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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.



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 COz 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
COz 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 COz,
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 CO: injection tests were conducted in
November 2011, and the commencement of operational COz2 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 COz at the date of this report, site closure has
not yet occurred.



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
COa. 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.



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.



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



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.

I1. 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 CO: 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
COz 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.



Table 1. Delivery and Permit Requirements

Operational Project Design Requirement Permit Requirement
Parameter
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 1,350 - 2,000 psig Max at well head 1,950 psi
Pressure
Min Wellhead Durlng startup: 0 p51'g-1,057 psig, during normal Not specified
Pressure operations: 1,057 psig
Pressure Control ynjecn(’m pressure is not controlled when the injection rate Not specified
is specified
Max Wellhead 120 °F 150 °F
Temperature
Min Wellhead 88 °F 60 °F
Temperature
Target set point after reciprocating compressors was 95
Temperature Control | °F. Not controlled if multistage centrifugal pump is used, | Not specified
which adds 10 °F to 15 °F to CO, surface temperatures

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 CO:2 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””) COz 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 COz travels through the dehydration facility
(Figure 5), where the water is removed from the COz stream. After this, the now dry COz 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 COz is then transported via pipeline to CCS1.
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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 CCSI1 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 COz2 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 (11b/MMscf
versus 7 Ib/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 COz 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(ole)suIts
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 (Ib/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 COz 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 CO: 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 COz 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

18



estimated 3,700 tonnes/day of COz2 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.

g 4 bl gw. b4 7 )

Figure 8 This photograph shows CCSI1, 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.

I11. 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 COz 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 COz 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 COz arriving at the wellhead and in the
pipeline. Future CO: 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 COz 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 COz2 until steady liquid COz 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 COz, 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 CO: 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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1. 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 COz 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 CO: 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 COz2 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

24



An Assessment of Geological Carbon Sequestration Options
in the Illinois Basin—Phase 111

Midwest Geological Sequestration Consortium

Statement of Project Objectives
Revised January 2008
Revised July 2009
Revised September 2009
Revised January 2010
Revised February 2010
Revised September 2011

Revised Aprl 2012

A. DRIECTIVES

The goal of the Phase [Tl amendment 1o the work of the Midwest Geological Sequestration
Consontium (MGSC) is to demonstrate the ability of the M1 Simon Sandstone, a major regional
saling reservoir in the Hlinois Basin, to accept and retain 1 million fons of carbon dioxide (C0y)
injected over a period of three years. The site under development is on the property of the Archer
Damiels Midland (ADM) Company in Decatur, linois, and the source of the CO» is ADMs
ethanol fermentation operation at their Decatur facility. A detailed pre-injection site assessment
and dnlling of one injection well took place under the saline reservoir task {Task 12) of our
Phase 1l effort to characterize the site and ensure its suitability. Phase 1 activities have been
overlain on the Phase 11 ¢ffont to make the site suitable for a large-scale injection test. By linking
Phase 11 and proposed Phase 111 1asks, our goal is to reduce costs and test large-scale
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sequestration sooner than might otherwise be possible. We believe this is an important objective
given the increased costs for steel pipe, drilling, well logging, and other oil field services that

have occurred since Phase I was proposed. Outreach pathways to government, business and the
general public have been defined and represent a continuation of those efforts under Phase I but

at a restricted level

B. SCOPE OF WORK

The MGSC Phase III large-scale injection test focuses on acceptance by the saline reservoir of the
CO; (injectivity), ability of the reservoir to store the CO; (storage capacity), the integrity of the
seals and of the entire site, and the entire process of pre-injection characterization, injection
process monitoring, and post-injection monitoring to understand the fate of the CO;. These targets
can be summarized under the general processes of modeling, capture, injection, and monitoring.
Reservoir modeling will incorporate data developed prior to injection as the site is initially
characterized, data developed from the initial well drilled on the injection site, and data collected
as injection proceeds. The MGSC has initially characterized the Phase I11 site using orthogonal
2D seismic lines to confirm the geological structure at the site and to test for any seismically
resolvable faults that may exist. A well was drilled through the entire Mt. Simon Sandstone to the
underlying granitic basement and included extensive logging, core sampling, and fluid sampling
to build a comprehensive reservoir model at the site. This model will guide our understanding of
the distribution of CO; once injected and of the potential reactivity of the CO; and CO»-laden
brine with the reservoir and the seals. The model will be expanded as more data are derived from
a baseline 3D seismic survey and will be used to predict where additional geophysical surveys
should be deployed as CO; is injected. The sequestration site at the ADM facility will be supplied
with 99 percent pure CO; from the ethanol production part of ADM’s operations. Injection at a
nominal daily rate of 1,000 tonnes per day will begin in February 2011. The CO; will be supplied
by the ADM from their ethanol fermentation plant at their Decatur, [llinois agricultural products
processing facility. The initial injection zone is near the base of the Mt. Simon Sandstone based

on regional geology and well logs and core samples taken from the initial well drilled on the site.

The commaodity cost of the CO; will be supplied as cost share by ADM while the project will fund

the dehydration, compression, pipeline, and related facilities to deliver the CO; to the wellhead in
a supercritical state.
The Phase III efforts will continue to refine some of the MVA techniques utilized in Phase I and

2
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seek to understand potential leakage pathways of the larger scale test, provide post-injection
monitoring, and provide assurance that health and safety requirements are fully taken into
account. Initial site environmental monitoring is designed, for a selected number of parameters
as possible consistent with budget, permitting and timing of drilling, to obtain a baseline of
environmental parameters for at least one year before CO; is injected. We will continue with a
strong emphasis on capture and transportation during Phase 1, but will significantly restrict

public outreach and education due to budget limitations.

C. TASKS TO BE PERFORMED

1. Regional Characterization
1.1 Acquire and evaluate nearest existing geophysical data

Conduct a study to determine if there exists any commercially available seismic data and deep
well logs that the project does not currently have access to. Those data will be evaluated to help

refine the regional geologic setting of the proposed test site in Decatur, [llinois.
1.2 Shoot N-5 and E-W 2D seismic lines

Two, 2D seismic lines (N-5 and E-W) will be shot to provide better local characterization of the
Mt. Simon and depth to basement (granite) at the ADM site. Mt. Simon and St. Peter structure
and isopach maps will be made of this immediate area. Because the proposed site is part of an
ethanol plant complex and some of the nearby areas are commercial and residential, the
acquisition of seismic data will provide unique opportunities to acquire analyzable seismic data in
complex surface settings. This procedure is likely to be adaptable to other areas with sources in

and/or around industrial plant complexes and developed areas.
1.3 Process and interpret 2D data to validate site

The processed data will be reviewed for evidence of faulting and/or fracturing that could
compromise the injection at this site. Lack of such evidence will only be confirmed relative to
the resolution of the seismic data which will depend on final acquisition parameters and site

conditions.

1.4 Review and update regional Mt. Simon and St. Peter maps (structure, isopach, etc.)
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Local characterization (within a few square miles of the proposed injection well site) and pre-
injection geophysical analyses will be used to improve the regional and local geology around the
site. These data include open-hole well logs and interpretation of 2D seismic data that will be
acquired early in Phase [IL There are three Mt. Simon penetrations in the region that were used in
the assessments to-date; however, one only penetrates the upper 200 feet or so of the Mt. Simon.

These wells will be used to further approximate regional capacity.
1.5 Review and update hvdrological regime for north-central Hlinois Basin

The project will collect additional information and refine the hydrologic models of the north
central [llinois Basin. Improving the understanding of the regional hydrological regime of the Mt
Simon is part of the regional characterization. The work will focus on better defining storage
efficiency and potential movement of CO» due to naturally oceurring pressure gradients and

basinal flow patterns within the Mt. Simon.
1.6 Use regional characteristics to define subregional geologic and hydrologic setting

After injection, specific seismic and other data will be measured, analyzed and modeled and to
improve the estimate of storage efficiency for the Mt. Simon. Using the newly acquired results,
additional refinement to the methodology of estimating regional capacity of the Mt. Simon will

be made and contributed to updates of the National Atlas.

1.7 Define data needs for site characterization

Following this preliminary assessment, additional data needs will be identified for the site
characterization effort. Data needs would be defined for, but not limited to, well bore,
subsurface geology, to identify injection zones, define faults and fractures, and baseline
information in preparation of monitoring during operations. The project will particularly focus
on the data needed to image the injected plume geophysically given the constraints of surface
access due to industrial operations and other surface features. Refinements to technology or
interpretation of seismic data will be tested during the project. A well with a permanently
installed geophone array will be tested and used to run repeat radial VSPs for plume imaging. A

Topical Report will be prepared on the preliminary site and regional characterization outcomes.

1.8 Update regional CO; emissions
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Characterization of emission sources in the lllinois Basin under Phase 11 will be carried out.
Additional data from industrial sources, such as food processing and automobile manufacturing
plants, will also be collected. Detailed characterization of CO; emission sources will be conducted
to identify those sources that have the most attractive overall economic performance potential for

large-scale capture and transportation.

1.9 Update regional characterization based on project wells

Various tests and interpreted results are planned at the test well site to improve the understanding
of the storage mechanisms of COs (e.g. dissolution and capillary trapping) and refining the
methodology used to estimate the CO» storage capacity of the Mt. Simon. The wells planned at
the site will give well-characterized data points to update regional understanding of Mt. Simon
capacity. The statistical based methodology used in the Carbon Sequestration Atlas of the United
States and Canada (National Atlas) (DOE, 2007) will be tested and refined. In that study, 1-4% of

the bulk volume was estimated to be accessible for COs storage in the Mt. Simon.
1.10 Update regional geology based on Hancock County, KY well

The drilling of a new, deep sequestration test will in Hancock County, KY in 2009 has allowed
funding and acquisition of new core in the Precambrian and overlying stratigraphic units that will
afford new insights in the depositionally downdip sediments of the Illinois Basin. The core
descriptions, well log data, and test results from this well will be mtegrated into our regional
understanding of the reservoir quality of the Mt. Simon and Precambrian units that serves as
reservoirs or basal seals for injected fluids. This is a particularly important well because there
are no other deep penetrations in the far southern part of the basin from which this information

can be developed.
1.11 Storage capacity characterization

Apply new knowledge gained in the course of project work to assist DOE in updating
characterization of reservoir storage resources. Participate in work groups and assist DOE in
developing storage capacity atlases based on new assessments and approaches. Ensure that
approaches are consistent with common o1l and gas resource assessment approaches. Engage

outside industry expertise, as appropriate, for support and review.

1.12 Develap, Test, and Calibrate a Universal Methadology to Estimate CO; EOR and Storage
Capacity
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Develop general CO; EOR performance curves that reflect lllinois Basin (ILB) geologic
formations. Develop a rigorous geologic and reservoir model to test and calibrate the general
performance curves. Perform a surface facility study including capital and operating expenses.
Develop guidance on applying the performance curves to other basins and geologic formations.
This work will be performed with some assistance from Advanced Resources International
(ARI), whose contribution to this effort will be funded from a separate DOE supported project
(NT42590). The work described below is that which will be performed by the recipient. It is
anticipated that travel to ARI's office is Houston, TX will be necessary on occasion to facilitate

information exchange.

1.12.1 Derive CO; EOR Performance Curves Based on lllinois Basin Geologic Formations

Geologic and reservoir models from MGSC’s Phase I assessment to derive oil recovery and
storage factors for specific geologic formations in the Illinois Basin will be reviewed and
studied for use in developing CO; EOR performance curves. These curves can be normalized
for use in other lllinois Basin fields and possibly other basins with similar geologic
depositional systems and 0il-CO; characteristics.

1.12.1.1 Review existing Phase I geologic and reservoir models

The MGSC Phase | models were intended to represent three of the most prolific oil
producing geologic formations in the Basin. The data used was from specific oilfields
but were intended to represent the geology and not the oilfield. Specific history matches
were not attempted and primary production and waterflooding in these models was based
on general understanding of the ILB’s historical oilfield development. Additionally, to
support the volumetric approach of estimating CO; EOR and storage, only the final

estimate of oil recovery and CO; storage efficiency were used from each model.

Each model was run to relatively high produced CO;-oil ratios with no consideration of

economics because the objective was to estimate the CO, EOR resource, not reserves.

Specific details of each model that will be reviewed are as follows:

. relative permeability
. geologic boundaries
. well spacing and injection pattern size and shape
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. fluid characterization (pseudo-components)

. equation of state parameters

. injection schemes (e.g. WAG and continuous)

1.12.1.2 Run new maodels as determined by subtasks 1.12.1 . and {.12.1.2

New models for different well spacing WAG ratios, injection rates, and patterns will be
re-run as necessary. ARI will be included in this decision to make new projections with

the new models and a general assessment of the existing models.

1.12.1.3 Develop and assess preliminary set of performance curves

After the models have been determined useful for providing data to develop the
performance curves, the annual production and injection data from the Phase | models
will be extracted. The data will be grouped by geologic formation, miscible or
immiscible flood type, and WAG or continuous CO; injection scheme. Several
normalization algorithms will be attempted to provide multiple performance curves.
Example of normalization algorithms may be with respect to the OOIP, HCPV, acreage,
injection well count, and injection pattern count. An attempt to quantify heterogeneity
similar to Dykstra-Parson or Lorenz Coefficients will be made. Particular emphasis will
be given to geologic compartmentalization with respect to well spacing which is a
particular concern in flooding of ILB oilfields. ARI's estimates of CO; EOR and storage
using economic criteria with the preliminary performance curves will be compared to

MGSC’s current estimates using Phase [ methodology.
1.12.2 Build a New Geologic and Reservoir Model

Starting with one of the Phase I models, a new geologic model will be the basis for a new

reservoir model for a specific ILB oilfield. The choice of the field will based on a review of

the Phase [ models and the current operator/owners interest in providing additional field data.

This activity 1s designed to be similar to what a company may be required to do to select an

EOR site from a previous site screening process. This will be based on Jarrell et al. (2002)

recommendations for a CO2 EOR scoping study. Performance with preliminary performance

curves will be compared.
1.12.2.1 Identify oilfield for scoping study

The selection of the field will be based on available data and operator/fowner interest in
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providing support to this proposal. ARI will be included in this decision so that the

choice of fields compliments their proposed tasks.

1.12.2.2 Obtain representative crude oil and core samples, collect oilfield historical data,

and obtain representative crude oil and core samples

Availability of core will be sought through the ISGS core library. The crude oil samples
will be acquired directly from the operator. Data typically not available to the public is

the historical production, injection, and pressure data as well as the well file records that
include well performance and workover records. This will be obtained directly from the

operator.

1.12.2.3 Develap a new geologic model and geostatistical model

Starting with an existing model, alternative geologic models that may be equally likely
for this specific oilfield will be considered. Specific improvements will be on model
boundaries, depositional environment, and petrophysical relationships (e.g. porosity and
permeability). Multiple geostatistical models that represent the Basin’s geologic
formations will be reviewed and prioritized as most likely to represent the specific
oilfields historical development and production. Improvements will be made to enhance

the porosity and permeability relationships used in the original models.
1.12.2.4 Fluid properties: MMP, Sor and EQS

To give general guidance to the PVT work, the minimum miscibility pressure (MMP) of
the crude oil samples will be measured. This will also be important calibration data to
the EOS tuning process. Core floods will be carried out to estimate end point saturations
and relative permeability for use in reservoir models. An equation of state (EOS) will be

tuned to the slimtube results and any fluid data available from the operator.
1.12.2.5 Reservoir model calibration

Starting with the geostatistical representation of the oilfield’s geology, the reservoir
model will include the tuned EOS and relative permeability endpoint data. History
matching will be completed for the primary and waterflood production of the mlfield.
This calibrated model will be used to make projections of CO, EOR floods for specific

comparison to the preliminary performance curves from subtask 1.12.1

1.12.2.6 Comparisen and calibration of performance curves to model results
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The projections from the specific reservoir model will be used to test the effectiveness of
the performance curves. Adjustments will be made as necessary to calibrate the curves to

this model.

1.12.3 Identify Capital and Operating Expenses Specific to [llinois Basin Oilfields

Important to any CO; EOR economic model is the capital and operating expenses of
equipment required to handle the production and re-injection of CO,. Because of the
differences between Permian Basin and [llinois Basin oil reservoirs, a study will be
undertaken to identify how these differences affect facility design and operating expenses.
The age of wellbores in the Basin will be an important consideration in CO, EOR in the ILB.
Cases considered will be to re-drill all wells, re-drill injection wells only, and workover of

existing wells only.
1.12.3.1 Review of lllinois Basin historical oilfield operations

Key operational components that are anticipated to directly affect Basin CO, EOR
projects will be identified. Those that are projected to have the greatest impact on
economic and technical success of the flood will be prioritized for integration with other
subtasks and ARI's economic analyses.

1.12.3.2 Hiinois Basin production and injection facility design

Equipment requirements for CO, re-injection (compression), gas-liquid separation, and
production of NGLs that may be enhanced from CO; stripping hydrocarbons from the oil
will be included. A cursory design of a “likely” [llinois Basin oilfield CO, EOR facility
will be completed for a low pressure and high pressure case with and without NGL
separation of the re-injected CO- stream. Estimates of capital and operating expenses of
the equipment will be made. Results of this subtask will be provided to ARI for their

economic analyses.

1.12.3.3 Pre-C(); injection well work projections

In order to have as likely as possible field implementation scenarios in the economic
models, a cursory review of Basin wellbores will be made. The purpose will be to

establish types and frequency of well workovers and injection and production flow line

maintenance that are typically required. This information will be used to describe
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preparatory work and related expenses to start a CO; flood in the Basin. Results of this
subtask will be provided to ARI for their economic analyses.

1.12.4 Documentation of Use of Performance Curves

The final documents will be comprehensive discussions of the use of the performance curves

for more general use in other basins and geologic formations.
1.12.4.1 Document design of general CO> EOR facility for ILB

A report on a CO; EOR facility for ILB will have general interest for many other oil
producing basins” operators with less knowledge of facility requirements compared to the
Permian Basin of Texas. The projected expenses will improve screening and scoping

economic analyses for this work and other companies interested in the ILB.
1.12.4.2 Document process of building model to calibrate the performance curves

The methodology used to derive the performance curves from geologic and reservoir
models will be documented. The use of data from a history matched reservoir model to

calibrate the performance curves will be included.
1.12.4.3 Document recommended use of performance curves

In addition to documenting the methodology, the application of the performance curves
to the Basin's oilfields and the anticipated application of these curves to other basins with

similar geologic formations and crude oil characteristics.

1.12.4.4 Document comparison of Phase I EOR and Storage Resource Assessment and

results of this study to the for ILB

An update of the MGSC’s Phase | EOR Storage Resource Assessment will be made using
the results of the preliminary and final performance curves and economics for Illinois
Basin oilfields. The update will include the classification of Prospective Resource in
terms of sub-classification from Site Screening, Site Selection, Initial Characterization,
and Evaluation Process (Rodosta et al, 2011). This document serves as an example of the
use of the classification system for use in improving CO» storage assessment for other

RCSPs.



2. Public Outreach and Education

The goals of the MGSC outreach program are to ensure that sufficient outreach is conducted in
the field site area, to build informed and supportive constituencies, and to participate in
international technology transfer and networking events in support of DOE’s international
collaboration initiatives. The latter goal will require international travel to International Energy

Agency Network events and to Greenhouse Gas Technology Conferences in 2010 and 2012,
2.1 Adapt Phase Il materials to explain Phase Il larger-scale test

The MGSC outreach program goal 1s to ensure sufficient outreach is conducted in the field site
area and to build informed and supportive constituencies. The outreach effort initiated in Phase
Il will be continued through Phase III. The project will deliver presentations, develop
mformation materials and work with contacts at the Decatur school district, and Richland

Community College, on a limited basis.
2.2 Work with partners to develop print and digital site-specific outreach materials

The MGSC will develop materials that synthesize research results and/or convey basic geological

concepts in ways that are comprehensive and appropriate for multiple audiences.
2.3 Design outreach plan for test site area in cooperation with ADM

Focus will be on sequestration-related communication for the general public. The outreach
program will consist of support for the pilot site and the entire sequestration effort of the MGSC,
scientific staff, industrial partners, and subcontractors. In collaboration with ADM and
Schlumberger personnel, an outreach plan specific to the injection project will be developed from

Phase II pilot outreach meetings and engagement with the public and government agencies.
2.4 Initiate outreach plan for public

Businesses, organizations, and/or individuals in the immediate area will be contacted to discuss
the project. Briefings will be held for local, city, and county officials to learn about this project.
A summary of the discussion, including concerns and support of the projects, will be

documented.

2.5 Improve outreach materials as more data are developed
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Website materials will be updated and improved as data are collected from the active phases of

the injection process.
2.6 Maintain stages of outreach plan as project proceeds

The MGSC outreach program’s effectiveness will be assessed prior to each budget period and

efforts will be documented.
2.7 Participate in International Technology Transfer and Networking Events

The MGSC will participate in international conferences and technology transfer events in
support of DOE’s international collaboration initiatives to inform the international community of

MGSC activities and achievements and to share lessons learned.
3. Permitting and NEPA Compliance
3.1 Define permits required and prepare permit requesis

A preliminary meeting has already been held with lllinois EPA officials with respect to
permitting the deep saline reservoir test. It is unclear whether we will be able to permit the well
as UIC Class V Experimental or Class | Non-hazardous. Further dialogue will be required to set

a direction as we develop the needed information for the permits.
3.2 Complete NEPA questionnaire(s) related to field operations

We will submit a NEPA questionnaire(s) or other required NEPA information to allow the DOE

project manager to determine what further steps are necessary to meet NEPA requirements.
3.3 Deliverable — Submit NEPA support documents to DOE

Support documents will be submitted as needed which describe the project operations, site

locations, and other information, as requested from DOE, to support the NEPA process.
3.4 Support public and government involvement as permit process proceeds

The UIC permit process will likely involve a public hearing to allow us to proceed with drilling
the well. Supporting this process may involve meetings with local officials, ADM staff open
houses, or similar efforts to support the permitting process as it proceeds. (Brief summaries of

the public meeting will be submitted to DOE within 7 days of the meeting)
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3.5 Deliverable — Submit permitting action plan

The Permitting Action Plan will be developed and submitted to DOE. This Plan will document
the agencies and information required for the UIC permit. The permit will be sought early in
Budget Period 3; this plan will have schedules of application submission and anticipated approval
dates. NEPA activities will be included in this Plan.

3.6 Apply for UIC permit

A submission to the lllinois Environmental Protection Agency (IEPA) will be made for UIC Class
I (non-hazardous) or Class V permit for the CO; injection at the ADM site. While USEPA
guidelines suggest UIC Class V, for precautionary reasons only, this well will be designed to meet
Class | requirements, as such the Class V permit application will likely adhere to Class [ (non-
hazardous) requirements. Furthermore, this will provide increased opportunity for ADM or
another company to commercially use this site afier the DOE-funded project is completed. Per
the UIC regulations, the application must be submitted and approved prior to drilling the well.
An area permit application is an option that may be useful for applying for a permit for the
injection and two verification wells simultaneously. Otherwise, individual well permits may be
sought. Upon submittal of the permut application, the IEPA will review and process the UIC
permit in a period of 60-90 days, which includes a 30-day public comment period that is open at
the same time [EPA is reviewing the permit application. The well construction permit will be
issued using best-known data, which must be supplemented with a completion report completed
prior to IEPA authorizing permission to operate the well. The completion report includes updated
information acquired from the newly drilled well. Topical Report — Summary of the UIC
permitting process which will include copies of the permit applications for drilling and UIC

injection.
3.7 Receive prefiminary UIC permit - Milestone

The preliminary UIC permit is estimated to be obtained in the first six months of BP3 (based on
60-90 day turn-around time and public notice period). Final UIC operating permission will be
granted upon submission of a completion report, which includes specific data from the drilling of

the injection well.

3.8 Receive final UIC permit - Milestone
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The final operating permit will incorporate reservoir and other information from the injection

well and will allow injection to proceed.

