
 
 

Midwest Geological Sequestration Consortium 
 
 

Site Development, Operations, and Closure Plan 
 

Topical Report 5 
 
 

An Assessment of Geologic Carbon Sequestration  
Options in the Illinois Basin: Phase III 

 
William Graham Payne1, Jim Kirksey1 

1 Schlumberger Carbon Services 
2 Illinois State Geological Survey 

 
 
 

WORK PERFORMED UNDER AGREEMENT 
DE-FC26-05NT42588 

 
 

Report Issued 19 November, 2014 

 
 

SUBMITTED BY 
Illinois State Geological Survey 

The Board of Trustees of the University of Illinois 
1901 S. First St., Suite A 
Champaign, IL  61820 

 
 

PRINCIPAL INVESTIGATOR 
Robert Finley2 

Phone: (217) 244-8389 
Fax: (217) 333-2830 

finley@isgs.illinois.edu 
  

Reference No. CS1408-103-WGP 



2 
 

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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Abstract 
 
The Midwest Geological Sequestration Consortium (MGSC) has partnered with Archer Daniels 
Midland Company (ADM) and Schlumberger Carbon Services to conduct a large-volume, saline 
reservoir storage project at ADM’s agricultural products processing complex in Decatur, Illinois. 
The Development Phase project, named the Illinois Basin – Decatur Project (IBDP) involves the 
injection of 1 million tonnes of carbon dioxide (CO2) into a deep saline formation of the Illinois 
Basin over a three-year period. 
 
This report focuses on objectives, execution, and lessons learned/unanticipated results from the 
site development (relating specifically to surface equipment), operations, and the site closure 
plan. 
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Executive Summary 
 
The goal of the Illinois Basin – Decatur Project (IBDP) is to safely inject approximately 1,000 
tonnes per day of carbon dioxide (CO2) for a total injected mass of 1 million tonnes over a 3-year 
period. To accomplish this, facilities and infrastructure had to be designed and developed to 
capture, dehydrate, compress, and transport the CO2 to the wellhead, where it is injected deep 
into the Mt. Simon Formation. Archer Daniels Midland Company (ADM) provides the project 
site as well as the CO2 for storage from their ethanol production plant. Trimeric Corporation had 
process engineering design responsibility for the surface facilities and equipment. Schlumberger 
Carbon Services provided project management for the design and construction of all deep wells 
associated with the project and is the leading operational partner in the project for site 
characterization, reservoir modeling, risk management, well design, well construction, and well 
completion. 
 
Site Development 

 
ADM, along with Trimeric Corporation, designed and built a 50 megawatt (MWe) multi-stage 
CO2 separation, dehydration, compression, and transportation system for the purpose of injecting 
CO2 deep into the Mt. Simon Formation. To meet the specific delivery requirements of the CO2, 
the process design was centered on selecting the appropriate equipment and work flow to 
optimize efficiency. Construction of the surface facilities and equipment began in November 
2009 and was completed in September 2011. Initial CO2 injection tests were conducted in 
November 2011, and the commencement of operational CO2 injection began on November 17, 
2011. 
 
Operations 

 
The on-going injection is monitored in real time. Pressure, temperature, and other 
parameters are closely monitored by ADM operators, and analyzed by the project 
stakeholders. Since December 2011 there have been a number of scheduled and 
unscheduled breaks in injection. The reasons for these breaks include: maintenance and 
repair of surface equipment, annual well tests, well logs, equipment problems, and poor 
weather. These halts in injection have ranged from several hours to several days.  

 
Closure 

 
A site closure plan was developed to safely plug and abandon the project wells at the conclusion 
of the project. Because the IBDP is still injecting CO2 at the date of this report, site closure has 
not yet occurred.  
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I. Site Development, Operations, and Closure Plan Objectives 
 
The goals of the Phase III Midwest Geological Sequestration Consortium (MGSC) project are to 
demonstrate the ability of the Mt. Simon Sandstone to accept and retain one million tonnes of 
CO2. To accomplish this, a number of subtasks and objectives were established related to the 
development of surface facilities and systems, the actual ongoing operation and injection of the 
CO2, and safely closing the project. These objectives are stated in the Statement of Project 
Objectives (SOPO) (Appendix A). The following subtasks are addressed in this report. 
 
