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ABSTRACT

The hydrocarbon exploration industry faces a recurring and costly problem of drilling fluid
absorption, particularly in difficult geological settings like Azerbaijan's Absheron fields. This
diploma project explores the processes, factors, and mitigation measures related to high drilling fluid
losses whilst building wells in different fields. The dissertation conducts geological analysis, field
observations, laboratory trial investigations, and uses up-to-date technologies for an analysis of key
absorption zones and for assessing the efficacy of existing fluid systems. Porous and fractured
formations have identified as the primary factor causing unintentional absorption of fluid.

This study assesses the practicality and effectiveness of innovative methods and incorporating new
technologies, such as managed pressure drilling (MPD), loss circulation materials (LCM), polymer-
modulated fluid systems, nanomaterials, and real-time monitoring systems in the field of Absheron.
In addition to providing comparisons of conventional and alternative methods, the study provides
constructive advice on useful recommendations for reducing fluid loss and NPT, as well as improving
well-bore stability. Ultimately, these outcomes are a step towards more secure operations in the
difficult subsurface conditions of the region, improved drilling knowledge and performance as well
as cost-reduction opportunities.

Keywords: drilling fluid absorption, well construction, drilling performance, polymer-enhanced
fluids, managed pressure drilling (MPD), real-time monitoring.

Introduction

Hydrocarbon exploration and production require effective drilling technologies that include
environmental impact, safety, and efficiency. The uncontrolled absorption or loss of drilling fluids
into subsurface formations is one of the most serious issues in drilling operations. It is commonly
referred to as lost circulation or loss of drilling fluid. Such problems present serious operational and
financial risks, especially in geologically complex parts of the world like Azerbaijan's Absheron
fields.

The Absheron Peninsula covers portions of several geological formations, including unstable shales,
high permeability sandstones, and fractured carbonates. These do often act as conduits for fluid loss,
particularly if vugs or natural fractures occur. Uncontrolled absorption of drilling fluids can cause
many issues, including decreases in hydrostatic pressure, blockages of pipes, damage to formation,
increased non-productive time (NPT) and increased drilling costs. In the worst-case scenarios, it may
compromise well integrity leading to well abandonment.

Despite improvements in well control techniques and drilling fluid technologies, seeking to address
the issue of drilling fluid absorption remains a challenge in the Absheron region. The key to
overcoming these difficulties lies in an understanding of the local geological situation, knowledge of
how different drilling fluids perform in downhole conditions, and an understanding of and application
of current preventative and remedial technologies. This diploma project intends to assess the
effectiveness of several contemporary mitigation techniques and investigate the causes of drilling
fluid absorption in the Absheron oilfield. The project includes a review of field data, laboratory testing
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of core samples, and the application of new technologies, such as managed pressure drilling (MPD)
technology, nanotechnology, and polymer-based muds. By evaluating the main causes of fluid lost
circulation and studying successful case studies, the project will aim to develop practical solutions to
enhance drilling capabilities, reduce costs and improve operational safety in the Absheron region.

Objective

The objectives of this diploma project are to study in Absheron fields reasons and impacts of drilling
fluid absorption and reviewing its current prevention and control methods. Evaluation of new drilling
fluid systems and technologies, analysis of geological aspects of fluid loss, and giving practical
recommendations for reducing non-productive time and ensuring wellbore stability. The overall aim
of the research is going to be primarily to improve drilling performance in an area where geology is
difficult in safe and effective/cost-effective way.

Methods

In the Absheron oilfield, one of the major geological challenges, is the lost circulation while drilling
through very permeable and fractured rock. Reactive and preventative actions should be used in
combination to properly respond to lost circulation. This report outlines the procedures involved in a
particular incident at the Absheron field, occurring on March 23, 2022, where significant fluid
absorption while drilling the 82" reservoir section.

In Absheron fields, lost circulation of drilling fluids is a recurring and costly challenge, primarily
through fractured high permeability areas. Engineers combine lost circulation material (LCM)
treatments, staged flow tests, live monitoring, and squeeze cementing when situations need it. Each
of these actions is taken in accordance with the formation response and the severity of the loss.
Diagnostics, using a low-rate circulation test, are often the first step in the sequence, providing an
assessment of losses. Specifically developed LCM tablets are used to fill the fractures to try and
restore partial or total circulation, if circulation is observed to be lost. Squeeze cementing is used as
a final action to isolate the loss zone, when the methods implemented above fail. Surface pressure,
trends in flow rate, and downhole data direct the methods used and the sequence of actions taken to
ensure proper implementation.

