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Pressure management at Gt-scale

Development and management of regional stores is 
dependent on reliable quantification of large-scale pressure

Design injection strategies to maximize capacity wrt:

Minimize/manage pressure interference between projects

Reduce risk of unwanted overpressure at faults and vulnerable zones 

Regional geology and hydrodynamics are key factors Gt storage 
in Utsira

Ringrose & Oldenburg, 2018 Gasda et al. 2016



Gigatonne Resource Capacity

High degree of uncertainty in geology and 
associated impact on pressure dissipation

Lack of detailed data at Gt-scale

Complex dissipation mechanisms in 
compartmentalized/stacked systems

Resource evaluation for large stores, i.e. 
what is possible, probable and proved, is 
challenging to estimate with accuracy.

At the same time, basin-scale systems are 
large and difficult to assess using standard 
methodology



Monte Carlo methods

Samples Forward models

Accelerated uncertainty analysis

Monte Carlo method is easy to 
implement but suffers some 
pitfalls

Difficult to estimate moments for long 
tails, wide distribution

Slow convergence to accurate 
estimates

How to increase efficiency of 
Uncertainty Quantification for 
complex problems?

Advanced MC methods

Fast VE models for forward 
simulations tailored to CO2

Estimate P10/50/90 within a 
prescribed accuracy



Multi-level Monte Carlo

Objective: faster time to accurate 
estimator using MC at different levels of 
refinement

Upscale finest grid into several coarse 
levels (pre-processing)

Multi-level algorithm determines 
number of runs needed to estimate 
expected behavior at desired accuracy

Many samples at the cheap coarse-scale, 
decreasing number at each finer level

Fine-scale samples continually correct 
the coarse-scale estimate 

Number
samples:

2000+

20

Refinement 
Level:
Coarse

Fine-scale



Example: expected capacity limited by overpressure

Monitor vulnerable region for 
excess overpressure

shallow zone or faulted region

~1% of total area (20,000 km2)

Inject at constant rate up to 
limit.

Simulations run using VE 
software.

Sample heterogeneity using 
seq. gaussian

Quantify mean behavior for 
different variogram 
parameters

Vulnerable zone

Top formation depth (mbs)

Rergional pressure pulse

Simulated CO2 plume

Injected CO2 plumes



Sample: Variogram 2Sample: Variogram 1

Permeability Overpressure Excess pressure

• Both cases give the same 
mean within the error 
tolerance.

• Variance is moderate (~7)
• Significant overlap in PDF
• Similar expected behavior

despite differences in 
heterogeneity (angle)

Permeability Overpressure Excess pressure

Estimated mean: 52 ± 0.09 yrs

Normalized 
distribution: 

Injection in years 
until pressure limit 

is reached

2 example 
permeability 

fields with 
mean 1 Darcy

Test: angle



Range: 1x
Range: 4x

Impact of scale of heterogeneity 

9/2/2019

• Shift in shape of 
distribution with size 
of “features”

• Estimated mean (53.1 
± 0.09) is still very 
similar and within the 
estimate error 

• Larger variance (longer 
tail) with larger 
features

Estimated mean: 53.1 ± 0.09 yrs

Two samples of 
permeability fields 
with mean 1 Darcy

Test: range



1 Darcy

Impact of mean permeability

9/2/2019

• Mean permeability has 
greatest impact on capacity

• Shift of mean to be expected, 
but difficult to predict 
magnitude

• increase in variance is from 7 
to 450

**Very slow convergence with 
wide distributions. 
To get tighter accuracy for low 
perm case need approx. 400,000 
samples

Estimated mean: 
105 ± 0.4 yrs

0.1 Darcy

Estimated mean: 
52.4 ± 0.09 yrs



Summary

Mean pressure dissipation is governed by 
mean permeability, while secondary 
parameters affect the tails.

Investigation is needed for flow barriers, 
i.e. compartmentalization and boundary 
conditions 

Reliable characterization of heterogeneity 
on pressure requires a Monte-Carlo 
sampling-based approach. 

High sampling efficiency is needed moving 
towards more complex systems.

Future research must be seen in conjunction with 
real field cases that incorporate data into models.

Potential to implement fast MC and VE within 
state-of-the-art inversion methods

Geology and mathematics need to be combined to solve the gigatonne challenge