3.9 Prepare application for UIC Class VI permit

A UIC program injection well application to convert the injection well from Class 1 Non-
hazardous to Class VI will be prepared in accordance with 40 CFR part 146 requirements and
submitted to USEPA Region 5 by the December 10, 2011 deadline set by USEPA. The Illinois

EPA has likewise made this submittal a requirement of our Class I Nonhazardous UIC permit.
3.10 Receive NEPA clearance to inject - Milestone

NEPA clearance to inject will be required in advance of initiating large-volume injection.
3.11 Participate in International Technology Transfer and Networking Events

The MGSC will participate in international conferences and technology transfer events in
support of DOE’s international collaboration initiatives to inform the international community of

MGSC’s permitting issues and activities and to exchange ideas regarding regulation and policy.
4. Site Characterization and Modeling
4.1 Assess options, costs, applicability. and deployment needs for available technologies

Following the comprehensive inventory of currently available data and modeling based on Mt.
Simon analogs to the ADM site (Task 1). plans will be made to obtain additional data to support
detailed characterization of the site development and injection operations. This will include costs,
applicability, and deployment needs for available technologies while considering permitting

requirements.
4.2 Select technologies to meet site characterization and compile into plan

Given the available data, and given the surface features at and surrounding the site, geophysical,
well logging, surface monitoring, and other technologies will be identified and selected to meet
site characterization requirements. This includes technologies needed to generate data for

reservoir monitoring.
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4.3 Deliverable — Submit Site Characterization, Modeling, and Monitoring Plan to DOE

Based on this work (Subtasks 4.1-4.2), the Site Characterization, Modeling and Monitoring Plan
will be developed and submitied to DOE for approval (Topical Report).

4.4 Perform 2-D geophysical testing and interpretation to validate drill site selection

2-D geophysical testing and interpretation will be conducted to validate drill site selection.
Vertical seismic profiling (VSP) will be utilized to further validate the site selection following
the drilling of the injection well. VSP can be readily repeated and seismic source locations

easily reoccupied for comparison during later surveys.
4.5 Perform 3-D geophysical testing and interpretation to validate drill site selection

A baseline 3D seismic survey will be conducted. The survey will provide a key volume of data
for delineation of any faults and fracture systems not previously identified and for post-injection
assessment of the position of the CO; plume. The volume will also be useful for identification of
any of the well-derived data, such a porosity zones seen on logs that may be extrapolated in three
dimensions. The lessons learned on ability to use 3-D seismie in the region and effects of

surface restrictions on data quality will be considered.
4.6 Define monitoring objectives

Measurement, mitigation, and verification (MVA) will be planned to understand the fate of the
injected CO; and any potential for it to reach the environment in an unintended manner. It is
envisioned that the MV A program will be dynamic such that as information is collected through
the life of the project, monitoring can be directed toward areas that pose the greatest risk.
Monitoring objectives will be defined with a focus toward increasing understanding of near
surface properties, subsurface properties and structure to evaluate with confidence the capacity,
injectivity, and containment performance of the Mt. Simon Sandstone and the primary Eau Claire
Shale seal. A specific program will be designed to provide the environmental parameters

necessary to detect and understand any unplanned releases of CO,
4.7 Carry out modeling to validate objectives

Models planned for use in verifying the fate of CO; will include in-zone modeling using
Schlumberger’s Eclipse model and out-of-zone modeling like the TOUGH series by Lawrence
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Berkeley. However, scenarios will be limited until additional Mt. Simon wells are drilled and the

subsequent data obtained are included in the models.

4.8 Determine parameters, techniques, and equipment needs

Parameters, techniques, and equipment needs for site characterization will be determined. The
tests anticipated to provide detailed site characterization and model input and verification
parameters include:

* 2D and 3D geophysical testing and interpretation.

* Interpretation of two orthogonal lines (acquired in Task 1) of 2D seismic along the west
and north boundaries of the injection well site to assess structural closure and evaluate
reservoir targets for thinning, pinchouts, and detectable faults that could impact target
reservoir occurrence and seal integrity.

+ Shoot, process, and interpret a block of 3D seismic data to verify conclusions from 2D
lines, provide greater detail of structural and stratigraphic configuration, provide an
analysis of any detectable faults or fractures stretching from the caprock into the
overburden, and serve as baseline for reservoir and fluid distribution within the Mt. Simon
and shallower zones. Optimize acquisition for seismic resolution at the depths of the saline

reservoir.

Other approaches to this subtask may be selected from among the following:

Monitoring Technique Purpose
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Ambient air quality momtoring

1) Measure CO;
concentrations at/mear injection
well to maintain safety
standards.

2) Carry out atmospheric
dispersion modeling for the site
to inform fate of any
inadvertently emitted CO».

Insure safety of employees.

Model distribution of CO; at the site to inform on atmospheric distribution in the
event of a larger leak.

3D seismic and VSP surveys

Confirm injection formation and seal structure, monitor CO» migration pathways
and size of plume

Injection well logging

Validate integrity of injection well, monitor storage formation and seal, measure
formation resistivity, seismic velocities, moisture, gas, salinity and hydrocarbon
content around well casing

Measure pressure, gas content
and isotopic signature in
injection well casing and annulus

Safety monitoring to restrict over-pressuring of formation, and determine
COy/formation reactions

Monitor injection formation (Mt.
Simon) and Galesville formation
immediately above Eau Claire
caprock pressure, temperature,
gas content, and formation fluid
chemistry

Monitor CO; reactions with formation matrix and fluids, determine changes in
formation overlying caprock seal that would indicate CO; leakage.

High resolution earth resistivity
surveys around injection

Monitor occurrence of gas in subsurface to validate integrity of seal formation,
injection well, and other potential migration pathways to the biosphere

Measure CO; concentrations and
isotopic signature in vadose zone

Monitor CO; concentrations and isotopic signature in vadose zone to validate
integrity of seal formation, injection well, and other potential migration pathways to
the biosphere

Determine shallow groundwater
flow direction and model
groundwater transport., install
monitoring wells, conduct
geophysical logs, measure water
quality of shallow groundwater,

Monitor changes in water quality after CO; injection to validate integrity of seal
formation, injection well, and other potential migration pathways to the biosphere

Measure water quality from
potential production wells

Monitor changes in water quality after CO; injection to validate integrity of seal
formation, injection well, and other potential migration pathways to the biosphere

Aerial imaging of injection site

Monitor vegetative conditions using IR imaging to validate integrity of seal
formation, injection well, and other potential migration pathways to the biosphere

Model potential geochemical
reactions and CO, migration in
injection formation

Validate that formation responded to CO, injection as anticipated

Measure CO, injection rates and
volumes

Validate volume of CO, injected into formation

Isotopic characterization of
injected CO,

Measure isotopic composition of CO; potentially to be used to trace CO; migration
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Monitor formation pressure and Determine reactions of injected CO; to formation matrix and fluid, provide level of
temperature safety to operators, and to msure integrity of formation and seal

Measure CO, surface fluxes Monitor CO)» fluxes at soil surfaces near injection well to validate integrity of seal
using accumulation chambers formation, injection well, and other potential migration pathways to the biosphere
Monitor microseismic activity Validate that the injection formation is responding to CO; injection (no formation
near injection well over pressure) as anticipated

4.9 Baseline monitoring of groundwater, vadose zone and environment

Pre-injection background monitoring of groundwater and the vadose zone will be performed as
extensively as monitoring resources allow for definitive changes in the monitoring parameters to
be determined during the various project stages. Carbon dioxide injection rates and volumes will
be measured and direct and indirect strategies will be used for monitoring plume migration in the
injection formation as well as for potential leakage through the confining caprock. Direct
strategies include well casing and annulus monitoring for pressure and CO;, injection formation
pressures and temperature monitoring, injected CO; monitoring, formation and caprock gas (if
any) isotopic characterization, and vadose zone soil gas monitoring. Indirect strategies include
geophysical monitoring of the deep and shallow bedrock. aerial or satellite imagery, and
multiphase/multicomponent flow models for simulating gas and liquid-phase flow n the injection
formation (in-zone) and the near-surface environment (out-of-zone). Mitigation measures will be
defined in relation to the characteristics of the test site, should they be necessary. In most cases, a
test site mitigation option would be to vent CO; under appropriate controlled conditions to release
reservoir pressure if casing leaks or other uncontrolled release is indicated. The following will
be conducted:

* Document the pre-CO; injection (background) and post-injection vadose zone soil pore gas
CO; and CH; concentrations at the test site to document 1) the existing distribution of
subsurface CO; concentrations and 2) the potential for leaking hydrocarbons based on
continued sampling during and after testing.

* Conduct pre-injection earth resistivity and electromagnetic induction geophysical surveys
of the injection well vicinity to determine the distribution of any soil gas present and
establish baseline conditions relative to any potential migration pathways.

+ Conduct shallow groundwater monitoring using any existing wells in proximity to the test
site and by installing monitoring wells in a suitable pattern around the injection well.

Groundwater samples will be analyzed to determine cations (Ca, Na, K, Mg), anions (CI,
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NO3, NOs, S04), ammonia, major and trace metals, carbon dioxide, and dissolved oxygen
concentrations. In addition, pH, redox potential, temperature, and alkalinity will be
measured.

* Measure the injection volumes and isotopic character of the injected CO,.

* Design and install an ambient CO» alarm system to remain in place during
injection operations in order to protect human health.

» Construct injection wells to allow sampling of pressure and gas content in the well casing
annulus to provide early evidence of any migration to shallower horizons around the
wellbore and indications of any cement failure below the open annulus.

* Ground water monitoring wells will be installed to provide detailed stratigraphic data for the
upper 100-300 fi, depending on depth to bedrock at the ADM site.

* Vadose zone test wells will be installed at varying depth to provide soil gas samples.

4.10 Develop drilling prognosis based on site characterization
A drilling prognosis will be developed based on site characterization. After drilling the injection
well to basement, completely penetrating the Mt. Simon formation, numerous in-zone data can be

obtained to modify the original outlook.

* Downhole fluid samples will be taken to determine composition of the formation water,
which is important to assess mineral trapping and dissolution of CO; into the water.

» Pressure and temperature data are limited in the deeper part of the Basin. Drill stem and
pressure falloff tests will be used to estimate flow characteristics.

» Seismic imagery will provide an improved understanding of the structure, and reservoir
modeling will be used to history match the injection performance.

+ Modeling will be completed on the pilot to estimate injection rate, ultimate CO, storage
and value-added benefits. These results will be further adapted to improve the basin-scale
estimates from MGSC Phase [ and IL

*  Whole core and rotary sidewall core (based on open hole log interpretation) will be
conducted to provide samples for tests to determine mineralogy, porosity, and permeability
and to conduct special core analyses (e.g. residual saturations).

s Drill stem tests will be conducted to provide a fluid sample, average pore pressure, and
estimates of permeability for zones tested.

* Open-hole well logs will be conducted for porosity and lithology and to improve seismic
interpretation, and cased hole logs will be conducted to determine back ground
stratigraphic saturation profiles near the injection well.

The data acquired through these additional tests and the subsequent modeling will lead to the
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final site plan, injection operation plan, and the monitoring plan. This includes the injection

rates that are likely and the surface area that is needed for monitoring efforts.
4.11 Seal and reservoir characterization and modeling

A two-well drilling and completion program is planned. This includes one injection well and one
verification/monitoring well. Most of the detailed characterization will be completed following
the first drilled well (BP3 and early PB4 after processing of the January 2010 3D survey) and the
subsequent tests conducted on this well and the core and fluid samples acquired from this well.
The data acquired from the additional well will be used to verify the models built from data from
the first well only. This will include porosity and permeability distribution, fluid sampling
(verification of the distribution of supercritical CO3), open-hole and cased hole data collection,

and geophysical observations.
4.12 Atmospheric monitoring and modeling

Direct measurement of CO; concentrations in the air is an integral part of the MV A program to
ensure the health and safety of the public and to curtail environmental impacts. The natural
variations in COs concentrations and fluxes in the near surface environment that arise from soil,
plant and subsurface processes. Eddy covariance (EC) is a technique using an Infrared Gas
Analyzer (IRGA) and numerous micrometeorological variables including wind velocity, relative
humidity, and temperature to determine CO; fluxes over a large area. This technique will be
employed at the site for a short period ending in September 2010. Some baseline EC
information will be obtained and analyzed but no data will be collected during actual injection.
A remote air safety monitoring system will be put in place north of the wellhead as a local safety

measure.

4.13 A PSlnsar feasibility study of the Illinois Basin-Decatur site may be undertaken in the first
half of Phase 111 Year 3 funded directly by the Carbon Capture Project. TRE will carry out this
study over an approximately 5 km by 5 km area to determine if a full-scale assessment of ground
inflation due to injection over three years is feasible given the surface characteristics of the site.
Preliminary evaluation suggests that such a full assessment would likely be possible. The need
for installation of purpose-built reflectors vs. use of existing infrastructure will be evaluated

during the feasibility study. The execution of the subtask is totally dependent on allocation of
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funds by the CCP project.
4.14 Participate in International Technology Transfer Events

The MGSC will participate in international conferences and technology transfer events in
support of DOE’s international collaboration initiatives to inform the international community of

MV A activities and achievements and to share lessons learned.

5. Well Drilling and Completion
3.1 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
3.2 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.
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.

3.4 Drill and case injection well
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The mjection well will be drilled and cased according to the UIC and drilling permits. This
activity will be completed after approval of NEPA, appropriate permits, and availability of a drill
rig.

3.5 Compare data to pre-drill assessments and validate site

A comparison study will be conducted to assess pre-drill characterization and post-drill data.

Site validation will be based on findings. Data from this comparison will be used in a
Completion Report, which is required by the IEPA for the final approval to operate a UIC Class |
(non-hazardous) injection well. A copy of this report will be provided to the DOE as it is
submitted to [EPA.

3.6 Develop detailed plan for well completion

A completion plan consisting of perforated interval, number, size, and depth of perforations, and
frequency (shots/foot) and phase (orientation) will be developed from the analysis flow model
results using the updated, detailed characterization of the Mt. Simon. The updated model will
refine the pre-drilling models based on the newly acquired data from the injection well. A copy
of the plan will be submitted to DOE which also highlights any differences between the initial

model results and post drill characterization results.

6. Infrastructure Development
6.1 Prepare plan for integrated capture and injection operations including HSE

An infrastructure development plan will be created that defines and includes operating and
injection systems, optimization studies to evaluate equipment capabilities and costs, and
procurement of equipment. Injection operations plans will 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 will be determined after obtaining composition data
for the planned nlet stream, reviewing site specific requirements, and specific requirements for
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purity of the CO; to be sequestered. This subtask will include:

# 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, CO» 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 will be finalized in coordination with
ADM. This process will 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.
6.4 Deliverable — Submit development operations and closure plan to DOE

The Site Development, Operations, and Closure Plan will be finalized and submitted to DOE as a
Topical Report and with project continuation application at the end of the first year of Budget
Period 4 so that injection operations can begin at the beginning of the second year of Budget

Period 4.
6.5 Order capture, dehydration, and compression equipment (10-12 months for receipt)

Capture, dehydration, and compression equipment will be purchased or leased. Bids will be

collected and reviewed by both ISGS and ADM prior to issuing contracts.
6.6 Receive, install, and test equipment

Equipment will be received, installed, and tested with on-site process engineering support. This

subtask will occur around the middle of the first year of BP4. Analysis of operations and
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troubleshooting will occur during this subtask.
6.7 Determine pipeline, pipeline installation, and wellhead-wellsite equipment requirements

Pipeline, pipeline installation, and wellhead-wellsite equipment requirements will 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 will be finalized. This process will
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 will be ordered in capture, dehydration, and
compression equipment will be purchased or leased. Bids will be collected and reviewed. This

subtask will take place during Budget Period 3 and early Budget Period 4
6.10 Receive, install, and test equipment

Upon receipt of pipe and pipeline related equipment, the installation and testing of equipment

will take place.

611 Modify, as required, and finalize plan for integrated capture and infection operations

including HSE
A final plan for integrated capture and injection operations including HSE will be developed.
6.42 Full-system operation testing and functional verification

A test of the complete operation for integrated capture and injection will be conducted for

verification of full functionality.
6.13 Develop a Blowout Contingency Plan

Loss of control of the injection well may result from factors beyond the control of project

participants, such as failure of a wellhead component or deliberate physical damage inflicted on
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the wellhead, resulting in an uncontrolled release of carbon dioxide and/or formation water. A
contingency plan for such an event will be developed by experts with appropriate experience.
The plan may be fully or partially implemented, depending upon the scope of a loss-of-control

event and the risk to surrounding persons and property.
7. CO; Procurement
7.1 Deliverable — Submit finalized procurement contract to DOE

A finalized procurement for CO, will be submitted to DOE during the first year of Budget Period
4. The COs source will be the ADM ethanol fermentation facility located in Decatur, IL. The
ethanol plant is located within a large com processing facility near the north side of the site. This
ethanol plant produces a relatively pure CO; byproduct stream that will be captured. The CO,
source, compression, and dehydration facilities and injection well will all be located on ADM
property. Because of the relationship with ADM, the ethanol plant source of CO: is unlikely to
change. As such, CO; purity and types of impurities, well sites, and facility infrastructure will
change very little from those anticipated. Slight variations that may occur may be based on
commercial decisions by ADM, but these are not projected to present any adverse risk to the
sequestration project. Nevertheless, projected cost and transportation requirements will be
submitted to DOE in the CO, Procurement Plan and Agreement. The final contract will be

included in the latter document.
8. CO; Transportation and Injection Operations
8.1 Implement operational monitoring plan

The operational monitoring plan will be implemented at the beginning of the second year of
Budget Period 4.

8.2 Inject CO: on an operational basis

Injection of COs is 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 should be fully

functional at this point.

8.3 Review and revise operational monitoring and injection schedule as needed
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The operational monitoring plan and injection scheduled will be reviewed periodically
throughout Budget Period 4, and revised as needed. DOE will be advised as to changes in the

operational plan and injection schedule.
9. Operational Monitoring and Modeling
9.1 Update monitoring objectives and conduct modeling

The monitoring objectives will be updated in the beginning of the second year of Budget Period 4
as injection commences. Modeling will also be conducted during this period. As part of the Site
Characterization, Modeling, and Monitoring Plan developed in Task 4. the monitoring plan will
be dynamic such that different types of monitoring will be used to detect early movement of CO,.
Based on the information collected from the early monitoring, secondary or confirmation MVA
techniques may be used, depending on budget constraints, all of which will be used to verify

model predictions made prior to CO; injection.

The modeling components in the MVA program will help to predict the response of the target
formation to CO; injection, to assess transport of any leakage to the biosphere, and determine
potential risks. Comparison of model predictions to field data will highlight those parameters that
significantly deviate from modeled projections, allowing the MV A program to be dynamic so
that it can address risks and provide additional monitoring when and where needed. Overall
improvement in predicting the fate of the CO; will be improved with field tested and calibrated

models.
9.2 Conduct eperational monitoring

With respect to active CO; injection, MV A activities include pre-, active, and post-CO, injection
activities over the entire nine vears of Phase IIl. Task 9 (Narrative) describes the MV A efforts
during active CO: injection. The operational component will provide information on the injection
formation, its response to CO; injection, and the migration of the CO; plume within the injection

formation.
9.3 Drill, case, and complete one verification well

The verification and monitoring well will be drilled and cased. As the verification/monitoring

well is drilled, completed and tested, the monitoring program will expand to include this
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additional well. The verification well will provide information to determine the fate and transport
of CO, within the injection formation that will help validate models used to predict the movement
{J-fCOz.

9.4 Verification well to host coring and data collection for assessment of Lower Paleozoic

carbonates

We will coordinate with a project newly-funded by DOE to assess the Cambro-Ordovician
carbonate and shale strata across the Illinois and Michigan Basins for reservoir-seal combinations
that may be used for geological carbon sequestration. New cores will be acquired in the
verification well at the Decatur site, including three 30-ft cores from the Knox, two cores from a
possible seal within the Knox, and additional core in or near the lost circulation zone discovered
in the injection well. The verification well will host these activities as it is drilled to monitor the

Mit. Simon and zones above the Eau Claire.
9.5 Assess and integrate well results and continue MVA

Data from the verification and monitoring wells will be assessed and integrated into the MVA
plan as more data is collected and the MV A program continues throughout Budget Periods 4 and
5. Topical Report — Revised MVA plan will be submitted to DOE at the midpoint of BP4.

10.  Site Closure
10.1 Secure wellbore, wellhead, pipeline, and related facilities

As part of the Site Development, Operations, and Closure Plan developed in Task 6, if ADM or
another company is not interested in pursuing commercialization of the injection well, the well
will be closed according to IEPA 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). [EPA requires a 60 day notice of closure. Topical Report — A
report summarizing the final disposition of the well and closure operations (including options for
continued operation by ADM) will be submitted to DOE with the continuation application for
BP5.
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11. Post Injection Monitoring and Modeling
11.1 Define post-injection monitoring objectives

Post-injection monitoring objectives will be developed based on analysis of the results and
effectiveness of the active injection monitoring techniques. In-zone and out-of-zone modeling will
be conducted to test the viability of various monitoring methods to meet the post-injection

objectives.

11.2 Carry out modeling to validate objectives

Modeling will be conducted in the middle of Budget Period 4 to validate project objectives.
11.3 Create a post-infection menitoring plan/review planfapprove plan

The post-injection monitoring plan will be developed and a schedule of testing and sampling will
be developed. The post injection monitoring plan will be dynamic such that primary monitoring
techniques will be used on a regular basis, and when these techniques indicate a scenario that
may have high risk, secondary monitoring techniques may be implemented to verify the primary
technigue indicators. The post-injection monitoring techniques will likely be the same as the
active injection monitoring techniques and may include well logs. pressure and temperature
measurements, seismic data, earth resistivity and electromagnetic induction geophysical, color
infrared imagery, and other types of measurements. Topical Report — The Post injection
monitoring plan will be submitted to DOE with the submission of the continuation application
for BPS.

11.4 Implement monitoring plan

The post-injection monitoring plan will be implemented at the end of Budget Period 4 and

carried out through the end of Budget Period 5.
12, Project Assessment
12.1 Develop evaluation and assessment criteria

Evaluation and assessment criteria will be developed for evaluating the viability of operating a

commercial-scale sequestration site completed in the Mt. Simon Sandstone in the [llinois Basin.

28

52



12.2 Carry out assessment in collaboration with site host

In conjunction with ADM, an evaluation and assessment of the methodologies employed during
the project will be made in order to understand all issues necessary to develop and operate a
commercial scale sequestration site completed in the Mt. Simon Sandstone in the [llinois Basin.
This evaluation will include contrast and comparison of menitoring techniques, models and
model assumptions, well design and completion, and capture and transportation alternatives. The
final project assessment will be a recommended sequestration plan (from capture to injection to
monitoring) for ethanol plants; however, the sequestration of CO. for other types of CO» industrial
sources, other geologic sinks, and geographical areas with the boundaries of the Illinois Basin is

also of interest.
13. Post-Test Site Planning
13.1 Define commercial opportunities for posi-test site and facilities

Commercialization of the test site following the DOE-funded portion of this project will be
considered through all of the plans and tasks leading up to the site closure. This Phase I1I project
may, in effect, provide a field-tested sequestration site suitable for ADM or a third party to take

over and continue sequestration operations.
13.2 Prepare site commercialization plan

During Budget Period 5, a commercialization plan will be developed to identify key areas that
would improve the likelihood of extending the life of the sequestration facility beyond DOE
Phase 111

13.3 Deliverable — Submit Site Commercialization Plan to DOE

The Site Commercialization Plan will be submitted to DOE during Budget Period 5.
14. Project Management

14.1 Deliverable — Submit Project Management Plan to DOE

The MGSC will submit a Project Management Plan within 90-days of the start of the project, that
serves as the baseline for tracking project performance. A template will be provided by DOE to

ISGS for the development of this plan. The plan will be updated as a result of the revisions to the
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structure of Budget Period 4.
14.2 Deliverable — Submit Quarterly Milestone Report to DOE

Quarterly reports updating progress on the project milestones and risks will be submitted

quarterly (the last day of the month) throughout Budget Periods 3, 4, and 5.

14.3 Deliverable — Submit Project Spend Plan to DOE

A Project Spend Plan will be submitted to DOE on within 90 days of the project beginning.
14.4 Deliverable — Submit Quarterly Project Cost Reports to DOE

Quarterly Project Cost Reports will be submitted to DOE within 30 days of the close of the
quarter throughout Budget Periods 3, 4, and 5.