Techniques for Reducing Absheron Field Drilling Fluid Absorption. Significant geological
difficulties exist in the Absheron oilfield, especially when it comes to fluid losses that occur during
drilling through extremely permeable and fractured rocks. Reactive and preventative tactics must be
used in tandem to successfully address these losses.

Figure 1. Breakdown of different remedial methods
during drilling fluid absorption

First Approach: The Stress Cage Method.
The Stress Cage is a proactive method of treating fluid loss and is particularly useful in formations
prone to cracking, illustrated in deep water with an Absheron field case study. Stress Cage is created
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by pumping a specially designed pill with a variety of bridging materials, which are typically larger
particles like marble and graphite as well as fibrous materials, to form a "stress cage" that supports
the wall of the wellbore without allowing cracks to develop and expand.

Operational Principles:

The pill is pumped prior to anticipated loss zones, and the additional material adds hoop stress to the
borehole surrounding the pill, redistributes stress to the edge of the fracture, and crosses fractures. So
even though the well may be subjected to higher pressures, the formation will not suffer loss since it
applies an artificial increase to the fracture gradient.

Field Observations:

The drilling data indicates that fluid loss began at 4302.7 m, where a well pressure increased occurred
and total return loss recorded. There is a possibility this formation could have sustained a larger ECD
before breakdown if a stress cage pill was set proactively before reaching 4302.7 m.

The graph below shows:

ECD rises sharply in the absence of a stress cage and can exceed the fracture gradient.

A stress cage held the ECD profile flat, providing pressure support and limited circulation losses.

Figure 2. Impact of spotted Stress Cage material on ECD plotted
on horizontal axis versus depth on vertical axis

The Stress Cage Method has many advantageous attributes that do not typically reflect the benefits
of a means of mitigating or severely reducing lost circulation. It enhances fracture coexistence and
therefore increases operational time. It limits or eliminates reactive procedures, such as cementing,
or LCM use. It can lower the total dollars and or time related to non-productive time (NPT). When
planned and applied in advance and utilized in high permeability rocks with natural fractures, such
as in the Absheron basin, the Stress Cage Method works best.

Analysis of Diagnostics for the Ballooning Effect.

Wellbore breathing, which is also called ballooning, is a phenomenon that makes it seem the well is
losing and gaining mud volume in cycles that are often similar to a false alert for formations losses.
The wellbore expands slightly and "absorbs" fluid with an increase in pressure and contracts and
"releases" the fluid when pressure decreases. Apparently, this is caused by the elastic deformation of
the formations walls when the pressure changes.
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Figure 3. Demonstration of ballooning effect on time graph through pump pressure
in psi versus active pit volume in barrels

We used two basic data sets to demonstrate the usual ballooning signature in the preceding graph:
Over time, the Active Pit Volume (blue line) experiences small cycles of gains and losses. The pump
pressure (red dashed line) shows correlated pressure cycles.

Important findings:

The active pit volume declines as pump pressure increases which means the formation is temporarily
absorbing drilling fluid due to expansion. Conversely, when the pressure drops, mud returns from the
well bore into surface pits as shown by the increase in pit volume. These symmetrical oscillations
influence reversing the net fluid losses over time confirms ballooning not actual loss circulation.
Diagnostic Importance

The crew conducted diagnostic tests and noticed an increase in the trip tank volume during the field
incident on March 9, 2024. This behavior, which is known as classic ballooning, was utilized to
distinguish it from real formation loss. Following a brief period when the fluid volume returns with
a quiet well following shut-in. Implications for operations Avoid unnecessary cementing or LCM:
This may result in a squeeze job or a unsuccessful and premature LCM treatment due to the mistaking
of ballooning for loss. Observe Pressure vs. Volume Trends: Operators can validate the cyclical
characteristics of ballooning through real-time diagnostics with mud logger systems and an Electronic
Drilling Recorder (EDR). Use of Flowback Signatures: One important means to identify ballooning
is to validate return volumes following pump shutdown.

Bulla-Deniz Field Case Study

The Bulla-Deniz field off the Caspian Sea presents complex geological conditions with high pressure
areas and porous formations. To manage the loss of drilling fluid advanced cement squeeze methods
were used:

» The EZSV Packers and the mechanical setting equipment allowed an accurate placement of cement
slurry in the indicated zones.

» Simulation Programs: Before activities started simulations were run to anticipate the performance

————

PAHTEI | I
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 21

—




ISSN: 1609-1620
]
VOLUME 27 ISSUE 06 2025

of the cement, before operations started to ensure successful sealing.

The Bulla wells are complex wells in the Caspian region, before drilling into the reservoir section
that utilizes high MW, the drilling liner was run to the cased off VIl horizon and high pressure, that
has major concerns including differential sticking and loss of circulation, which in the past had
caused stuck pipe and losses. In order to be prepared for the risks, under reaming/liner cementing at
MW less than PP were imaged and implemented to provide good cementing along the open hole
and good shoe, in order to drill into the reservoir section as part of the project.

