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ABSTRACT 

Unconventional methods to extract heat from the 

subsurface can play a key role towards achieving net 

zero greenhouse gas emissions by 2050. A combined 

numerical/semi-analytical thermal analysis of notional 

‘Eavor-like’ U-tube installations in three different 

geological disposal facility (GDF) settings is presented. 

The three geological environments are representative of 

evaporite (EV), higher strength rock (HSR) and lower 

strength sedimentary rock (LSSR), at depths of 1, 3 and 

5 km, all characterized by predominance of conductive 

heat transfer into the U-tube. The T2Well-

EOS1/TOUGH2 software suite was used within this 

analysis, and a preliminary assessment for a 3 km 

injection section of an ‘Eavor-Like’ U-tube benchmark 

was made against code developed on MATLAB and 

OpenGeoSys (OGS). The results reveal a good match 

in the injection well between all three software, and the 

EV environment in the CLGS ‘Eavor-like’ U-tube 

prototypes leading to the highest outlet temperatures for 

the 1 km and 3 km vertical depths. In addition, the 

outlet energy flow rate for the 5 km HSR deep scenario 

(5.5 MWth) fell within the range for single lateral U-

tube thermal outputs from the literature.   

1. INTRODUCTION  

This paper explores a novel use of closed-loop 

geothermal systems (CLGS) to recover anthropogenic 

heat from radioactive waste stored in a future 

geological disposal facility (GDF). CLGS’ offer 

alternative solutions to conventional open-loop 

designs, eliminating the risk of induced seismicity and 

groundwater contamination by ensuring that the 

wellbore fluid is not in direct contact with the rock 

(Wang et al., 2020). Unlocking the potential for 

geothermal resources will open a plethora of 

opportunities, especially for projects located where 

conventional geothermal energy extraction is difficult 

to achieve. This direct heat-exchange between the two 

media also aims to increase geothermal energy 

extraction in reservoir locations where permeability is 

lacking (Oldenburg et al., 2016).  

A GDF has to conform to a location with low permeable 

rock, where fracture networks are minimal and within a 

tectonically stable environment (Kochkin et al., 2021). 

Development of GDF’s is slow due to the struggles to 

gain construction approval because of political and 

social opposition. Despite the controversy associated 

with radioactive waste disposal, a long-term solution is 

needed to dispose of waste from past reactor operations 

and to reduce the liability onto future generations. 

With both CLGS’ and GDF’s requiring unique 

geological environments, this paper proposes to 

combine both applications to harness low-carbon heat 

from anthropogenic sources. This could enhance the 

performance of CLGS’, while also improving the safety 

of future GDF’s. The latter is important when 

considering rock displacement effects from disposal of 

high heat producing wastes (HHPW). One study 

predicted a displacement of 1.15 m and an estimated 

average temperature rise of 27 °C in EV rock 5,000 

years after waste emplacement (Jackson et al., 2016). 

This coupling aims to mitigate these displacement 

effects by safely removing excess heat via CLGS’.  

An overview of the GDF and CLGS environments is 

presented in Section 2. The model setup was based on 

a benchmark case study for a single lateral 3 km by 4 

km CLGS design (Yuan et al., 2021), where vertical 

injector part was used as a preliminary assessment – see 

Section 3.2. The methodology for the numerical/semi-

analytical is provided in Section 3.1.  

2. BACKGROUND THEORY 

2.1 GDF Literature Studies 

A GDF is designed to host a country’s radioactive 

waste. As the radioactivity of the waste decays with 

time, decay heat is released to the surrounding 

geological formations. HHPW – spent nuclear fuel 

(SNF) and highly-vitrified waste (HLW) – need 

adequate shielding to prevent unwanted radionuclide 

contamination into the groundwater (RWM, 2021, p.1). 

