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Disclaimer 
 
This report was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof.   
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Executive Summary 
 
The Illinois Basin – Decatur Project (IBDP) is managed by the Midwest Geological 
Sequestration Consortium (MGSC) and is led by the Illinois State Geological Survey (ISGS) at 
the University of Illinois.  The project site is located on the Archer Daniels Midland Company 
(ADM) property in Decatur, Illinois, and is a fully integrated carbon capture and storage (CCS) 
project that uses CO2 captured from the ethanol-producing fermentation process at the ADM 
corn-processing plant (Finley et. al., 2013).  IBDP has a goal of injecting one million tonnes of 
CO2 into the basal sands of the Mt. Simon Sandstone over a three-year period.  This is a multi-
faceted project, and this report details the planning and results of the drilling, completions, well 
testing, log data acquisition, and the Health, Safety, and Environment (HSE) aspects of the 
project. 
 

Three deep wells were planned for the IBDP:  
 
 The injection well:  Injection Well #1 (CCS1); 
 The monitoring well (both in-zone and above seal): Verification Well #1 (VW1); and 
 The geophone monitoring well: Geophysical Monitoring Well #1 (GM1). 

 
The detailed plans for these wells are attached to the appendices of this document.  The wells 
were drilled successfully with little deviation from the original plans.  The biggest change from 
the plan to execution was the need to adjust for larger-than-expected loss of circulation in the 
Potosi section of the Knox Formation.  The completions reports also attached to this document 
detail the well constructions as they were actually built. 
  
Injectivity testing was carried out, and the perforating plans were adjusted based on the results.  
Additional perforations and acidizing were performed as a result of the injectivity testing.  The 
testing plans are detailed in this report along with the actual testing results.  The injectivity 
testing results were used in the modeling and simulation efforts. 

 
Detailed HSE plans were developed and implemented during the planning and execution phases 
of the project.  The implementation included an HSE Bridging Document, which served to unify 
the HSE policies of the project partners and key subcontractors.  The HSE plan and actual HSE 
results are presented in this document.  There were no recordable HSE incidents during the 
project.   
 
A detailed logging program was developed based on project needs.  The log data were acquired 
in accordance with the plan, and both the plan and log results are presented in this report.  Log 
data were heavily utilized by the research staff, modelers, reservoir engineers, and for technical 
and permitting efforts. 
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Several key lessons were learned during the project:   
 

 Safety in operations and execution is paramount and is only achieved through proper 
planning and behavior control.  The certainty of this was reinforced through 
implementation of this lesson and the resultant flawless HSE performance during the 
project.   

 Losses of drilling fluid circulation were larger than anticipated within the Potosi 
Formation.  Circulation was only recovered through cementing the loss zones.   

 When possible, minimizing complexity in permit requirements and well designs is 
preferable.   

 The size of the wells were outside of the standard experience and expertise typical within 
the basin, and therefore required substantial planning and ramp-up of contractors and 
partners to meet project objectives.   

 With multiple stakeholders and research partners, establishing objectives and 
requirements early and adhering to change request procedures throughout the project are 
critical to manage competing data and sampling objectives that may be detrimental to 
overall progress. 
 

The well construction and completion operations were successfully executed, with all wells built 
in a manner that achieved excellent wellbore integrity.  Log planning involved a number of 
stakeholders and technical specialists.   
 
Data collection from logging, coring, and testing was excellent. Time and effort spent with the 
associated contractors and suppliers to develop a well plan beyond normal scope proved highly 
successful, resulting in a well-construction and completion project that surpassed expectations. 
The world-class HSE results also demonstrate the commitment of all stakeholders in the project. 
The details follow in the body of this document 
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I. Drilling and Data Collection – Objectives 
 
The Illinois Basin – Decatur Project (IBDP), adhering to the Statement of Project Objectives 
(SOPO) Section 5, proposed to develop detailed plans for the drilling process to include: Health, 
Safety, and Environment (HSE), completion procedures, and both open-hole and cased-hole data 
collection. The initial focus of the planned drilling and completion process centered on meeting 
or exceeding the Illinois Environmental Protection Agency (IEPA) Underground Injection 
Control (UIC) Class I (non-hazardous) requirements for data collection and well completion.  
 
The open-hole and cased-hole data collection plans focused on the site characterization and 
modeling needs, but allowed for acquisition of additional data as necessary to meet permitting 
requirements and drilling program objectives.  The requirements for drilling and data collection 
are broken down into three subtasks, detailed as follows, per SOPO Section 5 (Text in 5.1, 5.2, 
and 5.3 copied from SOPO): 
 

IBDP SOPO Objective 5.1 

Develop detailed plan for drilling, including Health, Safety, and Environment  

Detailed plans will be developed for the drilling (including HSE) and completion process.  The 
development of the drilling and completion process will be focused on meeting or exceeding IEPA 
UIC Class I (non-hazardous) requirements for data collection and well completion.  The drilling 
program will include wellbore size, depths of surface and intermediate casing(s), and injection 
casing. Operationally, the drilling program will include mud density and additives anticipated to 
be required for lost circulation zones, drill bit types and sizes, coring bits and barrel 
specifications, planned DSTs, and log suites and intervals. The drilling program will include a 
description of the cementing procedure and will include types of cement and procedure for 
pumping and placing cement 

IBDP SOPO Objective 5.2  

Develop detailed plan for open-hole data collection 
Detailed plans will be developed for open-hole data collection.  The open-hole data collection will 
be based on the site characterization and modeling needs determined from Task 4; however, 
additional data may be necessary to meet permitting requirements and drilling program 
objectives.   

IBDP SOPO Objective 5.3  

Develop detailed plan for casing and cased-hole data collection 
Detailed plans will be developed for cased-hole data collection.  The cased-hole data collection 
will be based on the site characterization and modeling needs determined from Task 4; however, 
additional data may be necessary to meet permitting requirements and drilling program 
objectives.  The compiled plans developed under Subtasks 5.1-5.3 will be submitted to DOE as a 
Topical Report. 
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II. Drilling and Data Collection – as Executed 

A.  Drilling and Data Collection Plans 

Drilling Plans 

 
Three deep wells were planned for the Illinois Basin – Decatur Project:  

 
 The injection well – Injection Well #1 (CCS1), 
 The monitoring well – Verification Well #1 (VW1), and 
 The geophone monitoring well – Geophysical Monitoring Well #1 (GM1). 

 
Detailed drilling plans for these three wells are attached in appendices A, B, and C respectively.  
Each plan provides details on wellbore and casing sizes and set depths and drilling fluid 
programs to be implemented, as well as lost circulation, bit, and coring plans.  These plans also 
detail the wireline logging program, the testing program, and the cementing program. 
 

Injectivity Testing Plan 

 
The injectivity testing plan is detailed in Appendix D.  The data generated from this testing were 
used to inform the final completion design as well as for updating and advancing subsequent 
models and simulations. 
 
Initial stages (Phase I) of the CCS1 completion consisted of perforating the well and verifying 
that sufficient injectivity existed prior to final completion and hardware installation.  Based on 
results of the injectivity (measured by a wireline production log), the decision was made to add 
additional perforations and to acidize the formation to remove any near-wellbore damage and to 
ensure all perforations were open.  
 
The injection testing was subsequently modified from the original Statement of Project 
Objectives to use treated water rather than CO2 to lower the risk, cost, and complexity of the 
injection test. An injectivity test using water was judged to be sufficient for the purposes of 
completion planning. 

