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ÅDeveloping confidence in effectiveness of CCS with 
large- scale geologic storage of CO2 will require 
application of a comprehensive risk analysis approach
ïNeed a transparent process for effective communication

ïBased on fundamental physical & chemical processes

ïPredict long-term performance

ïNeed to address:
ÅEffectiveness 

ÅHSE Risks

ÅEconomics 

ÅPublic policy 

ïNeed a systems level description that captures uncertainty and 
complexity
ÅVery little known about saline aquifers

Introduction

Risk = (Probability of an event) X (Consequence)
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Å CO2-PENS (CO2-Prediction of Engineered Natural Sites), a 
LANL-developed science-based approach and systems level 
model
ï Modular, systems level model (components include reservoir, wells, 

faults, shallow aquifers, atmosphere, etc.)

ï Simulate CO2 transport & migration from sources to storage & beyond.

ï Supports a science based quantitative risk assessment: integration of 
field, laboratory data and numerical models.

ï Integrates modules that are governed by different physics and are 
described by analytical/semi-analytical/detailed numerical models or 
look-up tables.

ïECLIPSE, FEHM: reservoir simulators

ïPrinceton semi-analytical wellbore model

ïPSU-COMP for coal (in collaboration with NETL)

ïPHREEQC for groundwater chemistry

ï Can be used to assess & certify specific storage sites.

ï Can be used to tailor MVA & engineering options to specific sites.

CO2-PENS for comprehensive assessment of 
sequestration operations
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CO2-Prediction of Engineered Natural Sites (CO2-

PENS) framework for geologic storage
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A comprehensive approach requires a combination of theory, 

experiment, & computation validated by field observations.
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Observation: EOR (SACROC)
(Carey et al., LANL)

Experiment (M. Wigand, LANL)
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Computation (Carey, Lichtner, LANL)

Theory (Norbotten, Celia, Princeton)
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CO2-PENS for comprehensive assessment of 
sequestration operations

Inputs

Outputs


