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Abstract 

The design of CO2 injection wells differs from that of gas and water injectors owing to the effects of the CO2 
phase behaviour. Each CO2 injection well requires a design specific to the reservoir conditions, rates and injection 
stream characteristics just as there is no one well design that fits all hydrocarbon production requirements but there 
are key themes that emerge from our experience in the design of Carbon Capture and Storage (CCS) wells. 

In depleted reservoirs, the CO2 injection poses unique challenges when compared to injection for Enhanced Oil 
Recovery projects or aquifer injection. The potential to generate low temperatures due to CO2 expansion into vapour 
phase during steady state injection can be a concern. Here one technique is to employ a “reverse velocity string” that 
is to deploy slim tubing to create back pressure that avoid the production of low temperature during normal injection 
conditions. Well operations or transient effects can also generate low temperatures, albeit of short duration.  

During the highly unlikely event of loss of containment leading to flow to atmospheric conditions, there could be 
a rapid expansion of CO2 in the top part of the well. Such an expansion would be accompanied by a reduction in the 
temperature due to the Joule Thomson effect as the CO2 travels down the saturation and possibly the sublimation 
line. This cooling potential is one driver for technological advancement of present day well components. Once the 
flow is identified, the emergency shutdown system of the well automatically activates (for example closing the tree 
valves and/or the Subsurface Safety Valve – SSSV). Modelling has been conducted to understand the limitations of 
the current safety critical equipment for different scenarios. The result of modelling indicates that even in low 
magnitude releases, the SSSV can be subjected to low temperatures with metal temperatures close to the triple point 
even when set deep in the well.  

In addition to the normal requirements of the well equipment in terms of pressure, loads and chemical 
interactions of the injection fluid; this cooling effect of the CO2 has an impact on the well design. Existing well 
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equipment, including safety critical components (tree valves and SSSV), have limitations in terms of material 
embrittlement, qualification envelopes and performance of fluids (annuli and power fluids) at this low temperature. 
The placement of some well components, such as SSSV, also may be affected by the cooling effect, to ensure its 
ability to close in case of a release. 

It is crucial to make a distinction between functionality and integrity requirements, whereby components retain 
integrity under this low temperature excursion even though they might lose operability. This differentiation has to be 
identified and agreed at an early stage in the well design. Another critical distinction is between the system and 
component design rating as some components of the system might be exposed to low temperature subject to 
placement in the well. 

An area of well design for the lifecycle of the well that requires significant research and development into is 
around well intervention, both planned routine intervention with wireline and unplanned remedial intervention via 
platform and/or vessel. Again here the CO2 phase behaviour can pose challenges to current equipment and methods. 

This paper aims to highlight the effects of CO2 phase behaviour on well design and the considerations for a 
robust and optimised well design for CCS. 
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1. Introduction 

The design of CO2 injection wells differs from that of gas and water injectors owing to the effects of the CO2 
phase behaviour [1]. Each CO2 injection well requires a design specific to the reservoir conditions, rates and 
injection stream characteristics just as there is no one well design that fits all hydrocarbon production requirements. 

This paper concentrates on the impact of the phase behaviour of CO2 on the well design. The paper is based on 
the Peterhead Carbon Capture and Storage project in the United Kingdom, although there are key themes that 
emerge from our experience in the design of CCS wells. Although the Peterhead CCS project was cancelled at the 
end of 2015 at the end of the detailed design phase, it provided learnings that may be useful for future projects. 

1.1. CO2 phase behaviour and well operations 

In the oil and gas industry, planned operations and uncontrolled events have normally been modelled using the 
OLGA software (SPT group - a Schlumberger company), in the module for CO2 single component. The software 
considers heat properties in the well, heat exchange with the surroundings and the phase behaviour of CO2 using the 
Span and Wagner equation of state. 

Injection conditions (section 2), planned operations (section 3) and uncontrolled events (section 4) combined with 
the phase behaviour of CO2 will affect the well design (section 5). 

The most important aspects of the well design affected by the CO2 phase behaviour are: 
 Well Concept 
 Material selection 
 Equipment suitability 

1.2. Peterhead CCS - Project Dimensions and Characteristics 

The Peterhead Carbon Capture and Storage (CCS) project planned to separate, capture and permanently store 
CO2 [2] arising from combustion of natural gas in a combined cycle gas turbine. It was intended to inject up to one 
million tonnes per annum (Mtpa) of 99% purity CO2 over a period of up to 15 years for storage in the U.K. 
Continental Shelf within the depleted Goldeneye hydrocarbon field. Following capture, compression and 
conditioning at the Peterhead power station the dense phase CO2 would have been transferred into the Goldeneye 
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