14.5 Deliverable — Submit Annual Project Assessment Report to DOE

An Annual Project Assessment Report will be submitted to DOE at the end of each year of the
Phase III project.

14.6 Participate in International Technology Transfer and Networking Events

The MGSC will participate in international conferences and technology transfer events in
support of DOE’s international collaboration initiatives to inform the international community of
MGSC activities and achievements and to share lessons learned.

D. DELIVERABLES

1. CO; Procurement Plan and Agreement — Subtask 7.1

The MGSC will provide a final contract agreement and plan to procure CO; for the injection
test with guarantees from ADM that the CO; will be available for the injection project. This
will be done once equipment is installed, tested, capital costs are near-final, and operating

costs are defined.
2. Site Development, Operations, and Closure Plan — Subtask 6.4

The MGSC will provide a report describing the details of site development, operations, and site
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closure. The report will identify all major activities, roles, responsibilities, and environmental

health and safety issues.
3. Permitting Action Plan — Subtask 3.7

The MGSC will provide a Permitting Action Plan that identifies all necessary permits, agencies,
and information required for each permit. The plan will provide a schedule of application

submissions and targeted approval dates and contact persons for each permit.
4. Site Characterization, Modeling, and Monitoring Plan — Subtask 4.3

The MGSC will provide a plan (or plans) detailing the site characterization methods, models and
applications, and monitoring methods to be used to validate models. The plan will describe how

the characterization will be used to support and refine model simulations.
5. Project Management Plan — Subtask 14.1 and 14.2

The MGSC will create a project management and risk management plan according to the
requirement provided by DOE and report on the plan milestones and risks every quarter. The
MGSC will provide a list of quarterly milestones for Budget Period 3. Lists of annual
milestones for Budget Periods 4 and 5 will be provided. The Project Management Plan will be
updated given the new timeline for Budget Period 4.

6. Project Costed and Spend Reports — Subtask 14.3 and 14.4

The MGSC will provide an up-to-date cost and spend plan for the third budget period by quarter.
An updated costed report will be sent to the COR and CS within 30 days of the end of each

quarter using the DOE template.
7. Annual Project Assessment — Subtask 14.5

The MGSC will submit an annual assessment report reporting on the progress toward meeting

project goals.

8. Site Commercialization Plan — Subtask 13.3

The MGSC will submit a commercialization plan in Budget Period 5 describing the opportunities

3l
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for the commercialization of the site and similar sinks in the region.

9. CO; EOR and Storage Performance Curves — Subtask 1.12

The MGSC will submit four documents: 1) Design of General CO; EOR Oilfield Facilities, 2)
Procedure for Calibrating CQO» EOR Performance Curves from Geologic Models, 3) Application
of Performance Curves to Project CO; EOR, and 4) Updated MSGC CO; EOR and Storage

Estimates for Illinois Basin.

10. Topical Reports — Eight topical reports will be submitted for project activities as follows:
Topical Report 1: subtasks 1.3, 1.5, and 1.7; Topical Report 2: subtask 3.6; Topical Report 3:
subtasks 4.1-4.2; Topical Report 4: subtasks 5.1-5.3; Topical Report 5: subtask 6.4; Topical
Report 6: subtask 9.5; Topical Report 7: subtask 10.1, and Topical Report 8: subtask 11.3.

E. BRIEFINGS/TECHNICAL PRESENTATIONS

Research scientists and MGSC partners will prepare detailed briefings to be delivered to the
Project Officer at the Project Officer’s facility located in Pittsburgh, PA or Morgantown, WV, as
required. The briefings will explain the plans, progress, and results of the project. Updates will
occur at the project kick-off meeting, annual briefings, and the final project briefing. The MGSC
will also present technical papers at the DOE/NETL Annual Contractor’s Review Meeting at
NETL’s facility located in Pittsburgh, PA or Morgantown, WV, and other technical conferences
each year, as approved by the NETL Project Officer/Manager. Multiple presentations will be

made each year at the annual DOE carbon capture and sequestration conference.
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TECHNICAL MEMORANDUM

SUBJECT: Process Design Basis for CO; Injection Surface
Facilities

PROJECT: An Assessment of Geological Carbon
Sequestration Options in the Illinois Basin:
Phase 111

PREPARED BY: Trimeric Corporation

PREPARED FOR: Illinois State Geological Survey

DRAFT REVISION DATE: 09/22/2008

This document defines the functional design requirements of the surface facilities for
compressing and dehydrating the carbon dioxide prior to injection. This document is
critical to the success of the project and should be reviewed carefully and approved by all
stakeholders prior to finalizing the design of the surface facilities. The overall purpose of
clearly establishing the design basis is to ensure that the surface facilities will meet the
experimental requirements of the project in terms of operational flexibility, reliability,
and performance.

Some of the key issues addressed herein include defining requirements to operate at
injection rates other than the design maximum and defining whether or not the system
needs to be able to control the temperature, pressure, or phase state of the CO, at any
location from the wellhead to the bottom of the well. The purity specifications of the
CO; in terms of maximum water, hydrogen sulfide (H,S), and noncondensible gas
content are also important in establishing what equipment and materials of construction
are needed to meet these secondary requirements.

This document is organized into the following six sections:

s Ambient conditions;

e Availability of utilities;

e (O source characteristics;
Process design parameters;
Process monitoring requirements; and
Reliability and operability requirements.
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1.0 AMBIENT CONDITIONS

The ambient conditions for Decatur Illinois are shown in the following table. These
conditions will primarily affect the detailed sizing of afier coolers, separators, fan motors,
insulation, and other items similarly affected by ambient conditions.

Table 1. Ambient Conditions at Decatur Illinois

Ambient Condition Design Value
Elevation 673 ft (as per USGS website)
Ambient Barometric Pressure 14.3 psia based on elevation
Design Dry Bulb Maximum (97.5 pz-.'l‘i:i;'m.i]r-:)1 91 °F
Design Dry Bulb Minimum (2.5 percenlile}l 2 TF
Coincident Design Wet Bulb' 74 °F

"Source: “Manual N: Load Calculation for Commercial Summer and Winter Air Conditi oning”, 4" Ed.,
Air Conditioning Contractors of America

2.0 AVAILABILITY OF UTILITIES

The compression and dehydration facilities will use significant amounts of electricity,
cooling water, and other utilities. These requirements and their availability at the site are
summarized below in Table 2.

3]

59



X
7% TRIMERIC CORPORATION

Table 2. Utility Requirements and Availability

Utility Estimated Requirement Availability?
Cooling water Estimated approximately 25 million Btwhr Yes, excess cooling water is
of cooling is required, corresponding to available.

approximately 3300 gallons/minute (gpm)
cooling water at 85 °F supply and 100 °F
return.  Alternately, air-cooled exchangers
could also be used.

Process Heat

Approximately 300,000 Btu'hr of process
heat 1s required for the glycol dehydrator.
This could be supplied with fuel gas,
propane, steam or hot oil. Typically, glycol
dehydrators are fired with fuel gas or
propane.

Hot oil is not available. 175 psig
steam and fuel gas are available,
but a steam line or fuel gas line
would have to be run to the plant.
Consensus is that it would not be
economical to run a steam line for
just 300 Ib/hr steam. Fuel gas
and/or propane are both available.

Electricity

480 V or 4160 V, 3-phase, approximately 5
-6 MW

Yes, electricity is available.

Instrument air

To be estimated during detailed design.

Instrument air is available, but it
may be more economical to put in
a small dedicated instrument air
system or use dry CO, rather than
run instrument air lines from the
existing supply over to the
compression and dehydration

equipment.
Process air Mot required for the process, other than for Mot applicable
maintenance — e.g., operation of air tools,
blowing lines out after pressure tests.
Plant water Not required. other than for equipment Not applicable

washdown or flushing lines,

Wastewater treatment

Approx 4000 gal/day condensed water from
CO; compression discharge coolers. The
water will contain traces of compressor lube
oil.

Yes, this condensed water will be
disposed of in the plant’s existing
wastewater treatment system.

3.0 CO;SOURCE CHARACTERISTICS

The CO; source for this project is the fermenter vent gas from ADM’s ethanol plant. The
CO; is generally of high purity and will be taken downstream of an existing water
scrubbing system. The compression and dehydration facility will be designed to operate
based on the composition given in Table 3 below.
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Table 3. Typical CO; Composition'

Component Typical Analysis (ppmv unless otherwise noted)

Carbon Dioxide 99.98 (vol %, dry basis)
Total Hydrocarbons 120
Nitrogen 110
Acetaldehyde 82
Ethyl Acetate 19
Ethanol 12
Hydrogen Sulfide 7.9
Oxygen 7.0
Isoamyl Alcohol 54
Isoamyl Acetate 29
Methanol 2.1
Isobutanol 1.7
Methane 0.7
Dimethyl Sulfide 0.6
Acetone 0.2
n-Propanol 0.2
Methyl Mercaptan 0.14
Carbon Disulfide 0.09
Carbonyl Sulfide 0.07
Ethyl Mercaptan 0.04

"Data provided by ADM in February of 2007.

The maximum temperature of the source CO; is 95 °F, and the pressure varies from 0
psig to about 0.5 psig. For the purposes of design, the CO» will be assumed available at 0
psig minimum and 95 °F maximum at the point where it is diverted from the existing

CO- vent line.

The CO; composition is known to vary during upset conditions. Three types of upset
conditions are known to occur:

s Air Leakage: If pressure control is lost on the fermenters, air may enter the
system and contaminate the CO; stream.

s  Water Scrubber System Upset: If the water scrubber system is upset the ethanol
concentration in the CO; stream can climb to 6 mole percent.
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o Fermenter Upset: On rare occasions during fermenter upsets, the hydrogen
sulfide (H,S) concentration can climb to 100 ppmv. It is possible that this type of
upset could last for 2 or 3 months.

4.0  PROCESS DESIGN PARAMETERS
This section defines the major process design parameters for the compression and
dehydration facilities and is organized into the following sections:

s General capacity requirements;

e COs purity specifications for delivery to the injection well;

¢ Delivery requirements for flow, pressure, temperature, and phase condition; and
e Special shutdown or startup requirements

General Capacity Reguirements

The surface facilities must be capable of delivering 1 million metric tons (dry basis) of
CO; over a three year period. The compressor and dehydrator will be designed for
24-hour operation, with no more than 30 days equivalent downtime per year. This
requirement leads to a minimum specified design rate of 995 metric tons per day for the
compression and dehydration equipment.

Note: 1 million metric tons = 995 metric tons/day X (365 — 30) days/year X 3 years
CO; Purity Specifications for Delivery to Injection Well
The CO, purity specifications are given in the following table.

Table 4. CO; Purity Specifications at the Injection Well

Component Purity Specification
Carbon dioxide Minimum 99 %; the plant will be shut
down if air is detected in the feed gas.
Nitrogen 500 ppmy maximum; no equipment will be

provided to remove nitrogen; the plant will
be shut down 1f air is detected in the feed
gas.

Oxygen 100 ppmv maximum; no equipment will be
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provided to remove oxygen from the feed
gas; the plant will be shut down if air is
detected in the feed gas.

Hydrogen sulfide There is no requirement to remove HaS.
H:S in the feed gas will also be present in
the injected gas.

Lubrication oils There is no requirement to remove trace
amounts of lubrication oils

Triethylene glycol There is no requirement to remove trace
amounts of triethylene glycol

Water 30 Ibs/MMscfd (630 ppmv) maximum

Note: The only constituent to be removed from the raw fermenter gas is water. All other
contaminants in the raw fermenter gas will pass through the system and be present in the
injected CO;, along with traces of other materials introduced from the compression and
dehydration equipment (e.g. lubrication oil and triethylene glycol).

The minimum CO; content of 99 % 1s somewhat arbitrary. The CO; source is normally
much purer than 99%. Therefore, if the purity drops below 99 % it is indicative of some
upset condition allowing air to enter the system such as loss of fermenter pressure
control. Similarly, the maximum nitrogen and oxygen himits are chosen to be indicative
of an upset condition allowing air to enter the system.

There is no process limit specified on the amount of H5S in the CO,. The expected
normal concentration of H-S is about 8 ppmyv, and during upsets this can c¢limb to around
100 ppmv.

Trace amounts of lubrication oils or triethylene glycol may be present in the injected
CO;. There is no limit specified, but standard industry practice of using mist-eliminating
devices in the CO; stream is expected to result in less than 5 ppm (by weight) of entrained
liquid contaminants such as oils and glycols.

A maximum water content of 30 Ibs/MMscf (630 ppmv) has been specified to prevent
liquid water and/or hydrates from forming. This specification will require the use of a
TEG or mole-sieve dehydrator system. A TEG dehydrator will normally produce CO»
with a water content of 7 Ibs/MMscf or lower. A mole sieve system will produce CO»
with even lower water contents, less than | Ib/MMsecf. The basis for setting this
specification at 30 Ibs/MMscf is that it is typical of what might be specified for a
commercial CO; pipeline transporting CO; for enhanced oil recovery or sequestration
purposes. The TEG dehydrator will be designed to delivery CO; with a water content of
7 Ibs/MMscf to provide a margin of safety below the specification of 30 Ibs/MMscf.

It is technically feasible to set the specification at a higher level and avoid the
requirement to provide dehydration equipment. However, this could result in the
formation of liquid water, ice, or hydrates in the CO; line and well tubing under some
operating conditions (especially during start-up or shut down) unless special measures

63



z
7% TRIMERIC CORPORATION

were taken to avoid this. For example, heat tracing and insulation or hydrate/water
inhibitors such as methanol are sometimes employed for this purpose. 1f liquid water
were allowed to form in the pipeline, then carbon steel would not be suitable for the
pipeline. Given the experimental nature of this project, with the accompanying need for
maximum operational flexibility, the water specification was set at 30 Ibs/MMscf to
eliminate any concern over water, ice, or hydrates forming in the CO, line under any
operating conditions including start-up or shut-down.

Delivery Requirements for Flow, Pressure, Temperature, and Phase Condition

The delivery requirements for flow, pressure, temperature, and phase condition are
summarized in the following table. In addition to defining the functional requirements of
the injection/dehydration system, these specifications also define the operating limitations
of the system.

Table 5. Delivery Requirements for CO; Flow, Pressure, Temperature,
and Phase Condition

Delivery Parameter Project Design Requirement

Delivery Flow Must deliver up to 995 metric tons/day or
greater

Flow Turndown Able to inject at rates ranging from 250 —
995 metric tons/day

Flow Control Maintain within 10 % of target flow

Maximum Wellhead Inlet Pressure 1350 — 2000 psig

Minimum Pressure During startup: 0 psig — 1071 psia, During
normal operations: 1071 psia.

Pressure Control No specific requirement.

Maximum Temperature 120 °F

Minimum Temperature 88 °F

Temperature Control No specific requirement, other than to
maintain between 88 and 120 °F at the
wellhead.

Each of the specifications in the above table and their rationale are discussed below.

e (CO; Delivery Flow: As previously discussed, the injection equipment is required
to supply at least 995 metric tons per day.

s (CO; Flow Tumdown: The system is required to deliver CO; to the injection well
at any specified flow rate from 250 — 995 metric tons/day. This range was
requested by ISGS to allow experimental flexibility over injection rates.
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CO: Flow Control: The system is required to maintain CO, flow to within +/- 10
% of the targeted flow rate. For example, if a steady-flow test is being conducted
at an injection rate of 500 metric tons/day, then the system must be able to control
the flow to between 450 and 550 metric tons/day during that test. This range was
set based on expected typical performance of compression systems operating at
steady flow conditions and typical accuracy and performance of standard flow
control equipment.

C0O; Maximum Delivery Pressure: The system must be capable of delivering CO,
at a maximum pressure of between 1350 and 2000 psig at the wellhead. The
lower limit of 1350 psig is based on a compressor discharge pressure of 1400 psig
with an allowance for up to 50 psi pressure drop through the final discharge
cooler and pipeline. (Special note: the compressor will be specified to deliver
CO; at up to 1400 psig. If higher pressures are required, as determined by ISGS,
then a booster pump will be used to reach the final required pressure. This
approach is being taken since the exact pressure specification will be defined after
the injection well is drilled and data are available.)

Minimum CO; Delivery Pressure Required: During startup, the system must be
designed to accommodate the increase in injection wellhead pressure from 0 psig
during initial startup up to the final operating pressure during normal operation.
During normal operation, the system must be capable of delivering CO, to the
wellhead at pressures of at least 1071 psia which is the minimum allowable
wellhead pressure for injection as specified in the permit..

Pressure Control: There is no design requirement to maintain control over
pressure beyond just meeting the specification for minimum and maximum noted
above. For example, if the wellhead pressure naturally settles out at 1500 psig
during injection, the system would not be required to or be capable of controlling
the wellhead pressure to between 1200 and 1250 psig. The pressure at the
wellhead will generally be determined by the reservoir charactenistics and not by
the surface equipment. It is anticipated, however, that the pressure will remain
relatively steady during steady-state injection at a constant injection rate.

The system operating procedures will allow us to minimize rapid pressure
changes during startup and shutdown to less than 50 psig per minute. It may not
be possible in all cases to meet this requirement though. For example, if there is a
sudden loss of power at the plant and the compressor shut down, the wellhead
pressure could drop rapidly, and the pressure drop could exceed 50 psig per
minute.

Maximum CO; Delivery Temperature Allowed at Injection Wellhead: 120 °F.
This temperature is typical for design of air-cooled heat exchangers during
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summer conditions. Actual temperatures will likely be less than 120 °F,
especially if water-cooled exchangers are used to cool the CO-.

s  Minimum CO; Delivery Temperature Allowed at Injection Wellhead During
Injection: 88 °F: This temperature was selected based on the parameter limits in
the injection permit. During cold-weather start-up and shut-downs, the CO, could
be colder than 88 °F at the wellhead immediately after startup.

¢ Temperature Control: There is no requirement to maintain temperature between a
specified range, other than between the minimum and maximum temperatures
listed above. For example, there is no requirement to deliver CO; at between 100
and 110 °F. However, the CO, temperature is expected to remain fairly constant if
the cooling water supply temperature is maintained at a constant 85 °F.

Special shut down or start up requirements

The design will include provisions for ensuring that ADM’s CO; vent and controls will
work properly in the event that the CO; compression system goes down and CO; is
diverted from the compressors back to the existing CO; vent system at the facility.

5.0 PROCESS MONITORING REQUIREMENTS

The control system will be designed with capability for automated acquisition and
logging of selected key process data. A list of the process variables requiring monitoring
and frequency of data sampling will be developed as part of the process design stage,
along with data quality objectives including any requirements for accuracy and quality
assurance of process data acquisition instrumentation. Some of the key data (subject to
approval by ADM) will be available for remote monitoring via the internet.

A custody transfer meter will be required to measure the CO; delivered to the well for
cost accounting and experimental research purposes.

6.0 RELIABILITY AND OPERABILITY REQUIREMENTS

Shutdowns for scheduled maintenance or unplanned downtime — The overall project
requirement for meeting CO; injection goals requires no more than 30 days downtime per
year. Actual expected total downtime for maintenance and unscheduled repairs is
expected to be much less than 30 days per year.

Sparing of equipment — No major equipment (compressors or dehydrators) will be

spared. However, ISGS/DOE may decide to provide “shelf” spares for some of the
compression equipment. Minor higher-maintenance or critical equipment such as glycol
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pumps or instruments will likely be spared. Details of spared equipment will be
developed in the process design stage.

Automation of controls — The CO» compression and dehydration equipment will be
designed for fully automated operation. Alarms and shutdowns will be provided for
certain conditions such as loss of moisture control, high contaminant concentration,
high/low pressure, temperature, flow, or vessel level control conditions. Operators will
monitor the plant and respond to alarms as needed.

10
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1.0 Equipment Design Background

The Illinois Basin - Decatur Project is a large scale CQ, sequestration demonstration project, led by the
Midwest Geological Sequestration Consortium and funded by the U.S. Department of Energy. The host
site is the Archer Daniels Midland facility in Decatur, Illinois.

The above ground process equipment design requirements were to compress and dehydrate a nominal
1,000 tonnes / day of 99% + pure CO; from ethanol plant fermenters and deliver it to an injection well for
injection into a saline aquifer 7,000 feet underground. The CO, injection was planned for a three-year
period, resulting in the injection of one million tonnes total.

2.0 CO; Delivery Requirements

The original CO, delivery requirements for injection rate, pressure, and temperature are summarized in
Table 1.

Table 1: CO, Delivery Requirements

Operational Parameter Project Design Requirement
Injection Rate Able to inject at rates ranging from 250 — 995 tonnes/day
Flow Control Maintain within 10 % of target flow

Maximum Wellhead Inlet Pressure 1,350 — 2,000 psig
Minimum Wellhead Inlet Pressure During startup: 0 psig — 1,057 psig, During normal operations:

1,057 psig.

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

Maximum Wellhead Inlet 120 °F

Temperature

Minimum Wellhead Inlet 88 °F

Temperature

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 COs surface temperatures.

In addition to these operational parameters, Table 2 includes the purity specifications for the injection
0O, stream.

Table 2: Injection CO, Purity Specification

Component Purity Specification
Carbon Dioxide Minimum 99 % vol.
Oxygen 100 ppmv maximum
Water 30 Ib/MMscf (633 ppmv) maximum

68



3

#*% TRIMERIC CORPORATION
3.0 Process Description of Installed Equipment

The Surface Facilities include compression and dehydration equipment that takes a water-saturated CO,
#as stream from an ethanol plant wet scrubber discharge at approximately 90 °F and 0.5 psig and
compresses the CO; to pressures up to 2,000 psig. The CO; is also dehydrated to typical CO; pipeline
concentrations of = 30 Ib/MMscf or 630 ppmv at an intermediate step in the compression process.
Compressed, dehydrated CO, at rates up to 1,100 metric tons/ day (21 MMscfd) can be delivered to the
pipeline at pressures ranging from 1,300 to 2,000 psig and temperatures ranging from approximately 80 to
120 °F. CO, travels through approximately 6,400 feet of 6-inch diameter Schedule 40 pipe from the
Surface Facilities to the injection well. A process flow diagram (PFD) is shown in Figure 1.

The equipment consists of a single 1,250 hp centrifugal booster blower that raises pressure to
approximately 17 psig, followed by two parallel 3,250 hp 4-stage reciprocating compressors that boost the
pressure to 1,400 psig, a dehydration unit, and a 200 hp multistage centrifugal pump that can boost the
pressure to up to 2,000 psig if necessary. Triethylene glycol (TEG) dehydration is performed between the
third and fourth stages in the reciprocating compressors where water content in the CO- is at a minimum
due to previous compression and cooling steps and the pressure is still low enough to prevent
unacceptably high losses of TEG into the CO,. Shell and tube heat exchangers using cooling water
remove the heat of compression following each compression step, except after the multistage centrifugal
pump which has minimal temperature rise (10 °F to 15 °F).

The compression train receives the relatively low pressure CO; stream from an existing primary water
scrubber in the ethanol plant. The gas enters an inlet separator where any free water carry-over from the
scrubber is allowed to drop out. The stream enters the blower, where the CO; pressure is increased by
approximately 17 psi. The gas stream is then cooled by a shell and tube gas cooler. The CO; stream then
enters the blower after-cooler separator where any condensed water is allowed to drop out.

The overhead stream from the blower after-cooler separator is split and enters the suction of two parallel
4-stapge reciprocating compressors. A shell and tube cooler follows each stage of the reciprocating
compressors. Compressed and cooled CO, from the third stage of both reciprocating compressors
combines and enters the dehydration unit inlet separator where condensed liquids disengage from the
vapor stream. The CO, stream then enters the bottom of the contactor where it is contacted counter
currently with the lean glycol that enters at the top of the contactor. The dry CO; exiting the top of the
contactor is slightly heated in a gas/glycol exchanger (in order to cool the lean glycol) before splitting and
returning to the 4th stage compressor suction scrubbers. A gas-fired regeneration unit removes the water
from the TEG and returns lean (low water content) TEG to the contactor.

