициирование 
проникновения газа в цементный раствор может проявляются при движении вверх в кольцевом 
пространстве и при его твердении возникает необходимость применения расширяющих и армирующих 
добавок при разработке рецептур тампонажного материала. В статье к рассмотрению предлагается 
результаты проведенных исследований по оценке влияния армирования на свойства тампонажных 
материалов с расширяющими добавками, а   роль других модифицирующих добавок. Они позволяют 
повысить деформационную устойчивость, предотвратить разрушения цементного камня при 
воздействии ударных нагрузок и минимизировать процессы поступления газа внутрь цементного 
раствора (камня). Для проведения исследований использованы приборы и оборудование, 
соответствующее стандартам API и ГОСТ 1581–96. Приведенные результаты экспериментальных 
исследований позволили получить тампонажные растворы с расширяющими и армирующими 
добавками при концентрации 0,25 %, обеспечивающие необходимую деформационную устойчивость 
тампонажного камня. 

Ключевые слова: крепление скважин, цементный камень, тампонажный раствор, 
фиброволокно, армирование 
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Discovery of new deposits and growth in the volume of prospecting and exploration work in various 
regions of the UIS countries. For example, in recent years, new fields with large reserves have been discovered 
in Kazakhstan, such as the Klimene field, which is being developed by Tethys Petroleum, and the Khalela 
Uzbekgaliyeva field (Kaz Energy. The national energy report. P. 232 (2021)). This allows us to conclude about 
the prospects for production drilling, and, consequently, the growth in the volume of related work and services. 
It is known that fixing is one of the most important and most difficult stages in the entire cycle of well 
construction. At the same time, the wellbore is always in difficult thermobaric conditions, therefore, the 
technology of well casing provides the only possible, today, way to create a well casing by filling the annulus 
with cement slurry, which after a while should form a strong impermeable stone. This operation requires 
special control, because its further fate depends on the quality of well casing. 

It has been established that the majority of oil and gas wells in the world have interest ratal flows of 
varying intensity or leakage of the support (Kireev, 2015). There is a need to carry out work to eliminate the 
leakage of the cement ring or casing, which, in addition to material costs and time, reduces the further 
productivity of the well by 10–15 % due to their killing during repair work (Shilov, 2013). 

Therefore, high quality and the correct choice of plugging materials, the correct implementation of all 
technological operations can prevent a number of problems and increase the life of the well. In addition to 
cementing techniques and technologies, a very promising area is the development of modified cement 
compositions aimed at solving a number of problems that cannot be excluded even with full compliance with 
all regulations and the use of the latest technology (Gregatti et al., 2015). 

One of the main disadvantages of cementing materials is the low resistance of the resulting stone to 
impact loads, as a result of which cracks form in it during work carried out inside the casing string. Such works 
include pressure testing, perforation, cement cup drilling, well deepening and hydraulic fracturing. The 
appearance of cracks in the cement sheath leads to subsequent complications associated with leakage of the 
annulus, such as cross-flows, annular circulation, annular pressures, further and deeper destruction of the 
cement stone. 

The strongest stresses in the well lining occur at the stage of the secondary opening of the reservoir. 
Despite the presence of gentle perforation methods that allow you to carefully open the reservoir and avoid 
high loads on the casing, the most widely used perforation method is cumulative. According to (Gregatti et al., 
2015), dynamic loads on the casing string and cement lining increase up to 300 MPa, and the diameter of the 
string itself can increase by 15 mm (Agzamov, 2011). Such stresses certainly cause cracks in the cement stone 
and are capable of destroying it already in the early stages. It was shown in (Samsykin, 2007) that the 
propagation zone of stresses dangerous for the cement stone can spread up to 10 m above and below the 
perforation interval, and the cracks formed in the cement stone lead to watering of the well production already 
at the stage of development. 