Completions Plans 

 
Detailed completions plans for CCS1, VW1, and GM1 are attached in appendices E, F, and G, 
respectively.  The plans provide details on the proposed intervals, size, and depth of perforations, 
frequency (shots/foot), and phase (orientation).  The perforating plans were developed using the 
characterization and modeling outputs that have been highlighted in IBDP Topical Report 3 -  
 Site Characterization, Modeling, and Monitoring.  The plans also provide details of the tubing 
and downhole equipment employed. 

HSE Plan 
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The HSE Bridging Document (see Appendix H) was developed to meet the need for a detailed 
plan for HSE of the drilling and completion processes.  The HSE Bridging Document 
highlighted key areas of the HSE Management System from each of the principal operational 
companies, integrating the relevant procedures of each company and facilitating safe and 
efficient drilling and completions operations.  

Open-hole and Cased-hole Data Collection Plans 

 
The wireline open-hole and cased-hole logging programs for each of the wells is detailed in well 
plans in appendices A, B, and C.  Key inputs to the selection of logging programs came from the 
following: 
 

 Preliminary modeling and simulation results and recommendations from the modeling 
geologist and the simulation reservoir engineer. 

 Additional stakeholder inputs and requirements collected during project meetings. 
 IEPA UIC Class I (non-hazardous) requirements for data collection. 
 Experience from the project team on similar projects. 

 
A meeting was held to consolidate all of these requirements into a single data collection plan, 
and the results of this meeting are presented in Appendix I. 

 
Coring was planned for the CCS1 and VW1 wells due to insufficient subsurface stratigraphic 
data.  The core acquisition plan for the CCS1 well is detailed in Appendix A.  The plan was to 
acquire approximately 240 feet of core in the Eau Claire Shale and the Mt. Simon Sandstone to 
better understand the stratigraphy and composition of the proposed caprock and reservoir.  Based 
on the mud logs, core depths were determined by the geologist.  This is summarized in Table 1. 

 

Table 1 - CCS1 Planned Core Acquisition Depths 

Core Formation Length Estimated Top of Formation 
Eau Claire Shale ~120 feet 3,500 feet 
Mt. Simon Sandstone ~120 feet 5,650 feet 

 
The detailed core acquisition plan for VW1 is presented in Appendix B.  The plan was to acquire 
approximately 820 feet of core through a variety of formations.  The depth control for selecting 
the core was more detailed in VW1 due to information available from the drilling and logging of 
the CCS1 well.  The core plan is summarized in Table 2. 
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Table 2 - VW1 Planned Core Acquisition Depth 

Core Formation Length Estimated Top of Formation 
New Albany Shale 30 feet 2,088 feet 
Maquoketa Shale 60feet 2,611 feet 

Knox Group 60 feet 3,477 feet 
Potosi Dolomite 60 feet 4,361 feet 

Eau Claire Shale to Mt. Simon Transition 200 feet 5,445 feet - 5,645 feet 
Lower Mt. Simon 410 feet 6,690 feet – 7,100 feet 

B.  Drilling and Data Collection Results 
 
The three wells were constructed very close to the planned objectives.  The detailed completions 
reports are presented in appendices J, K, and L.  Additionally, the figure in Appendix M shows a 
summary of the wells as built.  Deviations of note between the plans and actual construction are 
highlighted in Part III of this report.  

Drilling and Completions Results for CCS1 

 

 
Figure 1— CCS1 Injection Well Details 
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CCS1 is located at 39˚ 52’ 37.06469” N and 88˚ 53’ 36.25685” W (NAD 83 coordinate system), 
which is 438 feet South and 1,332 feet East in the Northwest quadrant of Section 5 of Township 
16 North and Range 3 East in Macon County, IL (See Figure 2).  The well location’s ground 
elevation is 675.48 feet (NAVD 1988 coordinate system) above mean sea level (MSL).   
 

 
Figure 2 – CCS1 Location Survey Details 

 
The well was drilled by Les Wilson, Inc. using their rig number 25, which has a kelly bushing 
elevation of 15 feet above ground level.  The total well cost was approximately USD $6.6 
million.  The well was constructed in three sections: 1) surface; 2) intermediate; and 3) final.  
Initial drilling (“spudding”) of CCS1 began on February 14, 2009 and ended May 4, 2009.  The 
Phase 1 completion was performed from September 18, 2009 to October 9, 2009.  The Phase 2 
completion was performed from November 10, 2009 to November 25, 2009.   
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The details of each section of the well are as follows: 
 

Surface Section:  
 

 The open-hole section was drilled from 0 – 355 feet using a 26-inch diameter bit. 
 The casing was set from 0 – 355 feet using 20-inch diameter, 94 pounds per foot (lbs/ft), 

Grade H-40 8-round short round thread casing (STC). 
 The casing was cemented to surface using Class A cement with a lead and tail mix. 
 The drilling fluid used was water/gel with a weight of 9.7 pounds per gallon (ppg). 

 
Intermediate Section:  
 

 The open-hole section was drilled from 355 feet – 5,339 feet using a 17.5-inch diameter 
bit. 

 Two grades of casing were set.  The upper string of casing runs from 0 – 3,630 feet and is 
13 3/8-inch in diameter, with a weight of 59.5 (lbs/ft), and grade of J-55 with a buttress 
type of threading.  The lower string of casing runs from 3,630 feet - 5,339 feet and is 13 
3/8-inch in diameter, with a weight of 66.17 lbs/ft, with a grade of J-55 and buttress type 
threading. 

 Cementing was performed from total depth (TD) to surface in two stages.  The first stage 
of cement runs from 3,715 feet – 5,339 feet and is a Class H blend of cement with a lead 
and tail mix.  The second stage of cement runs from 0 – 3,715 feet and has a 35:65 Poz:H 
lead cement blend with a Class H tail cement. 

 The drilling fluid used was water/gel with a weight of 9.1 ppg. 
Lost circulation zones were encountered at 4,562 feet and 5,017 feet of depth and were 
sealed using cement plugs after failed attempts to remediate with conventional lost 
circulation materials (LCM).   A novel approach was developed to place two plugs in a 
manner that successfully avoided mud contamination.  
 

Final Section: 
 
 The open-hole section was drilled from 5,339 feet – 7,236 feet using a 12.25-inch 

diameter bit. 
 The well was cored through the Eau Claire and Mt. Simon sections for a total recovered 

length of 90 feet.  The retrieved core depth intervals were: 5,474 feet – 5,504 feet, 6,404 
feet – 6,434 feet and 6,750 feet – 6,780 feet. 

 Two grades of casing were set.  The upper casing string runs from 0 – 5,272 feet and is 9 
5/8-inch in diameter grade N-80 casing with 8-round LTC type threading.  The lower 
string of casing runs from 5,272 feet – 7,219 feet and is 9 5/8 inches in diameter with a 
grade of L-80 13Cr80 with JFEBear™ style threading. 

 Cementing was performed in one stage, with a lead cement slurry running from 0 – 
4,170’ and is blended as 35:65 Poz:H class of cement.  The tail slurry runs from 4,170’ – 
7,219’ and is EverCRETE* CO2 resistant cement. 

 The drilling fluid used was a KCl-based xanthan polymer with a weight of 9.8 ppg. 
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Completion: 
 
After drilling was complete, an extensive program of injectivity testing was performed.  The 
details of this testing are summarized in the Injectivity Testing Results section of this report.  
The results of the injectivity testing led to the decision to add a second perforated interval to 
ensure the well would have sufficient injectivity capacity to inject the full rate necessary to 
achieve project injection goals. 