The waste is therefore encapsulated in a multi-barrier 

layer system, offering added protection and long-term 

durability to the deposition tunnel the waste is 

emplaced within.  
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The depth of such a GDF can vary depending on the 

volume and type of waste. A conventional mined GDF, 

like those under construction at Olkiluoto, Finland and 

Forsmark, Sweden, emplaces waste in a series of 

deposition tunnels and panel configurations at a depth 

of  0.2 - 1 km (Posiva Oy, 2012; SKB, 2011). Other 

systems, such as the Deep Isolation Project in the US 

cater to small volumes of HHPW (10 – 100’s m3) 

(Chapman, 2019). This concept was demonstrated in 

2019 at a test site with a depth of 1.5 km but it has been 

suggested that the deep borehole disposal (DBD) 

concept could be suitable for depths up to 6 km 

(Beswick et al., 2014).  

Within this study, a vertical depth for the CLGS U-tube 

prototype was chosen between 1 – 5 km; 1 km to cater 

for the upper end of shallow mined GDF’s, 3 km to 

cater to the mid-deep end of DBD and 5 km for the 

upper end of DBD – see Section 3.3 for details. The 5 

km depth is representative of deep granite basement 

rock (Gibb et al., 2008a, 2008b). To cater for large 

repository areas present in GDF designs, this study 

focuses on the heat analysis from a CLGS U-tube 

prototype where heat is picked up via conduction only 

– see Section 2.2.  

2.2 CLGS Literature Studies 

CLGS designs include coaxial borehole/downhole 

(BHE/DHE) and U-tube heat exchangers (Wang et al., 

2021b; Zhang et al., 2021b). The former could involve 

vertical, horizontal and inclined well configurations 

(Van Horn et al., 2020; Wang et al., 2021b).  A 

combination of the two can also exist; such as a single 

(Lyu et al., 2017) or multi U-tube DHE (Lund, 2003) in 

Klamath Falls, Oregon.   

Heat transfer analyses on U-tube designs have been 

modelled within the literature, covering a wide range of 

vertical depths (2.5 – 7 km), lateral depths (0.45 – 7 km) 

and flow rates (1 – 97 kg/s) (Beckers et al., 2022). Some 

models have assumed no thermal resistance between 

casing/cement material and the wellbore and hence 

omit these layers (Yuan et al., 2021), or consider 

casing/cement layers in the vertical sections only 

(Fallah et al., 2021). The latter describes an ‘open-

lateral’ system to maximise heat extraction from the 

reservoir. However, to maintain GDF safety it is better 

practice to adopt casing and cement throughout the 

whole U-tube design. Other studies suggest the use of 

thermally enhanced casing and/or grout material in the 

lateral to ensure more heat is absorbed by the working 

fluid (Kerme and Fung, 2020; Song et al., 2018; Zhang 

et al., 2021b, 2021a). 

The Eavor-LoopTM technology has received recent 

attention within the literature to deploy a CLGS U-tube 

heat exchanger without the need for a hot aquifer 

(Winsloe et al., 2021). The ‘Eavor-Lite’ demonstration 

project in Alberta, Canada recently produced a 

temperature increase of 30°C (inlet 20°C and outlet 

50°C) after 480 days - which was reported to back up 

analytical, 2D axisymmetric and 3D numerical models 

(van Wees, 2021; Winsloe et al., 2021). This U-tube 

heat exchanger pumps water 2.2 km down, 1.7 km 

across, and back up the outlet to surface by use of the 

thermosyphon effect, claiming to eliminate the need for 

additional pumping costs (Eavor Technologies Inc., 

2021; Holmes et al., 2021; Toews and Holmes, 2021). 

This type of CLGS is claimed to have the potential to 

allow exploitation of geothermal energy anywhere, 

especially within low temperature, low permeability 

environments where purely conductive heat transfer 

prevails (Winsloe et al., 2021). As the Eavor-loop 

design suits the GDF environment, an ‘Eavor-like’ U-

tube design is incorporated into this paper. 

