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INTRODUCTION

 Geothermal power is a proven reliable renewable energy
 Sustainable management of geothermal reservoirs is critical
 Need to achieve the projected amortization time of wells
 Reinjection sustainably manages geothermal reservoirs
 Could enable wells to achieve/extend their amortization time

 Proving economical in increasing production potential
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INTRODUCTION

 Reinjection could lead to other problems if not well carried out
 Increases the risk of reinjection-induced seismic events

 Can result in reinjected fluid reaching the ground surface
 Thermal breakthrough (TB) poses significant reinjection risk
 Thermal breakthrough is onset of production well temperature drop
 TB reduces discharge enthalpy causing steam discharge rates to
decline.
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INTRODUCTION

 Reservoir geology provides connection between the injection and
production wells
 Rapid movement of reinjected water through fracture to production
zones is risky
 Can produce thermal drawdown at the production wells.
 Rock formations have different thermal conductivity
 However, thermal properties of reservoir rocks are rarely examined
necessitating this study.
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OBJECTIVES

The objective of the study is to review and establish thermal

breakthrough and reinjection optimization in geothermal
fields from a geological perspective
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PREVIOUS WORK

 Kocabas and Horne (1990) developed
a thermal breakthrough time
estimation model following the
Lauwerier model
 Based on the Lauwerier model, the
thermal breakthrough time depends
on water transit tw, and λD which is a
measure of thermal interaction
between the fracture and the
adjacent matrix
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PREVIOUS WORK
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 From Table 1, Increase in fracture porosity would lead to;
 Exponential drop in the thermal conductivity, and
 Exponential decrease in thermal breakthrough time
 Increase in Φf b(mm) by a factor of 10 from 0.5 will;
 Render the project economically unviable
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MATERIALS AND METHODS

 Systematic literature review of empirical literature
 Material drawn from online databases and libraries
 Science Direct, Wiley Online Library and Taylor & Francis
Table 2: Tabulation of Search Terms
Key Terms
Related words/phrases
Thermal breakthrough
Thermal breakthrough time, amortization
Geothermal reservoir
Geothermal fields, geothermal wells
Geology
Reservoir geology, regional geology, geothermal production
geology, local well geology
Production
Power production, power yields, production losses
Reservoir
Geothermal reservoir, underground reservoir, aquifer
Reinjection
Recharge, ground recharge, artificial recharge, natural
recharge
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RESULTS AND DISCUSSION
Study
Lee and Bacon
(2000)

Country
New Zealand
Ohaaki,
Geothermal
Field

Findings
In almost all shallow-cased wells on the West Bank, the high
temperature (250-260°C) reservoir waters have become cooled by
the influx of cooler water from the overlying Ohaaki Rhyolite
resulting in declining discharge enthalpies

Serpen and
Aksoy (2005)

Turkey,
Kizildere field

Reinjection capacity drastically improves when the low temperature
water is injected into shallow part of a geothermal reservoir with
vertically oriented fractures in granite.

Bakhsh et al.,
(2016)

US

The model showed that the presence of induced or pre-existing
fractures significantly shortens thermal breakthrough time.

Huo et al.,
(2019)

China

Flow connections occur more easily through greater flow quantities
and quicker injection and pumping rates, which lead to earlier
occurrences of thermal breakthroughs

Liu et al., (2020)

China

Early thermal breakthrough occurs at the production well caused by
quick flow of cold water along the highly connected fractures
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RESULTS AND DISCUSSION
Study
Rijn (2018)

Country
Findings
Netherlands Thickness, flow rate and the well spacing are the most crucial
parameters influencing the thermal breakthrough time of a
reservoir. Overall, the flow rate has the greatest impact, with a
decrease of 16.7 years between a flow rate of 150 m3/hour and 250
m3/hour.

Xu et al.,
(2021)

Dezhou,
China

The recharging (injection) water tended to concentrate along the
bottom highly permeable layer and accounted for over 64% of the
outﬂow in the 100th year of the simulation test. The outﬂow
temperature decreased from 53.9°C to 50°C in the 32nd year,
making it less viable for subsequent sustainable exploitation

Yanguang et
al., (2019),

Xianxian,
North China
Plain, China

Poor well hydraulic connection between the production well and the
recharge well evidenced by lower tracer recovery rate may delay the
thermal breakthrough over the life of the well (approximately 100
years).
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RESULTS AND DISCUSSION
 Characteristics of flow between rock types and the areas structural geology
determine temperature and pressure stabilities in the recharge areas and
eventually in the reservoirs.
 Igneous and metamorphic rocks have naturally higher thermal conductivity than
sedimentary rocks
 Reinjection must be appropriately managed along rock thermophysical
characteristics to avoid premature cooling
 Reinjection can only be successful when structural geologic conditions are fully
considered.

 Consolidated sedimentary formations have lower thermal conductivity and
higher hydraulic conductivity

1
2

KGC 2022, Nairobi.

RESULTS AND DISCUSSION
 In most studies reviewed, water transit time tw or flow speed was correlated to
thermal breakthrough time
 However, λD the measure of thermal interaction between the fracture and the
matrix was not well explored except by Huo et al., (2019)

 This meant that reinjection in highly permeable formations could reduce the
well amortization time.
 Nevertheless, it has been shown that introducing cold water to the permeable
layers can increase permeability
 Fractured igneous and metamorphic formations in the recharge area while
important in increasing water flow, could also pose the risk of inadvertently
introducing cooler waters from the recharge areas above to the hot water rising
from below
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CONCLUSIONS AND RECOMMENDATIONS
 Geologic conditions such as the lithology and structural geology of the
recharge area play a very important role in connecting the wells at the right
temperature and pressure.
 Artificial recharge methods are important, but they are constrained
geologically.

 There is need for thorough assessment of the geological aspects in a
geothermal field during reinjection planning during the exploration phase
 Seismic mapping of groundwater movement using reinjection data should be
adopted
 Helps prediction of areas of potential thermal breakthrough and help in both
production and reinjection wells siting.
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