 
 Cased-hole logs were run to confirm well integrity and develop baseline pulsed-neutron 

data. 
 The well is perforated in the intervals from 6,977 feet – 6,978 feet, 6,982 feet – 7,012 feet 

and 7,025.5 feet – 7,050.5 feet (wireline depth), with six (6) shots per foot and a shot 
phasing of 60 degrees. 

 After the perforating and injectivity testing, the injection tubing was run from 0 – 6,363 
feet.  The tubing is 4 ½ inches in diameter, with a weight of 12.6 lbs/ft and a grade of 
13Cr85, with JFEBear™ type threading. 

 The top of the packer is set at a wireline-referenced depth of 6,363.7 feet with the center 
of the sealing elements at 6,365 feet in depth. The packer used in the completion 
assembly is a seal bore, retrievable production type of packer. The packer is a 
QUANTUM MAX* HPHT gravel-pack system conditions Type III.  The service tool for 
the packer is a Q-Max 13 chrome tool. 

 A tubing mounted, down-hole pressure and temperature gauge is installed at a measured 
depth (MD) of 6,325 feet and is a Schlumberger NDPG-CA gauge. 

 A four-component, tubing mounted, WellWatcher PS3* passive seismic sensing system 
is installed at three depths: 4,925 feet, 5,743 feet and 6,137 feet. 

 A distributed temperature system (DTS) fiber optic cable that measures temperature 
every 1.624 feet within a thousandth of degree of accuracy every 5 seconds is installed on 
the tubing to a depth of 6,326 feet.  

 The completion fluid is a brine with a weight of 9.4 ppg, with corrosion inhibitor and 
oxygen scavenger additives. 
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Drilling and Completions Results for VW1 

 

          Figure 3 – VW1 In-Zone Monitoring Well Details 
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VW1 is located at 39˚ 52’ 47.22959” N and 88˚ 53’ 36.14288” W (NAD 83 coordinate system), 
which is 605 feet North and 1,175 feet East in the Southwest quadrant of Section 32 of Township 
17 North and Range 3 East in Macon County, IL (see Figure 4).  The well location’s ground 
elevation is 669.20 feet (NAVD 1988 coordinate system) above MSL.   
 

 
Figure 4 – VW1 Location Survey Details 

 
The well was drilled by Pioneer Oilfield Services, LLC, using their rig number 15, which has a 
kelly bushing elevation of 15 feet above ground level.  The total well cost was approximately 
USD $4.4 million.  The well was constructed in three sections: 1) surface; 2) intermediate; and 3) 
final.  Initial drilling (“spudding”) began on Sep 23, 2010, and finished on November 21, 2010.  
The completion was performed from April 28, 2011 to June 11, 2011.   
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The details of each section are as follows: 
 

Surface Section:  
 

 The open-hole section was drilled from 0 – 377 feet using a 17.5-inch diameter bit. 
 The casing was set from 0 - 377 feet using 13 3/8-inch diameter casing, with a weight of 

54.5 lbs/ft and grade of J-55, with STC style threading. 
 The casing was cemented to surface using Class A cement with a lead and tail mix. 
 The drilling fluid used was water/gel with a weight of 9.8 ppg. 

 
Intermediate Section:  

 
 The open-hole section was from 377 feet – 5,322 feet, using a 12.25-inch diameter bit. 
 This section of the well was cored through the New Albany and Knox sections for a total 

length of 119 feet.  The retrieved core depth intervals were: 2,132 feet – 2,159 feet, 4,218 
feet – 4,264 feet, and 4,513 feet – 4,559 feet.  The lost circulation zone was cored in this 
last interval. 

 The casing runs from 0 – 5,322 feet and is 9 5/8-inches in diameter, with a weight of 40.5 
lbs/ft and a grade of N-80, and LTC style threads. 

 Cementing was performed from total depth to surface in two stages.  The first stage of 
cement runs from 3,692 feet – 5,322 feet and is a Class H cement blend with a lead and 
tail mix.  The second stage of cement runs from 0 – 3,692 feet is a 35:65 Poz:H lead 
cement blend with a Class H tail cement. 

 The drilling fluid used was a dispersed gel with a weight of 9 ppg and a fluid viscosity of 
50. 

 A lost circulation zone was encountered at the depth of 4,460 feet.  Based on the lessons 
learned in drilling CCS1, the lost circulation zone was sealed using cement plugs without 
any attempts to utilize LCM. Plug placement technique was refined so that circulation 
was restored after only three days of lost time compared to 10 days lost on CCS1. 

 
Final Section: 
 

 The open-hole section was drilled from 5,322 feet – 7,272 feet using an 8.5-inch diameter 
bit. 

 This section of the well was cored through the Eau Claire and Mt. Simon sections for a 
total length of 588 feet.  The retrieved core depth intervals were: 5,425 feet – 5,564 feet, 
5,930 feet – 5,990 feet, and 6,680 feet – 7,069 feet. 

 Two grades of casing were set.  The upper casing string runs from 0 – 5,056 feet and is 5 
1/2 inches in diameter, with a weight of 17 lbs/ft and a grade of J-55, with LTC style 
threads.  The lower string of casing runs from 5,056 feet – 7,272 feet and is 5 ½ inches in 
diameter, with a weight of 17 lbs/ft and a grade of 13Cr85 with JFEBear™ style threads. 

 Cementing was performed in one stage with a lead slurry running from 0 – 4,950 feet and 
is blended as 35:65 Poz:H cement.  The tail slurry runs from 4,950 feet – 7,272 feet and 
is EverCRETE CO2 resistant cement. 

 The drilling fluid used was a KCl gel with a weight of 9.1 ppg and a fluid viscosity of 65. 
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Completion: 
 
The VW1 well was completed to become both an in-zone and above-zone monitor well. Eight 
discrete sets of perforations were placed in the Mt. Simon formation.  One set of perforations 
was placed below the Mt. Simon Formation in the Precambrian Formation, and two sets were 
placed above the caprock in the Ironton Galesville Formation. The completion centered around 
the installation of the Westbay* multilevel groundwater characterization and monitoring system 
that would provide the ability to monitor temperature and pressure in each of the 11 sets of 
perforations and provide the ability to sample formation fluids for geochemistry research. 
 

 Cased-hole logs were run, confirming the well had excellent wellbore integrity. Baseline 
pulse-neutron logs were run as well. 

 Perforation details are summarized in Table 3. 
 

Table 3 - VW1 Perforation Details 

Zone 
Measurement 
Port (MD ft) 

Perforation 
Top (MD ft) 

Perforation 
Bottom (MD ft) 

Formation 
Name 

Shot Phasing 
(deg.) 

Total 
Shots 

11 4,917.0 4,917.5 4,920.5 
Ironton-

Galesville 
60 18 

10 5,001.1 5,000.7 5,003.7 
Ironton-

Galesville 
60 18 

9 5,653.3 5,653.8 5,657.3 Mt. Simon 120 11 

8 5,839.8 5,840.4 5,843.9 Mt. Simon 120 11 

7 5,415.6 6,416.2 6,419.7 Mt. Simon 120 11 

6 6,631.7 6,632.3 6,635.8 Mt. Simon 120 11 

5 6,719.7 6,720.3 6,723.8 Mt. Simon 120 11 

4 6,837.3 6,837.1 6,840.6 Mt. Simon 120 11 

3 6,945.0 6,945.6 6,949.1 Mt. Simon 120 11 

2 6,982.4 6,983.0 6,986.5 Mt. Simon 120 11 

1 7,060.6 7,061.2 7,064.2 Precambrian 60 18 
 
 

 Once the zones were perforated, each zone was isolated using a packer and retrievable 
bridge plug.  Extensive swabbing was performed to clean out invaded drilling fluids from 
the zone and to obtain a native formation fluid sample.   

