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 The processes of casing installation and well cementing are fundamental 

techniques for minimizing the environmental impacts of oil and gas 

operations on water resources and public health, particularly within the 

sensitive desert ecosystems of southern Algeria. These operations aim to 

prevent hydrocarbon leakage into groundwater layers, thereby reducing water 

contamination risks and preserving the health of local communities. The 

system relies on advanced technologies, including high-quality cement and 

environmentally friendly additives to enhance zonal isolation and minimize 

fluid permeability. Moreover, early leak detection systems employing remote 

sensing and spectral analysis techniques are used to monitor abnormal 

changes in geological formations. In this context, Hydraulic Liner Hanger 

(HLH) technology offers a more advanced and reliable solution compared to 

conventional mechanical systems, improving zonal isolation while 

significantly reducing environmental risks and operational emissions. Its 

successful implementation in the OGME-1 well at the Hassi Messaoud 

oilfield — the largest petroleum field in Algeria — demonstrated its 

operational efficiency and environmental advantages. The tools deployed in 

these operations include rotary drilling units, high-pressure cement pumping 

systems, and geological formation analysis probes to ensure tight sealing and 

prevent leaks. Field studies conducted across several regions of the Algerian 

desert highlighted the importance of adopting Resource Management and 

Valorization strategies to enhance the efficiency of water and energy use in 

the petroleum sector, thus supporting sustainable development initiatives. 
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1. INTRODUCTION 

Casing cementing is a critical stage in oil and gas well construction, playing a fundamental role in 

ensuring well integrity, isolating geological formations, and preserving long-term wellbore stability 

(Nelson and Guillot, 2006). This technique involves injecting specially formulated cement slurry into 

the annular space between the casing and the borehole wall to provide structural support and prevent 

fluid migration between subsurface zones. 

Historically, the first successful cementing operation in the oil industry was recorded in 1903 by Arnold 

Hermann Luehs in the United States. Since then, cementing technologies have evolved significantly, 

with the development of advanced cement systems and additives designed to improve durability against 

corrosion and cracking (Bourgoyne et al., 1991). Modern well cements enhance zonal isolation, protect 

casings from corrosive fluids, and prevent undesired fluid migration, particularly in high-pressure, high-

temperature (HPHT) environments (API RP 10B-2, 2013). 

Cementing operations face numerous technical challenges, including variable geological conditions, 

temperature and pressure fluctuations, and the presence of gas or fluid influxes that may compromise 

slurry integrity (Ravi and Bosna, 2017). To address these issues, advanced chemical additives such as 

retarders, fluid loss control agents, and high-performance dispersants have been introduced, alongside 

real-time monitoring systems and data analysis tools that optimize cementing performance (Islam and 

Bredberg, 2020). 

From an environmental perspective, cement acts as a critical barrier preventing contamination of 

groundwater and surface ecosystems by isolating harmful hydrocarbons and corrosive fluids. This is 

especially vital in offshore operations, where cementing failures can lead to catastrophic environmental 

incidents (Zhang et al., 2019). The industry is increasingly adopting sustainable practices, including 

low-carbon cement blends and biodegradable additives, to minimize the environmental footprint of 

drilling activities (Ben Mahmud et al., 2022). 

As drilling operations grow more complex and environmental safety standards tighten, continuous 

innovation in cementing technologies remains essential to ensuring reliable, sustainable, and responsible 

exploitation of hydrocarbon resources. 

2. THE GEOLOGICAL LOCATION OF THE STUDY AREA 

The Hassi Massaoud region is famous for its vast oil-producing field and is situate within the Amguid  

Massaoud mole. This area is located in the southeastern part of Algeria, between latitudes 31° and 33° 

E and longitudes 5° and 7°30' N (Fig.1). The entire region covers an area of 157793 km2 (Ouali et  al.,  

2006 ; Nabil   et  al.,  2024) .  

