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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Sand production in oil wells accelerates erosion, degrades downhole
and surface equipment, and increases unplanned shutdown risk. This study presents
a real-time, non-intrusive early warning workflow for sand-risk indication using
routine wellhead surveillance under normal operating conditions.

Two field wells (N-1 and N-2) were monitored over a 2-hour window with 10 s
sampling. Measured variables included liquid and gas flow rates, wellhead, tubing,
and casing pressures, temperature, and periodic fluid-property checks (density and
viscosity). A baseline was set from the first 30 min of stable operation. Alerts were
triggered using a statistical rule (u = 26). Correlation and linear regression were
applied to link pressure instability (AP) with flow-rate deviation (AQ).

The dataset shows a strong association between pressure and flow, with Pearson
rup to 0.74 and regression R? = 0.81 (n = 96 paired points). The gas-lift well (N-2)
showed higher pressure and flow variability than N-1, consistent with higher sand-
risk tendency. Trace solids were observed on surface filters at concentrations below
0.1 g/L, indicating incipient sanding.

The approach forms an early warning layer based on statistically determined
deviations from stable wellbore behavior and supports proactive sand control risk
management without installing additional downhole control tools. This allows
potential conditions for sand production to be identified at an early stage, reducing
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the likelihood of unplanned shutdowns and optimizing well operating modes by
using readily available real-time field data.

Keywords: sand production, wellhead monitoring, early warning, statistical
thresholding, pressure instability, flow-rate deviation

Financing. This research was supported by internal resources of the Azerbaijan
State Oil and Industry University. No external grant funding was received.

For citations: Ismayilov S.Z., Aliyev I.N., Karimov I.C. Real-Time Monitoring
and Statistical Analysis: Optimizing Sand Detection in Qil Wells. News of
the National Academy of Sciences of the Republic of Kazakhstan, Series of
Geology and Technical Sciences. 2026. No.l. Pp. 155—169. DOI:https://doi.
org/10.32014/2026.2518-170X.596

©MUcmaiibuios C.3., Oaues U.H.", Kopimos U.K., 2026.
O3ipOaiikaH MEMIICKETTIK MyHal )KOHEe OHEPKICITT YHUBEPCHUTETI,
Baky, Ozipbaiikan.

"E-mail: inqgilab.aliyev(@asoiu.edu.az

HAKTBI YAKBITTAFbI MOHUTOPHHT )KOHE CTATHCTUKAIBIK
TAJJIAY: MYHAR YHFBIMAJTAPBIHIA KYM IIBITYBIH
AHBIKTAYIbI OHTAWJIAHJILIPY

HemaiibuioB Hlaxun — PhD, kaysiMpacteipsutran nmpodeccop, O3ipdaibkaHn MEMICKETTIK MyHaii
JKOHE OHEepKICcin yHuBepcuteTi, baky, O3ipOaiikan,

E-mail: shahin.ismayilov@asoiu.edu.az, https://orcid.org/0000-0002-9558-4701;

OuueB Unrnad — PhD, xaysimpacTeipsiiran mpodeccop, O3ipbaiikaH MEMIICKETTIK MYHall JKOHE
eHepKacil yHuBepcuTeri, baxy, O3ipbaiixkan,

E-mail: inqilab.aliyev@asoiu.edu.az, https://orcid.org/0000-0003-3098-7208;

KopimoB Umamemaun — PhD, accucrent, O3ipbaibkaH MeMJIEKETTIK MyHail >KOHE OHEpKacil
yHuBepcureTi, baky, O3ipbaiixaH,

E-mail: imameddin.kerimov@mail.ru, https://orcid.org/0000-0001-9770-8950.