 The VW1 production tubing was run from 0 – 4,745 feet and is 2 7/8 inches in diameter, 
with a weight of 6.5 lbs/ft and a grade of J-55, and External Upset Ends (EUE) 8 rd 
threads. The proprietary Westbay tubing (detailed below) was run from 4,745 feet – 
7,128 feet. The tubing deployment included a gas-lift mandrel installed at 1,209 feet with 
5/8-inch stainless steel tubing run to surface and clamped outside of the 2 7/8 inch tubing.  
This gas-lift mandrel was to be used for establishing a temporary underbalanced 
condition in the well to allow for each monitor zone to be purged prior to sampling.  This 
proved to be a useful tactic to purge each zone prior to sampling during the project. 
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 A Westbay system was installed on tubing from 4,745 feet – 7,128 feet and is 2 ½ inches 
in diameter, with a weight of 3.31 lbs/ft and a grade of 316 SS, with pin-up/box (captive 
nut) down and proprietary Westbay/ACME threading. 

 The Westbay system consists of 28 packers set to straddle the perforated zones.  The 
summary of the Westbay packer depths is presented in Table 4. 

 

Table 4 - Summary of Westbay Packer Summary Depths           

Packer # 
Top Depth 
(MD ft.) 

Packer # 
Top Depth 
(MD ft.) 

Packer # 
Top Depth 
(MD ft.) 

P1 7,081.4 P2 7,034.2 P3 7,003.3 
P4 6,956.1 P5 6,918.7 P6 6,858.2 
P7 6,811.0 P8 6,740.6 P9 6,693.4 
P10 6,652.6 P11 6,605.4 P12 6,436.5 
P13 6,389.3 P14 5,860.7 P15 5,813.5 
P16 5,674.2 P17 5,627.0 P18 5,502.4 
P19 5,456.6 P20 5,410.9 P21 5,365.2 
P22 5,329.3 P23 5,283.5 P24 5,021.0 
P25 4,973.8   P261 4,937.9 P27 4,890.7 
P28 4,823.8     

1 Indicates packer did not inflate normally. 
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Drilling and Completions Results for GM1 

 

 
         Figure 5 – GM1 Geophysical Monitoring Well Details 

 
GM1 is located at 39˚ 52’ 37.06469” N and 88˚ 53’ 36.25685” W (NAD83 coordinate system), 
which is 390 feet South and 185 feet West of the Northeast corner of the Northwest corner of the 
Northwest corner of Section 5 of Township 16 North and Range 3 East in Macon County, IL (see 
Figure 6).  The well location’s ground elevation is 647.58 feet (NAVD 1988 coordinate system) 
above MSL.   
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Figure 6 – GM1 Location Survey Details 
 

The well was drilled by Pioneer Oilfield Services, LLC, using their rig number 15, which has a 
kelly bushing elevation of 15 feet above ground level.  The total well cost was approximately 
USD $4.0 million.  The well was constructed in two sections: a surface section and a final 
section.  Initial drilling (“spudding”) began on October 29, 2009 and was finished on November 
7, 2009.  This well did not have a completion.   
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The details of each section are as follows: 
 

Surface Section:  
 

 The open-hole section was drilled from 0 - 351 feet using a 12.25 inch diameter bit. 
 The casing was set from 0 - 350 feet using 9 5/8-inch diameter casing. 
 Casing was cemented to surface using Class A cement. 
 The drilling fluid used was water. 

 
Final Section:  

 
 The open-hole section was drilled from 351 feet – 3,500 feet, using an 8.5 inch diameter 

bit. 
 The casing string runs from 0 – 3,496 feet and is 3 ½-inches in diameter, with a weight of 

9.3 lbs/ft, EUE and a grade of L-80. 
 Cementing was performed from total depth to surface and is Franklin blend of expansive 

cement, 10/10 FSS cement with 0.2% C-13 retarder and 1/8 pound per sack flake 
additives. 

 The drilling fluid used was a water-based mud with a weight of 9.6 ppg and a fluid 
viscosity of 85. 

 
Completion: 

 
 31 Geospace Technologies Corporation three component dual 10 Hz SMC-1850 

geophones were run in on the casing and cemented in place.  A perforating gun orienting 
device was added to the casing string for the option to perforate away from the 
geophones if an additional monitor well was needed.  The geophone depths are 
summarized in Table 5. 
 

Table 5 - GM1 Geophone Depths 

Geophone 
Level 

Depth (feet) 
Geophone 

Level 
Depth (feet) 

Geophone 
Level 

Depth (feet) 

1 135 12 2,493 23 3,043 

2 355 13 2,543 24 3,093 

3 2,045 14 2,593 25 3,143 

4 2,095 15 2,643 26 3,193 

5 2,145 16 2,693 27 3,243 

6 2,195 17 2,743 28 3,293 

7 2,245 18 2,793 29 3,343 

8 2,295 19 2,843 30 3,393 

9 2,345 20 2,893 31 3,443 

10 2,393 21 2,943   

11 2,443 22 2,993   
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 Injectivity Testing Results 
 
Appendix N gives a detailed summary of the results of the step-rate injectivity testing which took 
place during the initial (Phase I) completion of CCS1.  The injectivity testing results obtained 
during the Phase I completion were used to make the decision to increase the total perforated 
interval and to perform an acid treatment of the injection well to ensure the well would have 
sufficient injectivity capacity to inject the full rate necessary to achieve project injection goals.   
 
The injectivity testing results were further used by the reservoir engineers, geologists, and other 
project research partners to perform modeling and simulation to confirm the CO2 plume 
evolution conformed to expectations, and as data for numerous other related research projects.    
 
The CCS1 step-rate test results are illustrated in Figure 7.  The fracture propagation pressure is 
4,966 psig, estimated from the intersection of the two lines.  The first line (2-6 bpm) represents 
radial flow of the Mt. Simon; the second line 7-8 bpm represents flow into the Mt. Simon after a 
fracture has propagated.  The perforated interval was 7,025 to 7,050 feet during this step-rate 
test. The step rate test revealed a fracture pressure of 5,024 psig at 7,025 feet, which is a fracture 
gradient of 0.715 psi/ft. 
 
 

 

Figure 7 - CCS1 Step-Rate Test Results 

 
In addition to the step rate test, two pressure falloff (PFO) tests were performed (Frailey, 2010).  
A PFO test involves two parts.  During the first part of the test, the reservoir is stressed by 
injecting fluid, which changes the reservoir pressure. During the second part, the reservoir 
pressure is monitored as it returns to its pre-test pressure.  The PFO tests performed on CCS1 
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were of varying duration and were conducted in September and October 2009 as part of the 
initial completion.  The PFO tests used water treated with clay stabilizing potassium chloride 
substitute.  These tests are summarized in Table 6.  
 

Table 6 - PFO Tests on CCS1 

Name Rate / Length 
Injection 
Length 

Shut-in 
Period 

Interval 
(feet) 

Notes 

PFO-1 1.5-2 bbl/min 2 hrs 19.5 hrs 7,025-7,050 First perforation 
PFO-2 3.1 bbl/min 5 hrs 45 hrs 7,025-7,050 After acidizing 

PFO-2 
3.1-4.2 bbl/min 
and 4.2 bbl/min 

6.5 hrs & 
6.5 hrs 

105 hrs 
7,025-7,050 

and  
6,982-7,012 

Second zone perforated 
and acidized for this test 

 
Pressure transient analyses were performed on the data gathered from these PFO tests using 
pressure transient analysis software.   