Site Development 
 
6.1 Prepare plan for integrated capture and injection operations including health, safety, and 
environmental measures 
 
An infrastructure development plan was to be created that defined and included operating and 
injection systems, optimization studies to evaluate equipment capabilities and costs, and 
procurement of equipment. Injection operations plans were to include developing basis-of-design 
documents detailing maximum and minimum operating pressures, temperatures, flows, 
dehydration specifications, control scheme, utility requirements, and other process-design 
specifications. 
 
6.2 Determine equipment needs for capture, dehydration, and compression 
 
The actual optimal equipment configuration was to be determined after obtaining composition 
data for the planned inlet stream, reviewing site specific requirements, and specific requirements 
for purity of the CO2 to be sequestered. This subtask included: 

• The preparation of an optimization study to evaluate tradeoffs between 
compressor types (e.g. screw vs. reciprocating), cost, turn-down capability, sparing, 
reliability, maintenance, capital vs. operating costs, etc. 
• Preparation of a  process design package (PDP) including process and 
instrumentation diagrams, major equipment list and sizing, equipment specification 
sheets for major equipment and control valves, material and energy balances, process 
description, controls description, utility requirements, and piping tie-ins, preliminary line 
sizing, and insulation requirements. 
• Specification of data acquisition equipment, CO2 metering equipment, and other 

process instrumentation needed to meet the test objectives. 
 
6.3 Finalize costs and delivery times for selected equipment 
 
Upon receipt of vendor bids, equipment purchases or leases were to be finalized in coordination 
with ADM. This process included: reviewing vendor bids, preparing recommendations on 
accepting bids, negotiating with equipment suppliers, evaluating proposed changes to 
specifications from vendors, and responding to technical questions from vendors. 
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6.4 Deliverable – Submit development operations and closure plan to DOE 
 
The Site Development, Operations, and Closure Plan was to be finalized and submitted to the US 
Department of Energy (DOE) as a Topical Report along with a project continuation application 
at the end of the first year of Budget Period 4 so that injection operations could begin at the 
beginning of the second year of Budget Period 4.  The project team was in regular 
communication with DOE Project Manager and Program officials regarding development on this 
sub-task. 
 
6.5 Order capture, dehydration, and compression equipment (10-12 months for receipt) 
 
Capture, dehydration, and compression equipment was to be purchased or leased.  Bids were to 
be collected and reviewed by both the Illinois State Geological Survey (ISGS) and ADM prior to 
issuing contracts.   
 
6.6 Receive, install, and test equipment 
 
Equipment was to be received, installed, and tested with on-site process engineering support.  
This subtask was to take place beginning in 2010.  Analysis of operations and troubleshooting 
was to occur as part of this subtask. 
 
6.7 Determine pipeline, pipeline installation, and wellhead-wellsite equipment requirements 
 
Pipeline, pipeline installation, and wellhead-wellsite equipment requirements were to be 
determined and bids requested and reviewed by ISGS and DOE prior to issuing purchase 
agreements. 
 
6.8 Finalize costs and delivery times for selected equipment 
 
Upon receipt of vendor bids, pipeline and wellhead purchases were to be finalized.  This process 
was to include: reviewing vendor bids, preparing recommendations on accepting bids, 
negotiating with equipment suppliers, evaluating proposed changes to specifications from 
vendors, and responding to technical questions from vendors. 
 
6.9 Order pipe, valves, and related transportation equipment (6 months or more for receipt) 
 
Pipe, valves, and related transportation equipment were to be ordered. Capture, dehydration, and 
compression equipment were to be purchased or leased.  Bids were to be collected and reviewed.  
This subtask was to take place 2009. 
 
6.10 Receive, install, and test equipment 
 
Upon receipt of pipe and pipeline related equipment, the installation and testing of equipment 
was to take place. 
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6.11 Modify, as required, and finalize plan for integrated capture and injection operations 
including Health, Safety, and Environment 
 
A final plan for integrated capture and injection operations including Health, Safety, and 
Environment (HSE) was to be developed. 
 
6.12 Full-system operation testing and functional verification 
 
A test of the complete operation for integrated capture and injection was to be conducted for 
verification of full functionality. 
 
6.13 Develop a Blowout Contingency Plan 
 
It was recognized that the loss of control of the injection well might result from factors beyond 
the control of project participants, such as failure of a wellhead component or deliberate physical 
damage inflicted on the wellhead, resulting in an uncontrolled release of CO2 and/or formation 
water.  A contingency plan for such an event was to be developed by experts with appropriate 
experience.  The plan could be fully or partially implemented, depending upon the scope of a 
loss-of-control event and the risk to surrounding persons and property. 