Drilling out the cement cup, casing shoe, as well as further deepening of the well negatively affects 
the integrity of the cement stone and is also one of the reasons for the leakage of the support even before the 
completion of the well construction. The analysis of field materials (Tikhonov, 2013) showed that during the 
drilling (deepening) of the well after cementing, it causes a deterioration in the contact between the cement 
stone and the casing string due to high vibrations and beats of the drill string against the inner walls of the well 
casing string. 

Today, a significant part of additionally produced oil becomes available due to hydraulic fracturing, 
and the number of wells using this technology is growing every year. The process of hydraulic fracturing also 
poses a serious threat to the cement ring, since in addition to a significant dynamic load, there is also a large 
static load that lasts for a long time, about 1.5–2 hours (Agzamov, 2017). The work (Tikhonov, 2013) shows 
the field statistics of the causes of behind-the-casing fluid circulation (FCC) in some fields, from which it 
follows that, on average, more than 70 % of wells have leakage due to perforation and hydraulic fracturing 
processes, which indicates insufficient strength of the cement stone for carrying out this operation (Orynbayev 
et al., 2019). 

Often, the strength of the cement stone does not correspond to the actual loads that occur during various 
operations in the well, since when designing the composition of backfill materials, a number of factors that 
have a serious impact on the integrity of the cement stone are usually not taken into account. The paper 
(Samsykin, 2007) compares the strength of the cement stone with the loads that occur during certain operations 
at different temperatures, which were obtained by calculation. From the presented work it follows that the 
cement stone in most cases is not able to maintain tightness during work in which the main loads are dynamic 
(Agzamov, 2017). 

These data indicate the need to take into account the strength of the stone during technological 
operations in a cased well, and the need to take into account these factors when developing the formulations 

110

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55968884400&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55968884400&zone=


 N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan 
of cement compositions, paying special attention not only to strength, but also to the resistance of the stone to 
dynamic loads (Orynbayev et al., 2019). 

Currently, for cement stone, indicators of compressive and bending strength are regulated. At the same 
time, a number of researchers consider it necessary to introduce requirements for the elastic properties of 
cement stone and propose to introduce indicators of cement stone properties necessary to assess its elastic 
properties, which are important during operations leading to the occurrence of shock loads (Bu et al., 2020). 

In this regard, the issue of developing cementing materials with sufficient resistance to dynamic loads 
is relevant. Among the modifying additives that increase the impact resistance of cement stone, we can 
distinguish: 1) polymers, which, when mixed with cement, reduce its strength, but increase plasticity; 2) small 
amounts of microspheres, which can act as dampers or absorbers of stresses that occur in the stone and prevent 
destruction; 3) fiber — a fibrous material (basalt, glass fiber, asbestos), when using which part of the external 
load is perceived by the cement stone, and part is perceived by the reinforcing additive, and the more randomly 
the fiber is distributed in the volume, the better the stone works for any type of loading, in including impact 
loads (Erofeev et al., 2011). The fiber is classified according to the value of Young's modulus E, according to 
which low-modulus and high-modulus fibers are distinguished. The first group includes fibers with an elastic 
modulus of up to 250 GPa (basalt, asbestos, etc.), as well as fibrous materials with an elastic modulus of up to 
700 GPa (carbon fibers, etc.). 

The high modulus fiber makes it possible to achieve higher strength values of the cement stone in 
relation to the stone from traditional cements. 

Low-modulus fiber does not allow achieving high strength values, but it is able to reduce stone 
shrinkage during hardening, and, therefore, eliminate the appearance of cracks, increase deformation resistance 
and provide a higher water-holding capacity of the mortar (Erofeev et al., 2016). 

Fibre-reinforced cement has a different failure mechanism than unreinforced cement. First, a 
microcrack appears in the cement stone, then it cracks, and the load of the collapsing zone is perceived by the 
fiber, some fibers are torn, then the load is taken by the remaining fibers located in the fracture zone, after 
which the continuity of the components is broken, and the bearing capacity of the fibers is lost (Bu et al., 2020). 
When a reinforced stone is destroyed, two options are possible — fiber rupture or its pulling out of the matrix 
(Stel’makh et al., 2021). Obviously, the greatest effect from the use of fiber is achieved in the first type of 
destruction, while the degree of adhesion of the fiber to cement, as well as the depth of its anchoring, are very 
important. 

