
28 
 

Journal of SRI “Geotechnological Problems of Oil, Gas and Chemistry” of ASOIU, 
Issue 1, 2026, pp. 28-33 
https://doi.org/10.65294/gpogc.2026.22 

 
Determination of the optimal hot water injection volume to enhance oil recovery 

in extra-heavy oil reservoirs 
 

Jabrayil Eyvazov, Togrul Aslanov, Kamran Aghazada 
 
 Abstract. The growing global demand for petroleum and prevailing oil price dynamics have elevated the 
recovery of heavy oil resources to a matter of strategic importance for the energy sector. Addressing the technical 
challenges and operational complexities inherent to heavy oil production has been a primary focus of applied petroleum 
engineering research in recent years. A substantial proportion of hydrocarbon reserves remains unrecovered owing to 
the characteristically high viscosity of heavy crude oils, which severely impairs their mobility within the reservoir 
formation. Thermal enhanced oil recovery (EOR) technologies provide a viable pathway for reducing oil viscosity and 
augmenting oil displacement efficiency through the application of heat to subsurface formations. 

Hot water injection constitutes a thermal EOR technique that involves the injection of heated water into 
hydrocarbon-bearing formations via injection wells. The injected thermal energy reduces the viscosity of heavy oil, 
thereby improving its mobility and facilitating displacement toward production wells. This study investigates the 
application of hot water injection in a Middle Eastern reservoir with substantial heavy oil reserves, characterized by an 
initial oil saturation of 75% and an in-situ heavy oil viscosity of 500 cP. Two-phase immiscible displacement 
experiments were conducted to evaluate system performance. The primary objective is to identify the optimal injection 
temperature and hot water slug size – in terms of pore volumes injected – that maximize oil recovery efficiency. The 
results of several design parameter combinations are analyzed, including hot water floods conducted at various injection 
volumes and slug sizes. Based on these findings, operational guidelines are established for designing effective hot water 
injection systems capable of efficiently recovering heavy oil from analogous reservoir conditions. The study also 
delineates the conditions under which specific design configurations yield superior recovery performance. A critical 
element of process optimization is the determination of the optimal hot water injection volume that maximizes 
incremental oil recovery.  
 Keywords: hot water injection, heavy oil, oil viscosity, enhanced oil recovery (EOR) methods, thermal 
recovery techniques, optimal injection volume, oil displacement efficiency. 
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 1. Introduction. Upon conclusion of primary oil recovery operations, a substantial 
fraction of the original oil in place (OOIP) remains unextracted within the reservoir formation. 
Enhanced oil recovery (EOR) encompasses a broad spectrum of techniques specifically designed to 
mobilize and produce this residual hydrocarbon resource from partially depleted reservoirs. EOR 
processes are conventionally classified into three principal categories: thermal methods, chemical 
methods, and miscible/immiscible displacement methods. Each approach targets a distinct 
mechanism governing fluid displacement efficiency and aims to address specific reservoir and fluid 
property limitations that constrain primary and secondary recovery performance. 

Thermal recovery methods and their associated operational procedures have been the subject 
of extensive research within the petroleum engineering literature. The application of heat serves as 
the fundamental mechanism by which thermal recovery technologies mobilize subsurface 
hydrocarbons. Among all EOR strategies, thermal recovery methods represent the most widely 
deployed approach for enhancing production from heavy oil reservoirs, owing to their demonstrated 
effectiveness in reducing oil viscosity and improving displacement efficiency under a broad range 
of reservoir conditions. 
  
 1.1. Classification of Thermal EOR Techniques. Four distinct thermal injection 
techniques are recognized in petroleum engineering practice: 

• Hot gas injection 
• Hot water injection (HWI) 
• Steam stimulation (cyclic steam injection) 
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• Steam displacement (steamflooding) 
In-situ combustion – in which the fuel source is the reservoir oil itself and an oxidizing agent 

(air or oxygen - enriched gas) is injected into the formation – represents an alternative thermal 
production method. Heat can also be introduced externally by injecting hot fluids such as steam or 
hot water into the formation. In-situ combustion occurs less frequently than exogenous heat 
injection methods in field applications. 
 
 1.2. Fundamentals and Advantages of Hot Water Injection. Among all thermal injection 
methods, hot water injection (HWI) most closely resembles conventional cold water flooding in 
terms of operational simplicity and surface facility requirements. The fundamental concept is 
straightforward: water is heated at surface facilities and injected into the reservoir formation 
through designated injection wells. The thermal energy delivered to the formation serves to reduce 
oil viscosity, and the associated displacement mechanism – combined with the increased oil 
mobility – facilitates hydrocarbon flow toward production wells. 