AHHOTauMs. MyHall yHFBIMAJIAPBIHJA KYMHBIH  LIBIFYbl  3PO3HUSIIBIK
yaepicTepal xKeASTASTIN, YHFBIMAITITUTIK KOHE KEPYCTI KaOABIKTAPBIHBIH TO3YBIH
apTTHIpANbl, COHMAN-aK JKOCTap[aH ThIC TOKTAayJap KaymiH KyIIeuTemi. ATaaraH
3epTTey KaJbIITHI Mailanany pexXuM/IEpiH/Ie YHFbIMA CaFachlH IITATTHIK OaKblIay
JepeKTepiHe CyWeHe OTBHIPHIN, KYM IIBIFY TOYEKEJiH epTe aHbIKTayFa apHajFaH
HAaKThl YaKbITTaFbl HHBA3MB €MEC €pTe €CKePTY KYMBIC TOPTiOiH YChIHABI.

Exi enmipictik yarsiMa (N-1 sxone N-2) 2 carat 00iibI 10 CeKyHATHIK KagaMMeH
OaxpUIaHIBL. OJIIEHTeH TapaMeTpiep KaTapblHa CYHBIKTHIK TIEH ra3 MIBIFBIHAAPHI,
VHFBIMA CaFachIHBIH, KYOBIPIMIITIK KoHE CaKWHAAPAIBIK KBICKIMIAp, TEMIIepaTypa,
coHal-aK (IIFONT KaCHEeTTePiH (THIFBI3ABIK ITeH TYTKBIPIBIKTHI) Ke3CHIIK TEKCEPY
kipai. bazaneik neHred amramksl 30 MHHYTTAFbl TYPaKThI KYMBIC IEPEKTEPi
HETi3iH/Ie aHBIKTaIABl. ECKepTy CHTHamgapbl CTaTHCTHKAIBIK epexe (L = 20)
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OolibHINA icke KOChUTABI. KbIChIM Typakchi3abIrbl (AP) MeH MIBIFBIH ayBITKYBI (AQ)
apachlHaFbl ©3apa OaiiyaHbICThl Oarajay YINIH KOPPEISLMSUIBIK Tajjay >KoHE
CBI3BIKTBIK perpeccus KOJIIaHbUIIbI.

3epTTey HOTHKENEpi KbICBIM MEH IIBIFBIH apachlHIa aiKplH OailaHbic Oap
ekeHiH kepcetti: [Tupcon koppensust koddduimenti 0,74-ke aeliH KeTTi, an
perpeccusHbIH, aHbIKTany Kodddurmenti R? = 0,81 (n = 96 mepexrep KyOBI).
lNazmudriien sxympic icteiitin N-2 yHFpIMachkl N-1 YHFBIMAaChIMEH CalbICTBIpFaH/Ia
KBICHIM MEH HIBIFBIHHBIH JKOFapbl KYOBUIMAJIBIIBIFBIH KOPCETTI, OYJ1 KYM LIBIFyFa
OeHIMALTIKTIH >KOFapbhl eKeHiH MeH3eini. XKepycti cysrinepinie MexXxaHHUKaJbIK
kocnanapabiH 0,1 r/7-1eH TOMEH 13/1iK MeJIIepl aHbIKTAIbI, OYJI KYM IIBIFY/IbIH
OacTarnkpbl Ke3eHIH KopceTeIi.