  

Fig 1. Location of the Hassi Massaoud field in Ouargla Province (Algeria) (Nabil   et al., 2024). 
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3. MITIGATING CEMENTING CHALLENGES IN OIL AND GAS WELLS USING 

ADVANCED CHEMICAL ADDITIVES AND REAL-TIME MONITORING 

TECHNOLOGIES 

The cementing process remains one of the most critical phases in the construction of oil and gas wells, 

ensuring long-term well integrity and effective zonal isolation between geological formations. However, 

this operation faces several technical and operational challenges due to variable subsurface conditions, 

fluctuations in temperature and pressure, and the potential for gas or fluid influxes that can impair 

cement slurry performance and jeopardize formation sealing (Nelson and Guillot, 2006; Ravi and Bosna, 

2007). 

To address these issues, the oil and gas industry has progressively adopted advanced chemical 

additives incorporated into cement slurry formulations to enhance their physical and chemical 

properties under extreme downhole conditions. These additives include: 

 Retarders, which delay the setting time of cement slurry in high-pressure, high-temperature 

(HPHT) environments, ensuring it reaches the desired depth before hardening (Nelson and 

Guillot, 2006). 

 Fluid loss control agents, designed to minimize the rate at which the slurry loses water to 

surrounding formations, preserving slurry consistency and preventing the development of 

micro-annuli (Gray et al., 2009). 

 High-performance dispersants, which improve slurry rheology and flow characteristics, 

facilitating efficient placement in deviated and deep wells (Sabins et al., 1982). 

Alongside these chemical advancements, the integration of real-time monitoring systems equipped 

with pressure, temperature, and flow rate sensors has significantly improved cementing operations. 

These systems enable continuous data acquisition and dynamic analysis of slurry behavior during 

placement, allowing for immediate operational adjustments to mitigate risks such as gas migration or 

fluid losses (Michaels and Gupta, 2023). The International Association of Oil and Gas Producers (IOGP, 

2020) strongly recommends the use of smart monitoring systems to enhance well integrity and prevent 

environmental incidents. 

Recent studies (Zhang et al., 2020) demonstrate that combining advanced chemical additives with real-

time monitoring has reduced cementing failures by over 40% in HPHT wells and lowered the frequency 

of remedial squeeze jobs by up to 60%, delivering significant environmental, operational, and economic 

benefits. 

4. METHODOLOGY AND ACQUISITION OF DATA 

4.1 Well and Cementing Data 

This study was conducted on the OGME-1 well, located in the Hassi Messaoud Basin and drilled to a 

total depth of 3178 m using the TP206 rig operated by Sonatrach. The well was classified as a 

development well targeting sandstone and shale formations under varying pressure conditions. 

The main objective was to assess the mechanical integrity and environmental impact of liner installation 

and cementing operations, focusing on the application of Hydraulic Liner Hanger (HLH) technology. 

Specifically, the study evaluated: 

  The liner system’s performance under HPHT conditions. 

   The zonal isolation efficiency provided by an optimized cementing program. 
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  The environmental benefits of improved displacement, reduced slurry losses, and minimized risks 

of gas migration and groundwater contamination. 

To achieve this, the methodology combined field data acquisition, real-time operational monitoring, and 

post-cementing analysis. Key parameters such as pump rates, annular pressures, displacement volumes, 

and timing were recorded, alongside mechanical strength calculations and estimates of CO₂ emissions 

and heat release from cement hydration to quantify the operation’s environmental footprint. 

4.2 Field Data Collection 

 Well Depth: 3178 m 

 Casing: 7" liner from 2190 m to 3177 m 

 Cementing Program: Two-stage slurry system using: 

                   -  Lead slurry (1.86 SG, 45.6 bbl) 

                   -  Tail slurry (2.04 SG, 82.7 bbl) 

                   -  Spacer and OBM displacement fluid (2.02–2.00 SG) 

 Instrumentation included real-time monitoring of: 

      - Pump rate (4 bpm) 

      - Displacement pressure (734 psi) 

 Centralizer efficiency 

               -  Displacement volume and time (50–60 minutes) 

4.3 Mechanical Resistance Calculations 

The following formulas were applied to ensure the casing design meets operational safety standards. 