The research results given in works (Stel’makh et al., 2021) show that the amount of fiber in plugging 
materials should be (0.3–0.5) %, with a fiber length of (3–5) mm. This does not exclude the use of fibers with 
different characteristics and at higher concentrations, but field experience has shown that with a larger number 
and longer lengths of fibers there is a problem with the preparation of cement slurry due to clogging of the 
cement supply holes. Combining fibers of different origin is effective (Quercia et al., 2016). In 2015, the 
authors of (Abtahi et al., 2010) noted the effectiveness of polypropylene fiber. 

According to (Agzamov et al., 2011), the modification of cements with fiber concentration up to 2 % 
can provide an increase in bending strength by (15–35) %, in compression – (8–12) %, in tension – (20–100) 
%. The value of specific impact strength can increase from 30 to 75 %. Longitudinal and transverse 
compressive deformation at failure increases by 50–70 %. The addition of fiber in recommended amounts has 
the least effect on the filtration properties of cement mixtures, while sedimentation stability increases by 30–
50%, which helps prevent possible manifestations and collapses during cementing (Erofeev et al., 2016). 

 In (Quercia et al., 2016), 6 mm basalt and polypropylene fibers were used to reinforce expanding 
lightweight cement. When using basalt fiber, it was possible to increase the compressive and bending strength 
by 19 and 24 %, respectively, polypropylene fiber was not suitable for increasing strength characteristics. 
Impact endurance increased almost 3 times when using basalt fiber and 2 times when using polypropylene 
fibers. These studies also confirmed a positive effect on the change in water loss and a slight change in filtration 
properties within acceptable limits (Abtahi et al., 2010). 

In addition to these types of fibers, asbestos can be used to reinforce grouting materials. Asbestos fiber 
in the process of cement hardening forms a common structure with stone due to its composition, which contains 
compounds similar in composition to cement stone (Galishnikova et al., 2021). However, in the world, asbestos 
is treated with caution, despite its widespread use in construction. 

To combat losses in permeable formations during well drilling, various types of fibers are used, for 
example, cellulose fibers, cotton fiber and other fillers, which play the role of bridging additives in the intervals 
of absorbing formations. These additives can also be used in plugging materials, however, the effect for 
plugging materials is less than with the addition of the previously described types of fibers (Agzamov, 2013). 
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Schlumberger has its own development of an anti-absorption builder, which includes fiber in its 
composition. These are the so-called “CemNET” and “CemNET+” technologies, which can be used both as 
part of the cement mixture and as part of drilling fluids, since the fibrous material is able to pass through bit 
nozzles with a size of 6.4 mm. Additives can be used with any liquids, as they are inert and have little effect 
on the properties of the cement mixture. However, the fibers should only be used for injection into the loss 
interval, because an impermeable network is formed in the loss zone, which isolates the loss channels. This 
technology proved to be successful in the Deepwater Malaysia Malikai field, when the drilling crew faced 
catastrophic losses and loss of fluid circulation, it became clear that cementing the drilled interval would be a 
formidable task. Schlumberger representatives suggested using the development of "CemNETfiber 
technology". This technology gave positive results, the fiber fibers plugged the absorption channels with the 
formation of an impermeable grid, the well was cemented according to the plan with the least loss of cement 
slurry, which was necessary to prevent absorption. This saved time and avoided costly repairs, below is the 
cementing schedule for this interval (Figure 1). 

 

 
 

Figure 1-Schedule of cementing a wellin the Deepwater Malaysia Malikai fieldusing CemNET fiber-modified cement 
 

As can be seen from the graph, the actual maximum pressure on the aggregates during cementing and 
the volume injected into the well correspond to the calculated ones, which confirms the effectiveness of the 
technology, and, consequently, the effectiveness of the fiber as a bridging agent. 