Y CHIHBUTFAH TOCIT YHFBIMA AIHIHIH KaJIBIITHI )KYMBIC PEKUMIHEH CTATHCTHKA-
JBIK TYPFBIAAH aHBIKTAJIFAH aybITKYJapFa HETI3/IENreH epTe eCKepTy XKyHeciH
KaJIBIITACTBIPAAbl JKOHE KOCBHIMILIA YHFBIMa acThl MOHUTOPHMHI KypaidapblH
OpHaTHaii-ak, KyM HIBIFy KayIliH ajJblH aja Oackapyra MyMKiHIIK Oepexmi. byn
o/lic KYM OHJIPYAIH BIKTUMAaJ KaFJaijapblH epTe aHbIKTAayFa, sKOCMapiiaHOaraH
TOKTayJap BIKTUMAIJBIFBIH TOMEHJETYI'e >KOHE HAKThl YaKbIT PEKUMIHJETI
KOJDKETIMAI AajajblK AepeKTep i naianaHy apKblibl YHFBIMAJIAPbIH KYMBICBIH
OHTAMJIAaHBIPYFa KaFJal sKkacaiibl.
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AHHoTanus: BpiHOC mecka B HE(PTAHBIX CKBaXMHAX YCKOPSET DPO3HIO,
YXYAMIAET COCTOSHUE MTOI36MHOTO M HA3eMHOTO 000PY/I0BAaHUS U TTOBBIIIAET PUCK
BHEIUIAHOBBIX OCTAaHOBOK. B paboTe mpeacTaBiieH ONepaTHBHBIA HEMHBA3HBHBIN
QITOPUTM paAHHETO TMPEeXyNpeXIeHUs] O PHCKE IEeCKONMPOSBICHU Ha OCHOBE
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LITATHOTO YCTHEBOIO MOHHUTOPHHTA MPH HOPMAaIbHBIX PEKUMAaxX SKCIUTyaTalHH.
JBe npompbicnoBbie cKBaXUHBI (N-1 1 N-2) KOHTpOJIMPOBAIUCH B TEYEHHE 2 YACOB
¢ muckpeTHocThio 10 c. PeructpupoBanich AeOUTHI KUIKOCTH U ra3a, yCThEBOE,
TpyOHOE W 3aTpyOHOE JABJICHHSI, TEMIIEpaTypa; MEPUOJMUECKH OTPENesINCh
cBoiicTBa (hmonga (TUIOTHOCTh W BSI3KOCTH). Ba3oBBIM ypOBEHH 3amaBajics TIO
niepBbIM 30 MUHYTaM yCTOWYHBOW paboThl. CpabaThIBaHNE CUTHAJIOB OTIPEEIISIOCH
M0 CTaTHCTUYecKoMy TpaBwiy (U £ 20). J[is omeHKwm CBSA3M HECTaOMILHOCTH
nasnenus (AP) ¢ orkinoHenusimu aebuta (AQ) MpUMEHSITUCH KOPPESILUOHHBIN
aHanuM3 W JuHEeHas perpeccus. [lokazaHa BeIpayKeHHAs! CBS3b MEXKAY AaBICHUEM
u pacxojom: koadduimert koppensiuu [Tupcona nocruraer 0,74, kKo3pPuIreHT
netepmuHamH perpeccun R?=0,81 (n =96 mapHbIX Touek). ['azmudTHaS CKBa)KHHA
(N-2) xapaxTeprzoBanach 00yiee BRICOKOW BapradeTbHOCTHIO TaBIISHU 1 IeONTa 110
cpaBHeHHIO ¢ N-1, 4To cornacyeTcs ¢ HOBBIILICHHOW CKIIOHHOCTBIO K BBIHOCY TTECKa.
Ha noBepxHOCTHBIX (MIBTpaX OTMEUYEHBI CIIEOBbIE KOJMYECTBA MEXaHUUECKUX
npumeceid meree 0,1 1/11, 4To yKa3pIBaeT Ha HAYAIBHYIO CTaINI0 IECKOTPOSIBIICHHUSI.
[penyoxkeHHplid OAX0J (QOPMUPYET CHCTEMY PaHHETO MPEIyNpekJaeHUs] Ha
OCHOBE CTAaTHCTHUYECKH BBISBIISICMbIX OTKJIOHEHHI OT CTAOMJIBHOIO IOBEAEHUS
CKB&)XMHBI U MOAICP)KUBACT MIPOAKTHBHOE YNPABICHUE PUCKAMM, CBSI3aHHBIMU C
BBIHOCOM TI€CKa, 0€3 YCTaHOBKH JOMOJHHUTENIBHBIX BHYTPHUCKBaKUHHBIX CPEACTB
KOHTPOJISL. DTO MO3BOJISIET BBISBIISATH OTEHLIMAIBHBIC YCIOBUS TIECKOIPOSBICHNUS
Ha paHHEH CTaJWH, CHUXKATh BEPOSTHOCTHh HE3aINIAHMPOBAHHBIX OCTAHOBOK U
ONTUMH3HUPOBATH PEKUMBI PA0OTHI CKBKUHBI 32 CUET UCTIONB30BAHHS JIOCTYITHBIX
IIPOMBICJIOBBIX IaHHBIX B PEXKHME PEaIbHOI'O BPEMEHU.