 
Operations 

 
8.2 Inject CO2 on an operational basis 
 
Injection of CO2 was scheduled to begin at the beginning of the second year of Budget 
Period 4.  All equipment, monitoring activities and plans for updating the reservoir model 
were to be fully functional at this point. 
 
8.3 Review and revise operational monitoring and injection schedule as needed 
 
The operational monitoring plan and injection scheduled were to be reviewed 
periodically throughout Budget Period 4, and revised as needed. The DOE was to be 
advised as to changes in the operational plan and injection schedule. 

 
Closure Plan 

 
10.1 Secure wellbore, wellhead, pipeline, and related facilities 
 
If ADM or another company was not interested in pursuing commercialization of the 
injection well, the well will be closed according to Illinois Environmental Protection 
Agency (IEPA) underground injection control (UIC) regulations (a closure plan is also 
required for the UIC application). The plan includes type and number of plugs, location 
of plugs and installation procedures. Various tests are required to provide evidence to 
IEPA that the well is properly closed. These tests include pressure tests, radioactive tracer 
surveys, and specific cased-hole logs (e.g. noise and/or temperature). IEPA requires a 60 
day notice of closure.  The IBDP project team was to deliver a topical report 
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summarizing the final disposition of the well and closure operations (including options 
for continued operation by ADM) and submit this topical report to the DOE prior to the 
conclusion of BP4. 

 
II. Site Development, Operations, and Closure Plan as Executed 
 
The goals established in the SOPO were approached individually by the project partners in the 
most efficient way possible. The objectives and their solutions are outlined and explained below. 
 
Site Development 
 
6.1 Prepare plan for integrated capture and injection operations including HSE 
 
ADM and Trimeric worked together in designing a system that could capture, dehydrate, 
compress, and transport CO2 to the injection well (CCS1) based on the design requirements, UIC 
permit conditions, final CO2 composition and characteristics, and process monitoring 
requirements. Appendix B contains several different reports that Trimeric submitted to ADM as 
part of this design collaboration. 
 
The importance of HSE and risk identification/management was established early in the 
formation of the project, and has continued over the course of the project 
 
6.2 Determine equipment needs for capture, dehydration, and compression 
 
ADM, with Trimeric Corporation, designed and built a 50 MWe multistage CO2 separation, 
dehydration, compression, and transportation system for the express purpose of injecting CO2 
into the Mt. Simon. Appendix B contains reports summarizing this process. 
 
The entire system is designed to safely meet the project goals of producing 1,000 tonnes/day of 
CO2 at the appropriate pressure, temperature, and chemical composition for geologic 
sequestration. In Table 1, the project design and IEPA UIC permit requirements are summarized. 
In Table 2, the CO2 composition requirements are summarized. 
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Table 1. Delivery and Permit Requirements 
Operational 
Parameter 

Project Design Requirement Permit Requirement 

Injection Rate Able to inject at rates ranging from 250-995 tonnes/day ≤1,200 tonnes per day 

Flow Control Maintain within 10% of target flow Not specified 

Max Wellhead 
Pressure 

1,350 - 2,000 psig Max at well head 1,950 psi 

Min Wellhead 
Pressure 

During startup: 0 psig-1,057 psig, during normal 
operations: 1,057 psig 

Not specified 

Pressure Control 
Injection pressure is not controlled when the injection rate 
is specified 

Not specified 

Max Wellhead 
Temperature 

120 °F 150 °F 

Min Wellhead 
Temperature 

88 °F 60 °F 

Temperature Control 
Target set point after reciprocating compressors was 95 
°F. Not controlled if multistage centrifugal pump is used, 
which adds 10 °F to 15 °F to CO2 surface temperatures 