CO; flow to the wellhead is monitored and can be controlled in one of two ways, depending on the
wellhead injection pressure. If the wellhead injection pressure is 1,400 psig or less, a control valve will
control flow. If the wellhead injection pressure is greater than 1,400 psig, the flow controller will control
flow via the variable frequency drive (VFD) on the multistage centrifugal pump. The water content and
oxygen content of dehydrated gas stream are measured between the dehydration unit contactor outlet and
the inlet to the fourth stage of the reciprocating compressors.
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Figure 1 — Process Flow Diagram

4.0 Process Modifications after Startup

After the construction and startup of the CO, compression and dehydration equipment and the
transmission pipeline, some equipment and process modifications were made in order to improve
operations and reliability. The details of the lessons learned and the equipment and process modifications
that were made to address them are listed below.

Equipment Warranty and Project Timing

Much of the equipment was ordered and shipped to the site long before the injection permit was received.
Thus, the new equipment sat unused for several months. Most equipment suppliers have a warranty
period that ends 12 months afier startup or 18 months after equipment is shipped, whichever occurs first.
Operational issues occurred with some of this equipment during commissioning of the unit. One example
was the blower motor failure due to arcing in the motor windings. The repair was completed by the
supplier at no cost to the project because the supplier covered the repair as a warranty item. The lesson
learned was that it important to understand warranty language with respect to the length of warranty after
delivery of the equipment as well as the length of time after start of equipment operation and for the end
user to inform equipment suppliers of any long delays prior to startup in order to increase the possibility
of preserving part of the warranty period.
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Pipeline Insulation

Due to the existing facility infrastructure, it was not practical to install the 6,400 foot, 6-inch diameter
pipeline underground. The pipeline was installed above ground and initially operated without insulation.
It was known beforehand that ambient conditions would affect the CO; temperature and therefore the
density of the CO- in the transmission pipeline, but the team decided to begin operations without
insulating the pipeline in an effort to reduce project costs. The team began operations with the
understanding that insulation might have to be installed at a later date if necessary for process control or
to ensure compliance with permit conditions. Ambient conditions, particularly in wet winter weather,
affected the CO, temperature and density at the wellhead inlet to the point that a lower surface injection
pressure was required for a given injection rate in colder weather. As a result, the compression equipment
control set points had to be modified to operate at lower discharge pressures. The variations in ambient
conditions raised concerns that the surface injection temperature could drop below the 60 °F minimum
temperature limit in the Underground Injection Control (UIC) permit and variations in the surface
injection pressures also caused undesirable variations in the measured subsurface injection pressures. The
pipeline was insulated in order to minimize the variations of the surface injection temperature and
pressure and of the measured subsurface pressure.

Compressor Interstage Temperature Control

The shell and tube cooling water exchangers for the blower and compressors were designed for a cooling
water supply temperature of 85 °F. The initial CO. temperature control set point was 95 °F, which isa 10
°F approach to the design cooling water supply temperature. During the initial months of operation, the
cooling water supply temperature was much lower than 85 °F. This resulted in reduced flow rates of
cooling water through the heat exchangers, which led to higher cooling water return temperatures. High
cooling water return temperatures and a low water velocity through the exchangers increase the risk of
corroston and fouling inside the exchanger and in the cooling water return system. In order to minimize
these issues, the CO; temperature control set points were lowered to 80 °F which increased the cooling
water flow rate, except on the final cooler downstream of the reciprocating compressors. The low
temperature alarm set point values were kept greater than 60 °F in order to avoid issues with CO,-H,O
solid hydrate formation or the formation of liquid CO; at the higher pressures in the latter stages of the
reciprocating compressors. The CO, temperature set point leaving the final cooler was kept at
approximately 98 “F, which was achievable at all times regardless of daily or seasonal variations in
cooling water supply temperatures. This helped to maintain a stable surface injection pressure.

Low Pressure Shutdown

The reciprocating compressors were experiencing low suction pressure shutdowns, particularly when
there was a shutdown of the other compressor. The low suction pressure shutdowns were originally put in
place in order to avoid situations where the differential pressure between suction and discharge of any
stage is high enough to cause a high rod load situation. An alternative method to protect the system from
high rod load was provided by the compressor vendor and the low suction pressure shutdowns were
removed. The system controller now uses pressure indicating transmitter signals from each stage to
calculate differential pressure and rod load, which is a function of the differential pressure and the cross
sectional area of the piston and rod. The controller will shut down the compressor if the calculated rod
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load exceeds 90% of the rated rod load. This change eliminated unnecessary compressor shutdowns that
were due solely to low suction pressure.

Compressor Oil Carryover

A tar-like residue was observed on test equipment after it was removed from the injection well. Similar
issues at other sites have been attributed to asphaltene materials caused by carryover of mineral based
cylinder lubrication oil, which is the same type of cylinder lubrication oil currently used on this project.
Analysis of the residue collected at this site indicated that it was an asphaltene material. The project team
discussed the issue with the compressor supplier and they suggested that synthetic oil could be used for
cvlinder lubrication instead of mineral based oil. Use of synthetic oil would result in less carryover and
less residue, but the cost of the synthetic oil 1s significantly higher. Since no significant issues due to the
residue have been observed to date, mineral based oil continues to be used for cylinder lubrication at this
time. It is possible to change to synthetic o1l in the future if issues arise that justify the additional costs of
modifying the compressors and using synthetic oil for cylinder lubrication.

Use of the Multistage Centrifugal Pump

During the design phase of the compression system, the state of knowledge regarding the formation was
such that the surface injection pressure required to achieve the target injection rate was expected to be in
the range of 1,400 to 1,950 psig. Since the compression equipment had to be ordered before the required
injection pressure was more accurately known, the reciprocating compressors were designed to operate at
a discharge pressure of 1,400 psig and a multistage centrifugal pump was installed downstream of the
compressors for use in the event that higher pressure is needed to meet the desired injection rate. To date,
the surface pressure needed to meet required injection rates has been at or below 1,400 psig, thus the
multistage centrifugal pump has not yet been needed. Future use of the multistage centrifugal pump may
be required to sustain desired injection rates if resistance from the formation increases or if the
performance of the final cooler degrades so that temperature of the CO; in the transmission pipeline
increases to the point that the density of COs in the transmission pipe decreases, resulting in the need for a
higher surface injection pressure to achieve the desired injection rate. Insulating the pipeline has made the
latter more likely as warmer CO; in the pipeline will transfer less heat to the surroundings.

Nitrogen Purge System Modifications

An automated nitrogen purge piping was installed with the compressors to help remove wet (water
saturated) CO; from the system following shutdown of the compressors. The CO; 1s very hot on the
discharge side of each compression stage when the compressor is operating, so condensation of water is
not possible and carbon steel is therefore used to reduce equipment costs. The blower system and the
suction side of the compressors are made of stainless steel. The compressor manufacturer recommended
purging the lines with nitrogen to prevent formation of free (liquid) water when the COs cools in these
lines after shutdown. Liquid water in the presence of CO; can cause severe corrosion in carbon steel
systems. Furthermore, any free liquid water that formed on the suction side of a compression stage could
cause damage if it entered the compression cylinder when the compressor is restarted and a nitrogen
purge helps to reduce the chances that this problem could occur. The amount of nitrogen required during
the automated purge cycle exceeded the facility supply capacity, which resulied in a disruption to other
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users of nitrogen within the facility. Trimeric recommended installation of flow restriction orifices in the
nitrogen purge lines to allow purging of the compression equipment without adversely impacting other
plant operations that use nitrogen.

5.0 Summary and Conclusions

Monitoring is underway to track, maintain, and improve system performance over the remainder of the
injection period. Trimeric is making quarterly visits to the site to review operations, to help identify
process issues, to find opportunities for process optimization, and to support ADM and the Midwest
Geological Sequestration Consortium during the remainder of the injection phase of the Illinois Basin-
Decatur Project.

The compression and dehydration system for the lllinois Basin-Decatur Project is currently performing in
accordance with process design. The flow rate of CO; from the system that is available for injection meets
the nominal design criteria of 1,000 tonnes per day. Current performance suggests that one million tonnes
of CO; injection will be completed within the three-year target for this project.
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1.0 Abstract

The Midwest Geological Sequestration Consortium, one of seven U.S. Department of Energy Regional
Sequestration Partnerships, began injection of 1,000 tonnes (metric tons) per day of CO; at the Archer Daniels
Midland facility in Decatur, Illinois in November 2011. This is known as the [lllinois Basin — Decatur Project
(IBDP). Trimeric Corporation had process engineering design responsibility for the compression and dehydration
facility that is used to take atmospheric pressure CO; from the ADM ethanol fermentation process and deliver
dehydrated CO- to the injection well. An overview of the project design basis and the requirements that led to the
selected process design will be presented. An overall system design review including the multistage centrifugal
blower, reciprocating compressors, triethylene-glycol dehydration system, multistage centrifugal pump and the
pipeline will be presented. Lessons learned during the startup and commissioning phases will be presented. A
comparison of this facility to compression and dehydration facilities for a commercial scale 500 MWe facility will
be presented.

2.0 Project Background

The Illinois Basin - Decatur Project 1s a large scale CO. sequestration demonstration project, led by the Midwest
Geological Sequestration Consortium and funded by the U.S. Department of Energy. The host site is the Archer
Daniels Midland facility in Decatur, [llinois. The scope of the project is to compress and dehydrate 1,000 tonnes /
day of 99% + pure CO; from ethanol plant fermenters and inject the CO, in a saline aquifer 7,000 feet
underground. Injection began in November 2011 and will continue for nominally three vears until one million
tonnes total have been injected. The MGSC will monitor CO, subsurface plume migration, groundwater, and
surface conditions during the three-year injection period and for three years after injection stops.

3.0 Process Design Basis and Permit Conditions
This section discusses the process design basis and injection permit requirements for the project.

The process design basis included the functional design requirements of the surface facilities for the compression
and dehydration of the carbon dioxide for injection.

The CO, flow delivery requirement was | million tonnes (dry basis) of CO, over a three-year period. The surface
facilities were designed for 24-hour operation, with no more than 30 days of downtime per year. Downtime
includes scheduled downtime and unscheduled downtime. These requirements led to a minimum specified design
rate of 995 tonnes per day for the compression and dehvdration equipment.

The project timeline required ordering compression and dehydration equipment without knowing the surface
injection pressure that would be required to meet the desired injection rate. At the time the equipment was
ordered, the injection well had not been permitted or drilled and predictions of required surface injection pressures
made by project geologists and reservoir engineers were made based on data from the nearest known well, which
was several miles away. At the time of project initiation, the state of knowledge in defining the surface pressure
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required for injection was based on model data shown in Figure 1. The graph shows the relationship between
down-hole pressure and fluid injection rate in barrels per day with an over-lay of constant surface pressure and
injectivity curves. The injectivity index (PI) quantifies the pressure increase due to pumping a known rate and
volume of fluids into a formation. At a given injectivity index, the down-hole pressure increases as the injection
flow increases. At a higher formation injectivity value, the increase in down-hole pressure is less steep with an
increase in fluid flow, thus more flow to the formation. Note that 1,100 tonnes per day is approximately 10,000
bpd.
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Figure 1 — Flow vs. Down-hole Pressure as a Function of Injectivity (PI) and Surface Pressure

During initial injection into the Mt. Simon formation, it was anticipated that due to displacement of water in the
formation by the COs, the injectivity will resemble that of 5 to 20 PI curves and that after a large amount of water
1s displaced, the injectivity will follow the 20 to 100 PI curves. Based on this data, 1t was believed that a CO»
injection rate of 1,100 tonnes per day into the Mt. Simon formation was achievable with selection of compression
equipment capable of operating at surface injection pressures ranging from 1,400 to 1,950 psig.

The original CO- delivery requirements for injection rate, pressure, temperature, and phase condition are
summarized in the Table 1.
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Table 1: CO; Delivery Requirements

Operational Parameter Project Design Requirement

Injection Rate Able to inject at rates ranging from 250 — 995 tonnes/day

Flow Control Maintain within 10 % of target flow

Maximum Wellhead Inlet Pressure 1,350 — 2,000 psig

Minimum Wellhead Inlet Pressure During startup: 0 psig — 1,057 psig, During normal operations: 1.057
psig.

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

Maximum Wellhead Inlet Temperature 120 °F

Minimum Wellhead Inlet Temperature 88 °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 CO» surface temperatures.

Each of the specifications in Table land their rationale are discussed below.
INJECTION RATE

The system was required to deliver COs to the injection well at any specified flow rate from 250 — 995 tonnes per
day. This turndown capability was specified in order to allow the flexibility to conduct injection experiments
over a wide range injection rates. The system was designed for a maximum capacity of 1,100 tonnes per day to
add a 10% safety factor to the equipment design.

FLOW CONTROL

The system was required to maintain COs flow to within +/- 10 % of the targeted flow rate. For example, for
steady-flow test at an injection rate of 500 tonnes per day, the system must be able to control the flow to between
450 and 550 tonnes per day during that test. This range was set based on expected typical performance of
compression systems operating at steady flow conditions and typical accuracy and performance of standard flow
control equipment.

MaxiMUM DELIVERY PRESSURE

The system was to be capable of delivering CO; at a maximum surface pressure between 1,350 and 2 000 psig at
the wellhead. At the time of initial design and equipment selection process, the actual required injection pressure
was unknown.

MiniMUM CO- DELIVERY PRESSURE

During startup, the system was to be designed to accommodate the increase in injection wellhead inlet pressure
from 0 psig during initial startup up to the expected maximum operating surface pressure during normal
operation. As specified in the draft Underground Injection Control, UIC injection permit, it was required that
during normal operation, the system had the capability of delivering CO, to the wellhead at a minimum pressure
of 1,057 psig (or 1,071 psia, which is the critical pressure of COs).
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WELLHEAD PRESSURE CONTROL

Since pressure of the CO; delivered to wellhead is generally determined by characteristics of the reservoir and the
injection rate, there was no design requirement to maintain control over surface injection pressure beyond meeting
the specification for minimum and maximum pressure as noted above. At steady-state operations and barring any
changes in injection rate, the wellhead pressure should remain relatively constant. The system operating
procedures were developed to minimize rapid pressure changes during startup and shutdown to less than 50 psig
per minute. It may not be possible in all cases to meet this requirement though. For example, if there is a sudden
loss of power at the plant and the compressors shut down, the wellhead pressure could drop rapidly, and the
pressure drop could exceed 50 psig per minute.

MaxiMuM CO, DELIVERY TEMPERATURE AT INJECTION WELLHEAD

A maximum wellhead temperature of 120 °F was specified. This is a typical summer-condition, outlet
temperature for air-cooled heat exchangers, commonly used in gas compression. Using water-cooled exchangers
will likely result in lower surface injection temperatures year round. The final Underground Injection Control
{(UIC) permit had an upper limit of 150 °F for the CO; delivered to the inlet to the injection well.

MINIMUM CO» DELIVERY TEMPERATURE AT INJECTION

A minimum wellhead temperature of 88 °F in the design basis was based on parameter limits specified in the
initial draft of the UIC permit. It was noted that during a cold-weather start-up and during normal operations
prior to insulation of the above ground CO, pipeline that the CO- could be colder than 88 "F at the wellhead.
Subsequent revisions to the UIC permit were based on a minimum surface injection temperature requirement of
60 “F. The final UIC permit required injection of CO; in the supercritical state at the point of injection into the
formation, which means that the CO, must be above its critical temperature of 88 “F at the point of injection into
the formation. Modeling over the range of expected surface pressures, showed that with heating due to
hydrostatic compression of CO; in the injection well, 60 "F CO; delivered at the inlet to the wellhead would result
in down-hole temperatures greater than 88 °F. This change in the UIC permit allowed compliance to be
monitored with surface pressure and temperature gauges, which are more accessible for calibration and service
than down-hole instruments.

TEMPERATURE CONTROL

Other than the minimum and maximum temperature limits listed above, there was no requirement to maintain or
control the CO, temperature at the wellhead at a specific set point. It was anticipated that the CO. temperature at
the wellhead inlet would remain relatively constant with consistent operation of cooling equipment associated
with the compression system.

In addition to these operational parameters, Table 2 includes the purity specifications for the injection CO, stream.

Table 2: Injection CO; Purity Specification

Component Purity Specification
Carbon Dioxide Minimum 99 %
Oxygen 100 ppmv maximum
Water 30 IbMMscf (633 ppmv) maximum

Each of the specifications in Table 2 and their rationale are discussed below.
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CARBON DIOXIDE

The fermenter vent gas from an ethanol plant is generally high purity COs (> 99% vol.). The source point
specified for this project was downstream of an existing water scrubbing system, thus there would be minimal
(ppm level) impurities from ethanol production remaining in the COs to be compressed and dehydrated prior to
injection.

OXYGEN

Typical analysis of the source stream indicated that normal oxygen content was below 10 ppmv. A measurement
of oxygen significantly higher (10x) than this level would indicate ingress of air from a possible loss of pressure
conirol on a fermenter.

WATER

As stated above, the source point for the CO; is down stream of an existing water scrubber and therefore would be
considered water saturated. A typical CO, pipeline specification of 30 Ib/MMscf was selected in order to prevent
the formation of free water or hydrates in the transfer pipeline to the wellhead.

4.0 Equipment Screening and Selection Process

4.1 Equipment Screening

A study was conducted to identify the preferred equipment configuration for this project to compress the ethanol
fermenter vent stream of CO, from approximately | psig to a maximum of 2,000 psig at the wellhead.

COMPRESSION CONFIGURATIONS

The following is a list of the equipment combinations considered for CO, delivery:

e Blower, Screw Compressors, Reciprocating Compressors

* Blower, Reciprocating Compressors

* Blower, Reciprocating Compressors, Pump

« Blower, Screw Compressors, Reciprocating Compressors, Pump
« Compression, Liquefaction, Pump

The configurations were compared using budgetary purchased equipment costs (+/- 20% accuracy) and the
estimated power consumption over a 3-year project life. In addition, each of the configurations utilizing a blower
was evaluated without a blower in order to ascertain the impact of the blower on project costs.

The estimated purchased equipment costs for configurations utilizing screw compressors downstream of a blower
and upstream of reciprocating compressors were on average 32% less than blower/reciprocating compressor
configurations. However, the 3-vear electrical costs of the configurations that included a screw compressor were
on average 8% more than blower/reciprocating compressor configurations. The total estimated purchased
equipment plus 3-vear electrical costs for compression equipment configurations that did not utilize screw
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compressors (reciprocating compression only) were on average 6% higher than the options that included screw
COMPressors.

Excluding the blower from an equipment configuration significantly increased estimated purchase cost of the
subsequent compression equipment by an average of 35% and increased the 3-year electrical cost by an average
of 4%.

Budgetary quotes were obtained for a compression to 800 psig, followed by condensation using chilled water and
then pumping to the final injection pressure. This approach showed no clear purchased equipment or operating
cost advantage and was judged to have more complexity than compression based options.

As a follow up to the options studied above, Trimeric compared a refrigeration based CO; liquefaction and
pumping approach to the compression approach. The two processes were simulated assuming inlet conditions of
80 °F and 250 psig (the compression from 0 to 250 psig would be the essentially the same on this project for both
approaches). The results showed that the liquefaction option had a power consumption that was 38% greater than
the reciprocating compressor option. The three year injection period of this project does not justify the higher up-
front capital costs associated with refrigeration based COs liquefaction systems. Furthermore, solid desiccant
dehydration systems such as activated alumina and molecular sieves are required prior to refrigeration based CO,
liquefaction and the project did not otherwise require this additional level of dehydration with its associated
higher capital and operating costs. There are cases where CO liquefaction and pumping is the most cost-effective
approach, however; the site-specific process conditions and goals for this project led the team to conclude that
compression and triethylene glycol dehvdration was the more economical and preferred alternative for this
project.

The centrifugal compressor vendors that Trimeric contacted for budgetary quotes for this project did not provide
budgetary quotes. It was difficult to get responses of any kind from these suppliers, but one did comment that this
project is on the low end of flow rates where centrifugal compressors are applicable. Centrifugal compressors
also have longer equipment delivery times and more limited turndown capabilities than reciprocating
compressors. Due to these factors, centrifugal compressors were not considered further for this project.

PROCESS COOLING OPTIONS

Process cooling for this project could have been achieved by either air coolers (fin-fan coolers) or by shell and
tube heat exchangers utilizing cooling tower water. A comparison of the two showed that shell and tube
exchangers with cooling water option would 1) provide tighter process temperature control within the surface
facilities equipment 2) be more conducive to the planned indoor installation of the process equipment, and 3) have
asmaller overall footprint, which was critical for this installation within the existing ADM facility. From a cost
and performance standpoint, the air-cooled and water cooled options are comparable, with a slight advantage for
the water cooled shell and tube heat exchangers due to the lower interstage cooling and final compressor
discharge temperatures that can be achieved on a warm summer day. In many cases, air cooling is the preferred
option if cooling water is not available or where water resources are limited. Cooling water from an existing
cooling water system was available for use on this project.

DEHYDRATION

The basis for setting the gas water content specification at 30 Ibs/MMscf (633 ppmv) was that it is typical of what
might be specified for a commercial CQ5 pipeline transporting CO, for enhanced oil recovery or sequestration
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purposes. Dehydration prevents liquid water and/or hydrates from forming and helps to prevent internal corrosion
of the 6,400-foot carbon steel pipeline. Both Triethylene Glycol, TEG, and solid desiccant {molecular sieve)
dehydration systems were evaluated. A TEG dehydrator will normally dehydrate a CO; stream to a water content
of 7 Ihs/MMscf or lower. A molecular sieve system typically dehydrates to an even lower water content, less than
1 Ib/MMsctf. The option of TEG dehydration was selected as it provided an acceptable level of dehydration for
the project requirements and provided a good safety margin below the project design basis requirements. The
project requirements did not justify higher capital and higher operating costs associated with molecular sieve
dehydration.

4.2 Equipment Selection

During the equipment selection phase of the project, injectivity testing of the formation had yet to be conducted
and as noted earlier, the required wellhead inlet pressure was unknown. It was expected to fall within a range
from 1,400 to 1,950 psig. Thus, the selected compression equipment had to have a great deal of operational
flexibility in order to meet the project requirements for injection rate and injection rate accuracy over the range of
possible required surface injection pressures.

The results of the equipment screening process indicated that the compression configuration that had the lowest
purchased equipments costs and 3-year electrical costs was the combination of one blower, two screw
COMmpressors, one reciprocating compressor, and one pump. However, based on input from equipment suppliers
during the firm equipment bid solicitation process, Trimeric and ADM concluded that the costs for the option
with one blower, two reciprocating compressors, and one pump were comparable to the screw compressor option.
The total estimated purchased equipment costs combined with 3-year electrical costs for the two options were
within 5% of each other for these two options. Eliminating the screw compressors reduced the overall complexity
of the system and the number of large equipment skids. Therefore, the option that included a blower, two
reciprocating compressors and a pump was chosen.

The reciprocating compressors were designed to operate at a discharge pressure of 1,400 psig followed by a
multistage centrifugal pump if additional pressure is needed to meet the desired injection rate. This option
provided the needed flexibility for the possible range of surface injection pressures and avoided having to operate
larger reciprocating compressors, designed for meeting discharge pressures up to 2,000 psig, in a constant and
significant turndown situation if a lower injection pressure was required to meet the desired injection rate.

The selected process is depicted in the Process Block Blow Diagram (

Figure 2) and the Process Flow Diagram (Figure 3). Several photographs of the system are located in Appendix
E:
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Figure 3 — Surface Facilities Process Flow Diagram

The selected surface facility equipment consists of a single 1,250 hp 4-stage centrifugal booster blower that raises
the CO; stream pressure to approximately 17 psig. It is followed by two parallel 3,250 hp 4-stage reciprocating
compressors that boost the pressure to approximately 1,400 psig, a TEG dehydration unit, and a 200 hp 26-stage
centrifugal pump capable of boosting the pressure to up to 2.000 psig. TEG dehydration is performed between
the third and fourth stages in the reciprocating compressors where water content in the CO: is at a minimum due
to previous compression and cooling steps. Shell and tube heat exchangers using cooling water remove the heat
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of compression following each compression step, except after the multistage centrifugal pump, which adds a
temperature rise of only 10 °F to 15 °F and therefore does not justify addition of a cooler after the pump.
Additional description of the Surface Facilities is provided in the following paragraphs.