KiroueBble c/10Ba: BBIHOC I1€CKA, YCTbEBOM MOHHUTOPHHI, pPaHHEE Ipery-
MpeXIeHHEe, CTaTUCTHYECKHE MOPOTH, HECTAaOMIBHOCTH JABJICHUS, OTKIOHCHHE
nebura

Introduction. Sand production is a persistent challenge in oil and gas wells,
leading to accelerated erosion of surface and downhole components, increased solids
handling, and frequent operational disruptions. Sand ingress can impair wellbore
and surface facilities, reduce effective production time, and increase maintenance
expenditures. Consequently, early identification of sand-risk conditions is critical
for timely intervention and for minimizing production deferment (Ayers W.B.,
Belayneh M, 2009).

Accordingly, the primary objective of early sand-risk diagnosis is to support
proactive mitigation actions before measurable erosion, plugging, or production
impairment occurs.

However, many existing sand detection practices are reactive and identify sand
only after it has already entered the production stream. Downhole acoustic tools
and imaging/logging surveys can provide valuable confirmation, but they typically
require additional intervention, increase operational cost, and may still detect sand
after erosion, plugging, or production impairment has begun. Consequently, there
is a practical need for an early-warning method that relies on routinely available
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surface measurements and can be implemented continuously under normal
operating conditions (Carlson, 2018).

This study proposes a non-intrusive monitoring framework that uses standard
wellhead indicators-flow rate, wellhead/tubing/casing pressures, and basic fluid
properties—to detect statistically significant departures from stable operating
behavior (Economides and Nolte, 2000). The core assumption is that sand-risk
conditions are preceded by measurable instability in pressure—flow dynamics.
Accordingly, the relationship between operational parameters and the sand-risk
indicator is expressed as:

S=f(Q.P, P, P,.p, ) (1)

where S denotes a sand-risk (or sand formation) indicator and f represents a
multivariate mapping that aggregates changes in flow rate (Q), wellhead pressure
(Pwp), tubing pressure (Ptp), casing/annulus pressure (Pcp), fluid density (p), and
viscosity (). In the proposed workflow, S is inferred from deviation-based features
extracted from these variables relative to a defined baseline, enabling early alerts
when abnormal behavior is detected (Al-Anazi and Al-Majed, 2015).

The main goal of this method is to make things work better and reduce the time
spent on maintenance. It does this by looking closely at ways to control sand. A lot
of research and experiments have shown that this method is very good at finding
out when sand is starting to form so we can take action early. Do maintenance when
we need to (Aliyev and Karimov, 2020). This is based on studies and results, from
peoples work. The sand control strategies are a part of this method and they help us
to improve operational efficiency and minimize maintenance time by dealing with
sand formation early on (He X., Pang Z., et al, 2024).

This study helps the oil and gas industry by finding ways to predict when sand
will be a problem in oil wells. The oil and gas industry can use operating parameters
to figure out when sand is going to be a problem early on. The main thing we
learned is that taking care of sand problems before they happen is really important
for making sure oil wells work well and last a long time. The oil and gas industry
needs to manage sand to get the best production performance and keep their assets
in good shape. Sand management is key, to the oil and gas industry.