4.3.1 Hydrostatic Pressure (𝑃ℎ) 

To ensure that the casing system complies with industry safety margins under downhole conditions, 

hydrostatic pressure (Pₕ) was first computed. This pressure reflects the force exerted by the column of 

drilling fluid along the true vertical depth (H), and is directly proportional to the mud density (d). Based 

on widely accepted field practices and validated models (Aadnøy et al., 2001), the hydrostatic pressure 

was calculated using Equation (1): 

Ph =
H×d

10.2
      (1) 

For the present configuration, where the input parameters were drawn from well log data, the resulting 

hydrostatic pressure was found to be 623.1 bar, confirming the expected bottom-hole pressure regime 

under static conditions. 

4.3.2 Collapse Pressure (𝑃𝑒𝑐𝑟) 

Collapse pressure (𝑃𝑒𝑐𝑟) quantifies the casing’s resistance to external pressure when internal support is 

minimal or absent. Using a standard collapse coefficient (𝐾𝑒𝑐𝑟), derived from API 5C3 formulations 

and collapse limit envelopes (Detournay and Cheng, 1993), the pressure was computed via Equation 

(2): 

𝑃𝑒𝑐𝑟 = 𝑃ℎ × 𝐾𝑒𝑐𝑟     (2) 
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With the adopted safety coefficient, the resulting collapse pressure reached 700.99 bar, demonstrating 

structural integrity and sufficient margin against implosion under hydrostatic loads. 

4.3.3 Burst Pressure (𝑃𝑒𝑐𝑙) 

The internal failure mode, represented by burst pressure (  𝑃𝑒𝑐𝑙 ), was evaluated to ensure casing 

survivability against fluid overpressure events, particularly during gas influx or pressure surges. Using 

a burst coefficient (Kecl) consistent with API TR 5C3 standards (Smith et al., 2012), the pressure was 

determined from Equation (3): 

 𝑃𝑒𝑐𝑙 = Ph × Kecl              (3) 

The resulting burst pressure was 685.41 bar, confirming the casing’s resistance to internal 

pressurization within the anticipated operational envelope. 

4.3.4 Tensile Force at Yield (T₁) 

Axial mechanical strength was assessed by calculating the tensile force at yield (𝑇1), which defines the 

maximum axial load before plastic deformation. The force was estimated using the casing unit weight 

(𝑄), total length (𝐿), and a conservative tensile safety coefficient (𝐾
𝑡𝑟𝑎

), as in Equation (4):  

𝑇1 = 𝑄 × 𝐿 × 𝐾𝑡𝑟𝑎                                                                (4) 

The resulting T₁ = 126,048 daN, remained safely below the tensile limit of 131,250 daN, ensuring the 

casing can withstand tensile loads during operations such as running-in-hole and cementing (Kaarstad 

and Aadnøy, 2006). 

4.4 Cementing Calculations 

4.4.1 Fracture Pressure (𝑃𝑓𝑟𝑎𝑐) 

The fracture pressure ( 𝑃𝑓𝑟𝑎𝑐 ), which defines the upper limit of the formation’s integrity during 

cementing operations, was determined using Equation (5). It depends on the true vertical depth to the 

casing shoe (𝑍𝑠 ) and the effective slurry density. 

𝑃𝑓𝑟𝑎𝑐 =
𝑍𝑠×𝑑𝑓𝑟𝑎𝑐

10.2
       (5) 

In this case, the computed fracture pressure was 604.31 bar, aligning with typical values in sandstone 

formations under similar depth and mud weight conditions (Zhang et al., 2014). 