Cement Squeeze

Cement squeezing operations became a critical corrective measure to resolve issues by preventing
fluid loss through porous formations and the sealing of porous formations. Cement squeezing (or
squeeze cementing) is the operation where cement slurry is injected into a defined zone in a wellbore
to seal permeable formations or to halt the leak. Packagers are used to isolate the zone to be cemented,
and pressure is applied to the cement slurry to push the cement into the formation. The cement will
prevent fluid migration once it hardens. In response to industry requirements, and to improve the
efficiencies of cement squeezing applications, several materials have been added to cement slurries:
» Nano-Silica Gel: It enhances the sealing capabilities of cement, especially in channels and micro-
annuli.

» Hydrated Zeolite Aluminosilicate: It helps stabilize the well, reduce the ingress of sand, and
improves the durability of the cement.

* Plasticizers (e.g., Bentomix 1275): It increases the flexibility of the cement so they can
accommodate higher dynamic loading during use.

Figure 1. Real world cementing job evaluation through pump pressure
and rate in comparison with calculated output

From point A, defined by the first point where the cement slurry, the heaviest cementing fluid, turns
around the shoe and starts an ascent in the annulus; the potential increase in pressure is essentially
related to pumping rate and volume of annular space. This section of the pressure comparison process
is primarily intended to calibrate the model. Just before point A is reached, when all cementing fluid
has not yet reached the shoe, the pumping pressure may be greater or less than calculated by a
constant. This could perhaps be an under- or over-estimation of surface friction pressure. Here is an
example of the curve:

The measured and calculated pressure curves depart at the same pumping volume (point A) as there
is a top and bottom plug in use, both being a mechanical barrier at the top of the lead cement slurry
beneath and the spacer or mud above to avoid intermixing inside casing. This ensures that there were
not any two forties mixed within the casing. The displacement in the annular space from point A to
point B slope remains constant for both measured and calculated pressure curve growth, only rising.
The pressure measured at B was relatively constant, suggesting a volume loss. Whereas the actual
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pressure remains flat, indicating total loss, and therefore, the volume of loss can be easily calculated
from the amount of shown pumped volume. If, on the other hand, the actual pressure increases but is
at a lesser slope than the calculated pressure curves the volume of loss can also be inferred from the
actual and calculated curves slope.

Conclusions

The issue of mud loss in the Absheron oilfield is multi-faceted and requires multiple strategies to
account for the challenging complexities of the geological environment, especially fractured and
highly permeable rock. Three major solutions — stress cages, ballooning diagnostics and squeeze
cementing — have proven to be vital tools resulting in a reduction in mud loss as a result of the
operational geology analysis and operational actions. The Stress Cage is a predictive solution, with
an advantage of circumstantial stress management, having the capability to support the repair of the
wellbore and increase the fracture gradient using designed particles. If Stress Cage is implemented
beforehand in times of risk, future reactive responses could be lessened, and mud loss would be
realized as a significant saving.

Based on field data, if the stress cage material had added pre-drilling of the critical shoetrack depth,
circulation could have been established, and appropriate and costly correlative measures would have
been avoided. Finally, squeezing cementing will become the option of choice when the losses exceed
the containment ability of LCM pills and other bridging material. Based on the field case, we have
re-established wellbore integrity and isolated the loss channel via sequential cement injection into the
loss zone. Squeeze cementing, if suitably planned and executed, is still an effective last resort—
despite the level of resources required.
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ABSERON SAHOLORINDO QAZMA MOHLULUNUN UDULMASININ
SOBOBLORINO QARSI TODBIRLOR
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XULASO

Mogalo Abseron yataqlarinda qazma zamani tez-tez rast golinon gqazma mayesinin udulmasi
problemini arasdirir. Geoloji baximdan bu saha yiiksok masamolilik vo ¢atliligla xarakterizo olunur
ki, bu da gazma mayesinin udulmasina vo bununla bagl texniki vo iqtisadi ¢atinliklorin yaranmasina
sobab olur. Todgiqatda 2024-cii ilin mart ayinda real saho amosliyyatlarina osaslanan hadiss tohlil
edilmigdir. Problema qars1 tatbiq edilon tisullar sirasina axin doracasinin marhalali gokildos artirilmast,
bdyiik ol¢iilit LCM (itkiys garst material) hallorinin vurulmasi, stress qofasi texnologiyasinin totbiqi
va son marhalads sement sixma amoliyyati daxildir. Homginin, quyuya qgazma dayandirildigdan sonra
bas veron "balonlagsma" effekti do tohlil olunmus, bu prosesin dinamik tozyiq doyismelori vo
omoliyyat gorarlarina tesiri giymeatlondirilmisdir. Saho molumatlar vo qrafik analizlor ssasinda
miloyyon olunmusdur ki, itkilorin effektiv qarsisinin alinmasi {igiin real vaxtda monitoring, uygun
LCM dizaynm vo zoruri hallarda sement sixma tadbirlori ardicilligla vo koordinasiyali sokildo hoyata
kecirilmolidir. Bu is, Azorbaycanin digor oxsar geoloji soraito malik yataqlarinda da istifads oluna
bilacok effektiv yanagma metodikasini toqdim edir.