The way sand is. Moves is really important when we are planning to produce oil
and gas especially in areas where the rock is not strongly held together. When sand
is produced it usually happens because the rock in the reservoir breaks down and
this is caused by changes in the stress on the rock and the way fluids move around
the well. If the oil and gas are flowing quickly and the pressure is dropping too fast
it can make the walls of the rock around the well unstable and this allows sand to
get into the well and flow through the system that produces the oil and gas. As we
know when sand moves like this it can cause problems for the equipment on the
surface and down, in the well which means we do not get as much oil and gas out
as we could and the equipment does not last as long as it should (Kokal and Sayed,
2012). Sand production is an issue because sand can damage the equipment and
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reduce the amount of oil and gas that we can produce so we need to understand the
mechanics of sand formation and transport to avoid these problems.

We are seeing some changes in how we can watch things in real time and predict
what will happen. This is helping us to look at data all the time so we can stop
problems with sand before they start. If we combine the information from sensors
with math models the people in charge can start fixing things before, they break.
This means they can act at the time and it is less likely that something really bad
will happen. The people, in charge can move away from fixing things after they
break and start taking care of them before that. This is a change and it is helping to
reduce the chance of really bad things happening to the equipment that deals with
sand (Matanovic et al, 2012; Xu et al, 2024).

People have been looking into fiber-optic sensing and data-driven algorithms
for a while now. Fiber-optic sensing and data-driven algorithms have some points
like they can tell us what is happening really quickly. They are also very expensive
to set up and they need to be adjusted a lot (McPhee et al, 2015; Hasanov and
Mammadov, 2021; Khalil et al, 2023).

Fiber-optic sensing and data-driven algorithms are not using the information,
from the wellhead like pressure and flow rate and fluid properties to make predictions
and figure out what is going on without spending a lot of money.

This study tackles a real problem-catching sand early before it causes trouble.
The idea is to build a system that crunches numbers and pulls in data from sensors,
so companies can spot sand issues faster. They can add this new system right
into the tools they already use to keep an eye on things. With better info at their
fingertips, managers don’t have to just wait around for something to break. They
can jump in and fix things before it gets bad. That means fewer emergencies, less
damage, and fewer headaches all around. Sand detection matters, and this study is
pushing it forward by making the process smarter and more reliable.

This study looks at operating parameters. It helps sand detection models work
better in types of wells and reservoir conditions. The findings are useful for a field
and also for the general knowledge of reservoir engineering. This means it can help
people manage sand better reduce the effects, on the environment and make wells
last longer economically.

Fluid movement in the wellbore is really important for oil and gas production.
It affects how well the well works and the risks of sand production (Ahmed, 2010;
Dusseault, 2013).

Oil, gas, and water slip out of the reservoir and into the production tubing
through those perforations in the wellbore. They don’t just wander in - it’s the
pressure difference between the reservoir and the wellbore that actually pulls them
through. Without that pressure gap, nothing moves, and production stalls.

But here’s the thing: all this movement puts extra stress on the rock around the
wellbore. You have to think about how fluids flow inside, because it affects both the
wellbore and how much oil and gas you can get out (Bourgoyne et al, 1986; Gomes
and Pereira, 2017).
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As the fluids head up the wellbore, gas, liquids, and sometimes solid particles
all mix together, and the way they interact creates some pretty complicated flow
patterns. If flow rates shoot up or pressure suddenly drops near the wellbore, the
rock in the reservoir can start to break apart. Weak formations crumble, and sand
gets dragged along for the ride, ending up in your production system. That sand is
trouble - it wears down equipment, plugs things up, and if you don’t stay on top of
it, you’re looking at shutdowns.

Materials and methods. We’ve come up with a way to keep an eye on oil wells
in real time, using stats to catch sand problems early. Sand showing up in a well
is a big deal—it can wreck equipment, slow production, and jack up maintenance
bills. So, by constantly watching things like flow rate, wellhead pressure, casing
pressure, fluid density, and viscosity, this approach helps spot sand risks before they
turn into real trouble (Asfha et al, 2024).