3. METHODOLOGY 

3.1 T2Well-EOS1/TOUGH2 software setup 

The T2Well-EOS1/TOUGH2 software is an integrated 

research code catered to multi-phase non-isothermal 

flow, for both reservoir and wellbore domains (Pan and 

Oldenburg, 2014). The reservoir (TOUGH2) is solved 

semi-analytically for conductive flow only to avoid 

large computational costs. The wellbore domain 

(T2Well) is discretised and a 1D single-phase 

momentum equation is solved numerically via the Drift 

Flux Model (Pan et al., 2011) – see Figure 1 for the key 

equations solved within the wellbore, interpreted from 

(Pan and Oldenburg, 2014): 

𝜕𝑀𝜅

𝜕𝑡
= 𝑞𝜅 + 𝐹𝜅  

 

[1] 

𝑀𝐸 = 𝜌𝐿𝑆𝐿 (𝑈𝐿 +
𝑢𝐿

2

2
+ 𝑔𝑧 cos 𝜃) 

 

[2] 

𝐹𝐸 = −𝑘
𝜕𝑇

𝜕𝑧
−

1

𝜎

𝜕

𝜕𝑧
[𝜎𝜌𝐿𝑆𝐿𝑢𝐿 (ℎ𝐿 +

𝑢𝐿
2

2
+ 𝑔𝑧 cos 𝜃)] 

 

[3] 

𝜕

𝜕𝑡
(𝜌𝐿𝑢𝐿) +

1

𝜎

𝜕

𝜕𝑧
[𝜎(𝜌𝐿𝑢𝐿

2 + 𝛾)] = −
𝜕𝑃

𝜕𝑧
−

Γ𝑓𝜌𝐿|𝑢𝐿|𝑢𝐿

2𝜎
− 𝜌𝐿𝑔 cos 𝜃 

 

[4] 

Figure 1: Mass, Energy and Momentum Conservation equations solved within the wellbore (T2Well). 
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Equations [2] and [3] define the energy accumulation 

(𝑀𝐸) and flux terms (𝐹𝐸) for the wellbore conservation 

equation [1] in partial derivative form. The 

conservation of momentum equation [4] incorporates a 

drift flux velocity (𝑢𝑑) which is equal to zero under 

single-phase flow (Pan et al., 2011, p.50). Other 

variables quoted are: 𝜌𝐿 liquid density (kg/m3),  𝑆𝐿 local 

saturation of liquid phase, 𝑈𝐿 internal energy of liquid 

phase, 𝑢𝐿 liquid velocity of fluid (m/s), 𝑔 gravitational 

acceleration (m/s2), 𝑧 elevation in well (m), 𝜃 

inclination angle of wellbore (°), 𝑘 area averaged 

thermal conductivity of wellbore (W/mK), 𝜎 cross 

section area of wellbore (m2), ℎ𝐿 specific enthalpy of 

liquid phase (kJ/kg), 𝛾 slip between two phases, 𝑓 

apparent friction coefficient, Γ surface area of well side 

(m2) and 𝑃 pressure (Pa).  

The equation of state (EOS1) applied to this software is 

for pure water – non-isothermal – under single-phase 

flow conditions in the wellbore with a temperature and 

pressure limitation of 𝑇 ≤ 350 ℃ and 𝑃 ≤ 100 𝑀𝑃𝑎. 

T2Well was previously applied to a deep borehole heat 

exchanger (DBHE) (Doran et al., 2021; Renaud et al., 

2021) and CLGS in (Oldenburg et al., 2016) where 

water and CO2 circulating fluids were pumped into a 

single U-tube configuration 2.5 km vertically, and 1.1 

km across. The semi-analytical approach taken in this 

paper was also applied within the study of (Oldenburg 

et al., 2016). 