The compression train receives the relatively low pressure CO; stream from the existing primary water scrubber
overhead stream. The gas enters the inlet separator where any free water carry-over from the scrubber is allowed
to drop out. The stream enters the blower where the COs pressure is increased by approximately 17 psi. The gas
stream is monitored for the presence of oxygen by an online oxygen analyzer; a high oxygen reading may indicate
an air leak into the system. The gas stream is then cooled by a shell and tube gas cooler. The outlet gas
temperature is controlled at a set point of 95 “F.

The CO; stream then exits the blower after cooler separator where any condensed liquid is allowed to drop out.
The overhead stream from the blower after-cooler separator is split and then enters the suction of two parallel 4-
stage reciprocating compressors.

Compressed CO- from the i stage of reciprocating compressors combines and enters the TEG dehydration unit
inlet separator where condensed liguids disengage from the vapor stream. The CO; stream then enters the bottom
of the contactor where 1t is contacted counter currently with the lean (low water content) TEG that enters at the
top of the contactor. The dry CO; exiting the top of the contactor is cooled in a gas/glveol exchanger before
splitting and returning to the 4t stage compressor suction scrubbers. The water content of the dehydrated gas
stream is measured by an online moisture analyzer; a high moisture content reading may indicate an operational
issue in the dehydration unit. Water is evaporated from the rich TEG in the TEG dehvydration unit regeneration
skid and the lean TEG is recycled to the contactor.

Figure 4 shows the path of the compression on a CO; Pressure-Enthalpy Phase Diagram. Note that the selected
pressures and temperatures throughout the system remain outside the liquid, liquid/vapor, and solid/vapor
envelopes, where serious operational issues would occur. COs temperatures also remain well above 55 °F, where
it is possible to form CO,-H,0 solid hydrates under some conditions.

The compressor discharge pressure after the 4™ stage is controlled at set point by a control valve that allows
excess compressed COs to flow to the process vent header if the injection rate to the wellhead is reduced.

Temperature control loops for each of the interstage shell and tube exchangers (three for each compressor) as well
as the temperature control for the final after cooler will control the outlet CO; temperature at a set point of 95 °F.
At this point, the CO-, can bypass the multistage centrifugal pump if it is not needed or alternatively go through
the pump if it is needed to meet the desired injection rate.

CO; flow to the wellhead is monitored by a flow indicating transmitter and is controlled by a flow control valve.
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Figure 4 — Compression Path on CO; Phase Diagram
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5.0 Results and Lessons Learned

The system capacity was designed for 1,100 tonnes / day, which provides a 10% safety factor above the desired
1,000 tonnes / day injection rate. The average rate leaving the compression facility during normal operations to
date has been 1,086 tonnes / day. Figure 5 shows a plot of the blower capacity curve and the reciprocating
compressor curves provided by the equipment suppliers and their expected intersection point at 1,103 tonnes / day
leaving the compression facility. Actual operating data collected during the commissioning effort showed very
good agreement with these operating curves and their intersection point
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Figure 5 — Intersection of Blower and Reciprocating Compressor Curves

As shown in Figure 6 the average injection rate during normal operations to date has been 974 tonnes / day.

ADM is working with [llinois EPA on an administrative issue to remove a current permit constraint that limits the
injection rate based on the size of the orifice meter plate in use. After this is resolved, the injection rate will
increase by about 100 tonnes / day.
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Figure 6 — Daily Injection Rates

In the first six months of operation there have been some issues that led to unscheduled downtime. There has also
been one scheduled maintenance period for the compression equipment that coincided with a scheduled ethanol
plant shutdown. Main issues leading to unscheduled downtime to date are as follows:

* Blower motor failure — windings arced / phase to phase ground due to poor insulation (8 days)
* Motor soft start wiring issues (9 days)

s Cylinder lubrication issues (rupture disk and pump issues) (8 days)

» Ethanol plant outages - cooling water, power, CO: supply (3 days)

The blower motor failure occurred in early Nov. 2011 before injection began in earnest. It was a warranty issue
that was repaired by the supplier at no cost to ADM or the project. The impact of the other scheduled and

unscheduled downtime events is shown on Figure 6. ADM is working with the equipment packager and the
compressor manufacturer to improve the reliability of the cylinder lubrication systems. Unscheduled downtime is

expected to decrease now that initial issues have been resolved.
LESSONS LEARNED

The project site is located within the existing ADM Decatur, IL Corn facility. Due to the existing facility
infrastructure, it was not practical to install the 6,400 foot, 6 inch diameter pipeline underground. ADM initially
operated without insulating the above ground pipeline to evaluate the need for insulation. Ambient conditions
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affected CO, temperature and therefore density at wellhead inlet, which reduced the surface pressure required for
a given injection rate in colder weather. As a result, compression equipment control set points had to be modified
to operate with lower discharge pressure. Furthermore, variations in ambient conditions caused undesirable
variations in subsurface injection pressures. Therefore, the pipeline was insulated in order to reduce impacts of
ambient conditions on subsurface pressure and to ensure that wellhead inlet temperature will remain above 60 “F
minimum limit in the UIC injection permit.

Trimeric modeling based on initial injection operations predicts that a surface pressure of 1,455 psig will be
required to inject 1,000 tonnes / day if surface CO, temperature is 95 “F. Project geologists and reservoir
engineers expect the required injection pressures to decline as injection continues (with respect to the injection
pressures encountered during initial operations), but if required injection pressures do not decline and if the
performance of the final cooler after the compressor degrades due to fouling or other reasons, the multistage
centrifugal pump may be needed to achieve desired injection rates in warmer weather when cooling water supply
temperatures to the heat exchangers are higher.

It is sometimes difficult to respond to startup, non-steady-state, and upset conditions using the vent valve
downstream of the blower and the vent valve downstream of the reciprocating compressors. The vent valve after
the reciprocating compressors was difficult to tune during commissioning efforts before injection into the well
and therefore use of the pipeline was permitted. Afier the injection permit was granted and injection began,
additional tuning of the vent valve downstream of the compressor combined with the dampening effect the 6,400
foot, 6 inch pipeline had on changing conditions, and widening the compressor discharge pressure shutdown set
points, has resulted in satisfactory operation of the vent valve downstream of the compressor. The single blower
is sized to feed two reciprocating compressors in parallel. Consequently, when one compressor shuts down, the
vent valve downstream of the compressor has to respond quickly to vent half of the gas going through the blower
in order to reduce pressure at the discharge of the blower and at the suction to the remaining on-line reciprocating
compressor in order to avoid a shutdown of the remaining on-line reciprocating compressor due to high suction
pressure or a shutdown of the blower due to high discharge pressure. On the other hand, if the vent valve
downstream of the blower opens too quickly, the other reciprocating compressor will shut down on low suction
pressure and / or the blower will shut down on low blower discharge pressure. Opening of the blower recycle
valve in addition to opening of the vent valve downstream of the blower has reduced the number of compressor
shutdowns that occur when the other compressor shuts down. The blower usually remains on-line when one or
both compressors shuts down. Keeping the remaining units on line when one compressor shuts down may reduce
the time required to get back to the full injection rate because the motor soft starts can impose a one-hour delay
before a motor can be restarted. Shutdown limits for compressor suction pressure will also be widened to reduce
the chances of one compressor shutting down as a result of the other compressor shutting down. It is possible that
additional valve tuning may be required for the vent valve downstream of the blower and the vent valve
downstream of the reciprocating compressors.

Operational changes were needed for lower than design cooling water supply temperatures. The system was
designed based on a summer design cooling water supply temperature of 85 "F. During the initial months of
aperation, cooling water temperatures have been lower. The flow rate of cooling water through the heat
exchangers after the blower and reciprocating compressors is adjusted to achieve a desired discharge temperature
from these exchangers. The initial target temperature for CO, leaving these exchangers was 95 °F, which is a 10
“F approach for the summer design cooling water supply temperature of 85 “F. When the cooling water supply
temperature is lower, the flow rate of cooling water to the exchangers is reduced which results in high cooling
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water discharge temperature from the heat exchangers. Higher cooling water discharge temperatures increase the
risk of fouling and corrosion in the cooling water system and in the heat exchangers. Getting the CO; too cold
(below roughly 60 °F) could lead to issues with CO,-H,0 solid hydrate formation or formation of liquid CO; at
pressures in the latter stages of the reciprocating compressors. ADM lowered the CO; temperature set points to
80 “F for interstage cooling in order to get cooling water flow rate up and therefore to reduce the cooling water
discharge temperatures. ADM then had to lower interstage low suction pressure shutdown set points as suction
pressure was lower with cooler (denser) CO.. ADM may decide to add a cooling water tempering loop to get
cooling water supply temperature up in cold weather. The tempering loop would pump some of the cooling water
return from the facility to the cooling water supply in order to raise the blended temperature of the cooling water
going to the heat exchangers in this facility.

6.0 Comparison with 500 MWe Facility

The 1,000 tonnes per day CO, injection rate in the [llinois Basin — Decatur Project is about 10% of the CO; that is
emitted from a 500 MW (gross) PC power plant. A facility 10 times larger such as a 500 MW PC power plant
would mostly likely use centrifugal compressors instead of reciprocating compressors. While larger capacity,
lower speed (more reliable and more expensive) reciprocating compressors than those used on the IBDP are
available, the higher reliability and still higher per unit throughput capacities of centrifugal compressors compared
with reciprocating compressors are very likely to favor selection of centrifugal compressors for a 500 MW PC
power plant CO4 sequestration application.

Triethylene glycol (TEG) dehydration technology is commonly used to dehydrate CO, that goes into commercial
CO, transport pipelines in the U.S. Commercial systems with the capacity to dehvdrate the flow rate of CO; that
could be captured from a 500 MW PC power plant are available and in use at facilities that process CO- for
enhanced oil recovery (EOR) in the U.S. These units may require multiple trains of glycol contactors for the 500
MW PC power plant scale. It is unlikely that the higher capital operating costs of mole sieve dehydration would
be warranted for the power plant sequestration application. TEG dehydration is sufficient and the higher levels of
dehydration are not required in this application. It may be possible in some instances to get by with less
dehydration and therefore lower cost than TEG dehydration. The most common approach in this instance is to
design the injection pipeline and injection well to accommodate the water that remains in the CO; after
compression and cooling steps. Applications with shorter distance from the compression facility to the injection
well and those that do not require meeting a commercial CO, pipeline specification for water content may most
easily accommodate this approach. However, higher grade — higher cost materials for the pipeline and injection
well may be required. Non-steady state conditions such as extended shutdowns must be considered with respect
to the possibility for free water (liquid water) formation which can lead to accelerated corrosion rates in CO,
service and for the possibility of C0.-H,0 solid hydrate formation which could lead to plugging in the injection
well perforations.

Innovative technologies are in development to reduce compression and dehydration costs at the scale required for
carbon capture for a 500 MW PC power plant. Examples include the Ramgenl'2 compressor and the DexPro™
dehydration process.
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7.0 Summary and Conclusions

The compression and dehydration system for the Illinois Basin-Decatur Project performs in accordance with
process design. The flow rate of COs from the system that is available for injection meets the design criteria of
1,100 tonnes per day. Dehydration levels are typically in the 5 Ib/MMscf range, as expected for performance of
this system. System availability is expected to increase and unscheduled downtime is expected to decrease now
that the first few months of operation are complete and the issues impacting system reliability have been
identified. Most of these issues were resolved during the first few weeks of operation. ADM is working with
equipment suppliers to improve reliability of the cylinder lubrication systems on the reciprocating compressors.

Further tuning of pressure vent valves downstream of the blower and downstream of the reciprocating
compressors may be needed to improve the response of the system to upset conditions such as the response of the
vent valve downstream of the blower when one of the two reciprocating compressors shuts down. Further
planned adjustments of suction pressure set points for compressor shutdown will also improve the system
response to upset conditions.

ADM may decide to install a tempering loop to raise the cooling water supply temperature in cold weather.
However, lowering the target CO, discharge temperature from the heat exchangers from 95 °F to 80 “F may be
sufficient to achieve desired cooling water return temperatures without adding a cooling water tempering loop.

The pipeline has been insulated, which will ensure that the CO; delivered to the wellhead inlet will remain above
the minimum injection temperature of 60 “F allowed in the UIC permit and will greatly reduce the impact of
ambient conditions including temperature, wind, and precipitation on the temperature and density of the CO,
delivered to the wellhead. This in turn will reduce variations in down-hole pressure and temperature associated
with surface facility operations. Use of the multistage centrifugal pump may be needed to maintain desired
injection rates in warmer weather. Since there is not a cooler after the pump and since the pump will add 10 °F to
15 °F to the COy, insulating the pipeline increases the chance that the pump will need to be used in warm weather
to meet the desired injection rate as the warmer CO; delivered to the wellhead will be less dense.

Quarterly performance monitoring is underway to track, maintain, and improve system performance over the
remainder of the injection period. Trimeric has made and plans to continue making quarterly visits to the site
during the injection period of this project to review operations, to identify process issues, to identify opportunities
for process optimization, and to support ADM and the [llinois State Geological Survey during the injection phase
of the Illinois Basin-Decatur Project.
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Photograph 1 — Blower and Compressor Buildings
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Photograph 2 — CO; Source — Fermenter Wet Scrubber Discharge
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Photograph 3 — Blower System
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Photograph 4 — Reciprocating Compressor (Stages 1 and 4)
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Photograph 5 — Reciprocating Compressor (Stages 2 and 3)
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Photograph 6 — Interstage Coolers
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Photograph 7 — TEG Dehydration System Contactor

Photograph 8 — TEG Dehydration Regeneration Skid
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Photograph 9 — Final Compressor Aftercooler
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Photograph 10 — Multistage Centrifugal Pump
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Photograph 11 — CO; Injection Well
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Block Flow Diagram
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Overall Process Flow Diagram
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Design Basis and Permit Conditions Summary

EEEEEE——— |
Design UIC Permit
Parameter Units Requirement | Requirement
metric tons /
Injection Rate day 250 - 1,000 <1,200
Injection Rate MMscfd 4.8 -19.0
Surface Pressure psig 1,057 - 2,000 < 1,950
Surface Temp. deg F 88 -120 60 - 150
Bottomhole Press. psig
Bottomhole Temp. deg F
Oxygen Content ppm <100
ICO2 Purity % mol. 99
Water Content ppm 633

Note - Values above are for normal operating conditions, startup

and shutdown conditi

ons may vary

1
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CO2 Phase Diagram
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CO2 Source —Fermenter Scrubber Discharge
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Blower and Compressor Buildings
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Blower System (1 of 2)
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Blower System (2 of 2)
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Reciprocating Compressors (1 of 3)
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Reciprocating Compressors (2 of 3)
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Reciprocating Compressors (3 of 3)
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Interstage Coolers
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Final Cooler
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Dehydration System - Contactor
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Dehydration System — Regeneration Skid
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Multistage Centrifugal Pump
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Injection Well
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Intersection of Blower and Compressor Curves
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Pressure - Design vs. Actual

| . |
Location (psig) (psig)
Blower Inlet -0.3 -0.4
Blower Discharge 14.9 14.7
Recip Stage 1 Suction 12.1 125
Recip Stage 1 Discharge 60 65
Recip Stage 2 Suction 54 58
Recip Stage 2 Discharge 235 233
Recip Stage 3 Suction 228 220
Recip Stage 3 Discharge 584 Y
Recip Stage 4 Suction 566 558
Recip Stag:;e 4 Discharge 1411 1409

X 11/8/11 21
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Temperature — Design vs. Actual

esign
Location (deg F)
Blower Inlet 40 - 90
Blower Discharge 177 - 230
Recip Stage 1 Suction * 90 - 95
Recip Stage 1 Discharge 293
Recip Stage 2 Suction * 90 - 95
Recip Stage 2 Discharge 313
Recip Stage 3 Suction * 90 - 95
Recip Stage 3 Discharge 253
Recip Stage 4 Suction * 95-100
Recip Stage 4 Discharge 272

* These suction temperatures are controlled by cooling water flow rate

X 11/8/11 22
7% TrMERIC CORPORATION G

126



Oxygen and Water Content — Design vs. Actual

1 |
De5|gn
Parameter Target * | Actual
Oxygen (ppmv) 7 8-18
Water (Ib/MMSCF) <10 5-9
Water (pppmv) <211 |106-190

* Design target is the expected performance point. This is different
from the performance requirement (design requirement)

X 11/8/11 23
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Lessons Learned (To Date)
1 I
o Extended construction timeline due to
permitting delays resulted in
commissioning challenges - (temporarily)
forgotten details, lost and incorrect parts

o Startup, non steady-state conditions such
as bringing compressors online and offline
without using the pipeline and injection
well are hard to control using pressure
vent valves

o Temperature control for cooling water
supply may be required

1 11/8/11 24
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Summary
—_— I
o System performs in accordance with
design (to date)

o Pump needs to be commissioned after
injection begins

o Flow meter has been calibrated.
Performance needs to be verified after
injection begins.

o Tuning of pressure vent valves after
blower and compressors may be needed
after injection begins

X 11/8/11 25
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Appendix C: Annulus Pump Document
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Annulus Protection System for Injection Well

Annulus Protection System

The annulus protection system will comply with UIC Permit requirements B.1.e.i to B.1.e.v:

“The following procedures will be used to limit the potential for any unpermitted fluid movement
into or out of the annulus:

i.  The annulus between the tubing and the long string of casing was filled with an NACL
brine at the of completion.. The brine has a specific gravity of 1.104 and a density of 9.2
ppg. The hydrostatic gradient is 478 psi/ft. The brine also contains a corrosion
inhibitor.

ii.  The surface annulus pressure will be kept at a minimum of 400 pounds per square inch
(psi) at all times.

iit.  The pressure within the annular space, over the interval above the packer to the
confining layer, shall be greater than the pressure of the adjacent injection formation at
all times.

iv.  Any changes to the composition of annular fluid shall be reported in the next monthly
report submitted to the Permit Section, Division of Land Pollution Control.

v. A pressure differential of at least 100 psi between the tubing and annular space at the
packer shall be maintained during injection of fluid. This does not include start-up and
shut-down periods "

Figure | shows the injection well annulus protection system. The annular monitoring system will
consist of a continuous annular pressure gauge, a sodium chloride water storage reservoir, a low-
volume, high-pressure pump, a control box, and fluid and electrical connections. The control box
will receive pressure data from the annular pressure gauge and will be programmed to operate
the pump as needed to keep approx. 400 psi (or greater) on the annulus.

The annulus pump will be a General Pump Co. Model 1321 triplex pump rated to 2100 pst and a
flow rate of 5.5 GPM. The pump will be powered by a 1.5HP Marathon electric motor. The
visual pressure gauge is be a 0-1000 psi liquid filled ASME B40.1 Class A ( 2%-1-2%) with a
stainless steel case. The pump will be controlled by two Barksdale Series 7000 pressure switches
one for low pressure to engage the pump and the other for high pressure to shut the pump down.
Anticipated range on the switches would be 400 psi for the low pressure set point and 450 psi for
the high pressure set point. The Barksdale pressure switch is manually adjustable so if any
pressure drift is noted during operation the switches van be reset in a matter of minutes. Annulus
pressure and tank level will be monitored at the ADM data control system. The pressure signal
will come directly from a separate pressure transducer with 4-20 mA (PIT-014) output to the
ADM control system. A 330 gallon standard IBC tank is used to store the NACL brine is
connected to the suction inlet of the pump. The tank will be heat traced to prevent winter freeze
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ups. The NACL brine will be 9.5 ppg and contains a corrosion inhibitor. A tank level gauge is
connected to the monitoring system and volume of packer fluid used will be obtained from the
tank level gauge as well as visual measurement.

If there is a loss of electrical power to the annulus re-pressure system pressure will be continued
to be monitored by both the pressure transducer and the pressure gauge. If the annulus pressure is
stable and within the operating range of 400-450 psi then no action will be taken for power
failures of 12 hours or less. If the power failure i1s expected to go beyond 12 hours or if the
annulus pressure is falling below operating range then a portable generator will be connected to
the annulus re-pressure system. In an event where it is apparent that a positive pressure of at least
100 psi cannot be maintained or that pressure above the packer cannot be maintained higher than
the injection pressure into the injection zone then injection will be shut down until repairs can be
made and the system is in operating condition.

Average annular pressure and fluid volumes changes will be recorded daily and reported to IEPA
as required monthly.

Detailed description of the monitoring gauges for reporting purposes is found in another section
of the completion report. The annular pressure gauge is PIT-014.

Equipment has been installed and pump tested.
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Figure 1: The annular monitoring system general layout.
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Appendix D: Project Timeline
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Illinois Basin Decatur Project

CO; Injection Equipment Summary Timeline

Date Major Construction Activity
November 2009 Start of blower building construction
December 2009 Start of compressor building construction
December 2009 Phase 1 of pipeline construction complete
December 2009 Wellhead hardware installed
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
May 2010 Compressors, blower, and pump installed
July 2010 Pipeline construction and hydro-test complete
August 2010 4160 V switchgear arrives
| August 2010 Multistage cenirifugal pump motor arrives
August 2010 Construction of blower building complete
August 2010 Construction of compressor building complete
Schedule Note: Construction activity timeline extended due to delay in receipt of
injection permit
December 2010 Process piping 75% complete; cooling water piping 90% complete
January 2011 Cooling water piping complete
May 2011 Vent header complete
August/September 2011 | Equipment commissioning
October 2011 Startup (venting to atmosphere)
November 2011 Initial CO, injection tests
December 2011 Commencement of on-going CO; injection
Date Maintenance Activity
March 2012 Compressor cylinder lube oil system issues
March 2012 Scheduled compressor maintenance
May 2012 Scheduled compressor maintenance
June 2012 VC-301 3" stage discharge valve maintenance
July 2012 Replaced A" stage piston rods (by vendor)
September 2012 Blower motor repair
December 2012 Scheduled compressor maintenance
December 2012 VC-201 computer problems
May 2013 VC-301 lube oil flow issue
July 2013 VC-201 maintenance (4™ stage rod and 1™ throw cylinder)
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Appendix E: Trimeric Pipeline Report
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ADM Pipeline - Size Estimate

The work in this report covers pipe line diameter and wall thickness estimates only.
Detailed pipeline design work lies outside of the typical scope of work for Trimeric;
however, we can assist in identifying resources for this detailed design activity.

Pipe Line Size
Several line sizes were evaluated for a pipeline to the injection well. The results can be

found in Table 1. The inlet process conditions and piping components used in this
evaluation were:

Temperature: 95 °F
Inlet Pressure: 1415 psia
Mass Flow: 101,045 Ib/hr (1,100 metric tons/day)
Density: 40.11 I/’
Viscosity: 0.0595 cP
Pipe Length: 3,200 fi
Fittings: 8 — 90 deg elbows
4 full bore ball valve
4 run thru tee
I swing check

Table 1: Pipeline Sizing Evaluation

Nominal Pipe Size in. 4 4 6 6 8
Schedule 40 80 40 80 40
Outside Diameter in. 4.5 4.5 6.625 6.625 8.625
Inside Diameter in. 4.026 3.826 6.065 5.761 7.981
Fluid Velocity ftfs 7.8 8.76 35 3.87 2.01
Calculated Pressure psi 44.5 37,3 54 7.0 1.3
Drop

The velocity in the 4-inch schedule 40 line is reasonable for dense phase CO» flow;
however, the associated pressure drop may not be acceptable. An analysis was completed
to show the cost of the increased energy usage required to utilize a 4-inch pipeline versus
a 6-inch pipeline. Pipe cost data was supplied by American Supply Company, Jackson
MS. The energy penalty used for pressure drop impact on compressor operations was
$2251 per year for the 4 inch pipeline and $321 per year for the 6 inch pipeline. The
resulting graph (Figure 1) shows the breakeven point at approximately 10 years for the
ASTM A-106 Gr B pipe and 15 years for the API 5L X52 pipe.
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Purchase and Operating Costs over 30 years (1100 metric tons/day @ $0.04 KWh)

$160.00
All standard

(scheduls 40) pipe

$140.00

$120.00 /

$10000 +—————

i /
$60.00

—a————u—a—8
540,00

Thousands of Dollars

Years

—a—4-inch pipe Gr B —8— g-ineh pige Gi B dench gipe API 5L XSZ = = E-ineh pipe API 5L X52 |

Figure 1 - Cost Analysis for 4 vs. 6 inch pipeline

Steel Piping System Design Requirements

According to ASME B31.8-2003 Gas Transmission and Distribution Piping Systems,
design pressure for steel gas piping systems or nominal wall thickness for a given design
pressure shall be determined by the following formula (assuming no corrosion or erosion
allowance)

25t
P= FET
Where
D= nominal outside diameter of pipe. in.
E=  longitudinal joint factor obtained from Table 841.115A

F=  design factor obtained from Table 841.114A.