The approach centers on several key methods:

1. High-resolution sensors are strategically installed to measure wellhead
indicators, capturing pressure, flow rates, and fluid properties in real-time.
Continuous data collection enables accurate monitoring of operational fluctuations
that correlate with sand formation risks.

2. Statistical techniques, such as deviation analysis, are applied to detect
anomalies in well parameters. Significant deviations from baseline values trigger
alerts, highlighting potential sand formation events and allowing for early
intervention.

3. Therelationship between flow rate and pressure changes serves as a predictive
factor for sand formation. Models based on principles like Darcy’s Law quantify
the impact of flow rate variations on pressure, linking these to sand occurrence
probabilities.

4. For wells employing gas lift, pressure differentials are monitored to identify
high gas content areas prone to sand formation. Tracking the dynamics of gas-liquid
flow regimes helps in understanding the conditions favoring sand production.

5. Historical and real-time data train predictive models to estimate sand
formation likelihood, enhancing the accuracy of early warnings. Machine learning
techniques could be integrated to refine these predictions further.

6. A multivariate function aggregates deviations across well parameters,
yielding a sand risk score. This risk assessment supports decision-making by
indicating wells requiring immediate intervention (Hossain and Al-Majed, 2015,
Zhang and Yin, 2016, Rahmati et al, 2019).

Experimental Part. This experimental study was carried out on two selected
oil wells (N-1 and N-2) in real-world production conditions, with continuous
monitoring of wellhead indicators over a 2-hour period. The primary goal was to
observe how variations in normal operating parameters—specifically flow rate,
pressure, and fluid properties-could be used to detect early signs of sand formation
in the wells.
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Figure 1 - Relationship between wellhead pressure and time.

Well N-1: During the two-hour observation of Well N-1, the wellhead pressure
and the referenced casing pressure remained very close throughout the interval
(AP < 0.1 MPa). This pressure equalization may indicate hydraulic communication
across completion barriers or reduced zonal isolation efficiency, rather than a
fully isolated tubing—casing system. The wellhead pressure exhibited moderate
fluctuations consistent with changes in the gas—liquid flow regime, which influenced
the frequency and amplitude of the observed pressure variations (Fig. 1-2).
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Figure 2 - Statistical analysis of gas flow over time.
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Figure 3 - Statistical analysis of fluid flow over time.

Flow Rate: Analysis of the flow rate showed a relatively stable liquid output
ranging between Qliqui 4 = 110-115 m*h. (Fig.3) There was a slight delay in gas
production, which became more evident later in the observation.

Mechanical mixing was not detected in the samples taken from the well, and
the water cut was estimated at approximately 15%. The changes in the gas-liquid
flow regime likely contributed to variations in the flow rate, further indicating the
potential for future sand manifestation.
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Figure 4 - Relationship between wellhead pressure and time.

Well N-2 (Gas Lift Well): The second well, Well N-2, utilized a gas lift method,
which contributed to different wellhead behaviors compared to Well N-1. The
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wellhead pressure in Well N-2 exhibited greater variation across a wide range, while
the gas lift pressure remained constant. This large variation in wellhead pressure, in
conjunction with the steady gas lift pressure, suggests a high gas factor in the well.
(Fig.4) The consistent gas injection, despite pressure fluctuations, was indicative of
potential sand formation risks.
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Figure 5 - Statistical analysis of gas flow over time.
Fluid flow (m3)
65
63
592 594 59,7
o
T R ) o
Pl Lo ) o .8 < 56,8
57 R | . ®-0.o 501
57,6 57,5 [ 4 r— '-.__‘ o o
. 56,6 ’ B
55,7
53
51
oo™~V OOHNANNTOTO~NLOVOINTOHONTONODONLOVONWLTNAN —O
OO AN NI NO AT AN NTTNOAANNEITNO AddAdNNTNO ANMNMTE NN O
I B R B B I P e B e B B R B v
SoddadAMOTITANNOO TSI NN OIITONOO S TSN
T T AT T T AT T STTTSTTTT D OLOOLOOODLODWOLWLWOLWLMOOOWOOOO

Figure 6 - Statistical analysis of fluid flow over time.
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Figure 7 - Relationship between gaslift temperature and time.