3.2 CLGS optimal U-tube setup against benchmark 

To formulate a CLGS U-tube prototype, a benchmark 

case study was taken from Yuan et al, 2021 for a single 

lateral case at 3 km vertical depth, 4 km horizontal 

length, with pure water as the working fluid at a 

constant mass flow rate of 𝑚 ̇ = 5.47 kg/s (Yuan et al., 

2021). Figure 2 below provides a schematic of the 

CLGS U-tube approach:  

Figure 2: Schematic of CLGS U-tube, illustrating 

where numerical/semi-analytical modelling is 

applied in the wellbore/rock system. Blue arrows 

depict the circulation of the working fluid.   

 

Where 𝑇𝑙,𝐿, 𝑇𝑟,𝐿 and 𝑇𝑜𝑢𝑡  are the temperatures at the 

bottom of the injection well, the bottom of the 

production well and the outlet respectively. The other 

parameters are defined in Table 1 below:    

Table 1: Benchmark CLGS U-tube design  

Geometry vertical Value 

Inner radius, 𝑅𝑖,𝑣(m) 0.105 

Vertical depth, 𝐿𝑣(m) 3000 

Geometry lateral  

Inner radius, 𝑅𝑖,𝑙(m) 0.078 

Lateral length, 𝐿𝑙(m) 4000 

Reservoir conditions  

Surface temperature, 𝑇𝑠(°C) 5 

Initial reservoir temperature at 3 km, 

𝑇𝑖,𝑅(°C) 
150 

Geothermal gradient, 𝐺(°C/m) 0.048 

Vertical rock thermal conductivity, 

𝑘𝑣,𝑅(W/mK) 
2.0 

Rock density, 𝜌𝑅(kg/m3) 2500 

Rock specific heat capacity, 𝑐𝑃,𝑅(J/kgK) 1100 

Wellbore Fluid conditions  

Mass flow rate, �̇�(kg/s) 5.47 

Inlet temperature, 𝑇𝑖𝑛(°C) 60 

Initial wellbore pressure 𝑃𝑖𝑛(MPa) 1.3 

 

From Table 1, all parameters have been extracted from 

the benchmark case study where the fluid properties 

were assumed to be constant. However, the T2Well-

EOS1/TOUGH2 model within this paper uses non-

constant water properties taken from the International 

Formulation Committee (1967) defined for the EOS1 in 

TOUGH2 (Pruess et al., 2012).  

Prior to the ‘Eavor-like’ U-tube setup, the 3 km vertical 

injection section of the well was simulated separately 

in T2Well-EOS1/TOUGH2 and used as a preliminary 

assessment against two numerical models (see inlet 

section in Figure 2). The governing equations for the 

MATLAB code developed by (Brown et al., 2022, 

2021) and OGS (Chen et al., 2019; Watanabe et al., 

2017) also assume conductive heat flow in the reservoir 

and conductive/convective flow in the wellbore. The 

results for this 3 km injector well of MATLAB/OGS 

against T2Well-EOS1/TOUGH2 is highlighted in 

Section 4.1.  

Some differences exist between the numerical 

solutions, particularly within the physical assumptions. 

MATLAB and OGS assume constant fluid properties 

and OGS has a slightly different initial condition for the 

temperature of the fluid in the pipe where it is initially 

set as a pre-mixed constant of 60 °C. 

3.3 CLGS optimal U-tube setup GDF study 

The benchmark case study assumes no casing/cement 

properties to neglect overall wellbore material thermal 

resistance. The same assumption was applied for the 
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GDF study; however, it should be noted that future 

modelling requires casing/cement layers to comply 

with GDF safety for a fully closed-loop system. In 

addition, a lower geothermal gradient of 0.026 °C/m 

was presumed to suit future GDF environments, to 

better represent low temperature environments 

witnessed in the UK (Busby, 2010). This geothermal 

gradient readjusts 𝑇𝑖,𝑅 to 31, 83 and 135 °C for vertical 

depth prototypes of 1, 3 and 5 km respectively.  