 
During the first PFO test, because only 25 feet of perforations were open in a very large vertical 
formation (gross thickness 1,505 feet), a partial penetration or partial completion effect was 
expected. The derivative of the falloff illustrated the partial penetration effect (see Figure 8). 
Two radial responses (horizontal derivative) were measured during this test between 0.1 and 1 
hrs (PPNSTB) and 20 to 100 hrs (STABIL). The first period corresponds to radial flow across 
the perforated interval; the second period corresponds to the pressure response across a larger 
thickness that would be between two much lower permeability sub-units. The transition between 
the two radial responses (SPHERE) is a spherical flow period that is influenced by vertical 
permeability (or kv/kh).   
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                     Figure 8 - Derivative Analyses of Final PFO Test 

 
The derivatives of the three pressure falloff tests were overlain (see Figure 9). The data between 
0.1 and 1.0 hrs match relatively well, and the data between 1.0 and 100 hrs match very well. 
Similar trends of the first radial period, transition, and final radial period indicate that the second 
set of perforations did not change the permeability estimated from the pressure transient tests. As 
such, the subsequent pressure transient analyses used a single layer, partial penetration model, 
with 25 feet of perforations open at the base of the layer.  The green curve (upper pressure curve 
and bell shaped derivative) is the first falloff (PFO-1). The pink (lower derivative curve) is the 
second falloff (PFO-2). The dark blue (lower pressure curve middle derivative curve) was the 
third falloff tests (PFO-3).  The difference between the green curve and the pink curve in the first 
six (6) minutes is a result in the improvement to flow due to the acid treatment. 
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                       Figure 9 - Overlay of Pressure Derivative of the Three PFO Tests 

 
Simulation of this pressure transient data using analytical solutions (see Figure 10), gave a 
permeability of 185 mD over 75 feet of vertical thickness. The transition period gave a vertical 
permeability over the 75 ft as 2.45 mD (kv/kh = 0.01326).  Additionally, it is observed that the 
Mt. Simon initial pressure at CCS1 at 7,025 feet is about 3,200 psig.  These results agreed well 
with log and core data. 
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Figure 10 – Non-linear Regression or Simulation History Matching of the Final PFO test. 

HSE Results 

 
Well drilling, completion and data collection involved numerous parties, and required good 
coordination between the site owner/operator (ADM), the drilling contractor, Schlumberger 
Carbon Services, ISGS, and other well-drilling and completion contractors. 
 
It was recognized early in the project that HSE would require substantial coordination.  As a 
result, Drill Well on Paper (DWOP) and Complete Well on Paper (CWOP) exercises were held, 
and all key contractors attended for all wells.  HSE plans were discussed in detail during these 
exercises and plans modified to improve HSE performance.  Expectations were also clearly set 
during these meetings.  Job Safety Analysis (JSA) and/or Hazard Analysis and Risk Control 
(HARC) were performed prior to any actual work starting.  Safety meetings were held regularly 
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during ongoing operations.  The continuous commitment to safety represented a substantial 
commitment of time and resources, but was integral to the exemplary HSE performance on the 
project.  The following list summarizes the safety statistics for each of the wells: 
 

 CCS1 and GM1 – Zero recordable incidents.  Over 35,000 estimated man-hours for 
drilling and completion. 

 VW1 - Zero recordable incidents.  Over 17,000 estimated man-hours for drilling and 
completion. 
 

Appendix O presents a detailed summary of HSE performance during the drilling, data 
collection, and completion of the three wells.   
 

Open-hole and Cased-hole Data Collection Results for CCS1 and VW1 

 
The detailed wireline open-hole logging program results are summarized in appendices P and Q.  
The detailed results of the cased-hole logging program are summarized in appendices R and S.  
Summary tables of all the logs run on each well are presented in Tables 7a, b, and c. 
 
The open- and cased-hole logs provided key input into simulation and modeling efforts required 
to meet both research objectives and IEPA requirements.  The logs verified both caprock and 
reservoir rock integrity and extent.  The cased hole logging results verified mechanical integrity 
and provided a baseline for time-lapse, cased-hole logging which provided ground truth 
measurements to verify the accuracy of simulation and modeling efforts as well as to meet IEPA 
reporting requirements as specified in the permit. 

 
Actual core recovery is detailed in the drilling and data collection portion of this document.  
Extensive core testing was performed, but the details of this testing are outside the scope of this 
report. 
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Table 7a – CCS1 Well Log Listing 

Well    Date Tool Top Bottom 

CCS1 3/9/09 
Platform Express* integrated wireline logging 
tool 352 3,541 

CCS1 4/5/09 Platform Express 352 5,317 

CCS1 4/5/09 High-Resolution Laterolog Array 352 5,317 

CCS1 4/5/09 Sonic Scanner* acoustic scanning platform 352 5,317 

CCS1 4/5/09 FMI* fullbore formation micro-imager 352 5,317 

CCS1 4/5/09 CMR* Combinable Magnetic Resonance tool 352 5,317 

CCS1 4/5/09 ECS* elemental capture spectroscopy sonde 352 5,317 

CCS1 4/5/09 
Hostile Environment Natural Gamma Ray 
Sonde 352 5,317 

CCS1 4/5/09 MSCT* mechanical sidewall coring tool 352 5,317 

CCS1 4/5/09 Cement Bond Log 50 352 

CCS1 4/5/09 Directional Survey 352 5,317 

CCS1 4/6/09 4 Arm Caliper 352 5,317 

CCS1 4/26/09 Platform Express 5,339 7,221 

CCS1 4/26/09 High-Resolution Laterolog Array 5,339 7,221 

CCS1 4/26/09 Sonic Scanner 5,339 7,221 

CCS1 4/26/09 FMI 5,339 7,221 

CCS1 4/26/09 CMR 5,339 7,221 

CCS1 4/26/09 ECS 5,339 7,221 

CCS1 4/26/09 
Hostile Environment Natural Gamma Ray 
Sonde 5,339 7,221 

CCS1 4/26/09 MSCT 5,339 7,221 

CCS1 4/26/09 MDT* modular formation dynamics tester 5,339 7,221 

CCS1 4/26/09 VSI* Versatile Seismic Imager 5,339 7,221 

CCS1 8/27/09 Cement Bond Log 50 7,142 

CCS1 8/27/09 PS Platform Multifinger Imaging Tool 50 7,142 

CCS1 8/27/09 Isolation Scanner*  cement evaluation service 50 7,142 

CCS1 8/28/09 RST* reservoir saturation tool 200 7,142 

CCS1 8/28/09 Pressure, Temperature and Gamma Ray 200 7,142 

CCS1 9/23/09 Perforation Record 6,700 7,133 

CCS1 9/25/09 Correlation Log 0 7,050 

CCS1 9/28/09 Production Log 6,900 7,070 

CCS1  11/19/09 Casing Collar Locator - Junk Basket - Gauge 200 6,390 

CCS1 9/19/11 RST 230 7,136 

CCS1 9/19/11 Pressure Temperature 230 7,136 
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Table 7b – GM1 Well Log Listing 

Well Date Tool Top Bottom 

GM1 11/4/09 Platform Express 0 3,500 

GM1 11/4/09 High-Resolution Laterolog Array 0 3,500 

GM1 11/4/09 Directional Survey 3,498 346 

GM1    2/3/10 Cement Bond Log 50 3,441 

GM1 2/3/10 Pressure Temperature 20 3,441 

GM1 11/15/10 Cement Bond Log 0 3,500 

GM1 9/20/11 RST 230 3,431 

GM1 9/20/11 Pressure Temperature 230 3,431 
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Table 7c – VW1 Well Log Listing 

