
Fig. 3: ESL Tree for containment (only top three levels shown).

Fig. 2: Cross section through the Endurance structure showing the 

Storage Site and Storage Complex

3. Assessment Results

Risk Characterisation

� Evidence Support Logic (ESL) structured risk arguments systematically. 

� ESL breaks down a hypothesis being considered into a logical hypothesis 

model, with elements exposing basic judgments / opinions about evidence 

associated with a given interpretation or proposition.

� A tree structure connects some key hypothesis of interest to supporting 

hypotheses that can be tested using direct observations or model outputs. 

� Judgements on evidence at the lowest level are propagated through the 

tree to the top level.

� ESL is “three value” logic, which allows for uncertainty, recognizing that 

belief about the meaning of evidence may be partial / uncommitted.

� Three trees structured risk arguments for the White Rose CCS Project:

─ A tree assessing CO2 containment (Fig. 3)

─ A tree assessing displacement of formation fluids (not shown)

─ A tree assessing physical effects (seabed deformation) (not shown)

� Confidence 

judgements for 

(green) and against 

(red) each lowest-

level hypothesis are 

based on all available 

qualitative and 

quantitative 

information  (e.g. 

reservoir simulations 

and simpler scoping 

calculations). 

� White space measures 

uncertainty due to lacking 

information

Risk Assessment Outcomes

� A risk matrix summarizes the 

assessment outcomes (Fig. 4).

� A “Medium” potential consequence, 

if it occurred, would likely be 

observed and could be detrimental 

to one or more receptors, but 

would not call into question the 

effectiveness of CO2 storage for 

mitigating climate change.

� Risk = Probability x  Consequence

� Each “Medium” potential 

consequence phenomenon is very 

low probability, hence very low 

risk.

1. White Rose Carbon Capture and Storage Project

� From Sept 2013 to Nov 2015 Capture Power Limited, a consortium of 

Alstom, Drax and BOC, together with National Grid Carbon Limited (NGC), 

undertook a Front End Engineering and Design (FEED) study for the White 

Rose Carbon Capture and Storage Project (White Rose CCS Project).

� The plan was to 

construct an oxy-fuel 

power plant designed 

to produce high-purity 

CO2 next to an existing

power station at Drax 

in Yorkshire, England. 

The CO2 would have 

been transported via 

a purpose-built pipeline  

for  c. 75 km to  the coast of eastern England at Barmston and then  to a 

location c. 75 km  offshore in Block 5/42 (Fig.1).

� It was planned to 

inject the CO2 into an

underground “saline 

aquifer” storage 

reservoir consisting of 

a gently folded, 4-way 

closed anticline in the 

c. 275 m thick Triassic 

Bunter Sandstone, 

termed the Endurance 

structure (Fig. 2).

2. Risk Assessment 

� Under contract to NGC, Quintessa undertook a systematic risk assessment 

for underground CO2 storage in the Endurance structure.

� The approach was “top-down” and a robust audit trail was maintained.

� The system was described using “Features, Events and Processes” (FEPs). 

� An “Expected Evolution Scenario” (EES) was then defined by considering 

the most likely variation in each FEP’s status and its interactions with 

other FEPs over the assessment timeframe. 

� Next, a set of Alternative Evolution Scenarios (AES) was defined to 

encompass all the low-likelihood, but potentially high-impact changes in 

system evolution should the system behave unexpectedly. 

� Each scenario represents 3 timescales: operational phase (CO2 injection 

period); short-term post-closure phase (monitoring period); and long-

term post-closure phase (after monitoring, several thousand years).

� The assessment used information of various kinds, obtained by the White 

Rose CCS Project. Data came from records of previous investigations in 

the area, for oil exploration purposes, and new studies.
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4. Summary and Conclusions

� There is a high level of confidence that long-term containment of the CO2 

planned to be stored would be achieved.

� Risks to human health or environmental receptors are low or very low.

� The most important risks relate to the potential for leakage from wells, 

and the potential for injectivity to be affected by chemical reactions.

� The assessment provides high confidence that although some very small 

seabed displacement will occur due to pressurisation within the CO2 

storage complex, the risk of impact to receptors will be very low.

The CO2 will be injected into the storage reservoir in line with current site operator plans at a variable rate dependent on the supply

of CO2 from the power station, up to a maximum rate of 2.68 Mt/yr. Reservoir pressure will be monitored and injection will be 

managed to prevent pressures that could risk the integrity of the Röt Clay, the primary seal which overlies the reservoir, from being 

attained. If required, sufficient injectivity for CO2 to be stored at the required rate will be maintained by measures such as water 

washing to prevent salt precipitation and use of MEG to prevent hydrate formation. The CO2 will spread laterally and vertically from 

the injection well(s), but will remain within the Endurance structure, beneath the primary seal, which will provide a tight seal for the 

system against vertical transport. Within the storage system CO2 will migrate as a free phase and dissolve in formation water. CO2

migration through the reservoir will be heterogeneous, with some occurring through the rock matrix and some potentially occurring 

within any sub-seismic faults and fractures that occur (providing increased opportunity for spreading and dissolution). The 

permeability of the primary seals and overlying secondary seals will remain as at the present. The wells and well seals will behave as 

designed and the wells will not act as conduits for CO2 leakage or formation water migration; the well seals will slowly evolve 

chemically and physically, but this will not adversely affect their long-term barrier function. There will be continual monitoring of the 

Storage Site and wider Storage Complex during operations and for a period thereafter. Any future biosphere evolution will be caused 

by factors other than CO2 storage.

Fig. 1: Overview of the planned CO2 transportation facility and location 

of the storage site

Fig. 4: Risk Matrix