Fiber can be very effective when using lightweight expanding cements. The fact is that lightweight 
cements, as a rule, have a water-cement ratio (W/C) of more than 0.7, which significantly reduces the 
effectiveness of expanding additives (ED) (Agzamov et al., 2016), which are designed to ensure tight and 
reliable contact of the cement stone with the casing string. 

The fact is that during the hardening of cement, contraction inevitably arises (Agzamov et al., 2016), 
leading to shrinkage of the stone during hardening. At the same time, as a result of the formation of a cement 
gel, the volume of hardening products increases in comparison with the initial volume of cement. These effects 
have the opposite result, but shrinkage is most often observed, which worsens the quality of contact between 
the cement stone and the bounding surfaces. That is why the addition of expanding agents is practiced in 
backfill materials, which, interacting with water, increase in volume and push the cement grains and hardening 
products apart. In cement slurries with a high water-cement ratio, the hardening products and the expanding 
additive are at a sufficiently large distance from each other, as a result of which the expanding additive cannot 
create pressure on the structural frame of the hardening products, leading to their expansion and expansion. 
The addition of fiber at the early stages of mortar and stone hardening ensures the transfer of the forces of the 
expanding additive to the cement hardening products, which leads to an increase in the volume of the cement 
stone (Ahmed et al., 2018). 

In practice, it is often necessary to use lightweight cement mixtures in order to prevent the absorption 
of cement slurry, because ordinary cement slurry creates a sufficiently high hydrostatic pressure, when 
cementing formations with abnormally low pressure, this can become a serious problem. 

The density of the cement slurry can be reduced by lightening additives or by increasing the water-
cement ratio, in both cases the quality of the casing string is reduced. Such cements are most susceptible to gas 
breakthroughs. Mortars with a high water-cement ratio have lower sedimentation stability compared to 
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solutions of normal density, their water loss is much higher, the density of the mixture is distributed unevenly 
along the wellbore, and through channels appear during the hardening process. 

Cement slurries are prone to gas breakthrough in the early stages of hardening, because as the cement 
hydrates, the hardening products bond with the walls of the well and the casing and the formation of a structure 
in the hardening cement-water slurry. In this case, the hydrostatic pressure of the solution is not transferred to 
the bottomhole, and a pressure drop occurs between the reservoir and the well, which causes gas to enter the 
annulus. According to V.D. Malevansky, more than 50 % of gas shows that turned into open fountains occurred 
precisely during the waiting period for cement hardening (WSC). An aggravating factor is the high 
permeability of the cement stone at this stage. 

Studies in (Rozhkov, 2020) show that the reinforcing additive, forming a structure in the initial stages, 
is able to block gas breakthrough. The authors conducted a comparative analysis of a mortar made from 
conventional lightweight cement with lightweight fiber-modified cement. Studies carried out on a special 
installation developed at the Ufa State Oil Technical University (USPTU) showed that when using a cement 
slurry with the addition of fiber, there was no strong decrease in the hydrostatic pressure of the cement slurry 
column compared to the formation pressure during the WOC, which, after a slight decrease, remained constant 
during the entire time of the experiment, which cannot be said about the cement slurry without a modifying 
additive. The results of the study are shown in the form of graphs in Figure 2, clearly illustrating the 
effectiveness of the addition of fiber, which significantly increases the ability of the cement slurry to prevent 
gas movement during the hardening process. 

 

  
Cement without fiber addition (PCT III-vol 5-50, W/C=0.65) Fiber cement (PCT III-vol 5-50, W/C=0.65) 

Figure 2-Reduction of hydrostatic pressure on the formation when using solutions from various cements 
 

Works (Samsykin, 2007) also proved the effectiveness of fiber as a gas blocker, even after repeated 
simulations of further drilling. 