The reservoir thermophysical properties for each 

geology of interest are summarised in Table 2, taken 

from Jackson et al, 2016 (Jackson et al., 2016). 

In total, seven GDF scenarios were constructed – three 

geology types for each vertical depth (1 and 3 km) and 

one HSR rock scenario at 5 km to suit granite basement 

rock environments (Gibb et al., 2012). An initial time 

of 1 year was selected for a preliminary proof of 

concept and to allow initial comparisons between the 

models. To ensure viability in the ‘Eavor-like’ U-tube 

design within a GDF setting, the mass flow rates for 

each vertical case were set to 5.47, 20 and 40 kg/s for 

1, 3 and 5 km respectively. All 1 km scenarios followed 

the CLGS parameters set from the benchmark study in 

Table 1 and of its associated GDF environment in Table 

2. The 3 km scenarios adopt a constant mass flow rate 

of �̇� = 20 kg/s to follow the U-tube single lateral study 

adopted in (Beckers et al., 2022). The 5 km scenarios 

were set to a lateral length of 𝐿𝑙 = 5000 m, and �̇� = 40 

kg/s to suit a mass flow rate that lies within the range 

of case study literature for this chosen depth (Kelly et 

al., 2022). These preliminary scenarios assume an 

injection temperature similar to the surface temperature 

of the rock (5 °C), but future work should entail a study 

where injection temperature is varied. The results for 

the GDF study are displayed in Section 4.2. 

Table 2: Reservoir thermophysical properties for 

GDF scenarios 

 

4. RESULTS 

4.1 CLGS benchmark comparison 

Figure 3 depicts a comparison between T2Well’s 

numerical/semi-analytical, MATLAB numerical and 

OGS numerical approaches to wellbore temperatures 

for 1 year seen at the bottom of the injection well (𝑇𝑙,𝐿):  

 

Figure 3: Comparison of T2Well numerical/semi-

analytical versus MATLAB and OGS numerical 

approaches to key wellbore temperatures at 3 km 

depth (1year).  

From Figure 3, all three software show a good 

comparison in the temperature profile down the left 

vertical well, with T2Well yielding 𝑇𝑙,𝐿 = 67.44 °C after 

1 year while MATLAB and OGS show percentage 

differences of 0.04 % and 0.9 % and temperature 

profiles of 67.41 °C and 66.8 °C respectively. These 

subtle differences could be due to T2Well assuming 

non-constant water properties, while MATLAB and 

OGS are constant, and this could influence the specific 

heat capacity, thermal conductivity and density of the 

working fluid as it travels down the injector. 

Future work could entail a more detailed software 

comparison between T2Well-EOS1/TOUGH2, 

MATLAB and OGS. In particular, the full numerical 

version of the T2Well-EOS1/TOUGH software suite 

could then be compared against both MATLAB and 

OGS to accurately assess validity and any potential 

discrepancies between the numerical models. 

This study also provides preliminary results that are 

suitable for short timescales of 1 year, to achieve proof 

of concept. Future work should also entail simulations 

over a longer timescale (30 years) to incorporate an 

accurate depiction of the long-term sustainability of the 

CLGS design.  

HSR  Value 

Thermal conductivity, 𝑘𝐻 (W/mK) 3.0 

Specific heat capacity, 𝑐𝑃,𝐻 (J/kgK) 820 

Density, 𝜌𝐻(kg/m3) 2700 

LSSR  

Thermal conductivity, 𝑘𝐿𝑆 (W/mK) 1.9 

Specific heat capacity, 𝑐𝑃,𝐿𝑆 (J/kgK) 1400 

Density, 𝜌𝐿𝑆(kg/m3) 2100 

EV  

Thermal conductivity, 𝑘𝐸  (W/mK) 4.8 

Specific heat capacity, 𝑐𝑃,𝐸  (J/kgK) 860 

Density, 𝜌𝐸(kg/m3) 2500 
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4.2 CLGS GDF study 

Figures 4 – 6 illustrate the CLGS ‘Eavor-like’ U-tube 

prototypes as illustrated in Figure 2, at vertical depths 

1km, 3km and 5 km respectively after 1 year: 

Figure 4: 1 km CLGS prototype in EV (red), HSR 

(yellow) and LSSR (blue) formations after 1 year at 

constant �̇� = 5.47 kg/s and 𝑳𝒍 = 𝟒𝟎𝟎𝟎 m. 

