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1. Research activity
CCS is the process of capturing and storing CO2 produced by large combustion plants within deep geological formations. It is considered one of the decisive technologies for reducing anthropogenic emissions of greenhouse gases and for achieving the objectives of the Paris Agreement. A critical component of the CCS will be the ability to adequately monitor the injection site, both to ensure public and environmental safety and for “carbon credit auditing”. While deep methods, like 4D seismic, are mature technologies, there is a great need to develop and improve new near-surface methods due to the significant technical challenges associated with spatial, analytical and temporal resolution.
It is well known, from the study of volcanic and geothermal environments, that if CO2 leaks it tends to migrate along the path of least resistance and create spatially restricted “hotspot” leaks at the ground surface or sea floor that can be challenging to find. For this reason, innovative technologies and integrated site monitoring protocols are required to increase the potential to find small CO2 leaks and also increase the confidence of the public, government authorities, and stakeholders of the safety of CCS. Based on past and on-going TFCL (Tectonics and Fluid Chemistry Lab) research, instruments development will focus on the GasPro, Mapper, Multipla, Well-Star, and SWiM systems. These systems are described below.

The GasPro is an autonomous, sensitive CO2 sensor developed for the long-term monitoring of CO2 concentrations in the soil. It is based on a Non-Dispersive Infrared (NDIR) sensor behind a gas permeable membrane that is buried in the unsaturated zone (typically >60 cm depth), with control electronics, data logger, batteries and WiFi antenna integrated near the surface for ease of maintenance and real-time data transfer to a central server.
The Mapper is a unique tool imagined and developed by the TFCL that creates high resolution maps of the distribution of CO2 concentration at the ground-atmosphere interface as a proxy of CO2 flux, based on the fact that this interval can accumulate leaking gas due to reduced wind mixing. The Mapper is moved over an area, either manually or on a robot, at a normal walking speed and CO2 concentration is measured every 20-30 cm. This tool yields much more detailed maps in far shorter times compared to the standard approach of CO2 flux grid measurements.
The Multipla is a multi-parameter probe developed for autonomous, continuous monitoring of groundwater chemistry in shallow wells above a storage site and real-time data transfer to a central server. At present these units measure pCO2 (using the same electronics as the GasPro), temperature, pressure, pH and electrical conductivity, with the potential to add a pO2 sensor that is under development and a commercial redox sensor.
The Well-Star concept looks to provide detailed and sensitive monitoring of well-heads above a storage complex, be they injection, extraction, observation, or abandoned wells. The Well-Star will build on experience gained using low-cost NDIR sensors for the GasPro and Mapper, with the goal being to provide a much less expensive and simpler alternative to present day units that use open path infrared lasers, associated reflectors and tomographic reconstruction.
The SWiM, which stands for Surface Water mobile Monitoring, involves integration of a commercial Unmanned Surface Vehicle (USV) capable of following pre-programed grid patterns with various chemical sensors to map surface water quality of small lakes or open water wetlands that may occur above a storage reservoir, especially given the importance and sensitivity of these ecosystems. Chemical sensors, measuring continuously from a depth of about 15 cm while the drone moves, will include commercial units such as electrical conductivity, temperature and pH, but research will also include development of a rapid responding probe for pCO2, pCH4, and pO2 that would be integrated into the system.