Not specified 

 
Table 2. CO2 Chemical Composition Requirements 

Component Purity Specification 

Carbon Dioxide Minimum 99% 

Oxygen 100 ppmv maximum 

Water 663 ppmv maximum 

 
To accommodate these specific delivery requirements, an integrated facility consisting of 
separation, dehydration, compression, and transportation equipment and hardware was developed 
and built. The surface facility is a 50 MWe multistage CO2 separation, dehydration, 
compression, and transportation system integrated into ADM’s preexisting ethanol production 
plant. Figures 1 and 2 are process diagrams that show both a broad and a detailed graphical 
representation of this. The system takes hydrated (“wet”) CO2 at 1 pound per square inch (psi) 
from the ethanol plant, and sends it through a 1,250 horsepower (HP) 4-stage centrifugal blower 
(Figure 3) and 2 parallel 3,250 HP 4-stage reciprocating compressors (Figure 4) to pressurize the 
CO2 up to 584 psi. After this compression, the CO2 travels through the dehydration facility 
(Figure 5), where the water is removed from the CO2 stream. After this, the now dry CO2 is 
pressurized to 1,400 psi in a final series of reciprocating compressors and a 200 HP 26-stage 
multistage centrifugal pump (Figure 6) that boosts the pressure to approximately 1,950 psi. This 
supercritical CO2 is then transported via pipeline to CCS1.  
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Figure 1. Broad equipment and process flow diagram. 
 

 
Figure 2. Detailed equipment and process flow diagram. 
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Figure 3. This photograph shows the 1,250 HP, 4-stage blower system in the compression 
facility. 
 

 
Figure 4. This photograph shows the one of the 3,250 HP 4-stage reciprocating compressors  
in the compression facility. 
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Figure 5. This photograph shows the triethylene glycol (TEG) dehydration system contactor 
component of the system. 
 

 
Figure 6. This photograph shows the final 200 HP 26-stage multistage centrifugal pump  
in the compression facility. 
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The compression and dehydration facilities use significant amounts of electricity, cooling water, 
and other utilities, including approximately 3,300 gallons per minute of cooling water at 85 
degrees Fahrenheit (°F), 300,000 British Thermal Units (Btu) per hour for the glycol dehydrator, 
5 to 6 MWe of 480 volt 3-phrase electricity, and 4,000 gallons per day of water for the CO2 
compression discharge coolers. These requirements are summarized in detail in Appendix B.  
 
In addition to the separation, dehydration, compression, and transportation facilities, there is a 
separate system designed to keep the annulus of CCS1 within a pressure range mandated by the 
IEPA CCS1 Injection Permit. This annulus pump system is described in detail in Appendix C. 
This system consists of a continuous annular pressure gauge, a sodium chloride water storage 
reservoir, a low volume and high pressure pump, a control box, fluid connections, and electrical 
connections. The control box receives pressure data from the annular pressure gauge and 
operates the pump as needed to keep at least 400 psi of pressure on the annulus at all times. The 
pump is a General Pump Co. Model 1321 triplex pump powered a 1.5 HP Marathon electric 
motor.  
 
6.3 Finalize costs and delivery times for selected equipment 
 
A study was conducted in 2008 by Trimeric to identify the preferred equipment and their 
configurations for this project. Different configurations in the compression regime were 
compared using budgetary purchased equipment costs and the estimated power consumption 
over a 3-year project life. The final configuration consisting of one blower, two screw 
compressors, one reciprocating compressor, and a pump was determined to be the optimal setup, 
compared to a screw compressor option. Eliminating the screw compressors reduced the overall 
complexity of the system and the number of equipment skids. 
 
A refrigeration based CO2 liquefaction and pumping approach had also been considered. This 
approach was found to have higher power consumption and operating costs than the compressor 
option selected. In addition, a solid desiccant dehydration system, such as activated alumina and 
molecular sieves would have been required prior to refrigeration based CO2 liquefaction, and 
would have added to the capital and operating costs making the selection of the compressor 
option the most economical choice. 
 
Air cooled and water cooled heat exchangers were compared for the cooling needs of the project. 
The water cooled heat exchangers were found to provide tighter process temperature control 
within the surface facilities equipment, and be more conducive to the planned indoor installation 
of the equipment, and to have a small overall footprint. The water cooled heat exchangers also 
provided a lower interstage cooling and final compressor discharge temperature on days with a 
higher ambient atmospheric temperature. The combination of these benefits led to the selection 
of the water cooled heat exchangers. The installed water cooled interstage coolers are shown in 
Figure 7. 
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Figure 7. This photograph shows the water cooled interstage heat exchangers in the compression 
facility. 
 