P= design pressure, psig

S=  specified minimum yield strength, psi. Appendix D of B31-8 references
commonly used piping steels

T=  temperature de-rating factor obtained from Table 841.116A

i= nominal wall thickness, in.
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Nominal Outside Diameter

At the time of the evaluation, 4, 6 and 8 inch nominal diameter pipe was under
consideration for the carbon dioxide pipe line to the injection well. Tradeoffs include
lower purchased costs and higher operating costs for smaller diameter pipe and vice versa
for larger pipe. Larger diameter pipe also provides excess capacity in the event that any
future expansions increase the flow rate desired through the pipeline.

Longitudinal Joint Factor — E

If the type of longitudinal joint can be determined with certainty, the corresponding
longitudinal joint factor, E found in Table 841.115A in Chapter IV of ASME B31.8-2003
may be used. Otherwise, E shall be taken as 0.60 for pipe NPS (nominal pipe size) 4 and
smaller, or 0.80 for pipe larger than NPS 4. A listing of Longitudinal Joint Factors for
various pipe classes can be found in Table 2. For this evaluation the pipe is assumed to be
Seamless or Electric Resistance Welded, ER'W, which both have an associated Joint
Factor of 1. In previous recommendations for piping specifications for high pressure
carbon dioxide, electric resistance weld pipe which can be produced in lengths up to 115
feet, was recommended for longer runs of pipe as seamless pipe is not available in long
lengths.

Table 2- From ASME B31.8 - Table 841.115A Longitudinal Joint Factor, E

Spec. No Pipe Class ' E Factor
ASTM A 53 Seamless 1.00
Electric Resistance Welded | 1.00
Furnace Butt Welded: 0.6
Continuous Weld
ASTM A 106 Seamless 1.00
ASTM A 134 Electric Fusion Arc Welded | 0.80
ASTM A 135 Electric Resistance Welded | 1.00
ASTM A 139 Electric Fusion Welded 0.80
ASTM A 211 Spiral Welded Steel Pipe 0.80
ASTM A 333 Seamless 1.00
Electric Resistance Welded | 1.00
ASTM A 381 Double Submerged-Arc- 1.00
Welded
ASTM A 671 Electric Fusion Welded
Classes 13, 23, 22,43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
API 5L Seamless 1.00
Electric Resistance Welded | 1.00
Electric Flash Welded 1.00
Submerged Arc Welded 1.00
Furnace Butt Welded 0.60

! Definitions for the various classes of welded pipe are given in para. 804 243, ASME B31.8-2003 Gas
Transmission and Distribution Piping Systems

140



]
7% TRIMERIC CORPORATION

Design Factor

The design factor selected from Table 841.114B is based on the type of facility and
location class. It is currently assumed that the pipeline could possibly flow through a
Class I Division 2 area. It was assumed that the pipeline would remain on private roads
and not near large concentration of people. These assumptions result in a selection of

0.72 for the design factor, F.

Design Pressure

At the time of evaluation, the final well head pressure was unknown. A value of 2200
psig was selected for the evaluation.

Specified Minimum Yield Strength

The Specified Minimum Yield Strength, SMY in psi is associated with the specification
governing the production and use of the steel pipe. API 5L is a typical pipe specification
used in oil and gas transmission pipeline applications and is available in several
intermediate grades with varying SMY's. For this evaluation an APL 5L X52 with a SMY
of 52,000 psi was used. Note it is up to the detailed design team to make the final
selection of the piping system.

Temperature De-rating Factor

This factor is used to de-rate piping systems due to elevated operating temperatures
above 250 °F. This system will operate at 95 °F or below. It is improbable that a
condition will exist during normal operations where the temperature will exceed 250 °F,
thus the temperature de-rating factor is 1.00.

Nominal Required Wall Thickness

A nominal wall thickness, t was calculated based on the above assumptions for 4 and 6
inch pipe. Table 3 shows a comparison of the calculated nominal wall thickness required
and wall thickness for both schedule 40 (standard weight) and schedule 80 for each
pipeline size.

Table 3 — Pipe Wall Thickness Summary (API 5L X52 Pipe)

Pipe size, in. Nominal Wall Thickness, in.
Required Schedule 40 Schedule 80
4 0.132 0.237 0.337
6 0.195 0.280 0.432

Standard (schedule 40) API 5L X52 pipe is adequate from design pressure perspective
and exceeds the nominal thickness requirement for this piping system. In fact, the
standard weight pipe results in a piping design pressure of 3944 psig for 4-inch pipe and
3165 psig for the 6 inch pipe.

This is only a preliminary estimate of the wall thickness requirements. Further
consideration may need to be taken into consideration such as possible use of pipe that
has a lower SMY such as ASTM A-106 Grade B (SMY of 35,000 psi) thus resulting in a
lower initial pipeline costs, but also a lower system design pressure. Table 4 includes a
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summary of pipe schedules, cost in $/ft and weight in pounds per foot % Note that 6-in
sch 40 ASTM A-106 Gr B is not an option since this would result in a calculated wall
thickness equaling 0.289 in. which is greater than that of 6 in sch 40 which is 0.280 in.

Table 4 — Piping Costs

Pipe Quotes - April 2009 (based on 3200 ft)
Specnied
Thickness Minimum Pipe
Size in. | Schedule| Material in. Yield psig | Cost $/ft]| Ib/ft
4 40 CS 0.237 A-106 Gr B 35,000 8.11 10.79
4 80 CS 0.337 A-106 Gr B 35,000 11.3 14.98
4 STD CS 0.237 APl 5L X52 52,000 22.88 | 10.79
4 XH o] 0.337 APl 5L X52 52,000 31.77 | 14.98
6 80 CS 0.432 A-106 Gr B 35,000 28.83 | 2857
6 STD CS 0.280 AP| 5L X52 52,000 3209 | 18.97
a 40 Cs 0.322 A-106 GrB 35,000 21.44 | 28.55
8 STD CS 0.322 APl 5L X52 52,000 52.26 | 28.55

Three traditional designations are often used to distinguish different weights of pipe:
standard wall (STD), extra strong (X5) and double extra strong wall (XXS). The latter
two are also sometimes referred to as extra heavy wall (XH) and double extra heavy wall
(XXH), respectively. Further standardizations of pipe dimensions are published by the
American Standards Association (ASA) in ASA.B36.10 *, which shows the broader range
of wall thicknesses for schedule numbers from schedule 10 to schedule 160.

A relationship exists between the piping designations for STD and schedule 40 pipe. The
wall thickness increases as the pipe size increases yet are the same for each pipe
designation through 10 inch. Both STD and schedule 40 pipe larger than 10 inch have a
wall thickness of 3/8-inch (0.375 in.).

For XS (XH) and schedule 80 pipe, the wall thicknesses also increase as the pipe size
increases and are the same for each pipe designation through 8 inch. For piping greater
than 8 inch, both X8 and schedule 80 pipe have a wall thickness of Y:-inch (0.500 in.).

Figure 5 has been included to show the above described relationship of wall thickness for
the various schedules of pipe as well as pipe weight in Ib/ft for various pipe sizes and
schedules.

? Source: Crane Technical Paper 410, Appendix B, 1988; reprinted December 2001
d Sponsored by the American Society for testing Materials (ASTM) and the American Society of
Mechanical Engineers (ASME)
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Table 5 — Pipe Wall Thickness and Weight

Pipe ] ]
Size ob 5 10 | 20 30 |STD | 40 60 | XH 80 | 100 | 120 140 | 160 | XXH
Mominal | tnches)
1 1315 | 085 i 08 I i\ | i3 KEE] a7 ] 250 | 358
087 141 168 | 1.88 217 217 [ 285 | 368
1% | 1.68 | 055 109 40 | 140 91 A9 250 | 382
£ : 111 181 227 | 227 300 3.00 377 | 532
1% 19 MBS | 105 45 145 200 200 J 281 400
X 128 208 27 | 2w 243 83 485 | B4
2 aars | 065 109 154 | 154 218 218 44 | 436
161 284 .66 168 8pa .03 TaT a4
83 A 203 203 276 275 A 552
2% | 2875 | .. I 343 I g1 | AB0 167 787 I wee |
3 35 | o83 A 216 16 300 400 . 00
3403 434 7.56 | 7.58 WEe | 1026 1454 | 16860
3 4 | o83 A0 22 | 226 A18 318 1 536
348 498 ad2 | @12 125 | 125 2267
4 a5 | 83 A0 23 | a7 | T a7 a7 531 | 5T
. 382 5.82 1080 | 1080 | 1267 | 1500 | 15.00 1802 225 | 7757
247 A5G Eal
4% s ! l 1255 17.63 | 3258
5 55g3 | 0% A34 258 | 5B E+H A78 500 &2 | 750
6.35 i.re 1463 14.63 080 20080 ar0s 32.09 R
& g.625 | 109 I Al I 260 280 A1z 432 562 | 718 | 864
7.5 930 1am | 18 EG | 2880 3643 4559 | a1
8 gggs| 19 | 48 | 20 | 277 | g | g AD6 | 500 500 | 593 | .78 812 | 906 | 875
g2 | 134 2238 2472 28,58 28.58 3567 4343 4343 5082 6069 6782 T4, 76 T248
10 | 107s| 65 I 250 | 307 | 385 | .6B s00 | 500 B84 | e | s | 1000 | 1125 | 1000
= 1521 | 1867 | 2806 | 3427 | 4053 | 4052 | 5479 | 5470 | 6449 | 770 | B93B | 10423 | mS7S | 10423

-
g
g
g
g
£
g
B

1.000 1425 1312 | 1.000
12561 | 13981 | 16042 | 12581

=
=
-
é 3
g

12 | 1278 5o | se1a | 3341 | g3 | 4 | sasy | 7ase | isas

14 14 250 I 32 L3TE TS A28 594 500 TS0 .ﬂ-T 1.093 | 1.280 | 1406
375 | 45856 | 5462 | 5462 | 6M50 86.13 | 7248 | 10623 [ 13065 (150.81 | TPO.AT | 18D.20

16 186 250 a2 Aare ars (B0 BEE 500 B 1081 | 1218 1438 1.564
4208 | 5232 | 82684 | G264 | A2ZA5 10760 | B285 | 13674 | 164.80 (19261 | 22385 | 24548

18 18 | 258 | a2 438 ATS 562 750 | 00 38 | 1458 | 1378 | 1562 | 1TH
4744 | 5880 | 82233 | VOGS | 10476 | 13830 | BAS4 | 1T0.0d | 20895 | 24457 | ZFad48 | 308TS

20 20 250 375 E ars .583 B2 S0 1.031 | 1281 | 1.500 1750 | 1.969
S278 | VBET | 10423 | VAE7 | 12302 | 16656 (10423 | 209 25634 | 20665 | M4 | ITISI

22 22 | 20 276 500 ATE BTE S0 1126 | 1375 | 1.6 1876 | 2126
i 5813 | 8660 | 11492 | BEET 197.60 | 11482 | 25105 | 303168 (353.04 | 40335 | 45149

24 24 250 AT 562 s () ) 500 1219 | 163 | 1.812 2.062 2343

€347 | 8471 | 14081 | Se71 | 17945 | 23857 | 12561 | 20686 | 36774 |42070 | 48357 | sazae

Source: Omega Steel Pipe Chart — Weight per Foot

Further Work Needed

The above information only covers pipe line sizing and wall thickness estimates. Several
other factors need to be addressed during the detail design such as layout plan, pipe rack,
welding procedures, welding inspection procedures and internal and external corrosion
monitoring / protection. For portions of the pipeline that will run underground,
consideration will need to be given to vertical earth loads, surface live loads, surface
impact loads, buoyancy and thermal expansion. In addition, cathodic protection and pipe
coatings such as fusion bond epoxy, FBE may need to be considered for protection from
external corrosion.

Many of these design activities lie outside the expertise of Trimeric; however, we can
assist ADM in identifying an individual or companies that may provide some pipeline
consulting expertise.
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1.0 Scope

The CO; injection facility compresses and dehydrates carbon dioxide (CO;) from
the main wet scrubber discharge that treats CO; from ethanol fermentation tanks
and injects dry, high pressure CO, into a local injection well for underground
storage. The facility consists of six general areas; the low pressure blower
BL-101, the reciprocating compressor VC-201, the reciprocating compressor VC-
301, the dehydration unit, the multistage centrifugal CO, pump PU-404, and the
injection pipeline and wellhead. Electrical power, instrument air, cooling tower
water supply and return, nitrogen, and produced water disposal are on-site
utilities that are required for the CO; injection facility.

This procedure details the operation of the dehydration unit including the start
up, shut down, and troubleshooting of the unit. Due to the design of the facility,
the start up of the dehydration unit must be done in conjunction with the start
up of the reciprocating compressors VC-201 or VC-301. Please refer to the First
Time Facility Start Up Procedure for details on the compressor start up. The
P&IDs applicable to the dehydration unit are 23433-111 sheets 4-6.

2.0 Definitions

2.1  ESD - Emergency Shut Down. Refers to buttons around the facility
that will shut down equipment when activated.

2.2 BMS - Burner Management System. Refers to the dehydration unit
PLC code that controls the fuel gas system to the V5-401 burner.

3.0 Process Description

3.1 The dehydration unit in the CO; injection facility removes water
from the CO; process stream by contacting the CO; gas stream
with triethylene glycol (TEG or glycol). The liquid TEG stream
physically absorbs water out of the gas stream in the VS-401 glycol
contactor and the dehydrated CO; leaves the top of the contactor
and flows into HE-401 where it exchanges heat with the incoming
lean glycol. From HE-401, the dry CO; flows back to the VC-
201/301 compressors for further compression. The dehydration
unit, operating normally, will reduce the water content in the CO;
to 7 Ib/MMSCF or appx. 150 ppmv.
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The water-rich TEG (rich glycol) collects in the bottom of the VS-
401 contactor and flows from there through the V5-402 Glycol Still
Column Condenser and receives heat from the outgoing water
vapor. The rich glycol flows through LCV-404 and takes a
substantial pressure drop before flowing through HE-402 where the
rich glycol is heated by the hot lean glycol flowing out of the VS-
403 reboiler.

The warmed rich glycol enters the TK-402 flash tank where any
entrained vapors disengage from the liquid and are sent to the vent
header. The rich glycol flows out of TK-402 and through one of
two sock filters, V5-404A or VS-404B where any particulate matter
is removed from the liquid stream. The rich glycol then flows to
V5-405, the Rich Glycol Carbon Filter which removes any trace
hydrocarbon impurities.

The filtered rich glycol flows to HE-403 for further heat exchange
with the hot lean glycol and then across LCV-405 where it takes a
final pressure drop before entering the VS-402 Glycol Still Column.
Here the hot rich glycol contacts rising vapors from the V5-403
reboiler which strip some of the absorbed water out of the rich
glycol. The vapors continue up the Still Column until they reach
the condenser, at which point some water and entrained glycol are
condensed and flow back down the Still Column. The remaining
water vapor vents to atmosphere.

The stripped rich glycol drops into the VS-403 reboiler where it is
heated to 390 °F, causing the water present in the glycol to boil off
and travel up the Still Column. The hot, water-lean glycol (lean
glycol), flows out of the V5-403 reboiler and through heat
exchangers HE-403 and HE-402 where it exchanges heat with the
incoming rich glycol.

Cooled lean glycol flows out of HE-402 to the PU-402A/B glycol
pumps which pump the lean glycol up to the V5-401 Contactor
operating pressure. The high pressure lean glycol flows through
HE-401 heat exchanger where it is further cooled by the outgoing
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dry CO;. From HE-401, the glycol enters the VS-401 contactor to
absorb more water from the incoming CO; stream.

Table 4 summarizes the normal operation, alarm, and shut down
set points for the dehydration system.

4.0 Normal Operation and Alarm Points

Alarms HH
Mormal Op. | LL Shut Shut
Tag Description Units Point/Range | Down L H Down
FIT-401 Glycol to V5-401 Flow Rate gpm 4.6
LIT-401 TK-401 Inlet Separator Level Inches 18 12.5 | 235
LIT-402 VS-401 Contactor Level Inches 18 125 | 235 24
LIT-403 TK-402 Flash Tank Level Inches 0 -2 B
LSLL-403 WS-403 Reboiler Level Switch NIA 4" BCL
PDIT-401 VS-401 Differential Pressure psi 0.8
PDIT-404A | VS-404A Differential Pressure psi <15
PDIT-404B | VS-404B Differential Pressure psi <15
PDIT-405 VS-405 Differential Pressure psi <10
PIT-401 Wet Inlet Gas Pressure psig 575
PIT-4402A | HE-402 Cold Glycol Inlet Press. psig 45
PIT-44028B | HE-402 Cold Glycol Outlet Press. | psig 44
PIT-4403A | HE-403 Cold Glycol Inlet Press. psig 38
PIT-44038B | HE-403 Cold Glycol Outlet Press. | psig 37
Rich Glycol From Still Condenser
TIT-4002A | Temp. °F 107
TIT-401A WS-401 Gas Discharge Temp. °F 95
TIT-4018 Dry Outlet Gas Temperature “E 98
TIT-401C Rich Glycol From VS-401 °F 97
TIT-402 TK-402 Flash Tank Temperature | °F 215
TIT-4038 \WS-403 Reboiler Stack Temp. °F 600-700
TIT-4402A | HE-402 Cold Glycol Inlet Temp. °E 107
TIT-4402B | HE-402 Cold Glycol Outlet Temp. | °F 215
TIT-4402C | HE-402 Hot Glycol Inlet Temp. "k 276
TIT-4402D | HE-402 Hot Glycol Outlet Temp. °F 135
TIT-4403A | HE-403 Cold Glycol Inlet Temp. E 215
TIT-4403B | HE-403 Cold Glycol Outlet Temp. | °F 330
TT-401 Wet Inlet Gas Temperature °F a5 100
TT-403 \VS-403 Reboiler Temperature °F 390 402 405

“BCL is Below Center Line
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5.0 Assumptions

NOTE: Verify these items are ready/complete before attempting start

up of the dehydration system.

5.1. All instrumentation has been loop checked and is ready for service.

5.2. Valves in the facility are in the position required for start up, see
the First Time Facility Line Up procedure for more details.

5.3. Any electrical equipment required is ready for service.

5.4. The instrument air utility is in service.

5.5. The lube oil systems for VC-201/301 are charged with oil and ready
for service.

5.6. The dehydration unit is already charged with TEG present in the
V5-403 reboiler, the V5-401 contactor, and the TK-402 flash tank
as outlined in the First Time Facility Start Up Procedure.

5.7. All air has been purged from the system. See the First Time

Facility Start Up Procedure for more instructions on purging air
from the system.

Dehydration Unit Start Up

6.1

6.2

Check the reboiler level at LG-403, if it is below 50% add more

fresh TEG to the reboiler to restore the level to 75%.

Start the reboiler burner from the burner management panel using

the following procedure.

6.2.1 Inform others that you will be turning on the reboiler burner.
Keep unnecessary personnel away from the reboiler until it
is running.

6.2.2 Turn on the control power to the burner management panel.
The “Power On” light should illuminate.

6.2.3 Open the 2" block valve on the fuel gas inlet line. Fuel gas
will enter the burner piping up to SOV-403A and SOV-403C.

6.2.4 Verify that the 4" block valve on the pilot gas line to the
burner is open.

6.2.5 Verify that the 2" block valve on the main fuel line to the
burner is open.
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6.2.6 Verify that the reboiler stack damper is open and positioned
correctly (~75% open).
6.2.7 Press the "Reset” button on the burner management panel.
6.2.8 Press the "Burner Start” button on the burner management
panel.
6.2.8.1 The Burner Management System (BMS) will
enter a 90 second purge period. Flame detection
during this time will abort the burner start sequence.
6.2.8.2 After 90 seconds, the BMS will enter the pilot
lighting sequence.

6.2.8.3 SOV-403C and SOV-403E will open.

6.2.8.4 SOV-403D will close.

6.2.8.5 Operator screen will display "Pilot Ignition”.

6.2.8.6 For 10 seconds, the BMS will try to light the
pilot gas.

6.2.8.7 After 10 seconds, if there is no flame detected,

the BMS will abort the start sequence. If this
happens it will be necessary to troubleshoot the
system. See Section 8.0 of this procedure for
troubleshooting.

6.2.8.8 After 10 seconds, if a flame is detected, the
BMS will enable the main fuel gas line and open
SOV-403F and close SOV-403B. It will also enable
SOV-403A.

6.2.8.9 Manually open SOV-403A and verify that the
main flame is lit. The BMS will now display "Running”
and the "Burner Running” light will be on at the
panel.

6.2.8.10 TIC-403 will begin to modulate TV-403A to
increase the temperature of the TEG in V5-403.

6.3 Check the stack temperature at TI-403B and adjust the stack
damper if necessary. The temperature of the flue gas should be
between 600-700 °F.

6.4  Monitor the TEG temperature at TI-403A, verify that TIC-403A is in
Auto on the Burner Management Panel (BMP) with a set point of
390 °F.

6.5 Verify that LIC-403 and LIC-404 are in Auto with a set point of
50%.
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6.6 Inform appropriate personnel that the dehydration unit is ready to
start up. Once the VC-201 or VC-301 motor is rotating,

6.7 Inform others you will be starting the glycol circulation pumps.
Keep unnecessary personnel away from the pump area.

6.8  Start PU-402A or PU-402B, which will begin to transfer glycol from
V5-403 to the glycol contactor VS-401. LIC-403 and LIC-404 will
open to maintain level in V5-401 and TK-402.

NOTE: If the glycol circulation pumps are started before the
reciprocating compressors are running, there is a potential to
fill the glycol contactor with too much liquid. Be sure to have
the compressors at normal operating speed before turning on
the glycol circulation pumps or the level in the contactor will
build within a few minutes.

6.9 As the VC-201 or VC-301 compressor pressurizes the VS-401
contactor, glycol will begin to circulate through the system and the
dehydration unit is in normal operation.

7.0 Dehydration Unit Shut Down

NOTE: The dehydration unit has several automatic shut down
functions that occur when the unit operates outside of
established process limits. The procedure below details how to
shut the dehydration unit down normally. For details on the
automatic shut downs, please refer to the cause and effect
chart in the dehydration unit job book.

7.1  Verify that the CO; injection facility is in the process of being shut
down.

NOTE: The CO; injection facility should not be run unless the
dehydration unit is functioning properly. The facility
compressors should be shut down in conjunction with the shut
down of the dehydration unit.

7.2 Shut down the running glycol booster pump, PU-402A or PU-402B.
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7.3

7.4

7.5
7.6

Once the running pump shuts down, LIC-404 will close off LCV-404
to maintain level in the V5-401 contactor and LIC-403 will close off
LCV-405 to maintain level in the TK-402 flash tank.

Press the "Burner Stop” button on the dehydration unit panel. The
“Burner Running” light will go out.

The fuel gas block valves, SOV-403A/B/C/D/E/F will de-energize.
The dehydration unit is now shut down.
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8.0 Dehydration Unit Troubleshooting

The following section describes some common problems that may arise
with the dehydration unit during start up and operation and provides
some suggested solutions to those problems. It should not be considered
comprehensive or a substitute for observations made in the field.