4.4.2 Total Slurry Volume (𝑉𝑠𝑙𝑢𝑟𝑟𝑦) 

The total slurry volume (𝑉𝑠𝑙𝑢𝑟𝑟𝑦) was estimated as the sum of the volumes of the lead and tail slurries. 

𝑉𝑠𝑙𝑢𝑟𝑟𝑦 = 𝑉𝑙𝑒𝑎𝑑 + 𝑉𝑡𝑎𝑖𝑙     (6) 

Based on cementing job design, this yielded a required slurry volume of 36.735 m³, covering annular 

displacement and safety excess (Nelson and Guillot, 2006). 

4.4.3 Silica Flour Mass (𝑄𝑠𝑖𝑙𝑖𝑐𝑎) 
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To enhance thermal stability and prevent strength retrogression, silica flour was added to the blend. The 

required mass was calculated as a weight fraction of the total cement mass Qc: 

𝑄𝑠𝑖𝑙𝑖𝑐𝑎 = 0.35 × 𝑄𝑐     (7) 

Accordingly, 12.29 tons of silica flour were incorporated to ensure long-term strength retention in high-

temperature environments (Nelson and Guillot, 2006). 

4.5 Environmental Estimations 

4.5.1 CO₂ Emissions from Cement 

Environmental assessment included estimation of direct CO₂ emissions from cement production, 

considering that every ton of cement generates approximately 0.9 tons of CO₂ (Habert et al., 2010). 

𝐶𝑂2 = 54.99 𝑡𝑜𝑛𝑠 × 0.9 

This highlights the significant carbon footprint of oil well cementing, stressing the need for optimized 

designs and alternatives. 

4.5.2 Heat Released During Hydration 

The exothermic nature of cement hydration was quantified using the classical thermodynamic equation. 

𝑄 = 𝑚 × 𝑐 × 𝛥𝑇     (8) 

Where 

Q= 54,990𝑘𝑔 × 0.84
𝑘𝐽

𝑘𝑔⋅°𝐶
× 34°𝐶   

𝑄 = 54,990 𝑘𝑔 , 𝑐 = 0.84 𝑘𝐽/𝑘𝑔. °𝐶, 𝑎𝑛𝑑 𝛥𝑇 = 34°𝐶.  

This resulted in:𝑄 = 1,572,775𝑘𝐽 ≈ 0.44   𝑀𝑊ℎ 

Such heat generation can influence zonal isolation quality and induce thermal stresses if not properly 

accounted for (Nelson and Guillot, 2006). 

The methodology relied on both real-time field data acquisition and analytical simulation tools to 

validate the mechanical reliability of the liner system, optimize slurry design, and quantify 

environmental impact. The implementation of Hydraulic Liner Hanger (HLH) systems enhanced 

displacement efficiency, reduced risks of micro-annuli and cement sheath failure, and helped mitigate 

carbon emissions—demonstrating the effectiveness of integrated, performance-based cementing 

strategies. 

5. RESULTS AND DISCUSSIONS 

The analysis of operational and post-job data from the OGME-1 well provided valuable insights into the 

effectiveness of the cementing operation in securing zonal isolation and maintaining well integrity under 

challenging subsurface conditions. 

5.1 Mechanical Performance Results 

Mechanical calculations confirmed that the installed liner system possessed sufficient strength to safely 

withstand the expected operational loads: 
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 The collapse resistance reached 700.99 bar, comfortably exceeding the hydrostatic pressure of 

623.1 bar, ensuring casing stability against external formation pressures. 

 The burst pressure capacity was 685.41 bar, providing a safe margin against internal 

overpressures. 

 The tensile load capacity was calculated at 126.048 daN, remaining well below the allowable limit 

of 131.250 daN. 

These results demonstrate the suitability of the casing and cementing program for HPHT well 

conditions, contributing to wellbore integrity and reducing operational risks. 

5.2 Cementing Operation Results 

Real-time operational data confirmed stable and efficient cement displacement: 

 Pumping rate maintained at 4 bpm 

 Displacement time remained within the target range of 50–60 minutes 

 Displacement pressure was steady at 734 psi, with no indications of fluid influx or loss 

circulation. 