 
For dehydration, both a TEG and a solid desiccant (molecular sieve) system were evaluated. 
Although the molecular sieve system dehydrates CO2 to a much higher degree (1lb/MMscf 
versus 7 lb/MMscf), the TEG system was chosen because it provided an acceptable level of 
dehydration based on the project requirements, and because the molecular sieve system would 
have required higher capital and operating costs. The final installed TEG dehydration unit is 
shown in Figure 5. 
 
After this study was conducted, ADM and Trimeric finalized the equipment costs and delivery 
times in 2009.  
 
6.4 Deliverable – Submit development operations and closure plan to DOE 
 
This document is the Development, Operations, and Closure Plan. 
 
6.5 Order capture, dehydration, and compression equipment (10-12 months for receipt) 
 
The capture, dehydration, and compression equipment order was placed in 2009, and began to be 
delivered in the first quarter of 2010. This is summarized in Table 3 and Appendix D. 
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Table 3. Summary of surface equipment delivery 
Date Delivery 

March 2010 TEG dehydration system arrives 

March 2010 First compressor skid arrives 

April 2010 Multistage centrifugal blower skid arrives 

May 2010 Second compressor skid arrives 

August 2010 Multistage centrifugal pump motor arrives 

August/September 2011 Final equipment commissioning 

 
6.6 Receive, install, and test equipment 
 
Construction of surface facilities and the installation of the surface equipment began in the fourth 
quarter of 2009, and continued through the third quarter of 2011 as equipment arrived on site, 
with the final equipment commissioning occurring in August/September of 2011. Equipment 
testing (venting captured CO2 to atmosphere) occurred in October 2011. The test results are 
summarized in Table 4 and Table 5. The initial CO2 injection test occurred in November 2011. 
The detailed project timeline is presented in Appendix D. 
 
Table 4. Equipment test results 

Location Design (psig) Test Result (psig) Design (°F) 
Test Results 

(°F) 

Blower Inlet -0.3 -0.4 40-90 76-82 

Blower Discharge 14.9 14.7 177-230 220 

Recip Stage 1 Suction 12.1 12.5 90-95 91 

Recip Stage 1 Discharge 60 65 293 291 

Recip Stage 2 Suction 54 58 90-95 92 

Recip Stage 2 Discharge 235 233 313 299 

Recip Stage 3 Suction 228 220 90-95 92 

Recip Stage 3 Discharge 584 573 253 244 

Recip Stage 4 Suction 566 558 95-100 96 

Recip Stage 4 Discharge 1411 1409 272 247 

 
Table 5. CO2 composition test results 

Parameter Design Target Test Result 

Oxygen (ppmv) 7 8-18 

Water (lb/MMscf) < 10 5-9 

Water (ppmv) < 211 106-190 

 
6.7 Determine pipeline, pipeline installation, and wellhead-wellsite equipment requirements 
 
A 6,400 foot long above ground pipeline connecting the compression facility to the injection 
well head was needed to deliver the CO2 for geologic sequestration. The preexisting 
infrastructure at the ADM facility (railroads, buildings, gas/electrical/communication lines, etc) 
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resulted in the necessity of running the pipeline above ground rather than underground. The 
elevated pipeline connection to the wellhead also allowed easy access to the equipment for field 
operations such as maintenance, inspection, testing, and wireline logging.  
 
Because the dehydration unit removes all meaningful water from the CO2 stream to a minimum 
99% purity, corrosion in the transportation pipeline is not a high risk. As a result, the pipeline 
was constructed out of standard carbon steel. 
 
Trimeric undertook a study to determine which size pipeline would be optimal for this project. 
The results of this study were presented in a report which is included in Appendix E. A number 
of different pipelines with diameters were modelled to ascertain which would provide the most 
efficient transportation of CO2 to the wellhead. Based on the fluid velocity, the calculated 
pressure drop, and the energy penalty associated with each pipeline, it was determined that a 6 
inch, schedule 40, X52 pipeline would be the most efficient transportation medium.  
 
6.8 Finalize costs and delivery times for selected equipment 
 
ADM worked closely with Trimeric in finalizing the pipeline costs, based mainly on the pipeline 
study Trimeric performed (Appendix E) and the delivery time of the pipeline, which was set to 
be delivered in December 2009.  
 
6.9 Order pipe, valves, and related transportation equipment (6 months or more for receipt) 
 
The pipeline, valves, and other related transportation equipment order was placed in 2009. 
 