Well Date Tool Top Bottom 

VW1 10/23/10 Platform Express 367 5,320 

VW1 10/23/10 High-Resolution Laterolog Array 367 5,320 

VW1 10/23/10 Sonic Scanner 367 5,320 

VW1 10/23/10 FMI 367 5,320 

VW1 10/23/10 CMR 367 5,320 

VW1 10/23/10 ECS 367 5,320 

VW1 10/23/10 
Hostile Environment Natural Gamma Ray 
Sonde 367 5,320 

VW1 10/23/10 MSCT 367 5,320 

VW1 10/23/10 MDT 367 5,320 

VW1 10/23/10 Spontaneous Potential 367 5,320 

VW1 10/24/10 Cement Bond Log 0 367 

VW1 11/15/10 Platform Express 5,306 7,264 

VW1 11/15/10 High-Resolution Laterolog Array 5,306 7,264 

VW1 11/15/10 Rt Scanner* triaxial induction service 5,306 7,264 

VW1 11/15/10 Sonic Scanner 5,306 7,264 

VW1 11/15/10 FMI 5,306 7,264 

VW1 11/15/10 CMR 5,306 7,264 

VW1 11/15/10 ECS 5,306 7,264 

VW1 11/15/10 
Hostile Environment Natural Gamma Ray 
Sonde 5,306 7,264 

VW1 11/15/10 MSCT 5,306 7,264 

VW1 11/15/10 
PressureXpress* reservoir pressure while 
logging service 5,306 7,264 

VW1 11/15/10 UCI* ultrasonic casing imager 0 5,306 

VW1 11/16/10 Directional Survey 115 7,270 

VW1 3/15/11 Cement Bond Log 50 7,120 

VW1 3/15/11 Isolation Scanner 50 7,100 

VW1 3/15/11 Pressure Temperature 50 7,150 

VW1 3/15/11 RST 200 7,130 

VW1 5/2/11 Perforation Record 6,635 7,064 

VW1 5/2/11 PS Platform Multifinger Imaging Tool 0 7,140 

VW1 5/2/11 Pressure Temperature 8 7,140 

VW1   9/19/11 Pressure Temperature 230 7,114 

VW1   9/19/11 RST 230 7,114 
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III. Drilling and Data Collection – Unanticipated Results 

Drilling and Completions Plans – Unanticipated Results 
 
 Lost Circulation 

While drilling CCS1 at a depth of 4,562 feet, drilling fluid circulation returns were lost in the 
Potosi section of the Knox Formation.  The first attempts at lost circulation remediation 
consisted of mixing and administering several small batches of special purpose drilling fluid 
(“pills”).  These pills were comprised of Lost-Circulation Material (LCM) built to 25 pounds 
per barrel (lbs/bbl.), two sodium silicate pills, and three Schlumberger fibrous pills.  These 
attempts were ultimately unsuccessful, and necessitated the selective positioning (“spotting”) 
of two cement plugs in the well across the lost circulation zone.  The cement plugs were 
successful in re-establishing drilling fluid circulation, and drilling proceeded.  At a depth of 
5,120 feet, additional seepage problems were encountered.  The lost circulation was 
subsequently remediated by spotting another cement plug, and drilling proceeded to the total 
depth of the intermediate section.  This methodology was applied to subsequent wells, and is 
also highlighted in Section IV of this report. 
 

 Insufficient Perforation 
The Phase I scope for CCS1 included perforating, reservoir testing, and setting of the lower 
packer in preparation for the Phase II completion (installing injection tubing and completion 
hardware).   At the time of the CCS1 completion, there was little information in the literature 
to correlate water injection with CO2 injection. While the results obtained from opening the 
first 25-foot section in the Lower Mt. Simon Formation were promising, stakeholders made 
the unanimous decision to add additional perforations to ensure all project injectivity goals 
would be fully met. A small acid clean-up was performed in an attempt to establish 
injectivity across all perforations, and further reservoir testing was performed.  Additional 
data were necessary to gain a better understanding of reservoir behavior and raise confidence 
in the ability of the reservoir and perforated interval to support the necessary injection 
volumes and rates. 
 

 Budget and Schedule Considerations 
Although careful consideration was given to the funding requirements of the additional 
perforating, testing, rig time, and gauge rental necessary for the project, the planned budget 
proved inadequate to meet the additional cost of non-standard operations. 
 
Phase II of the completion required a larger rig to install the injection tubing and associated 
downhole hardware.  Two issues arose that increased the time required to accomplish this 
phase.  Given budget constraints, the original plan called for working 24 hours per day in 
order to reduce rental costs for the rig and other associated equipment.  Upon startup, it 
became quickly apparent that due to weather conditions and operational intricacies, 24-hour 
operations posed an unacceptably high risk to personnel safety and successful operations. 
The decision was made to operate 12-hour days. Excess personnel and some equipment were 
immediately released in the move to 12-hour operations, but cost-per day could only be 
contained at around 70% of the 24-hour operations costs, while the total number of days 
required increased by nearly a factor of two.  Additionally, a premature deployment failure of 
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one of the permanent geophone levels required the entire tubing string to be pulled from the 
well for troubleshooting and remediation halfway into the installation.  This failure further 
increased the total number of days required to complete the operation.  

 

HSE Plans – Unanticipated Results 

 There were no unanticipated results for HSE performance.  The HSE Bridging Document 
was adhered to, and HSE performance was exemplary, with no lost time or recordable 
injuries during operations.  Regular safety meetings were held, and the general safety attitude 
at the site was excellent.   
 

Log Data Acquisition – Unanticipated Results 
MDT sampling was complicated by the presence of LCM, which appeared to be plugging 
tool filters.   
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IV. Drilling and Data Collection – Lessons Learned 
 

Drilling and Completions Plans Lessons Learned 
 
1. The size and complexity of a CCS operation requires a unique set of technical skills and 

equipment which are not prevalent throughout the Illinois Basin or for the majority of land-
based operations in the United States.  As a result, greater training and preparation time was 
necessary, and a longer lead time was essential to order equipment that fulfilled operational 
requirements.  
 
Obtaining services and equipment in an economic environment where the oil and gas 
industry was utilizing nearly all available services and supplies was challenging and costly. 
In such an economic environment, vendors can be unwilling to mobilize or service projects 
outside their basin for a non-standard, limited-scope project, when they can service their 
traditional oil and gas customers and ensure greater certainty of future work. 
 
 Lessons Learned: 1) Similar highly complex and non-standard operations in the Illinois 

Basin will necessitate additional time and funding allocated in the project plan; 2) The 
costs to cover lost circulation remediation and complex completion were under-budgeted 
for the scope of work required; and 3) Extra funding and effort are necessary to 
sufficiently motivate vendors to mobilize outside of their traditional oil and gas 
customers when the market is at or near capacity. 
 

2. Commercial contracts between project partners required more time than initially anticipated 
and had a significant impact on the project budget for the cost of supplies.  Supplies – such as 
wellbore tubulars – can become relatively scarce when the oil and gas market utilization is at 
near-capacity levels, and result in much higher costs than anticipated.  The project sponsor 
was approached, and the project budget was adjusted appropriately. 
 
 Lesson Learned – Market fluctuations in commodity prices can significantly impact the 

project budget and the length of time necessary to acquire essential supplies. Careful 
evaluation of the economic environment prior to budgeting is essential to the success of 
similar future projects, and flexibility in the project budget to allow for market 
fluctuations is highly desirable. 
 

3. Planning for an increased margin of safety is essential in projects with non-standard 
operations, and adequate sizing of the equipment and its capacities are critical. 
 