Flow Rate: In contrast to Well N-1, the liquid production in Well N-2 ranged
from thui =55-59 m’/h, showing slight fluctuations during the observation period
(Fig. 6). Additionally, the statistical analysis of gas flow (Fig. 5) and the gas-lift
valve opening percentages and temperature over time (Fig. 7, 8) provided further
insights into the well’s operational behavior.
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Figure 8 - Relationship between gaslifi valve opening per. (%) and time.

This indicates that a higher-pressure differential may increase the likelihood of
sand production.
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Monitoring Setup. To gather accurate and high-resolution data, sensors were
installed at strategic points along the wellbore. The following parameters were
continuously monitored and recorded:

1. Pressure (P): Wellhead pressure and bottomhole pressure were monitored to
observe deviations that could indicate flow regime changes. (Fig.1, 4)

2. Flow Rate (Q): The output flow of both liquid and gas was measured to detect
fluctuations, particularly those that might be early indicators of sand formation.
(Fig.2, 3, 5, 6), (Fig.3), (Fig.5), (Fig.6)

3. Temperature (T): Changes in temperature were recorded to study their impact
on fluid viscosity and flow dynamics. (Fig.7)

4. Fluid Properties (p and p): Periodic samples were taken to analyze the physical
and chemical properties of the fluids, particularly their density p and viscosity L.

Data Processing and Analysis. Data collected from the two wells were analyzed
in real-time, focusing on identifying deviations from baseline operational values.
The pressure and flow rate readings were correlated to assess the likelihood of sand
formation. For example, the relationship between the change in pressure AP and
flow rate Q can be represented by Darcy’s Law:

Q= _kaLP 2)
u L

where k is permeability (m?), 4 is cross-sectional area (m?), x4 is dynamic
viscosity (Pa-s), L is the flow path length (m), and 4P is the pressure differential
(MPa).

The equation establishes a direct proportionality between flow rate and pressure
gradient and was used to interpret flow resistance and pressure recovery in the
wellbore near the sand face.

The variations in flow and pressure parameters were evaluated in conjunction
with the physical properties of the fluid (e.g., density and viscosity).

A quantitative statistical analysis was conducted to complement the qualitative
observations shown in (Fig. 1-8).

Table 1 summarizes the main parameters, their mean values, standard deviations
(o), and correlation coefficients (r) between pressure and flow-rate fluctuations for
each well.

Table 1. Statistical parameters of wellhead indicators.

Well Parameter Mean value o Correlation (r) with AP Significance (p)
N-1 | Flow rate (m*h) 112.3 2.1 0.68 <0.05
N-2 | Flow rate (m?/h) 57.4 1.7 0.74 <0.05

Note: All statistics were computed on calibrated, quality-controlled signals over a 2-hour window;
sampling 10 s; baseline = first 30 min moving average; alerts at p + 2¢. Pearson r is computed with
tubing pressure (AP). Flow-rate units are m*/h.

The data reveal a positive correlation between flow-rate changes and pressure
fluctuations, particularly in Well N-2, where r = 0.74 indicates stronger dependency.
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Deviations exceeding £2¢ from the baseline were observed to coincide with
periods of unstable gas-liquid flow, which corresponds to the predicted sand-
formation risk zones.

These quantitative results confirm the diagnostic sensitivity of the proposed
statistical monitoring approach.