Problem Description

Possible Causes of
Problem

Possible Solutions to
Problem

CO; water content
greater than specification
limit (>30 Ib/MMSCF)

Low TEG flow rate

Low TEG regeneration

Check TEG flow rate at
FIT-401, start standby
pump and shut down
primary pump if flow is
low

Check regeneration

temperature temperature at TIC-403
and TI-403A, increase if
necessary
Excessive TEG make up Damaged/plugged mist Check differential

required

eliminator in contactor
V5-401

Leak to atmosphere

pressure across contactor
at PDI-401

Check dehydration unit
piping and pump seals
for leaks

PU-402A/B won't start or
shuts down unexpectedly

LSLL-403 active

LAHH-404 active

Local or Remote ESD
Active

Check level in V5-403,
add fresh TEG if
necessary

Check V5-401 level,
decrease set point on
LIC-404 if necessary

Reset ESD as necessary
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Problem Description

Possible Causes of
Problem

Possible Solutions to
Problem

BMS shuts down
unexpectedly

TAHH-403 Active

Local or Remote ESD
Active

BMS flame failure
(BALL-403)

Check temperature in
VS-403 locally at
TI-403A, lower TIC-403
set point if necessary

Reset ESD as necessary
and restart burner

Check flame status on
dehydration unit and
restart burner

BMS will not start burner

SOV-403 showing "not
closed”

Pilot light not coming on
in time

BMS flame failure
(BALL-403)

Check valve position in
field and close if
necessary

Check fuel gas pressure
PI-403 and adjust
regulator if necessary.
Monitor pilot fuel gas
valves during sequence
and verify correct
position

Verify that flame detector
is working correctly,
replace if necessary
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9.0 Maintenance Tasks
9.1 Qver time the TEG filters will foul and have to be replaced. When
the differential pressure on PDIT-404A or PDIT-404B exceeds 30
PSIG then it is time to replace the cartridge filters (VS-404A or VS-
404B).
9.1.1 Isolate the cartridge filter by closing the 1” inlet valve and 1"
outlet valve.
S.1.2 Verify that all other valves on the drain header are isolated
and nothing is coming out of the line.
9.1.3 Open the 1" drain valve on the bottom of the cartridge filter.
S5.1.4 Verify that the ball valve before the pressure gauge (PI-404A
or PI-404B) is open and that the gauge is reading zero.

NOTE: Failure to release pressure in the vessel before opening
the closure bolts can result in serious injury. Always wear
protective clothing and a face shield when changing filter
elements.

5.1.5 Once all pressure has been relieved from the vessel,
carefully open the 2" needle valve on the top cap to relieve
any vacuum on the housing and allow the glycol to drain
out.

5.1.6 Loosen the three closure bolts (eye bolts) on the top of the
filter cap. When loosening the bolts do not let them swing
from the cap lugs until ALL bolts are loose and the cap is
separated from the housing sufficiently to insure that no
residual pressure is in the vessel.

9.1.7 Remove the cap and swing it to the side.

9.1.8 The glycol inside the filter could be quite warm, use caution
to loosen and remove the cap screw and washer which hold
the cartridges on the tube stand.

9.1.9 Remove the top two dirty cartridges. This should allow the
glycol to continue draining down.

5.1.10 Once the glycol level has dropped, remove the bottom two
dirty cartridges.

6.1.11 Clean any contaminate from the vessel housing and mount
the clean cartridges on the stands.
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9.1.12 Replace the screw and washer, tighten them until the
washer indents into the cartridge or a seal is formed
between the tube stand and the cartridge. Be careful not to
over tighten which can damage the cartridge and allow
particulate to pass through the filter.

6.1.13 Remove the closure o-ring. Clean and lubricate the o-ring
groove, the sealing face of the cap, the sealing face of the
housing, and the o-ring with a common bearing grease.

9.1.14 Inspect the swing bolt pins, threads, and eye bolts, lubricate
if needed.

9.1.15 Align the cap on the housing and swing all bolts into
position. Verify that cap and housing alignment marks
match up.

9.1.16 Tighten each bolt evenly in a circular sequence. Do not over
tighten any bolt at one time, use repeated passes until the
head is securely in place and properly centered.

6.1.17 Make final tightening passes to bring head o-ring sealing
face in firm, metal to metal contact with the filter vessel.

6.1.18 Torque each bolt to 70 ft-lbs, over tightening can cause
damage to the sealing surface and introduce leaks. It can
also damage threads and bend the bolts.

9.1.19 The filter is now ready to be put online, inspect the work
area and clean up anything left over from the filter
changeout.

9.1.20 Close the 1" drain valve to isolate the drain header.

9.1.21 Close the 2" needle valve on top of the filter.

5.1.22 Slowly open the 1" inlet valve, as pressure starts to build in
the filter monitor for leaks. If any leaks develop immediately
close the inlet valve and begin troubleshooting. The most
common problems are:
9.1.22.1 Closure head is not centered on the vessel.
9.1.22.2 Bolts are not tightened to the correct torque.
9.1.22.3 Foreign material is interfering with the o-ring

seal or the o-ring is defective.

9.1.23 If no leaks develop slowly open the ¥2" needle valve on top
of the filter to let air escape.

9.1.24 Once glycol has filled the filter and all air has been drained,
close the 2" needle vent valve and open the 1" discharge
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valve to return the filter to service. Differential pressure on
clean filters should return to almost 0 PSIG.

9.2  Qver time the activated carbon filter will begin to show signs of
fouling. This can be indicated by a sudden darkening in color or
accelerated system fluid loss caused by foaming. If either occurs it
is time to replace the cartridges in VS-405.

9.2.1 Open the 1" bypass valve around V5-405.

9.2.2 Close the 1" inlet and 1" outlet valves.

9.2.3 Verify that all other valves on the drain header are isolated
and nothing is coming out of the line.

9.2.4 Open both 1" drain valves on the bottom of the filter
housing.

6.2.5 Verify that the ball valves before the pressure gauges (PI-
405A and PI-405B) are open and that both gauges are
reading zero.

NOTE: Failure to release pressure in the vessel before opening
the closure bolts can result in serious injury. Always wear
protective clothing and a face shield when changing filter
elements.

9.2.6 Once all pressure has been relieved from the vessel,
carefully open the 2" needle valves on the top of each cap
to relieve any vacuum on the housing and allow the glycol to
drain out.

9.2.7 Loosen the four closure bolts (eye bolts) on the top of the
filter caps. When loosening the bolts do not let them swing
from the cap lugs until ALL bolts are loose and the cap is
separated from the housing sufficiently to insure that no
residual pressure is in the vessel.

6.2.8 Remove the cap and swing it to the side.

5.2.9 The glycol inside the filter could be quite warm, use caution
to loosen and remove the cap screw and washer which hold
the cartridges on the tube stand.

9.2.10 Remove the dirty cartridges, there will be two in each filter
housing. They will be heavy, use the bridge crane to assist
in lifting them out of the housing.

158



VERSION: DOCUMENT:

Decatur Corn Processing 5.0
ISSUED: LINKAGE:
Standard Operation Procedure|u 30, 2012 Hen
Author

Dehydration Unit Operation Pag:*:gim Brad Piggott,

Trimeric Corporation

9.2.11 Clean any contaminate from the vessel housing and mount
the clean cartridges on the tube stands.

9.2.12 Replace the screw and washer, tighten them until a seal is
formed between the canister gasket and washer. Be careful
not to over tighten which can damage the cartridge and
allow glycol to bypass around the filter.

9.2.13 Remove the closure o-ring. Clean and lubricate the o-ring
groove, the sealing face of the cap, the sealing face of the
housing, and the o-ring with a common bearing grease.

9.2.14 Inspect the swing bolt pins, threads, and eye bolts, lubricate
if needed.

6.2.15 Align the cap on the housing and swing all bolts into
position. Verify that cap and housing alignment marks
match up.

9.2.16 Tighten each bolt going around in a circular sequence Do
not over tighten any bolt at one time, use repeated passes
until the head is securely in place and properly centered.

9.2.17 Make final tightening passes to bring head o-ring sealing
face in firm, metal to metal contact with the filter vessel.

9.2.18 Torque each bolt to 70 ft-lbs, over tightening can cause
damage to the sealing surface and introduce leaks. It can
also damage threads and bend the bolts.

6.2.19 The filter is now ready to be put online, inspect the work
area and clean up anything left over from the filter
changeout.

6.2.20 Close the 1" drain valves to isolate the drain header.

6.2.21 Close the V2" needle valves on top of the filter.

9.2.22 Slowly open the 1” inlet valves, as pressure starts to build in
the filter monitor for leaks. If any leaks develop immediately
close the inlet valve and begin troubleshooting. The most
common problems are:

92221 Closure head is not centered on the vessel.

9.2.22.2 Bolts are not tightened to the correct torque.

8.2.223 Foreign material is interfering with the o-ring
seal or the o-ring is defective.

6.2.23 If no leaks develop slowly open the ¥2" needle valves on top
of the filter to let air escape.
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9.2.24 Once glycol has filled the filter and all air has been drained,
close the 2" needle vent valves and open the 1" discharge

valves.

6.2.25 Return the filter to service by closing the 1" bypass valve.
Differential pressure on clean filters should return to almost

0 PSIG.
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1.0 Scope

The CO; injection facility compresses and dehydrates carbon dioxide (CO;) from the
ethanol unit and injects dry, high pressure CO; into a local injection well for
underground storage. The facility consists of six general areas; the low pressure
blower BL-101, the reciprocating compressor VC-201, the reciprocating compressor
VC-301, the dehydration unit, the multistage centrifugal CO; pump PU-404, and the
injection pipeline and wellhead. Electrical power, instrument air, cooling tower
water supply and return, nitrogen, and produced water disposal are on-site utilities
that are required for the CO; injection facility.

This procedure details the operation of the compression equipment including the
BL-101 blower, the VC-201 compressor, and the VC-301 compressor. Due to the
design of the facility, the start up of this equipment must be done in conjunction
with the start up of the dehydration unit. To start up the dehydration unit, please
refer to the Dehydration Unit Standard Operation Procedure. This procedure also
covers the operation of the injection pipeline and wellhead, assuming that the
injection pump PU-404 is not running. To start up the injection pump PU-404,
please refer to the PU-404 CO; Pump Standard Operating Procedure. The P&IDs
applicable to the compression equipment are 23433-111 sheets 1-4 and 7-11 in
addition to 23434-111 sheets 1-4.

2.0 Definitions

2.1 None.

3.0 Process Description

3.1 The BL-101 blower compresses water saturated CO; from an
upstream source operating at nearly atmospheric pressure to a
nominal value of 13 psig and the temperature of the gas increases as
it is compressed. The hot gas flows from BL-101 and into HE-101, a
shell and tube heat exchanger where the hot gas (tube side) is cooled
to 95 °F by cooling water (shell side). As the compressed gas cools,
liquid water condenses out of the gas stream. The cooled CO; gas
and liquid water flow into the Blower Aftercooler Separator, TK-102
where the entrained liquid water separates from the gas stream and
collects in the bottom of TK-102. The gas stream flows out of the top
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of TK-102 for further compression while the collected water flows out
of the bottom of TK-102 for disposal.

From TK-102, the gas stream flows to VC-201 and/or VC-301, the
four stage reciprocating compressors. VC-201 and VC-301 are
identical and for this section, only VC-201 will be referenced. The
process flow for VC-301 is identical to VC-201 however. Gas from TK-
102 flows to VS-201, the 1% stage suction scrubber which removes
any entrained liquids from the gas stream. Liquids collect in the
bottom of VS-201 and are periodically drained through LVX-201 for
disposal. Gas flows out of the top of V5-201 and into V5-201A, the
first stage suction pulsation dampener and then into the 1% stage of
VC-201 (cylinders #1 and #3) where it is compressed from 13 psig to
60 psig. The compression of the gas causes it to heat up to 270 °F
and the hot gas flows out of the compression cylinders and into V5-
201B, the 1¥ stage discharge pulsation dampener.

From VS-201B, hot gas flows into HE-201, the 1% stage intercooler
where it exchanges heat with cooling water and cools to 95 °F. As
the gas cools, water vapor condenses out of the gas stream and the
vapor liquid mixture flows into VS-202, the 2™ stage suction scrubber
to remove liquids from the gas stream. Liguids collect in the bottom
of V5-202 and are periodically drained through LVX-202 for disposal.
Gas flows out of the top of VS-202 and into VS-202A, the 2™ stage
suction pulsation dampener and then into the 2™ stage of VC-201
(cylinders #2 and #4) where it is compressed from 60 psig to 243
psig. The compression of the gas causes it to heat up to 300 °F and
the hot gas flows out of the compression cylinders and into VS-202B,
the 2" stage discharge pulsation dampener.

From VS-202B, hot gas flows into HE-202, the 2™ stage intercooler
where it exchanges heat with cooling water and cools to 95 °F. As
the gas cools, water vapor condenses out of the gas stream and the
vapor liquid mixture flows into VS-203, the 3™ stage suction scrubber
to remove liguids from the gas stream. Liquids collect in the bottom
of V5-203 and are periodically drained through LVX-203 for disposal.
Gas flows out of the top of VS-203 and into VS-203A, the 3™ stage
suction pulsation dampener and then into the g stage of VC-201
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(cylinder #6) where it is compressed from 243 psig to 609 psig. The

compression of the gas causes it to heat up to 253 °F and the hot gas
flows out of the compression cylinder and into V5-203B, the 3" stage

discharge pulsation dampener.

From VS-203B, hot gas flows into HE-203, the 3™ stage intercooler
where it exchanges heat with cooling water and cools to 95 °F. As
the gas cools, water vapor condenses out of the gas stream and the
vapor liquid mixture flows into the injection facility’s dehydration unit.
At this point, the gas streams from VC-201 and VC-301 join to be
dehydrated. See the normal dehydration unit procedure for more
details on this system. At the discharge of the dehydration unit, the
gas is dried to pipeline specifications and flows to the 4™ stage of VC-
201.

Gas flows from the dehydration unit into VS-204, the 4™ stage suction
scrubber to remove any liquids from the gas stream. Liquids collect in
the bottom of VS-204 and are periodically drained through LVX-204
for disposal. Gas flows out of the top of VS-204 and into V5-204A,
the 4™ stage suction pulsation dampener and then into the 4" stage
of VC-201 (cylinder #5) where it is compressed from 600 psig to
1,400 psig. The compression of the gas causes it to heat up to 245
°F and the hot gas flows out of the compression cylinder and into VS-
204B, the 4™ stage discharge pulsation dampener.

From V5-204B, hot gas from VC-201 combines with hot gas from VC-
301 and flows into HE-204A/B, the 4" stage after cooler where it
exchanges heat with cooling water and cools to 95 °F. The gas is
now a supercritical fluid, meaning that it is at a temperature above its
critical temperature and pressure above its critical pressure and is
considered to be neither a liquid or a gas. If necessary to achieve
injection rates, the supercritical CO, flows from HE-204A/B to PU-404,
the multistage centrifugal pump where it is pumped up to a pressure
between 1,400 — 2,000 psig, flows through approximately 6,400 feet
of 6" pipe, and is then injected into an injection well. If 1,400 psig is a
high enough pressure for injection, the supercritical CO; will bypass
PU-404 and PU-404 will not run.
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4.0 Normal Operation and Alarm Points — BL-101

Alarms
Normal Op.

Tag Description Units Paint/Rangs | LL L H HH
LSL-101 TK-101 Low level blower inlet separator | inches N/A 4
LSH-101 TK-101 High level blower inlet separator | inches NIA 14
LSHH-101 | TK-101 Hi-Hi level blower inlet separator | inches NSA 19
TIT-101A Blower Suction Temperature °F 60-90 105
PTX-101A | Blower Suction Pressure psia 15 13.0 | 14.0 | 16.0 | 165
PTX-101B | Blower Discharge Pressure psig 13-15 13.0 | 18.0 | 185
TIT-1018 | Blower Discharge Temperature 5 o 210-230 235 | 240
VT-101 Blower Vibration IPS <01 0.45 | 0.50

Blower Motor Vibration - Outboard
WT-102A | Bearing IPS <0.1 0.30 | 0.40
VT-102A Blower Motor Vibration - Inboard Bearing | IPS <041 0.30 | 0.40
11-101 Blower Motor Current Amps 140-150 47 158 | 165
TIT-102A | HE-101 Gas Discharge Temperature °F 95 105

TK-102 Low level blower aftercooler
LSL-102 separator inches MNIA 4

TK-102 Hi-Hi level blower aftercooler
LSHH-102 | separator inches NIA 19
PTX-102 TK-102 CO2 Pressure psig 13-15 10.0 | 11.0 | 16.0
TIT-1028 | TK-102 Gas Temperature o 95 50 60 | 115
ARX-001 Trace Oxygen Analyzer ppmv <10 60 | 100

*Items highlighted will shut down the blower BL-101.
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5.0 Normal Operation and Alarm Points — VC-201 and VC-301

Alarms
Instrument Normal Op.

Tag Description Range Units Point/Range | LL L H HH
V5-201 Low level 1st stage

LSL-201 scrubber NIA inches N/A 4
VS-201 Hi-Hi level 1st stage

LSHH-201 | scrubber NIA inches N/A 19
VC-201 1st Stage Inlet

TIT-201A | Temperature 0-200 i 95 45 125 | 130
VC-201 1st Stage Inlet

PTX-201A | Pressure 0-80 psig 13-15 9 1 15 17
VC-201 Cylinder #1 Discharge

TIT-201B | Temperature 0-500 il 5 260-300 310 | 320
VC-201 Cylinder #3 Discharge

TIT-201C | Temperature 0-500 *F 260-300 310 | 320
VC-201 1st Stage Discharge

PTX-201B | Pressure 0-250 psig 60 50 55 95 105
HE-201 Gas Discharge

TIT-207TA Temperature 0-250 'E 80
V5-202 Low level 2nd stage

LSL-202 scrubber NIA inches N/A 4
V5-202 Hi-Hi level 2nd stage

LSHH-202 | scrubber NIA inches NAA 19
VC-201 2nd Stage Inlet

TIT-202A | Temperature 0-200 F 95 65 70 | 125 | 130
VC-201 2nd Stage Inlet

PTX-202A | Pressure 0-250 psig 60 40 45 85 95
VC-201 Cylinder #2 Discharge

TIT-202B | Temperature 0-500 °F 240-300 330 | 340
VC-201 Cylinder #4 Discharge

TIT-202C | Temperature 0-500 i 240-300 330 | 340
VC-201 2nd Stage Discharge

PTX-202B [ Pressure 0-500 psig 243 210 [ 215 | 260 | 270
HE-202 Gas Discharge

TIT-207B Temperature 0-250 “F 80
VS-203 Low level 3rd stage

LSL-203 scrubber NIA inches N/A 4
VS-203 Hi-Hi level 3rd stage

LSHH-203 | scrubber NIA inches N/A 19
VC-201 3rd Stage Inlet

TIT-203A | Temperature 0-200 *F 95 65 70 | 125 | 130
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Alarms
Instrument MNormal Op.

Tag Description Range Units | Point/Range LL L H HH
VC-201 3rd Stage Inlet

PTX-203A | Pressure 0-500 psig 238 195 | 210 | 250 260
VC-201 3rd Stage Discharge

PTX-203B | Pressure 0-1000 psig 609 200 | 205 | 665 675
VIC-201 Cylinder #6

TIT-203B | Discharge Temperature 0-500 F 240-300 265 275
HE-203 Gas Discharge

TIT-207C | Temperature 0-250 P 80
V5-204 Low level 4th stage

LSL-204 scrubber N/A inches NIA 3
V5-204 Hi-Hi level 4th stage

LSHH-204 | scrubber N/A inches NIA 18
VIC-201 4th Stage Inlet

TIT-204A | Temperature 0-200 °F 95 55 70 125 130
WC-201 4th Stage Inlet

PTX-204A | Pressure 0-1000 psig 600 195 | 200 | 655 675
VC-201 Cylinder #5

TIT-204B | Discharge Temperature 0-500 °F 240-300 290 300
VC-201 4th Stage Discharge

PTX-204B | Pressure 0-4000 psig 1400 1050 | 1075 | 1460 [ 1480

*Items highlighted will shut down VC-201 (identical shut downs for VC-301).
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6.0 Normal Operation and Alarm Points — Injection Pipeline

Alarms
Mormal Op.
Tag Description Units Point/Range LL L H HH
Aftercooler HE-204B
TI-008 Discharge Temperature °F 90
Aftercooler HE-204B
PI-006 [ Discharge Pressure PSIG 1200
FI-006 | PU-404 Flow Rate MTD 0-1200
PI-007 | Facility Discharge Pressure PSIG 1150
Facility Discharge
TI-008 Temperature ' 85
PI-008 [ Pipeline Inlet Pressure PSIG 1150
PU-404 Discharge
TI-010 Temperature F 105
PI-013 | Pipeline Discharge Pressure PSIG 1400-1925
TI-008 | Wellhead Inlet Temperature °F 80
PI-008 | Wellhead Inlet Pressure PSIG 1100-1200 1925 | 1950
Corrosion Monitoring System
PI-D12 Pressure PSIG 1200
Compressor Discharge
PI-005 | Pressure PSIG 1200
Compressor Discharge Flow
FI-005 | Rate MTD 0-1200
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7.0 Assumptions

7.1.
L2

7.3.
7.4.

55

7.6.

7.7.
7.8.

7.9,

All instrumentation has been loop checked and is ready for service.
Valves in the facility are in the position required for start up as listed
in the First Time Facility Line Up procedure.

The cooling water utility is in service.

Any electrical equipment is ready for service and rotation checks have
been completed.

The instrument air utility is in service and all pneumatic valves have
been tested, are ready for service, and can be operated by the contral
system.

The lube oil systems for VC-201/301 are charged with oil and ready
for service.

The oilers for BL-101, PU-404, and PU-402A/B are full.

Oxygen analyzer ARX-001 and HzO analyzer ARX-006 are calibrated
and ready for service.

The dehydration unit is inventoried with fluid and ready to start.

8.0 Start Up of Blower BL-101

NOTE: Be sure you are familiar with this procedure prior to starting
Blower BL-101 to avoid unnecessary shut downs or equipment
damage.

8.1

8.2
8.3

8.4

8.5
8.6

Contact personnel in the area and inform them that you are ready to
proceed with starting up the CO, injection facility. Verify that the
upstream supply of CO; is able to supply gas to the facility.

Place the Hand/Off/Auto switch for P-102 in the “Auto” position.
Verify that the blower seal purge system on the inlet to the blower is
at 20 psig on PCV-101A and 60 SCFH on FIX-101A. Note that at this
point, the purge system will use compressed dry air.

Verify that the blower seal purge system on the outlet of the blower is
at 20 psig on PCV-101B and 30 SCFH on FIX-101B.0pen all four 2"
drain valves on the bottom of the blower casing to ensure there is no
liquid present in the blower. Close each drain valve after opening.
Verify that PIC-101 is in Auto with a set point of 13.2 psia.

Verify that IIC-101 is in Auto with a set point of 148 amps (95% Full
Load Amps).
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8.7  Verify that PIC-102 is in Auto with a set point of 15.0 psig.

B.8  Verify that PIC-101B is in Auto with a set point of 16.0 psig.

8.9 Set TIC-102A that controls the flow rate of cooling water leaving
blower aftercooler HE-101 to 95 degrees F in Auto.

8.10 Monitor the process gas outlet temperature from this exchanger once
the blower is up and running and if needed switch the controllers to
Manual mode to manipulate the valve position to achieve outlet gas
temperatures of 95 °F.

8.11 Press "Start” on the HMI for BL-101. The control system will execute
the following procedure.

8.11.1 Blower suction control valve XV-102 will open to 25%.

8.11.2 Blower recycle valve XV-101 will be opened 100%.

8.11.3 A time delay of 15 seconds will elapse.

8.11.4 The control system will energize BLM-101 and the blower will
begin to rotate. It should be at full speed in a matter of
seconds.

8.11.5 A time delay of 30 seconds will elapse.

8.11.6 Blower suction control valve XV-102 will be ramped open to
100%, assuming that the set point of blower motor full load
amps for IIC-101 is not met or exceeded.

8.11.7 Blower recycle valve XV-101 will be ramped closed to 0%
assuming that the pressure in TK-101 as measured by PI-
101A is above setpoint.

8.12 (CO;is now flowing through blower BL-101 and pressurizing the
discharge of BL-101. As the recycle valve closes, the vent valve PV-
004 will open to maintain a discharge pressure of 15.0 psig.