 Figure 5: 3 km CLGS prototype in EV (red), HSR 

(yellow) and LSSR (blue) formations after 1 year at 

constant �̇� = 20 kg/s and 𝑳𝒍 = 𝟒𝟎𝟎𝟎 m.  

Comparing all 1 km scenarios after 1 year (Figure 4), 

the EV geology displays the highest 𝑇𝑜𝑢𝑡  = 21 °C versus 

19 °C and 16 °C for HSR and LSSR respectively, due 

to the largest thermal diffusivity (equation [3]) 

correlating to a high thermal conductivity value of 4.8 

W/mK within the rock. A higher thermal conductivity 

will increase the rate of heat transfer into/out of the 

CLGS U-tube prototype and hence the desired outlet 

temperature.  The largest ∆𝑇 = 15 °C in the lateral 

section was also observed in the EV geology for the 1 

km scenarios. 

Figure 6: 5 km CLGS prototype HSR (yellow) 

environment after 1 year at constant �̇� = 40 kg/s 

and 𝑳𝒍 = 𝟓𝟎𝟎𝟎 m. 

Comparing all 3 km scenarios after 1 year (Figure 5), 

𝑇𝑜𝑢𝑡 = 33 °C is the highest outlet temperature for the 

EV case versus 26 °C and 20 °C for HSR and LSSR 

respectively. For the HSR case, 𝑇𝑜𝑢𝑡  is very similar to 

𝑇𝑜𝑢𝑡 = 30 °C  reported within the literature for a single 

U-type lateral design after 1 year; with similar 

parameters in rock thermophysical properties, 

geothermal gradient and mass flow rate (Beckers et al., 

2022). Like the 1 km comparison, EV also yields the 

highest ∆𝑇 = 18 °C in the lateral section versus 13 °C 

and 9 °C for the HSR and LSSR lateral sections 

respectively. Increasing the vertical depth from 1 km to 

5 km also increases 𝑇𝑜𝑢𝑡  as expected from the literature 

(Beckers et al., 2022; Lyu et al., 2017). For example, 

𝑇𝑙,𝐿 has increased approximately by 6 °C within the 

HSR formation. However, it is worth noting that the 

constant mass flow rate is higher for the 3km and 5 km 

scenarios so this could also be an influencing factor to 

the temperature profile. However, according to (Wang 

et al., 2021a) 𝑇𝑜𝑢𝑡  will decrease following a rise in mass 

flow rate at a fixed vertical depth, and therefore one can 

assume that this increase in vertical depth is the 

dominating process leading to a higher 𝑇𝑜𝑢𝑡  verses a 

higher mass flow rate.   

Increasing the lateral length from 4000 m (1 km and 3 

km) to 5000 m (5 km) also has an influence on heat 

extraction rates and the value of 𝑇𝑜𝑢𝑡 . For example, the 

HSR geology yields a ∆𝑇 lateral increase of 

approximately 1.5 °C and a 𝑇𝑜𝑢𝑡  rise from 26 °C to 32 

°C when comparing the 3 km and 5 km scenarios 

respectively. Indeed, increasing the lateral length will 

enhance heat extraction rate and reduce overall costs, 

but an optimum length is desired as 𝑇𝑜𝑢𝑡  could decrease 

and affect the overall performance of the CLGS U-tube 

system if the lateral length is too high (Song et al., 

2018; Wang et al., 2021b; Winsloe et al., 2021). As 

stated previously, other factors are also at play such as 

vertical depth and mass flow rate that could influence 

the 𝑇𝑜𝑢𝑡  values. In fact, according to (Esmaeilpour et 

al., 2021) it is favorable to increase the vertical depth 
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versus the lateral section for larger 𝑇𝑜𝑢𝑡  values, whilst 

reducing completion costs (Wang et al., 2021b).  

