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Summary 

This study proposes a multi-lateral horizontal well with a dual-tubing (MLHW-DT) system to 
improve CO2 storage security and reduce the cost of carbon capture and storage (CCS). In CCS, 
the production and re-injection of brine is an efficient way of relieving overpressure and improving 
CO2 storage security simultaneously. In our previous study, a horizontal well with dual-tubing 
(HW-DT) system operated on an onshore platform showed the effect of reducing CCS cost (Kim 
and Shin, 2019). In this work, the proposed MLHW-DT system is designed to implement the 
concept of the re-injection of produced brine for improving CO2 storage security while 
supplementing the shortcomings of the conventional brine production system by reducing the 
CCS cost. A comparative study is numerically conducted for a saline aquifer storage case to 
validate the MLHW-DT system. The system performance is evaluated in terms of CO2 storage 
security and CCS cost. Compared to the conventional brine production system, the solubility 
trapping index, residual trapping index, and total efficiency index of the MLHW-DT system are 
improved by 10%, 16%, and 14%, respectively. The average gas saturation at the reservoir top 
layer also decreases by 42% due to the brine re-injection. Furthermore, MLHW-DT outperforms 
HW-DT in terms of four performance indicators. CCS cost of the MLHW-DT system is reduced by 
70% compared to that of the conventional brine production/re-injection system if the multi-lateral 
horizontal well is operated onshore. Based on these results, it is anticipated that the MLHW-DT 
can be a safe and economical operation system for a CCS project at a saline aquifer. 
 

 

Fig. 1. Schematic diagram of the proposed MLHW-DT system. 
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Multi-Lateral Horizontal Well with a Dual-Tubing (MLHW-DT) System 

Fig. 1 shows a schematic diagram of the MLHW-DT composed of upper and lower horizontal 
wells. CO2 is injected at the heel of the lower horizontal well, brine is produced at the toe of the 
lower horizontal well, and the produced brine is re-injected at the upper horizontal well. Thus, 
three packers are installed to isolate spaces of the CO2 injection, brine production, and brine re-
injection. The length of the upper horizontal well is shorter than that of the lower horizontal well, 
while the direction of the upper and lower horizontal wells is the same. It is expected that the 
MLHW-DT system has a cost-saving effect, mainly when an onshore platform near a CO2 source 
(e.g., coal-power plant) is operated. By doing so, re-injecting produced brine helps reduce the 
brine treatment cost while improving CO2 storage security. 
 

 
 

(a) 2VW (b) 2VW-INJB 

  
(c) HW-DT (d) MLHW-DT 

Fig. 2. Configurations of the aquifer models used to simulate four CO2 injection/production systems.  

Numerical Simulation of CO2 Injection/Brine Production Systems 

We performed numerical simulations to compare the performance of the four injection/production 
systems (Fig. 2): two vertical wells with brine production (2VW), two vertical wells with brine 
production and re-injection (2VW-INJB), HW-DT, and MLHW-DT. Table 1 describes aquifer 
properties inferred from the Gorae-V structure in the Republic of Korea (Kim et al., 2017; Lee et 
al., 2010, 2008). For each system, the total simulation period was 100 years: 15 years of 
injection/production followed by 85 years of monitoring. For the first year of CO2 injection, a 
relatively small volume (100 ton/d) of CO2 was injected to prevent injection pressure from abruptly 
reaching the maximum allowable injection pressure in the beginning. After the first year, the CO2 
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injection rate was maintained at 1,000 ton/d (0.37 Mton/year) for 14 years. The brine production 
rate and brine re-injection rate were set to 200 ton/d and 50 ton/d for the first year and 2,000 ton/d 
and 500 ton/d for the subsequent 14 years, respectively. The total amount of CO2 injection (5.15 
Mton), brine production (10.29 Mton), and brine re-injection (2.57 Mton) were set to the same for 
all simulation cases of four injection/production systems. 
 

Table 1. Properties of the saline aquifer model for numerical simulation. 