The problem is always easier to prevent than to prevent, which is what reinforced grout cement 
mixtures do, however, it is worth noting the ability of some types of fiber fibers to contain existing cracks and 
prevent them from growing, destroying the cement stone. For example, in the study of the author (Rozhkov, 
2020), it was shown that with the addition of polypropylene fiber, there is no volumetric destruction of the 
stone, only local chips and cracks are observed. 

The effectiveness of the use of fiberglass and asbestos with a concentration of 0.5 % and (0.5–1) %, 
respectively, has been experimentally proven in terms of overgrowing cracks and preventing gas breakthroughs 
in the cement stone. Fibre-modified cements exhibited much less discontinuity upon failure, which was not 
the case for the unadded samples. 

An analysis of the works cited above allows us to conclude that the use of reinforcing additives, among 
other advantages, has a positive effect on the destruction of cement stone, preventing crack propagation. Even 
if the dynamic loads on the cement stone are severe enough to destroy the reinforced cement, some fibers may 
prevent further failure of the stone. Referring to the mechanism of destruction of the cement stone modified 
with fiber (Agzamov, 2016), it is necessary to note the importance of the degree of adhesion of the fiber to the 
cement matrix and the depth of penetration, because if the fiber has poor adhesion, it will simply be torn out 
of the cement stone when significant loads are applied, and the technology will not be effective. 

The above analysis of the use of dispersed reinforcement of grouting cements shows the prospects of 
this technological method for obtaining effective grouting systems with differential properties, for their use 
when fixing wells in various mining and geological conditions. 

Materials and methods 
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For research, instruments and equipment were used that meet the standards of API and GOST 1581–
96 and GOST 30353–95. The studies were carried out at temperatures of 22оС. 

Devices: 
1. To study the effect of fluid loss reducers on the water-retaining and, in particular, sedimentation 

properties of the cement slurry with a reinforcing additive, the VM-6 device (GOST 1581–96) and glass 
cylinders were used to determine the cement slurry segregation (API). 

2. To evaluate the effect of polypropylene fiber on the rheological properties of cement slurry with an 
expanding additive, such as plastic viscosity, dynamic shear stress, static shear stress at 10 s. and at 10 minutes 
(Samsykin, 2007). 

3. Studies of the effect of polypropylene additives on the strength properties (in bending and 
compression) of cement stone with expanding additives were carried out on a MATEST E160 N (API) 
machine. 

4. To study the effect of a reinforcing additive on rheology, atmospheric viscometers were used. 
5. To determine the effect of a reinforcing additive on the adhesion of a cement stone containing an 

expanding additive to metal, samples were cast into special metal molds and a MATEST E160 N(API) machine 
was used. 

6. To assess the deformation resistance of cement stones containing polypropylene fiber and KMD, a 
pile driver was used (GOST 30353–95) 

Used materials and reagents: 
KMD – expanding additive produced by Cement Technologies LLC; 
CaCl2 – calcium chloride treated with calcium stearate; 
NaCl – sodium chloride; 
PPV – polypropylene fiber; 
FLOSS – fluid loss reducer; 
NTF – retarder of hardening of cement mortars; 
EXR – 250–fluid loss reducer 
Results and discussions 
Determination of the influence of a reinforcing additive on the filtration properties of a cement slurry 

with expanding additives. 
The composition of the recipes for research: 
Composition 1–W/C 0.7; KMD-5 %; CaCl2-4 %; PPV-0.25 %; Floss-0.3 % 
Composition 2–W/C 0.7; KMD-5 %; NaCl-4 %; PPV-0.25 %; Floss-0.3 % 
Composition 3–W/C 0.44; KMD-5 %; NTF-0.2 %; PPV-0.25 %; Floss-0.3 % 
Composition 4–W/C 0.44; KMD-5 %; NTF-0.1 %; PPV-0.25 %; Floss-0.3 % 
 

Table 1 - Results of measuring the filtration properties of cement slurry 
 

Compound V/C  
Density 

Water separation, ml/2 hours, when the cylinder is tilted Water loss, cm3/30 min 
0 град  