 Lessons Learned:  1) For this project, a larger rig with larger handling tools and 

equipment would have made the operations safer and more efficient.  Greater expenses 
for additional mobilization and day rate charges would also likely occur;  2) Blow-out 
preventers (BOPs) are required during the entire operation.  Sufficient sub-structure 
under the rig is necessary to allow for a good fit.  A larger rig would have helped to 
accommodate this; 3) A larger rig would typically have a de-sander and de-silters with 
larger capacities, and would have proved to be useful during the operation; and 4) A 
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large, 7 feet by 7 feet cellar proved to be beneficial.  This size was selected after careful 
consideration of the room required for BOPs, winterization equipment, cementing surface 
pipe, etc. 

 
4. The presence of ADM’s industrial support structure and personnel on site (and nearby) 

proved to be very beneficial. There was very good synergy maintained during the operations, 
and that proved useful in the drilling, completions, and data collection phases.  ADM’s 
support structure and on-site/nearby personnel were essential in performing fundamental but 
necessary support, including site set-up, acquisition of electricity, cleanup, procuring rentals, 
and many other tasks critical to the project’s success. 
  
 Lesson Learned – Maintaining and leveraging the strengths and aid that all stakeholders 

can bring to the table provides for a mutually beneficial relationship for all project 
partners. 
 

5. Contract stipulations required the contracted drilling company to have a person certified 
through either the International Well Control Forum (IWCF) or the International Association 
of Drilling Contractors (IADC) onsite at all times, and to maintain the pressure control 
equipment onsite in accordance with IWCF/IADC standards.  Although Schlumberger 
Carbon Services required current well control certifications, local customs had not previously 
done so.  This disparity led to additional costs and training time to bring onsite personnel 
current in well control certifications. 
 
 Lesson Learned – For future projects, committing to a well control plan and clearly 

communicating all expectations prior to the project start would lead to greater efficiency.  
Including extra time and funding for training requirements would be highly desirable. 
 

6. The project encountered a significant and substantial loss of circulation while drilling 
through the Potosi interval of the Knox Group.  After numerous and varied attempts to 
control the lost circulation through mud additives (LCM, pills, etc.), a cement lost circulation 
plug proved to be the most effective method to restore lost circulation in this formation. 
 
 Lesson Learned – Cement plugs proved to be the most effective solution for restoring 

lost circulation in the Potosi interval of the Knox Group. 
 

7. Installation of PS3 geophones on the injection well tubing was complex and a previously 
unproven application of the technology.  During downhole installation, the package deployed 
prematurely, necessitating a visual inspection to gauge potential damage to the system.  Upon 
removal for troubleshooting, it was discovered that one of the geophones in the system had 
suffered terminal damage, further complicating the completion procedure.  The remainder of 
the system was eventually installed successfully. 
 
 Lesson Learned – Future projects could benefit from carefully selecting technologies 

that balance research and regulatory objectives with operational considerations. 
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8. The geophone well (GM1) proved to be very useful, providing a relatively inexpensive 
permanent seismic string that could be used for microseismic monitoring and 3-Dimensional 
Vertical Seismic Profiling (3D VSP).  The ability to orient perforations in GM1 allowed for 
additional above-zone fluid and/or pressure monitoring, had it become necessary.  The ability 
to run RST logs and temperature logs in this well provided valuable options to prove no CO2 
had migrated above the caprock.  The use of perforating in a nearby well as a sound source to 
check the geophone orientation was a successful tactic, and is likely to be incorporated into 
future projects whenever possible. 
 
 Lesson Learned – A nearby well with an above-zone geophone array for 3D VSP 

surveys and option for perforating for sampling and pressure measurements is a valuable 
tool in a CCS project.  Geophone orientation shots to confirm geophone orientation and 
processing algorithms also proved highly beneficial. 
 

9. Core collection during drilling proved to be relatively straightforward.  Coordinating and 
executing the analysis plan between all stakeholders was quite challenging due to varied and 
frequently changing requirements.  Additionally, results from core analysis took a substantial 
amount of time to receive. 
 
 Lesson Learned – A carefully crafted and documented core acquisition and analysis plan 

with stringent change control practices would have resulted in greater efficiency. 
Additionally, wait times to receive core analysis results were much longer than expected. 
For similar future projects, it may be beneficial to hire a coordinator to track analysis 
frequently, to respond quickly, and to manage, plan, and coordinate competing requests. 
 

10. The installation of the Westbay string for pressure and temperature monitoring and the ability 
to take fluid samples is a very valuable technology to fulfill research requirements, but the 
technology is complex and was previously unproven in deep environments.  Ongoing 
operations revealed that while the technology is sound, as utilized in this project, remedial 
operations may be required due to a high frequency of failure.  In its current state, this 
technology requires substantial support if it is to be deployed at greater depths. 
 
 Lesson Learned – Future projects could benefit from carefully selecting technologies 

that balance research and regulatory objectives with operational considerations.   
 

11. The well permitting process for this project did not deviate from the inherently slow pace of 
well permitting in general, and allowing adequate processing time in the plan was crucial.  
Additionally, when applying for a permit, it was found to be preferable to meet (rather than 
exceed) the regulatory requirements.  The permit application submitted included some items 
that may have exceeded regulatory requirements for permit issuance; as a result, the project 
had to maintain additional operating condition requirements to avoid violation.  
 
 Lesson Learned – During the permitting process for this project, budgeting sufficient 

schedule time to accommodate for delays and planning for slow responses and multiple 
clarification requests was critical.  For similar future projects, the aid of a professional 
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permit writer familiar with the permit-issuing organization would likely be very helpful 
for both advice and the development of the permit application. 
 

12. The annular pressure monitoring system required modifications to work properly.  A pressure 
vent needed to be added, and the brine level fluctuation needed to be more tightly controlled 
than initially expected.  Additionally, at startup there were wider-than-expected temperature 
swings due to seasonal temperature changes.  An accumulator pressure vessel type system to 
account for annular volume changes due to seasonal temperature changes and well pressure 
fluctuations would have been a better choice for the project parameters. 
 
 Lesson Learned – A simple and proven annular pressure monitoring system – such as an 

accumulator pressure vessel type system – could provide a more useful solution for future 
projects. 
 

13. The well designs for this project were complex.  In general practice, complexity of well 
design often leads to complex operations and the potential for greater exposure to loss events. 
 
 Lesson Learned – Carefully considering the value added through additional 

instrumentation or complexity – and balancing this against the additional cost and risk 
exposure introduced – can prove to be a challenging, but necessary task for non-standard 
operations. 
 

14. A Drill Well on Paper (DWOP) exercise was held for the IBDP project April 9-10, 2008.  All 
major partners and vendors participated, and local personnel contributed numerous valuable 
suggestions – resulting in over 50 action items.  This meeting proved very valuable in 
refining the well drilling plans. A follow-up Complete Well on Paper (CWOP) exercise was 
held in September 2009, just prior to starting completion activities. 
 
 Lesson Learned – Involving as many partners and vendors as possible when preparing to 

drill and/or complete wells is highly beneficial to the process, as is holding DWOP and 
CWOP exercises. 
 

15. The final perforating program was heavily dependent on data acquired from well drilling and 
injectivity test results.  The perforation decisions had to be made quickly, but required input 
from multiple data sources and multiple stakeholders.  Careful planning of the perforation 
scheme was critical for project success, and giving this task the importance and complexity it 
required led to correct decision making. 
 
 Lesson Learned – Carefully planning the perforating scheme with focus on scheduling 

constraints and the dependent tasks proved to be a successful tactic.  Knowing the 
decision workflow before operations began was very useful as well, and was covered in 
the CWOP exercise held during the project.  
 