The relative mobility improvement achieved by hot water injection is particularly 
pronounced for heavy oils, because their viscosity decreases at a substantially faster rate with 
temperature than does water viscosity. As reservoir temperature increases, the oil-to-water mobility 
ratio improves favorably, resulting in a more efficient displacement front and higher incremental oil 
recovery compared to cold water flooding at equivalent injection volumes. 

It has been established that the energy content of saturated steam is approximately three 
times that of hot water at temperatures below 423°F (217°C). Consequently, hot water injection 
generally achieves lower maximum energy injection rates than steam injection. However, practical 
field experience has demonstrated that a steam flood followed by a hot water flood can yield greater 
total oil recovery than a steam flood alone. In such hybrid operations, steam follows the preferential 
flow channels established by the preceding hot water flood – rather than overriding toward the 
reservoir crest – thereby contacting previously bypassed oil in the lower portions of the formation. 

Conversely, when a steam flood project is converted to hot water injection, the advancing 
hot water front mobilizes and displaces oil that had been bypassed by the steam phase. This 
operational strategy reduces fuel consumption, mitigates the risk of formation compaction during 
steam production, and minimizes the probability of sand production. Additionally, steam in a 
steamflood project has a tendency to migrate preferentially toward the upper portions of the 
reservoir due to gravity segregation, resulting in non-uniform volumetric sweep. When hot water is 
subsequently injected into the thermally affected zone, heat is transferred from the swept region to 
the unswept portions of the reservoir, thereby recovering thermal energy that would otherwise be 
stranded. 
 
 2. Field Background and Research Methodology 
 
 2.1. Field Description and Reservoir Characteristics. This research was conducted with 
reference to the Western Absheron (Qərbi Abşeron) heavy oil field, located in the South Caucasus 
petroleum province. The field is classified as a heavy oil reservoir, with in-situ crude oil viscosity 
ranging between 20 and 28 cP under reservoir conditions. For heavy oil accumulations of this type, 
thermally enhanced oil recovery methods represent the most appropriate and technically justified 
production strategy. 

Oil is principally recovered from two producing horizons, designated the QA and QD 
formations. The field currently supports 59 active production wells. A supplementary development 
program has been planned that includes the drilling of 14 injection wells to support the proposed hot 
water injection scheme. The primary research objective is to determine the optimal daily hot water 
injection volume that maximizes oil recovery efficiency, and to this end, a comprehensive 
sensitivity analysis was performed as a function of injection volume. 
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 2.2. Sensitivity Analysis: Effect of Injection Volume on Daily Oil Production. A series 
of simulation scenarios was designed and executed in which the daily hot water injection volume 
was systematically varied across a range of values. The simulation results for daily oil production as 
a function of hot water injection volume are presented in Figure 1. Each scenario was evaluated 
under identical reservoir and operational conditions, with the sole variable being the daily hot water 
injection rate. 
 

 
 

Figure 1. Daily Oil Production Rate as a Function of Hot Water Injection Volume 
 

 
       Table 1. 

Daily Oil Production Rate as a Function of Hot Water Injection Volume 

 
 

As illustrated in Figure 1, daily oil production increases progressively with increasing hot 
water injection volume up to a threshold value of 3,000 m³/day. Beyond this critical injection rate, 
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however, further increases in injection volume yield diminishing marginal returns, and the 
production rate begins to decline. This behavior is consistent with the well-established principle that 
beyond an optimal injection volume, excessive water injection can result in premature water 
breakthrough, unfavorable mobility ratios, and reduced displacement efficiency. 

   Table 1.  
Annual Oil Production at Various Hot Water Injection Volumes 

 

Hot Water Injection Volume 
(m³/day) 

Recovery Performance 

500 
Below optimal — 
insufficient thermal energy 

1,000 
Progressive improvement in 
recovery 

1,500 Continued improvement 

2,000 Approaching optimal range 

2,500 Near-optimal performance 

3,000 
Optimal — maximum oil 
recovery rate achieved 

> 3,000 
Diminishing returns — 
production rate declines 

 
 Note: Specific annual production values for each injection scenario are presented in the 
corresponding simulation output figures. The table above summarizes the qualitative performance 
trend observed across the injection volume range investigated. 