In general, for all prototype scenarios, the observed 

𝑇𝑜𝑢𝑡  values range between 16 – 33 °C. These 

correspond to energy rates from T2Well-EOS1 at the 

outlet point between 0.4 – 0.5 MWth (1 km), 1.7 – 2.8 

MWth (3 km) and 5.5 MWth (5 km). The 5 km case alone 

falls within the range of heat production values 

obtained within the literature (Beckers et al., 2022; 

Kelly et al., 2022). In fact, for a single lateral case, 

thermal power outputs from the U-tube design are 

reported to fall between 3 – 8 MWth which is within the 

range obtained for the 5 km prototype scenario (Kelly 

et al., 2022). According to (Winsloe et al., 2021), a U-

tube design could cater to heating and cooling 

applications if 𝑇 > 70 °C, and anything below this is 

considered for ground source heat pump technology. 

Clearly, the outlet temperatures presented here are too 

low to suit U-tube heating and cooling purposes, but 

energy flow rates for the 5 km scenarios are well within 

range. However, further work is needed to quantify the 

geothermal gradient when an anthropogenic heat 

source term is incorporated into the rock. According to 

(Jackson et al., 2016, p.17), rock displacement from a 

future HHPW repository could see maximum 

temperature rises between ∆𝑇 = 30 – 50 °C within the 

first 100’s of years after waste deposition. This added 

temperature could enhance the current geothermal 

gradient and increase 𝑇𝑜𝑢𝑡  further (Jackson et al., 2016, 

p.8). In addition, the lack of temperature could also be 

due to assuming a 2D discretisation in the T2Well semi-

analytical approach, whereas 3D discretisation is 

typically seen in the literature (Oldenburg et al., 2016; 

Song et al., 2018; Yuan et al., 2021). Future work to 

develop the model using a 3D wellbore discretisation 

and semi-analytical approach is needed to further 

quantify these temperatures, alongside a comparison 

against fully numeric solutions.  

3. CONCLUSIONS 

In conclusion, a numerical/semi-analytical solution in 

the T2Well/EOS1 research code was compared against 

two numerical models (MATLAB and OGS) using a 

benchmark case study of a 3 km left vertical well, 

followed by a GDF study for CLGS U-tube prototype 

designs catered to suit a future GDF environment. In 

general, all three software showed a good match in 

temperature down the left vertical well after 1 year, 

with minor percentage differences of 0.04 % and 0.9 % 

against MATLAB and OGS respectively. The GDF 

study revealed that the EV environment yielded the 

highest outlet temperature 𝑇𝑜𝑢𝑡  values due to 

possessing the highest thermal conductivity in the 

formation (4.8 W/mK vs 3.0/1.9 W/mK). Increasing the 

vertical depth of the CLGS U-tube prototype proved to 

be the dominating factor at affecting the 𝑇𝑜𝑢𝑡  values 

versus increasing the lateral length. While 𝑇𝑜𝑢𝑡 < 70 °C 

values are too low for U-tube heating/cooling 

applications, the energy flow rate for the 5 km scenario 

(5.5 MWth) is within range for a typical single lateral 

U-tube design from the literature. Future work is 

needed to consider an anthropogenic heat source term 

to enhance the low geothermal gradient GDF 

environment. In addition, a 3D discretisation in the 

wellbore should also be compared against the 2D 

numerical/semi-analytical approach in T2Well as well 

as full numerical solutions over timescales of 30 years.  
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