 The total slurry volume of 36.735 m³ and optimized cement formulation ensured proper 

placement, minimized slurry losses, and secured effective zonal isolation. 

5.3 Environmental Impact Estimation 

Environmental assessments conducted alongside the operation indicated: 

 CO₂ emissions from cement consumption totaled 49.49 tons, a value consistent with typical deep 

liner cementing operations. 

   Heat generated during cement hydration was calculated at 0.44 MWh, remaining within 

acceptable thermal limits, reducing the risk of early gas migration and casing stress. 

5.4 Discussion 

The results collectively reflect a technically successful cementing operation. The combination of 

optimized slurry design, controlled pumping parameters, and effective job execution yielded favorable 

mechanical and environmental outcomes. 

  While the use of a Hydraulic Liner Hanger (HLH) system contributed to operational flexibility and 

improved cement placement in this deviated, deep section, it should be considered as one of several 

factors that supported the overall performance of the cementing operation. 

Compared to previous well operations in the same field, this cementing job achieved: 

 A 15–20% improvement in displacement efficiency. 

 Approximately 30% reduction in cement slurry losses. 

 And a lower occurrence of post-cementing remedial work (e.g., squeeze jobs). 

These outcomes are consistent with industry findings, such as those reported by (Zhang et al., 2020) and 

(Michaels and Gupta, 2023), confirming the value of applying optimized cementing practices supported 

by real-time monitoring and tailored slurry systems in complex HPHT environments. 
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6. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

This study has demonstrated the technical and environmental effectiveness of the cementing operation 

performed on the OGME-1 well under challenging HPHT and deviated conditions. The mechanical 

integrity of the liner system was validated through collapse, burst, and tensile resistance calculations, 

all exceeding the design safety margins. The cementing program, supported by optimized slurry design 

and precise displacement control, successfully achieved effective zonal isolation with minimal slurry 

losses and no indications of gas migration. 

The integration of real-time monitoring enhanced operational control, contributing to improved 

displacement efficiency and environmental performance. Although the Hydraulic Liner Hanger (HLH) 

system facilitated smoother liner running and cement placement in the deviated section, it is best 

regarded as a contributing element within a broader, optimized cementing strategy. 

The operation achieved measurable improvements over historical well performances in the same field, 

confirming the value of integrating advanced cementing techniques and real-time data acquisition in 

HPHT well environments. 

6.2 Recommendations 

In light of the findings from this operation, the following recommendations are proposed for future well 

cementing activities under similar conditions: 

 Employ customized cement slurry designs aligned with wellbore pressure and temperature 

profiles to ensure adequate placement, zonal isolation, and long-term integrity. 

 Utilize real-time monitoring systems for critical cementing parameters to enable proactive 

operational adjustments and mitigate placement risks. 

  Conduct comprehensive pre-job mechanical verification of casing and liner systems against 

anticipated operational loads, particularly in HPHT wells. 

 Incorporate environmental performance assessment into routine cementing operations, 

evaluating parameters such as CO₂ emissions and hydration heat to minimize environmental 

impact. 

 Apply Hydraulic Liner Hanger systems selectively, where operational or wellbore geometry 

conditions justify their technical and economic advantages. 

Systematically document and analyze operational performance data to support continuous improvement 

and best practice refinement in future cementing programs. 
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NOMENCLATURE 

HLH Hydraulic Liner Hanger  T₁ Tensile Force at Yield [daN] 

HPHT particularly in high-pressure, high-temperature  Pfrac Fracture Pressure [bar] 

Ph Hydrostatic Pressure [bar] Vslurry Total Slurry Volume [m3] 

Pecr Collapse Pressure [bar] Qsilica Silica Flour Mass [tons] 

Pecl Burst Pressure [bar] Q Heat Released During Hydration  

[MWh] 
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