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ILB CO2 EOR Resource: 
MGSC Phase I (2005) 
• 1. Determine OOIP and miscibility for each 

formation 

• 2. Apply W. Texas rules-of-thumb: 
• EOR

• 8-16% of OOIP miscible 
• 4-5% of OOIP immiscible 

• CO2 storage 
• 5,000-10,000 scf/bbl

• 3. Sum for field 

• Whole Basin: 
• CO2-EOR Resource: 860-1,300 Mbbls
• CO2 storage: 140-440 Mtonne

From MGSC Phase I Assessment, 2005



ILB CO2 EOR MGSC Phase II Pilots: 
Purpose and Expectations 

Purpose

• Validate MGSC Phase I CO2

EOR and storage estimates
• Produce data to calibrate 

reservoir simulation models 
to test full field CO2 EOR 
projects

Expectations (West Texas CO2 EOR)

• Cumulative oil recovery
• 8-16% of OOIP miscible 

• 4-5% of OOIP immiscible 



CO2 EOR Process: Miscible and Immiscible

• Miscibility: indicates degree in 
which CO2 mixes completely 
with in situ crude oil
• Miscible: oil with CO2 dissolved

• Immiscible: oil with CO2 dissolved 
in equilibrium with CO2 and 
vaporized oil

• Depends on
• Reservoir temperature and 

pressure

• Oil composition Greater miscibility: lower temperature, higher pressure, lower density



CO2 EOR Processes: HnP, Continuous and WAG

• Single well
• Baseline

• CO2 injected in casing-
tubing annulus 

• Soak for days to weeks

• Produce

• Considered 
stimulation, not CO2

EOR, per se

• Injection permit not 
required

• Repeating injection 
patterns (e.g. 5-spot)

• Following continuous 
CO2 injection (e.g. 
40% HCPV), inject 
water

• Return to CO2 and 
continue WAG cycle
• Reduces CO2 velocity

• Reduces CO2 production

• Increases oil production

Huff n Puff (HnP) Continuous CO2 Injection Water Alternating Gas (WAG)

• Dedicated injector/ 
producers in repeating 
patterns (e.g. 5-spot)

• Inject CO2 continuously
• Leads to excessive CO2

production and 
difficulties associated 
with pumping gassy wells

• Decreases oil production

• Increases CO2 storage



Loudon Huff and Puff: Pre-Test

• Cypress Sandstone
• Upper lenticular and lower massive 

sandstones
• 16% porosity/ 30 mD
• Immiscible 
• 0.5-1 bopd baseline

• Pre-Test Reservoir Simulations
• Inject 26 tons CO2 in 1 week
• Soak 1 to 2 weeks 
• 0.8-3.5 bopd peak oil 

• 4x base rate

• Decline at about 0.9 bopd/week 



Loudon Huff and Puff: Observations 

• Injected 43 tons CO2 in 5 
days

• Shut in for 1 week 

• Produced: 
• 150 bbls oil in 2 months

• 8 bopd peak 
• 0.8-3.5 expected

• Stabilized at 3 bopd in 2 weeks 

• Quickly decreased to stable rate

• EOR: 95 bbls oil 

• 33 tons CO2



Mumford Hills Miscible Flood: Pre-Test

• Clore Sandstone 
• 19% porosity, 155 mD

• Elongated sand with good communication 

• 20 ft oil column in 30 ft sandstone 

• Edge water injection 
• 1,000 bbls day

• Reservoir pressure 1,200-1,500 psi; wells can 
flow to surface

• 3-5 bopd baseline

• Inverted 5-spot continuous injection 
• Plugged well converted to injector



Mumford Hills Miscible Flood: Observations

• Injected 6,950 tons CO2

• Interruption caused by winter 
road restrictions

• Produced: 
• 6,000 bbls oil 

• 2,045 EOR

• 3,450 Baseline

• 545 Stimulation 

• 30 tons CO2



Mumford Hills Miscible Flood: Projections and 
Conclusions

• Simulated 4 (Case 1) and 7 
(Case2) 5-spot patterns with 20 
years injection: 
• 10-12% OOIP recoverable