Acar sozlor: gqazma mayesinin udulmasi, quyu tikintisi, qazma performansi (vo ya qazma
gostaricilori), polimerlo giliclondirilmis mayelor, idars olunan tozyiqlo qazma, real vaxt rejimindo
monitoring (vo ya izlomo).

IMPOBJIEMA ITIOI'JIOINEHUSA BYPOBOI'O PACTBOPA
HA MECTOPOXJIEHUAX AIIIIEPOHA
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PE3IOME

B pasBenke yrieBonopo1oB npobiiemMa MorjomieHus: 0ypoBOro pacTBopa sBJsieTCs MOBTOPSIOIIEHCS
U IOpPOroCTOSIIIEH, 0COOEHHO B T€0JIOTHUECKHU CIIOKHBIX pailioHax, TaKUX Kak AIIIEPOHCKUE MECTO-
poxnenust AzepOaiikana. B nanHoi aumiioMHo# paboTe paccMaTpUBalOTCs MPOLECCHI, COMMYTCTBY-
o1Me (pakTopbl M METOJIbl CMATYEHHSI TIOCJIEACTBUH, CBSA3aHHBIX ¢ OOJBIINMHU MOTEPSIMH OypOBOTO
pacTBOpa IIpU CTPOUTENILCTBE CKBAKUH Ha PAa3JIMYHbIX yyacTKax. MccienoBanue BKIro4aeT reooru-
YeCKHUI aHaJIu3, MoJIeBbIe JaHHbIE, 1a00paTOPHbIE UCIIBITAHUS U COBPEMEHHBIE TEXHUYECKHE TIOAXO0-
Ibl C 1IETIbIO BBISABIICHUS KIIIOUYEBBIX 30H IOTJIOMIEHUS M OLEHKH 3()(HEKTUBHOCTH CYIECTBYIOIINX
OypoBbIx cucteM. [lopuctble W TpelmMHOBATHIE MOPOJBI BBIJCIAIOTCS KaK OCHOBHbBIE NPUYHHBI
HEKOHTPOJINPYEMOTO BTOPKEHHS KUAKOCTH. V3ydaeTcs MpuMEeHNMOCTh B 3((EKTHBHOCTD IEPEI0-
BBIX PELICHHM, TAKUX KaK OypeHue ¢ ynpasisieMbiM aasieHueM (MPD), marepuainsl 1y ycTpaHeHUs
noreps pactBopa (LCM), nonumepHbIe pacTBOPbI, HAHOMATEPHUAIIBI U CUCTEMBI MOHUTOPUHTA B pe-
aIbHOM BPEMEHH B YCIOBHAX ATMIIEPOHCKOro pernoHa. Hapsiay ¢ conoctaBieHreM TpaauHOHHBIX
U COBPEMEHHBIX METO/IOB, MCCIECIOBAHNE MPEAJIAraeT NMPaAKTUIECKHE PEKOMEHAALNH 110 CHIXKEHUIO
MOTEPh PAcTBOPa, COKPAIICHUIO BPEMEHW Hempom3BoauTelbHON paboTel (NPT) u moBbIeHHIO
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YCTOHYMBOCTH CTEHOK CKBa)KHHBL. B KOHEYHOM HTOTre IOJy4EHHBIE PEe3yJbTaThl CIIOCOOCTBYIOT
Oonee 6e30MacHOMY BEACHHIO PA0OT B CIOXKHBIX T'€OJOIMYECKUX YCIIOBUSIX PErHOHA, TOBBIIICHHIO
3¢ dekTUBHOCTH OypeHUs M ONTHUMH3AINH 3aTparT.

KiroueBble ci1oBa: moriorieHre OypoBOro pacTBOpa, CTPOMTENBCTBO CKBAXHUH, 3(P(HEKTHBHOCTH
OypeHusi, NOJIMMEpHBIE DPacTBOpHI, ympasisiemoe naaBieHue (MPD), MoHMTOpPHHT B peaibHOM
BPEMEHHU.
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