6.10 Receive, install, and test equipment 
 
The pipeline, valves, and other related transportation equipment were received in December 
2009. Installation was completed in July 2010. The equipment was successfully pressured tested 
in July 2010, the results of which are presented in Appendix B. 
 
6.11 Modify, as required, and finalize plan for integrated capture and injection operations  
including HSE 
 
The project experienced several delays due to a variety of factors that resulted in the 
modification of the original plan. There were extensions in the construction phase of the project 
due to permitting delays for CCS1. These delays resulted in commissioning challenges including 
misplaced details, lost and incorrect parts, which pushed back the completion date of the surface 
facilities. The delays were communicated with the project partners, and they did not substantially 
impede ultimate project commissioning success. 
 
ADM has produced several documents designed to aid in the integration of capture and injection 
operations, with a focus on HSE. These documents include a procedure outlining startup and shut 
procedures for both the compression facility and the dehydration facility (Appendix F). ADM 
also developed an integrated plan for responding to an extended pipeline shutdown (Appendix 
F). These documents were developed while Trimeric was on-site to assist in the equipment 
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testing. The plan is designed to standardize the manner in which the CO2 equipment operators 
perform their daily operations and also to assist the equipment operators with minor 
troubleshooting.  
 
The startup and shutdown plan for the compression facility, provided in Appendix F, details the 
operation of the compression equipment including the blowers, compressors, the dehydration 
unit, pipeline, and well head. Included in this document are: start-up procedures for each piece of 
equipment, their normal operating ranges and alarm settings, a process description, and 
shutdown procedures for each piece of equipment. Due to the design of the compression system, 
the start-up of the compression equipment must be done in conjunction with the start-up of the 
dehydration unit.  
 
The startup and shutdown plan for the dehydration facility, provided in Appendix F, details the 
operation of the all the equipment employed in the dehydration process. Because of the highly 
integrated nature of the facility, the dehydration unit startup must be done in conjunction with the 
compression units. This unit works by removing water from the CO2 stream by contacting the 
CO2 with the TEG, which absorbs water out of the gas. 
 
The extended pipeline shutdown plan, provided in Appendix F, details the steps to safely isolate 
the injection pipeline and injection well when the injection facility will be offline for an extended 
period of time, including the pipeline blow-down pressure needed as a function of the ambient 
outside temperature. 
 
These plans are regularly utilized by the CO2 equipment operators to assure adherence to best 
practice procedural guidelines. These plans are also used to train new operators as they come on 
board, and help to assure that the best practices are maintained regardless of the individual CO2 
operator. 
 
6.12 Full-system operation testing and functional verification 
 
Final equipment commissioning occurred in August and September of 2011. Full system 
equipment testing (venting to atmosphere) took place after commissioning in October 2011 (the 
results of which are presented in Tables 4 and 5). After the full system test was completed, an in 
initial CO2 injection test could take place and was successfully performed in November 2011. 
Based on the success of these tests, the project team preceded with full scale CO2 injection at a 
constant rate on November 17, 2011. 
 
6.13 Develop a blowout contingency plan 
 
The Blowout Contingency Plan was developed to define actions necessary in the unlikely event 
of an uncontrolled release of CO2 from CCS1 (the CCS1 wellhead as built is shown in Figure 8). 
The blowout contingency plan is presented in Appendix G. In summary, the document describes 
the scenario of concern, while unlikely, is the loss of pressure control at the well due to all valves 
and safety features at the wellhead being rendered inoperable. The document states that, while 
this scenario is unlikely, the most likely cause of such a scenario would be from an incident of a 
heavy vehicle striking the wellhead. The loss of well control at surface would result in an 
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estimated 3,700 tonnes/day of CO2 being delivered to the surface. Different scenarios, such as 
damage above and below the Master valve, are discussed, as well as treatment options and 
procedures. Immediate first actions and responses to a blowout and logistical considerations are 
also considered. This plan was circulated to and discussed with the project team for use in the 
unlikely event of a blowout. 
 

 
Figure 8. This photograph shows CCS1, as well as the pipeline prior to insulation attached to it. 
 
Operations 
 
8.2 Inject CO2 on an operational basis 

 
Carbon dioxide has been injected on a consistent basis since November 17, 2011. All equipment, 
monitoring activities, and plans for updating the reservoir model were fully functional before full 
scale injection began. ADM monitors the ongoing injection using an integrated monitoring 
system, which combines data from a combination of pressure, flow, temperature, and other 
sensors throughout the capture, transport, and injection systems. This data is analyzed and 
monitored at all times to ensure continued safety during the ongoing injection.  
 