• CO2 storage: 213,000-305,200 tons

• Conclusions
• EOR in line with expectations

• Very high CO2 usage
• CO2 trapped in underlying aquifer 



Sugar Creek Immiscible Flood: Description 

• Jackson Sandstone
• 12ft thick sandstone; 15% porosity, 15 

mD 

• Lenticular sandstone bodies with fair to 
poor communication 

• Low water injectivity (100 bbl/day)
• Reservoir pressure 500-600 psi

• Converted water injector to CO2
injector
• Surrounded by 8 producers on pumps 



Sugar Creek Immiscible Flood: Observations 

• Injected 7,267 tons CO2

• Multiple interruptions 

• Produced 
• 25,600 bbls oil

• 1,133 tons CO2

• Several operational issues 

• Baseline difficult to establish 
• IOR: 6,700-7,200 bbl

• EOR: 2,700-3,200 bbls



Sugar Creek : Projections and Conclusions

• Simulation Projections 
• Full Field (Case 1), Modified Full Field 

(Case 2), Infill Drilling (Case 3) 5-spot 
patterns

• 3-5% OOIP recoverable  
• CO2 storage: 6,000-11,000 tons

• Conclusions
• EOR in line with expectations 
• Very low CO2 usage

• Unidentified geologic features 
(faults/fractures) created early 
breakthrough

• Multiple operational issues created 
noise in data and lowered EOR



Carper ROZ Description

• Carper 
• Turbidite deposits 

• Thin but laterally continuous 
• Matrix = 12% porosity; 0.2 mD

• naturally fractured 

• Widespread Residual Oil Zone (ROZ) fairway 
• Well records, core data, well log analysis document 

oil indicators in greenfield areas (down dip, far from 
production)

• Holsapple has validated Greenfield ROZ 
• Oil validated by core 

• Shows in nearby wells 
• Well log estimate ~25% SO

• 6 months production got only trace oil
• 15 miles from Carper production 

• Naturally occurring

Too shallow for 
miscible CO2



Holsapple ROZ HnP: Pre-Test

• Objectives
• Demonstrate efficacy of CO2 EOR and associated storage in siliciclastic ROZ

• Acquire data to better understand ROZ 

• Pre-HnP simulations predicted
• Low EOR and CO2 storage due to low permeability matrix relative to natural 

fracture network

• CO2 would stay in fractures, has no interaction with matrix; CO2 readily 
produced when pumping starts

• Produced oil derived from 2% SOI added to fractures to get models to run; oil 
in matrix not produced



Holsapple ROZ HnP: Observations

• Injected: 1,000 tons of CO2

• 1 month soak 

• Produced: 350 tons of CO2; 65 bbls of oil; 
25,000 bbl of water

• Stored: 650 tons of CO2

• EOR and CO2 storage outperformed 
simulations

Graph of oil and CO2 production
Pre-test simulation projections are shown with simulated 
oil production shifted to match lag in actual oil production 
following a few months of CO2 venting.



CO2 sources

• Total 2015 CO2 ILB emissions: 
249,274,198 tonnes
• 333,068,072 tonnes including unclassified 

• Pipeline potential  

ILB oilfields assessed from MGSC 2005, CO2 sources emitting more than 
10,000 tonnes/year are from US EPA GHGRP for emissions year 2015



Conclusions

• Generally successful pilots 
• MGSC Phase II pilots validated MGSC I EOR estimates 

• ROZ HnP demonstrated that ROZ could be produced

• Despite operational issues….
• CO2 delivery interruptions, early breakthrough, flow line leakage 

• And challenging geology 
• Faults creating early breakthrough in Sugar Creek 

• Natural fracture network in Carper

• CO2 storage more challenging 



Thank you 

• Questions? 
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