Compound 1 0,7 1.66 9 - 
Compound 2 0,7 1.63 50 15 
Compound 3 0,44 1.94 0 10 
Compound 4 0,44 1.93 0 8.5 

 
Composition № 1 is not suitable for spreadability, it turned out to be a very thick solution. It was 

proposed to reduce the concentration of fiber and CaCl2. Also, the filtration characteristics of the cement slurry 
with formulation 2 did not meet API standards. Sodium chloride (NaCl) was replaced by calcium chloride 
(CaCl2) due to low efficiency. After a number of adjustments, the recipes were changed as follows: 

Composition 1–W/C 0.7; KMD-5 %; CaCl2-2.6 %; PPV-0.15 %; Floss-0.5 % 
Composition 2–W/C 0.7; KMD-5 %; CaCl2-2.5 %; PPV-0.25 %; Floss-0.3 % 
Composition 3–W/C 0.44; KMD-5 %; NTF-0.05 %; PPV-0.25 %; Floss-0.3 % 
Composition 4–W/C 0.44; KMD-5 %; NTF-0.09 %; PPV-0.25 %; Floss-0.3 % 
 

Table 2 - The results of measuring the filtration properties of the cement slurry after adjustment 
 

Compound V/C 
 
Density 

Water separation, ml / 2 hours, at an 
inclinationцилиндра Water loss, cm3/30 min 

0 град  
Compound 1- fiber 0.15% 0,7 1.650 0 27 

114



 N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan 
Compound 2-fiber 0.25 % 0,7 1.675 0 25 
Compound 3–1 (NTF-0,05%) 

0,44 
1.905 

0 9 
Compound 4–1 (NTF-0,09%) 0,44 1.919 0 10 

 
2. Determination of the influence of a reinforcing additive on the strength properties of cement stone with expanding additives. 

 
Table 3-Results of measuring the strength characteristics of cement stone 

 
 
Compound 

 
V/C 

Bending strength, MPa Ultimate compressives trength, MPa 
2 day 7 day 2 day 7 day 

Additive-Free PTC-I-G 0,44 2,9 3,8 10,8 15,4 
Additive-Free PTC-I-G -G 0,7 1,5 2,6 4,5 13,8 
Compound 1 0,7 1.97 2,95 5.53 8,7 
Compound 2 0,7 3.0 4.37 6,71 12,2 
Compound 3 0,44 3.9 5.57 17.26 More 22 
Compound 4 0,44 3.5 5.52 13.2 More 22 

 
Table 3 shows that cement slurries № 3 and No. 4 showed good results, but the composition which contains; 
KMD-5 %; NTF-0.05 %; PPV-0.25 %; Floss-0.3 % at W/C 0.44 has the highest strength (Goncalves et al., 
2014). 
Study of the impact resistance of cement stones containing reinforcing and expanding additives 

 
Figure 3. Change in impact resistance of cement stone during hardening of 2 and 7 days. 

 
Grouting stone composition 4 relatively no additive cement stone showed good results when hardening 

2 days and 7 days. 
Evaluation of the influence of a reinforcing additive on the rheological properties of the cement slurry 

 
Table 4 - Results of measuring the rheological properties of the cement slurry 

 
Compound V/C PV, мPа*с DNS, Pа SNS, 10 с, Pа SNS, 10 min, Pа 
Additive-free PC 0,7 33,0 9,3 3 5 
Additive-free PC 0,44 81,5 23,3 11 13 
Compound 1+ EXR-250 0,5 % 0,7 32,3 8,1 1 3 
Compound 2+EXR-250 0,7 % 0,7 29,1 8,0 0 2 
Compound 3+EXR-250 0,1 %  0,44 75,3 21,6 10 11 
Compound 4+EXR-250 0,2 % 0,44 73,1 21,0 10 10 

 
It can be seen from Table 4 that it was necessary to use an additive based on hydroxyethyl cellulose to 

ensure that the rheological parameters were consistent. For W/C 0.44, EXR-250 was added at 0.1 % and 0.2 
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% concentrations. For a water-cement ratio of 0.7, these additives were used but with concentrations of 0.5 % 
and 0.7 %.  