8.3 Review and revise operational monitoring and injection schedule as needed 
 
Operational monitoring and the review and revision process are covered extensively in Topical 
Report 3. 
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Closure Plan 
 

10.1 Secure wellbore, wellhead, pipeline, and related facilities 
 
A well plugging and abandonment plan was developed for the Injection Well (CCS1), the 
Verification Well (VW1), and the Geophysical Monitoring Well (GM1). These plugging and 
abandonment plans are presented in Appendices H and I and detail the exact procedures for 
securing the wellbore at the conclusion of the project. In summary, a workover rig will be 
deployed to the well, which will be used to kill the well through injecting high density well kill 
fluid. The workover rig will proceed to remove all subsurface well features (injection tubing, 
packer, downhole instrumentation) except the casing. If the packer cannot be released and 
removed from the cased hole, an electric line with a tubing cutter will be used to cut off the 
tubing above the packer. Once the tubing is removed, cement will be pumped into the well to 
seal the perforations. The well will then be further sealed through the use of a total of ten cement 
plugs which will be deployed using the balanced plug method. Finally the wellhead, other 
surface equipment, and pipeline will be removed. The separation, dehydration, and compression 
equipment are anticipated to be used in future projects.  
 
III. Unanticipated Results and Lessons Learned 
 
Over the course of the project, there have been several unanticipated results and lessons learned. 
The majority of these are centered on the operation of the surface facilities and equipment. To 
the credit of the team, all of the unexpected challenges were effectively managed and did not 
substantially affect operations or the continuity of the project.  
 
1. The compressor facility has had several shutdowns associated with unscheduled maintenance 
issues and operational contingency due to weather problems affecting the entire ADM facility. 
Performing routine maintenance and scheduled shutdowns for repairs has reduced the number of 
unexpected shutdowns. Unfortunately, there is little that can be done concerning shutdowns due 
to weather (tornadoes and very high winds, severe storms, extreme winter cold, etc.) since 
changing the physical location of both the injection site and the CO2 source is not feasible.  
 
Lesson Learned – Understand that unexpected shutdowns will occur during the normal course of 
operations.  Have a plan for how to manage facility, communications, etc. in the event of 
unexpected shutdowns. 
 
2. The pipeline which transports the CO2 from the final stage of compression to the well head of 
CCS1 was losing a significant amount of heat, especially during the winter when there is a larger 
difference in temperature between the CO2 stream and the atmospheric temperature. This 
resulted in the CO2 having to be injected at a lower injection pressure. The lower injection 
pressure caused problems controlling pressure both in the pipeline and at the wellhead of CCS1. 
To counter this, the 6 inch transportation pipeline was insulated to help minimize heat loss. The 
insulation stabilized the pressure and temperature of the CO2 arriving at the wellhead and in the 
pipeline. Future CO2 injection projects operating in cold regions should have an insulated 
pipeline to prevent such an occurrence. 
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Lesson Learned – Future CO2 injection projects operating in cold regions that have an above-
ground pipeline should insulate the pipeline to prevent such an occurrence. 
 
3. During shutdowns CO2 may begin to separate into a gas phase and a liquid phase. If this 
occurs, when CO2 injection is resumed, there could be slugging in the pipeline. To prevent this, a 
blow-down valve was installed at the lowest elevation point in the pipeline, allowing operators to 
bleed the pipeline of the gas/liquid CO2 until steady liquid CO2 is produced. The blow-down 
valve is then shut and the wellhead opened. 
 
Lesson Learned – Plan to have a blowdown valve at the lowest point in the pipeline to bleed gas 
and liquid from the line. If the pipeline for the project is underground, another method of 
bleeding gas and liquid from the line will have to be implemented. 
 
4. During the winter months, the brine used to keep the annular space of CCS1 pressurized is in 
danger of freezing at the well head where the annulus pressure line connects to the annulus valve 
at the well head. The result of which would cause the annular pressure to fall below the 
regulatory limit. To counter this, nitrogen gas can be hooked up to the CCS1 annulus to keep the 
pressure above the regulatory requirements. 
 
Lesson Learned – Local extreme temperature considerations should be given to annular pressure 
maintenance systems. 
 