To substantiate the correlation between parameter deviations and sand
formation, the relationships among pressure fluctuations, flow-rate variations, and
detected sand traces were statistically verified. A regression model linking flow-rate
deviations (AQ) to pressure differentials (AP) yielded the following expression:

AQ = 0.42AP + 0.18, R? = 0.81 n=96 3)

The linear model showed R?=0.81 with n=96 paired observations, confirming
a strong relationship between AQ and AP. Here, AQ is the deviation of flow rate
(m?*h) from its baseline Mo and AP is the deviation of tubing pressure (MPa) from
its baseline p,; baselines are defined as p+2c over the stable period. The positive
correlation (r = 0.74, p <0.05) confirms that higher pressure instability corresponds
to higher flow variation and early sand manifestation.

Sand presence was confirmed through visual inspection of surface filters, which
captured small granular material during the monitoring interval. The previously
reported ‘30% improvement’ refers to the mean reduction in sand-event detection
time relative to the acoustic-based system, as derived from three repeated tests
under identical well conditions. For Well N-1, the observed pressure equalization
between annulus and casing-related measurements (AP < 0.1 MPa) suggests a
potential reduction in zonal isolation efficiency or hydraulic communication across
barriers, which warrants further verification (e.g., integrity tests and completion
diagnostics).

Therefore, pressure equalization and increased flow oscillations jointly explain
the reduced hydraulic stability that predisposes the well to early-stage sanding.

In both wells, changes in the gas-liquid flow regimes were correlated with
increased potential for sand occurrence. The presence of gas in the fluid streams,
particularly in Well N-2, resulted in larger pressure fluctuations, which could
predispose the well to sand production.

Indicators of Sand Formation. Early-stage sanding was inferred when statistically
significant deviations from baseline behavior were observed simultaneously in
pressure and flow signals. In both wells, periods of increased wellhead/tubing
pressure variability coincided with measurable fluctuations in liquid and gas flow
rates, consistent with unstable gas—liquid flow regimes. In Well N-1, the flow
rate remained relatively stable and pressure variability was limited, indicating
a moderate sand-risk level during the observation window. In contrast, Well
N-2 exhibited larger-amplitude pressure fluctuations and more pronounced flow
instability, indicating a higher likelihood of early-stage sand manifestation under
gas-lift-influenced multiphase conditions.
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To verify these indications, solids were evaluated during operational pauses
by inspecting surface filtration samples. Neither well exhibited severe plugging
during the test; however, trace solids were observed in the produced stream at
concentrations below 0.1 g/L, supporting that sanding was at an incipient stage
rather than a fully developed production impairment event.

Conclusion. This pilot study evaluated a real-time, non-intrusive early-warning
approach for sand-risk indication using routinely available wellhead indicators. A
baseline-deviation framework was implemented to flag abnormal pressure—flow
behavior during normal operations, and the results support the practical value of
statistical monitoring as an initial screening layer for early-stage sanding risk.

Key findings include:

1. Continuous monitoring of wellhead/tubing/casing (annulus) pressures, liquid/
gas flow rates, and basic fluid properties (p, |t), combined with baseline deviation
thresholds (u £ 20), can identify instability patterns consistent with incipient
sanding behavior in the evaluated field interval.

2. Well N-2 exhibited larger pressure—flow instability than Well N-1, indicating
a comparatively higher sand-risk tendency under gas—liquid regime variability.

3. In field benchmarking, the proposed deviation-based method detected
abnormal signatures on average 6 min earlier than the conventional acoustic
monitoring response, corresponding to a 30% reduction in detection delay (three
repeated tests).

4. Trace solids captured at the surface (below 0.1 g/L) suggest that the observed
events were at an early stage rather than severe plugging conditions.

Limitations and future work. The current validation is limited to two wells and a
2-hour monitoring window. Future work should expand to multi-well, multi-week
datasets and report operational performance metrics. Integration with predictive
models (including machine learning) can be explored after robust ground-truth
labeling of sand events.
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