16. The gas-lift mandrel installed on the VW1 completion proved to be an excellent economic 
and effective solution to the required purging of each monitor zone prior to sampling.  This 
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was used frequently in the early stages of the project to aid in obtaining uncontaminated 
samples from each monitor zone. 
 
 Lesson Learned – Gas-lift is an excellent solution for creating an underbalanced 

condition when multi-zonal sampling is needed. 

HSE Plans Lessons Learned 
 
1. A safety meeting was held before initial drilling (spudding) began, at which all key 

operational team members reviewed the well plans and the HSE Bridging Document.  This 
represented a substantial investment of time and money but was deemed worth the 
expenditure, as it facilitated operation-wide cooperation by both the operational team and the 
team leads representing key stakeholders.   
 
 Lesson Learned – Investing in and fully utilizing pre-spud operational safety meetings 

can provide project-wide cooperation and foster teamwork throughout the operation. 
 

2. Illinois winters proved to be more challenging than expected.  The rigs utilized had very little 
winterizing, and as a result, operations were delayed when temperatures were below freezing. 
 
 Lesson Learned – Future IBDP projects that span winter months could benefit from 

utilizing better-winterized rigs, planning additional time for completion, and establishing 
secondary operational plans.  

Log Data Acquisition Lessons Learned 
 
1. The wireline-deployed MDT used for formation fluid sampling provided several challenges.  

The formations tested exhibited high permeability and porosity, resulting in significant 
drilling fluid contamination into the formation. Contamination is routinely removed during 
MDT testing through pumping the contaminated fluids out of the formation, in a process 
known as formation clean-up.  The MDT operator uses the resistivity monitor within the 
MDT to monitor the resistivity of the pumped fluid.  Once resistivity stabilizes, the fluid is 
deemed to be primarily native formation fluid.  This is an acceptable method for oilfield 
applications, but proved to be less than adequate for the IBDP project, where obtaining 
samples with the lowest levels of contamination possible was a top priority.  As a result, 
higher-than-typical pump times were necessary to get the minimal levels of contamination 
requested.  Additionally, even with the substantial pumping time for cleanup, it was difficult 
to ascertain the degree of cleanup using resistivity readings alone.  As such, the additional 
employment of mud dyes may have been beneficial, as mud dyes can provide a more precise 
indication of the level of contamination than resistivity readings, and could provide a more 
accurate assessment of the level of formation clean-up.   
 
Frequent requirement changes by multiple stakeholders provided another challenge during 
MDT testing.  A written plan published prior to MDT testing and a formal procedure to 
propose changes to it would have been beneficial and ensured greater satisfaction in meeting 
all stakeholder objectives. 
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 Lessons Learned – 1) When clean, pristine samples are paramount, higher-than-standard 

pumping operational costs for collecting formation fluid samples will likely be incurred.  
The use of mud dyes may be indicated; 2) Planning sampling operations earlier and 
implementing a formal procedure for requesting changes would have proved beneficial; 
and 3) MDT sampling may not be the optimal choice if LCM is needed or substantial 
drilling fluid invasion is expected as occurred in this project.  In similar future projects, 
drill stem tests or cased-hole sampling may be considered as a better option when the use 
of LCM would potentially interfere with MDT sampling. 

 
2. With any drilling operations there are challenges and sacrifices made in balancing between 

optimal well construction and optimal log data for petrophysical analysis.  Key choices such 
as casing set point, hole size, and other parameters may be different when selecting to 
optimize for well logs versus selecting to optimize for well performance.  After careful and 
thorough discussion, the decision was made to optimize for well performance.  As a result, 
while log data overall was excellent, it was nonetheless lacking in some intervals of the 
wells.  Better logs in some of these intervals would have been helpful in subsequent data 
analysis and modeling efforts.  If future project constraints allow, it might be beneficial to 
plan an additional well which is optimized for data collection. 
 
 Lesson Learned – Balancing between well-performance optimization and the acquisition 

of well log data is a necessary, but challenging feature of non-standard operations, and 
both early decision making and timely communication of operational choices to all 
relevant stakeholders is essential. 

 
 
 

 
* Mark of Schlumberger 
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Drilling and Completions CCS#1 and GM#1 YTD-2009

Life Loss - Total 0

Automotive - Employee (SCS/SLB) 0

Automotive - Other 0

Catastrophic 0

Major 0

Serious 0

Light 0

Risk Reports/STOP Cards or comparable 161
Regulatory Recordable Incidents 0

Lost Time Injury Accidents 0

LWC - Lost Work Cases 0

RWC - Restricted Work Cases 0

LTI - Lost Time Injuries 0

LD - Lost Days 0

RD - Restricted Days 0

TDL - Total Days Lost 0

MC - Medical Treatment Cases 0

FAC - First Aid Cases 0

TRI - Total Recordable Injuries (LWC + RWC + MC) 0

LTIR - Lost Time Injury Rate (LTI/1000 emp/yr) 0

Total AA's - Automotive Accidents 0

Total Environmental Accidents 0

Vehicles (Light and Heavy Vehicles-SCS/SLB) 32
Vehicles with Working Monitors 32

Total Headcount (SCS HR + Contractors + Consultants) 45

Drivers (inc. SLB/SCS, Contractors & Consultants) 13

Man Hours for period above (hours)     35,901 

Man Hours cum. for month shown (hours)     35,901 

Injury - Light - First Aid 1

No of safety meetings for period above (and cum.) 410

HSE Training Hours 115.5

ADM Project QHSE SafetyNet - Report

All Rig, SCS/SLB-related Project Personnel-PH II  Tasks
FINAL REPORT

Life Loss (for above period)

Total Acc idents  (for above period)

Los t Time Injuries  - CMS (for above period)

Automot ive - CMS (for above period)

Environmental - CMS ((for above period)

Support ing Data (for above period)

Addit ional  Data (for above period)
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VW#1 Drilling YTD-2010

Life Loss - Total 0

Automotive - Employee (SCS/SLB) 0

Automotive - Other 0

Catastrophic 0

Major 0

Serious 0

Light 0

Risk Reports/STOP Cards or comparable 0
Regulatory Recordable Incidents 0

Lost Time Injury Accidents 0

LWC - Lost Work Cases 0

RWC - Restricted Work Cases 0

LTI - Lost Time Injuries 0

LD - Lost Days 0

RD - Restricted Days 0

TDL - Total Days Lost 0

MC - Medical Treatment Cases 0

FAC - First Aid Cases 0

TRI - Total Recordable Injuries (LWC + RWC + MC) 0

LTIR - Lost Time Injury Rate (LTI/1000 emp/yr) 0

Total AA's - Automotive Accidents 0

Total Environmental Accidents 0

Vehicles (Light and Heavy Vehicles-SCS/SLB) 18
Vehicles with Working Monitors 0

Total Headcount (SCS HR + Contractors + Consultants) 21

Drivers (inc. SLB/SCS, Contractors & Consultants) 11

Man Hours for period above (hours)     14,251 

Man Hours cum. for month shown (hours)     14,251 

Injury - Light - First Aid 0

No of safety meetings for period above (and cum.) 38.25

HSE Training Hours (Cum 2010) 14.3

ADM VERIFICATION WELL #1  QHSE SafetyNet - Report

All Verification Well, SCS/SLB-related Project Personnel

Life Loss  (for above period)

Total Acc idents (for above period)

Los t  Time Injuries - CMS (for above period)

Automotive - CMS (for above period)

Environmental  - CMS ((for above period)

Support ing Data (for above period)

Addit ional  Data (for above period)
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