5. During compression, a small amount of compressor lubricating oil is introduced into the CO2 
flow stream. The presence of this oil was discovered in the injection tubing during wireline 
logging. The residue was analyzed and determined to be consistent with the compressor oil being 
used. This led to concerns that the oil could be entering the injection formation, resulting in 
permeability impairment. Changing the compressor oil would most likely not reduce the change 
of trace amounts of oil being injected along with the CO2, so there is little that can be done from 
an operational standpoint. 
 
Lesson Learned – Where applicable, be aware that small amounts of compressor oil may enter 
the injection system. 
 
6. The shell and tube cooling water exchangers for the blower and compressors were using water 
that was out of the range of specifications for the system, which could increase the risk of 
corrosion and fouling the inside of the exchanger and in the cooling water return system. This 
was fixed by adjusting the CO2 temperature control set points, resulting in a pre-pipeline CO2 
temperature of 98 °F. 
 
Lesson Learned – Always be cognizant that system inputs remain within specifications. Even 
using cooling water that is slightly outside temperature specifications can negatively affect the 
overall system performance. 
 
7. There were some difficulties when starting up the integrated separation, dehydration, and 
compression system. When the compressors are brought on and off-line, the pressure is very 
difficult to control using the pressure vent valves downstream of the blower and the pressure 
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vent downstream of the reciprocating compressors. To help offset this difficulty, the vent 
downstream of the compressor was tuned and the compressor discharge pressure shutdown set 
points were widened. This resulted in a much less varied pressure output, and a reduced 
difficulty in startup and shutdown. 
 
Lesson Learned – Human factors in the difficulty of fine tuning pressure venting must be 
considered in system design. Safe, automated shutdown windows should be set as wide as 
possible to ease the process. 
 
8. An automated nitrogen purge piping was installed with the compressors to help remove 
hydrated CO2 from the system following a shutdown of the compressors. If this hydrated CO2  
is not removed it can cause severe corrosion in the carbon steel components of the system, and 
could cause damage to the suction side of the compressor system when the compressor is 
restarted. However, the amount of nitrogen used disrupted other users of nitrogen in the ethanol 
plant. Trimeric recommended installing a flow restriction orifice to the nitrogen purge lines to 
allow purging of the compression equipment without adversely impacting other plant operations 
that use nitrogen. This resolved the nitrogen disruption in the ethanol plant. 
 
Lesson Learned – Nitrogen purging may be necessary on the compressors to prevent corrosion. 
Plans should include contingencies for large amounts of nitrogen to be available following a 
shutdown specifically for this purpose. 
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IV. Conclusions 
 
The site development and operation portions of the IBDP have been very successful to date. 
ADM and Trimeric developed efficient separation, dehydration, compression, and transportation 
systems to take the CO2 created as a byproduct from ethanol production and deliver it to the 
CCS1 wellhead to be injected into the Mt. Simon Formation.  
 
Studies were undertaken to determine and optimize the specific equipment needs for these 
systems, the equipment was then ordered, delivered, installed, and tested. During the testing, 
standard operating procedures were put in place for the operation of these integrated systems. A 
blowout contingency plan was developed and shared with the project team to utilize in the 
unlikely event of a blowout. Ongoing, full scale CO2 injection operations commenced in 
November 2011, and have continued to date (August 2014). The project has not concluded or 
reached the project goal of injecting 1,000,000 tonnes of CO2 as of the date of this report, but is 
expected to reach this goal in November 2014. A comprehensive site closure plan is in place 
which will allow for the safe plugging and abandonment of the injection well when required. 
 
The teamwork and communication between the performing partners has been very strong, and 
has been a defining factor in the success that the IBDP has demonstrated. 
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V. Appendices 
 
Appendix A: An Assessment of Geological Carbon Sequestration Options in the Illinois Basin – 
Phase III – Midwest Geological Sequestration Consortium 
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Appendix B: Trimeric Design Reports 
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Appendix C: Annulus Pump Document 
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Appendix D: Project Timeline 
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Appendix E: Trimeric Pipeline Report 
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Appendix F: ADM Standard Operating Procedures 
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Appendix G: Blowout Contingency Plan 
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Appendix H: Well Closure Plan 
 



379 
 

The following is an excerpt from the Revised UIC Form 4g document. 
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Verification Well #1 (VW1) Plugging and Abandonment Exerpt
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