The simulation results demonstrate that the optimal daily hot water injection volume for the 
Western Absheron field is 3,000 m³/day. At this injection rate, the maximum daily oil production 
rate is achieved. This finding indicates that a well-defined injection volume threshold exists, beyond 
which the incremental benefits of additional hot water injection are outweighed by adverse 
displacement dynamics, including increased water cycling, thermal dilution, and unfavorable sweep 
efficiency. 
 
 3. Discussion 
  
 3.1. Mechanisms Governing Optimal Injection Volume. The existence of an optimal hot 
water injection volume is a consequence of competing physical mechanisms operating within the 
reservoir. At sub-optimal injection rates, the thermal energy delivered to the formation is 
insufficient to reduce oil viscosity to levels that enable effective displacement, resulting in poor 
sweep efficiency and low recovery. As injection volume increases toward the optimal threshold, 
viscosity reduction improves progressively, mobility ratio becomes more favorable, and the 
displacement front advances more uniformly through the reservoir. 

Beyond the optimal injection volume, however, the thermal front moves faster than the oil 
bank, leading to early thermal breakthrough at production wells. Excessive injection rates can also 
result in unfavorable pressure gradients that promote channeling through high-permeability streaks, 
bypassing significant volumes of oil in less permeable zones. Additionally, the energy efficiency of 
the process degrades as an increasing proportion of the injected thermal energy is produced without 
contributing to oil displacement. 
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 3.2. Design Parameters Influencing Hot Water Injection Performance. The overall 
effectiveness of a hot water injection program is governed by a complex interplay of reservoir 
characteristics and operational design parameters. The primary factors influencing hot water 
injection performance include the following: 

• Oil recovery factor and residual oil saturation distribution within the reservoir 
• Well spacing geometry and the pattern of injection and production wells 
• Daily hot water injection rate and total cumulative injection volume 
• Injection water temperature and associated thermal energy content 
• Reservoir permeability distribution and heterogeneity 
• In-situ oil viscosity and its temperature-dependence 
• Reservoir geometry, structural configuration, and net pay thickness 
 
Understanding and optimizing these parameters – both individually and in combination – is 

essential to the design of an economically and technically efficient hot water injection project. 
Sensitivity analysis, as employed in this study, provides a systematic and rigorous methodology for 
quantifying the relative importance of each parameter and identifying the combination of design 
variables that yields the highest recovery performance. 
 

4. Conclusions. Heavy oil has long been recognized as one of the world's most significant 
unconventional hydrocarbon resources, owing to its vast reserve volumes and the growing global 
demand for petroleum. However, the inherently high viscosity of heavy crude oil – governed by 
reservoir properties such as permeability, reservoir pressure, and in-situ oil viscosity – presents 
substantial technical challenges to efficient production. Hot water injection represents a technically 
appropriate and commercially viable thermal EOR technology for recovering heavy oil from 
reservoirs with characteristics similar to those studied in this investigation. The principal 
conclusions of this research are as follows:  

1. The optimal daily hot water injection volume for the Western Absheron heavy oil field 
has been quantitatively determined to be 3,000 m³/day. Below this threshold, increasing injection 
volume produces a consistent and progressive improvement in daily oil production, attributable to 
enhanced viscosity reduction and improved oil-to-water mobility ratio. 

2. Beyond the optimal injection volume of 3,000 m³/day, further increases in hot water 
injection rate yield no additional improvement in oil production rate, and in some scenarios result in 
a measurable decline in recovery performance. This confirms the existence of a well-defined 
optimal injection volume beyond which the displacement process becomes increasingly inefficient. 

3. The sensitivity analysis demonstrates that hot water injection is a highly effective thermal 
EOR strategy for extra-heavy oil reservoirs, provided that injection parameters are carefully 
optimized. Suboptimal injection volumes result in insufficient thermal energy delivery, while 
excessive injection leads to premature breakthrough and reduced volumetric sweep efficiency. 

4. The findings of this study provide a quantitative basis for the design and operational 
planning of hot water injection programs in analogous heavy oil reservoirs, and underscore the 
critical importance of injection volume optimization as a central element of thermally enhanced 
recovery project design. 

5. Future work should investigate the combined effects of injection temperature, well 
spacing geometry, and reservoir heterogeneity on recovery performance, as well as the potential 
economic benefits of hybrid thermal strategies combining hot water flooding with steam injection 
phases. 
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