Property Value 

Depth of top layer (m) 2,500 

Thickness (m) 60 

Porosity (fraction) 0.15 

Horizontal permeability (md) 50 

Temperature (°C) 103 

Initial aquifer pressure at 2,500 m (MPa) 25 

Fracture pressure (MPa) 48 

Maximum allowable injection pressure considering 80% safety factor (MPa) 38 

Salinity (mol NaCl/kg H2O) 0.1 

Evaluation of CO2 Storage Security and CCS Cost 

CO2 storage security of each system was evaluated in terms of solubility trapping mechanism, 
residual trapping mechanism, and average gas saturation at the top layer of a saline aquifer 
(SG_Top). More specifically, this study employed solubility trapping index (STI), residual trapping 
index (RTI), and total efficiency index (TEI) as indicators to measure trapping efficiencies of CO2 
storage. For all injection/production systems, their STI, RTI, and TEI values were calculated 
during the 85-year monitoring period.  

A discounted cash flow was used to calculate the overall CCS cost of each 
injection/production system. This study reflected capital expenditure (CAPEX) and operating cost 
(OPEX) in each cash flow. Note that CO2 sales revenue was excluded in the calculation of CCS 
cost because there was no difference in the CO2 sales revenue. We assumed that the total 
amount of CO2 injection was the same for all simulation cases. Moreover, we focused on the 
difference in facility cost and operation between the MLHW-DT system and other systems. 

Results and Conclusions 

Table 2 shows simulation results of four indicators (i.e., STI, RTI, TEI, and SG_Top) and CCS 
cost for four injection/production systems. STI (19.3% and 19.3%), RTI (52.3% and 52.3%), TEI 
(71.5% and 71.6%), and SG_Top (10.7% and 10.7%) values of 2VW-INJB and MLHW-DT 
systems were higher than those of 2VW and HW-DT systems, respectively, due to improving the 
efficiency of solubility and residual trappings by re-injection of brine. Compared to the 2VW 
system, the STI, RTI, and TEI of the MLHW-DT system were improved by 10.7%, 16.2%, and 
14.7%, respectively. The SG_Top also decreased by 29.8% due to brine re-injection. Similar to 
the results of comparing 2VW and MLHW-DT, the MLHW-DT system showed improved CO2 
storage security compared to the HW-DT system. 

Due to utilizing an onshore platform of the single horizontal well with dual tubing, the CCS 
cost of HW-DT and MLHW-DT systems was reduced by 71.4% and 69.4% compared to that of 
the 2VW system, respectively. When comparing pressure management systems with brine re-
injection (2VW-INJB and MLHW-DT systems), the CCS cost of the MLHW-DT system was 
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reduced by 69.8% compared to that of the 2VW-INJB system. Comparing horizontal well systems 
with dual tubing (HW-DT and MLHW-DT systems), the CCS cost of the MLHW-DT system was 
$3.3 M more than that of the HW-DT system due to the additional installment of the short 
horizontal well for brine re-injection.  

Based on these results, we recommend the MLHW-DT system, which has an advantage in 
CO2 storage security and CCS cost. 
 

Table 2. Simulation results of the STI, RTI, TEI, SG_Top, and CCS cost for four injection/production systems. 

 2VW 2VW-INJB HW-DT MLHW-DT 

STI (%) 17.4  19.3  17.4  19.3  

RTI (%) 45.0  52.3  45.1  52.3  

TEI (%) 62.4  71.5  62.5  71.6  

SG_Top (%) 15.2 10.7 15.2 10.7 

CCS cost (M$) 165.8 168.1 47.4 50.7 

Improvement rate compared to STI 
of 2VW 

- 10.7% 0.2% 10.7% 

Improvement rate compared to RTI 
of 2VW 

- 16.2% 0.2% 16.2% 

Improvement rate compared to TEI 
of 2VW 

- 14.6% 0.2% 14.7% 

Improvement rate compared to 
SG_Top of 2VW 

- 29.9% 0.1% 29.8% 

Cost reduction rate compared to 
2VW 

- -1.4% 71.4% 69.4% 

Cost reduction rate compared to 
2VW-INJB 

- - 71.8% 69.8% 
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