Influence of a reinforcing additive on the adhesion of a cement stone containing an expanding additive 
with metal. 
 

Table 5-Results of measuring the adhesion of cement stone 
 

Compound V/C Adhesion, MPa (2 day) Adhesion, MPa (7 daY) 
Additive-Free PTC-I-G 0,44 12,5 19,7 
Additive-Free PTC-I-G 0,7 4,2 5,8 
Compound 1+ EXR-250 0,5 % 0,7 4,9 6,2 
Compound 2+EXR-250 0,7 % 0,7 4,9 6,4 
Compound 3+EXR-250 0,1 %  0,44 12,9 20,3 
Compound 4+EXR-250 0,2 % 0,44 14,0 21,3 

 
All presented compositions with W/C 0.7 and W/C 0.44 showed insignificant results in adhesion 

relative to cement without additives, but nevertheless, the results obtained correspond to the requirements. 
Conclusion 
Cement stone has insufficient deformation strength when exposed to shock dynamic loads, which can 

lead to destruction and leakage of the annulus. 
At the design stage, it is necessary to take into account the dynamic loads that will arise during further 

work in the well, such as pressure testing, hydraulic fracturing, etc. It is also necessary to regulate the 
requirements for the elastic properties of cement stone in order to assess its deformation resistance. 

The introduction of fiber helps to increase the strength of the cement stone, its resistance to shock 
loads, and also increases the sedimentation stability of the solution. 

Fiber can be used in absorbent formations as a bridging additive in cement or drilling fluid to prevent 
loss of process fluid during severe losses. 

One of the most important advantages of fiber is the possibility of its use as a gas-blocking additive, 
which makes it possible to exclude gas penetration into the annulus during the WOC period. 

Expanding additive DR-CT provides the main expansion of the cement stone in the first 2 days. 
Subsequently, the expansion is insignificant, which has a positive effect on the strength of the cement stone by 
reducing internal stresses during the formation of a strong structure of the cement stone. 

An increase in water loss always reduces the amount of expansion of the cement stone during 
hardening by increasing the distance between the hardening products. The use of fiber reinforcement 
compensates for the negative impact of an increase in the water-cement ratio by transferring tensile stresses to 
the hardening products through the reinforcing fibers in the cement stone. 

The use of fluid loss reducers did not lead to a significant change in the adhesion of cement stone with 
limiting surfaces for cement stone from the same density of cement slurry in the same hardening time. 

Reducing the water-cement ratio, increasing the density of the cement slurry and increasing the 
duration of hardening of the cement stone gave a significant increase in adhesion. 

Reinforcement of backfill materials provided an increase in the strength of the cement stone from the 
same density of the cement slurry in the same hardening time. 

Reducing the water-cement ratio, increasing the density of the cement slurry and increasing the 
duration of hardening of the cement stone gave significantly the strength of the cement stone, both in bending 
and in compression. 

The use of a reinforcing additive led to a decrease in water loss and water separation of cement slurries 
at the same water-cement ratio. 

The use of fluid loss agents did not lead to noticeable changes in rheological parameters, since the 
main role in this process belongs to plasticizers. Reducing the water-cement ratio from 0.7 to 0.44 significantly 
increased all the rheological characteristics of cement slurries. To regulate the rheological characteristics, the 
additive EXR-250 was added to the main composition, which made it possible to meet the requirements. These 
composition changes did not lead to a significant impact on other processing properties such as strength and 
water-retaining properties. 

Cement stone containing reinforcing (polypropylene fiber) and expanding additive showed good 
results compared to cement stone without additives. 

Anknowlegement. Water consumption of crops. Irrigation norms of crops by regions. Irrigation modes 
watering methods. Adoption of the mode and method of irrigation as a basis for planning and organizing water 
use and water supply. 
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