8.13 Over time, the liquid level will build in TK-102 and LC-102 will open to
drain the vessel.

8.14 Check / monitor pump P-102. Verify that it is in Auto and turns on
and off with LSH-101 and LSL-101, respectively to drain water from
the blower suction scrubber TK-101.

8.15 BL-101 is now up and running.

9.0 Start Up of First Reciprocating Compressor
NOTE: Be sure you are familiar with this procedure prior to starting

VC-201/301 to avoid unnecessary shut downs and to reduce the
risk of equipment damage. As the compressor comes online, it
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will be necessary to finish starting the dehydration unit. Be sure
you have the personnel available to finish starting the
dehydration unit up at the same time as the start up of VC-201
and/or VC-301. This section assumes that VC-201 will be the first
reciprocating compressor to come online and uses VC-201
tagnames. If starting VC-301, use the same procedure but
substitute VC-301 tagnames.

9.1 Contact facility personnel and inform them that you are ready to start
the reciprocating compressor VC-201.
9.2  If frame oil is cold, turn on the Kim Hotstart package for VC-201 with
HS-201, the on/off switch located on the Hotstart control panel.
9.3  Place PIC-005 in Auto with a set point of 1,200 psig.
9.4  \Verify that the globe valve downstream of XV-204D is open.
9.5  Put the auxiliary lube oil pump Hand/Off/Auto switch H5-205 in Auto
on the HMI.
9.6  Turn off the Kim Hotstart system with the HOA switch H5-201.
9.7 (Close FCV-341 by setting to 0% in Manual.
9.8 Close PCV-014 by setting to 0% in Manual.
9.9  Put TC-207A in Auto with a setpoint of 80 deg. F.
6.10 Put TC-207B in Auto with a setpoint of 80 deg. F.
9.11 Put TC-207C in Auto with a setpoint of 80 deg. F.
6.12 Put TC-207D in Auto with a setpoint of 90 deg. F.
9.13 Monitor the process gas outlet temperatures from each exchanger
once the compressor is up and running.
9.14 \Verify that the following valves are in the listed position.
| Tagname | Description Position
XV-201A VC-201 Inlet Block Valve CLOSED
XV-201B V(C-201 Nitrogen Purge Block CLOSED
Valve
XV-203A VC-201 Dehydration Unit Inlet CLOSED
Block Valve
XV-203B VC-201 Dehydration Unit Bypass | CLOSED
Valve
XV-204A VC-201 Dehydration Unit CLOSED
Discharge Valve
XV-204B VC-201 Discharge Block Valve CLOSED
XV-204C VC-201 Recycle Valve CLOSED
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Tagname | Description Position
XV-204D VC-201 Discharge Blow Down CLOSED
Valve
9.15 Verify all alarms on the compressor have been addressed. Press
Acknowledge (ACK) and then RESET on the HMI to clear any present
alarms or shut downs for VC-201.
9.16 Press the VC-201 start button on the HMI. The control system will

execute the following sequence.

9.16.1 XV-201A will open, and CO, from BL-101 will flow into the VC-
201 compressor system.

9.16.2 XV-203B will open to bypass the dehydration unit.

6.16.3 XV-203A will open to pressurize the dehydration unit contactor.

9.16.4 X\V-204C will open to recycle all compressed flow back to the
V(C-201 compressor inlet.

9.16.5 Auxiliary lube pump P-202 will start and circulate oil through
the compressor |ubrication system.

9.16.6 After an oil pressure of 30 psig on PTX-205 is maintained for
30 seconds, the HMI will start the VC-201 compressor.

6.16.7 The VC-201 compressor will rapidly come up to speed and start
compressing CO; provided by BL-101. All compressed CO; will
be recycled to the inlet of VC-201 through XV-204C.

9.16.8 Auxiliary lube pump P-202 will shut down and the internal
crankshaft driven oil pump P-201 will supply oil to the frame
lubrication system.

9.16.9 XV-204D will open and the system will vent CO; through XV-
204D to the plant vent header.

6.16.10 The HMI will ask if gas from the dehydration unit needs
to be purged to the vent header. Select “Yes” unless the
dehydration system has previously been purged of nitrogen
and/or air.

9.16.11 XV-204A will open, XV-204C will close as will XV-203B,
VC-201 will begin to compress CO;. Interstage pressures on
V(C-201 will begin to increase up to the normal operating
conditions.

9.16.12 XV-204B will open, VC-201 is now open up to the
interconnecting piping to the inlet of FCV-341.

56.16.13 XV-204D will close, all CO; from VC-201 is now flowing
CO; to the vent header through PV-005.
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NOTE: At this point, all compressed CO; will flow to the vent header
through PV-005. Monitor the pressure at the discharge of VC-201 as
indicated on PI-005 and PI-204B.

9.17
9.18
9.19

9.20

5.16.14 VC-201 is now up and running.

Turn on PU-402A to start pumping TEG into the VS-401 contactor.
Place LIC-404 and LIC-403 in Auto with a set point of 50%.

Verify that the glycol control loops LIC-404 and LIC-403 open and are
controlling levels in the dehydration unit contactor V5-401 and the
dehydration unit flash tank TK-402, respectively.

The dehydration unit is now up and running.

10.0 Start Up of Injection Pipeline and Injection Well

NOTE: At this point, Blower BL-101 is up and running, the first
reciprocating compressor is up and running, and the dehydration
unit is up and running. This section will bring the injection
pipeline and well up to operating conditions. The CO; available to
the injection pipeline is at high pressure and unplanned high
pressure drops such as venting high pressure CO; to the
atmosphere or downstream piping at insufficient pressure could
cause the formation of dry ice in the facility or the injection

pipeline.

10.1

10.2
10.3

10.4

10.5
10.6
10.7
10.8

Verify that the CO; is dehydrated to the level expected for typical
dehydration unit performance (211 ppmv or 10 |b H;0 / MMSCF of
C0O;). Adjust the reboiler temperature if necessary.

Verify that the oxygen content in the CO; is less than 60 ppm.

Verify V-037, the 2" block valve on the start up pressurization line, is
closed.

Verify V-029, the well head block valve, is open. Inspect the wellhead
and verify that it is ready for injection to begin.

Verify V-020, the 6" valve on the injection line, is open.

Verify XV-003 is open.

Verify FCV-341 and PCV-014 are closed.

Verify the pressures on both sides of XV-347. The pressure upstream
(PIT-007) must be no more than 50 PSIG greater than the pressure
downstream (PIT-008). If not then open the 2" bleed valve on PIT-
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007 and bleed the line until pressures equalize. If pressure upstream
is less than downstream pressure then proceed.

10.9 Open XV-347.

10.10 Open V-035, the 2" block valve on the start up pressurization line, to
equalize it with the injection pipeline.

10.11 Slowly open V-037 and begin putting warm CO2 into the injection
pipeline.

10.12 The injection pipeline and well will slowly come up in pressure.

10.13 When the pressure measured at PI-007 is greater than 1,000 psig
open FCV-341 to 20% in Manual mode, CO; will flow through FCV-341
and into the injection pipeline.

10.14 Monitor TC-207D and adjust the setpoint as necessary to keep the
injection temperature (PIT-009) near 80 deg. F.

10.15 Manually open or close FCV-341 to increase or decrease flow.
Continue to increase until PC-005 closes or 1200 MTD rate occurs.

10.16 Pressure in the injection pipeline will continue to build until the
injection pressure is high enough that all the CO; processed through
the facility flows into the injection well or out to vent through PV-005.
At this point, the system will be at steady state.

10.17 Close V-037.

10.18 The injection pipeline and the injection well are now in service.

11.0 Switch BL-101 Seal Gas from Instrument Air to Dry CO;

11.1 Open V-408, the valve on the tee with ARX-006 the moisture analyzer
downstream of the dehydration unit.

11.2 Open the manual block valve downstream of V-408.

11.3 Set the first pressure regulator downstream of V-408 to 235 psig.

11.4 Set the second pressure regulator downstream of V-408 to 50 psig.

11.5 Open the 2" three way block valve to the dry CO; header.

11.6 Verify that the rotometers FIX-101A and FIX-101B are set at 30 SCFH.

11.7 Verify that the PCV-101A regulator is maintaining a downstream
pressure of 20 psig.

11.8 Verify that the PCV-101B regulator is maintaining a downstream
pressure of 20 psig.
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12.0 Start Up of Second Reciprocating Compressor

NOTE: This section assumes that the first reciprocating compressor is
already running and describes the necessary steps to bring the
second compressor online.

NOTE: Be sure you are familiar with this procedure prior to starting
VC-201/301 to avoid unnecessary shut downs and to reduce the
risk of equipment damage.

12.1 The following steps assume VC-301 will be started; if VC-201 will be
started follow the same procedure substituting the appropriate VC-
201 valves and instruments.
12.2 If frame oil is cold, turn on the Kim Hotstart package for VC-301 with
H5-201, the on/off switch located on the Hotstart control panel.
12.3 Verify that the globe valve downstream of XV-304D is open.
12.4 Contact facility personnel and inform them that you are ready to start
the reciprocating compressor VC-301.
12.5 Put the auxiliary lube oil pump Hand/Off/Auto switch H5-305 in Auto
on the HML.
12.6 Turn off the Kim Hotstart system with the HOA switch HS-301.
12.7 Put TC-307A in Auto with a setpoint of 80 deg. F.
12.8 Put TC-307B in Auto with a setpoint of 80 deg. F.
12.9 Put TC-307C in Auto with a setpoint of 80 deg. F.
12.10 Turn off the Kim Hotstart system with the HOA switch HS-301.
12.11 Verify that the following valves are in the listed position.
Tagname | Description Position
XV-301A VC-301 Inlet Block Valve CLOSED
XV-301B VC-301 Nitrogen Purge Block CLOSED
Valve
XV-303A VC-301 Dehydration Unit Inlet CLOSED
Block Valve
XV-303B VC-301 Dehydration Unit Bypass | CLOSED
Valve
XV-304A VC-301 Dehydration Unit CLOSED
Discharge Valve
XV-304B VC-301 Discharge Block Valve CLOSED
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| Tagname | Description Position
XV-304C VC-301 Recycle Valve CLOSED
XV-304D VC-301 Discharge Blow Down CLOSED
Valve
4.1  \Verify all alarms on the compressor have been addressed. Press
Acknowledge (ACK) and then RESET on the HMI to clear any present
alarms or shut downs for VC-301.
4.2 Press the VC-301 start button on the HMI. The control system will

execute the following sequence.

4.2.1 XV-301A will open, and CO, from BL-101 will flow into the VC-
301 compressor system.

4.2.2 XV-303B will open to bypass the dehydration unit.

4.2.3 XV-303A will open to the dehydration unit contactor.

4.2.4 XV-304C will open to recycle all compressed flow back to the
V(C-301 compressor inlet.

4.2.5 Auxiliary lube pump P-302 will start and circulate oil through
the compressor |ubrication system.

4.2.6 After an oil pressure of 30 psig on PTX-305 is maintained for
30 seconds, the HMI will start the VC-301 compressor.

4.2.7 The VC-301 compressor will rapidly come up to speed and start
compressing CO; provided by BL-101. All compressed CO;z will
be recycled to the inlet of VC-301 through XV-304C.

4.2.8 Auxiliary lube pump P-302 will shut down and the internal
crankshaft driven oil pump P-301 will supply oil to the frame
lubrication system.

4.2.9 The HMI will ask if gas from the dehydration unit needs to be
purged to the vent header. Select "No" since the other
compressor and the dehydration unit are already running.

4.2.10 XV-304D will open and the system will vent CO; through XV-
304D to the plant vent header.

4.2.11 XV-304C will close, VC-301 will begin to compress CO,.
Interstage pressures on VC-301 will begin to increase up to the
normal operating conditions.

4.2.12 XV-304B will open, VC-301 is now open to the injection
pipeline.

4.2.13 XV-304D will close, VC-301 is now flowing CO; to the injection
pipeline.

4.2.14 After 60 seconds, XV-304A will open.
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4.3

4.2.15 XV-303B will close.

4.2.16 VC-301 is now up and running.

If necessary or desired, start up PU-404 according to the normal
pump start up procedure.

5.0 Shut Down of First Reciprocating Compressor

NOTE: This section assumes that VC-201 will be the first compressor

shut down.

To shut down VC-301 first, follow the same procedure but

substitute the VC-301 tagnames.

5.1

Shut down the VC-201 Compressor by pressing the stop button on the
VC-201 local control panel. The control system will execute the
following sequence:

5.1.1 The VC-201 Compressor motor will de-energize and the
compressor will begin to slow down until it comes to a
complete stop.

5.1.2 XV-201A, the VC-201 suction block valve will close to 0% open.

5.1.3 XV-201B, the N; purge block valve will close to 0% open (this
will normally be closed already).

5.1.4 XV-203A, the dehydration unit inlet valve from VC-201 will
close to 0% open.

5.1.5 XV-204A, the dehydration unit outlet valve to VC-201 will close
to 0% open.

5.1.6 XV-203B, the VC-201 dehydration unit bypass valve will open
to 100% open.

5.1.7 XV-204D, the VC-201 blow down valve will open to 100%
open. CO; present in the VC-201 compressor will begin to
vent to the vent header through XV-204D.

5.1.8 XV-204B, the VC-201 discharge valve will close to 0% open.

5.1.9 Once pressure in the compressor drops to 50 psig as measured
at PTX-201A and PTX-204B, XV-201B the N; purge block
valve will open and nitrogen will flow into the VC-201
Compressor and purge the system of CO,. The system will
purge for 30 minutes.

5.1.10 XV-201B will close to 0% open.
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5.1.11 XV-204D will close to 0% open, the VC-201 compressor will
now have a slight amount of positive nitrogen pressure to
prevent wet CO; or air ingress.

6.0 Shut Down of Second Reciprocating Compressor

NOTE: This section assumes that VC-301 will be the second compressor
shut down. To shut down VC-201 second, follow the same procedure but
substitute the VC-201 tagnames. Shut down of both compressors will
cause the PU-404 Injection Pump to shut down on low suction pressure if
it is not already shut down. To shut the facility down in a more controlled
manner, first shut down the PU-404 Injection Pump, then the VC-
201/301 Compressors, and then the BL-101 Blower. To shut down the
PU-404 pump, see the PU-404 Injection Pump procedure. The
Dehydration Unit will continue to run as well and should be shut down if
the injection facility will be offline for an extended period of time. To
shut down the Dehydration Unit, see the Dehydration Unit Operation
procedure.

6.1 Shut down the VC-301 Compressor by pressing the stop button on the
VC-301 local control panel. The control system will execute the
following sequence:

6.1.1 The VC-301 Compressor motor will de-energize and the
compressor will begin to slow down until it comes to a
complete stop.

6.1.2 XV-301A, the VC-301 suction block valve will close to 0% open.

6.1.3 XV-301B, the N; purge block valve will close to 0% open (this
will normally be closed already).

6.1.4 XV-303A, the dehydration unit inlet valve from VC-301 will
close to 0% open.

6.1.5 XV-304A, the dehydration unit outlet valve to VC-301 will close
to 0% open.

6.1.6 XV-304B, the VC-301 discharge valve will close to 0% open.

6.1.7 XV-303B, the VC-301 dehydration unit bypass valve will open
to 100% open.

6.1.8 XV-304D, the VC-301 blow down valve will open to 100%
open. CO, present in the VC-301 compressor will begin to
vent to the vent header through XV-304D.
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6.1.9 Once pressure in the compressor drops to 50 psig as measured
at PTX-301A and PTX-304B, XV-301B the N, purge block
valve will open and nitrogen will flow into the VC-301
Compressor and purge the system of CO;. The system will
purge for 30 minutes.

6.1.10 XV-301B will close to 0% open.

6.1.11 XV-304D will close to 0% open, the VC-301 compressor will
now have a slight amount of positive nitrogen pressure to
prevent wet CO; or air ingress.

6.1.12 The dehydration unit inlet separator TK-401, contactor VS-401,
and heat exchanger HE-401 will be left under the normal
operating pressure of 600 psig. These items should be de-
pressurized as follows prior to restarting the VC-201/301
COMPpressors:

6.1.12.1 Crack open V-61, the 1” bleed valve on the V5-
401 contactor discharge piping and slowly depressurize
the inlet separator TK-401, contactor V5-401, and heat
exchanger HE-401 to less than 50 psig.

6.1.12.2 Shut down the dehydration unit using the
Dehydration Unit operating procedure.
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7.0 Shut Down of Blower BL-101

NOTE: Shut down of the BL-101 Blower will cause a shut down of the VC-
201/301 Compressors due to low suction pressure if they are not already
shut down. To shut the facility down in a more controlled manner, first
shut down the PU-404 Injection Pump, then the VC-201/301
Compressors, and then the BL-101 Blower.

7.1 Shut down the BL-101 Blower by pressing the stop button on the BL-
101 Blower local control panel. The control system will execute the
following sequence:

7.1.1 The BL-101 Blower motor will de-energize and the Blower will
begin to slow down until it comes to a complete stop.

7.1.2 XV-102 will close to 0% open.

7.1.3 XV-101 will open to 100% open.

7.1.4 BL-101 Blower is now offline.
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1.0 Scope

The CO; injection facility compresses and dehydrates carbon dioxide (CO;) from the
ethanol unit and injects dry, high pressure CO; into a local injection well for
underground storage. The facility consists of six general areas; the low pressure
blower BL-101, the reciprocating compressor VC-201, the reciprocating compressor
VC-301, the dehydration unit, the multistage centrifugal CO; pump PU-404, and the
injection pipeline and wellhead. Electrical power, instrument air, cooling tower
water supply and return, nitrogen, and produced water disposal are on-site utilities
that are required for the CO; injection facility.

This procedure details the steps to take for the pipeline when the injection facility
will be offline for an extended period of time. Procedures for the shutting in the
injection well should be obtained from Schlumberger. Any shut down of duration
longer than 12 hours is considered to be an extended shut down and actions
recommended in this document for the pipeline should be taken. In cases of
extreme cold weather, action may be required for shut downs with less than a 12
hour duration. When the injection facility is shut down, the carbon dioxide in the
injection pipeline will be stationary and over time will reach a temperature equal to
the ambient surroundings. As the temperature of the carbon dioxide trapped in the
pipeline changes with the ambient temperature, the pressure inside the pipeline will
also change due to the thermal expansion or contraction of the carbon dioxide
fluid.

In the case of the ambient temperature being hotter than the temperature of the
carbon dioxide in the pipeline, the carbon dioxide will heat and the resulting
expansion will increase the pressure in the injection pipeline. If the pipeline is open
to the injection well, this expansion will just cause some of the carbon dioxide to
flow into the injection well past check valve V-028 and there will be little or no
increase in pressure. If the injection well is isolated from the pipeline (V-029 is
closed), the carbon dioxide in the pipeline will have nowhere to go and the
resulting pressure increase could cause the thermal relief valves to open and vent
some carbon dioxide to the atmosphere.

In the case of the ambient temperature being lower than the temperature of the
carbon dioxide in the pipeline, the carbon dioxide will cool and the resulting
contraction of the fluid will decrease the pressure in the injection pipeline. If the
temperature of the carbon dioxide drops below the critical temperature of CO;
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which is 88 °F, then the CO; may become separate liquid and gas phases in the
pipeline. Upon restart, the liquid phase carbon dioxide may cause slugging in the

pipeline.

2.0 Definitions
2.1  None.

3.0 Assumptions

7.1. The entire injection facility will be offline for a time period greater
than 12 hours.

7.2. The compression and dehydration equipment is shut down per the
applicable procedures and isolated from the pipeline utilizing either
automatic valves or manual valves (or both).

4.0 Isolation of Injection Pipeline and Injection Well

4.1  Verify that the compression and dehydration facility is shut down and
isolated from the pipeline. There are several ways to isolate the
facility; for the purposes of this procedure, it will be assumed that
XV-347 is closed to isolate the compression and dehydration facility
from the pipeline.

4.2  (Close V-029 to isolate the injection well from the pipeline.

4.3  Slowly open V-021 and start blowing down the pipeline to the
atmosphere.

CAUTION: The valve used to blow down the injection pipeline must
always be at a lower elevation than the pipeline if there is a
possibility that liquid CO; may be present or may be formed
during the blowdown process. If liquid CO; were let out
through a vent above the pipeline instead of a drain below
the pipeline, the heat required to vaporize the liquid CO.
would come from the pipe. This would cause the pipe to cool
below temperatures suitable for its material of construction
(carbon steel). If liquid CO; is drained from a valve below the
pipe, the heat required to vaporize the CO; is transferred
from the surrounding air instead of from the pipe.
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4.4  Monitor the temperature and pressure inside of the pipeline with
TI-009 and PI-008. Do not allow the temperature measured at
TI-009 to drop below -10 °F. If approaching this temperature, close
V-021 and allow the pipeline contents to heat back up to the ambient
conditions.

4.5  Blow down the pipeline until the pressure is low enough to ensure
that no liquid will form in the pipeline due to ambient cooling and
then close the blow down valve V-021. To determine this point, use
the following table.

Table 1: Target Blowdown Pressure for Injection Pipeline

Minimum Expected Final Pipeline Pressure
Ambient Temperature After Blowdown
(°F) (psig)
-10 243
0 291
10 346
20 407
30 476
40 553
50 638
60 733
70 838
80 955
90 No Blow Down Required*
100 No Blow Down Required®

*At temperatures above 88 °F carbon dioxide is at its critical temperature and will
not have separate liquid and vapor phases.

4.6  An example would be if the facility is shut down during a summer day
and the night time temperature will drop to 70 °F. Using the table
above, the pipeline should be blown down below 838 psig to ensure
that no liquid will be formed during the low night time temperatures.
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4.7 A cold winter day with a night time temperature dropping to 20 °F will
require that the pipeline be blown down below 407.2 psig per the

table above.
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Blowout Contingency Plan

For the Illinois Basin - Decatur Project
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Introduction

How to use this Plan
Failing to Plan is planning to fail.

The present document lays out guidance regarding how to act and respond in the event
of @ wellincident. This Plan will be used in conjunction with ADM’'s Emergency Response
Plan (Document#: 180 .80.5AFE.122). Assuch this BCP does not address the wider scope
of an Emergency Response in case of a well incident. The wider scope of plant, public
and environmentis covered by the ERP. The BCP is specifically for first and later

responders immediately related to the well incident.

If this Blowout Contingency Plan is followed, it will helpto minimize the problems
around a well incidentas much as possible and enable to gain control over the well. This
Plan follows well accepted industry practices for well incidents, especially in the Oil and

Gas industry. The Plan has been adapted to Carbon Dioxide Storage and Sequestration.

Like all plans, this Plan needsto be implemented by the Organization and rehearsed
from time to time in order to achieve a necesszary level of informed preparedness. Only
with proper adaptation and implementation paired with adequate training and
information can this Plan be made successful. It is very important to do a first try out of
thiz Plan to validate the functional performance and where necessary adjustments
should be made. This needs to be repeated fromtime to time ina review process with
validity dates.

Awell Blowout iz defined by a loss of control over the CO: contained inthe underground
formation. Smaller incidents at surface can evolve into a Blowout. Therefore even small
incidents are covered inthis Plan.

This Plan makes use of several job titles that may not be designated as such in the
current Operations. The Projectwill provide the proper job titles at implementation.

Hi
Tel:+1-281-
whww. unitedsafety.ne
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1.1 Structure of the BCP

The BCP instructs how to avoid harm, operate safely, howto assess the situation by

levelsand how to develop responses correspondingly.

The first Section deals with how to immediately avoid further harm, especially
to personnel. The instructions are for those who have to be involved with the
incident. For the wider scope ofthe Emergency Response, one is referred to
ADM’'s ERP

The second Section deals with how to develop aresponse. During this process it
may become clear that additional expertise needsto be sourced froman
external contractor. Well Intervention specialists are available and in case ofa
Level 3 incidenttheir consultancy would be required.

The third Section lays out the issues of logistics and equipment needs. it
describesalso some possible solutions involving specialized equipmentand
procedures.

The Annex deals with how the Incident Command System should functionin
case of a Blowout. A 3 tiered organization is laid out in order to deal adequately
with the situation, onthe ground level az well as organizationally.

Fax: +1-281-370-6504
www.unitedsafety.net
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SECTION A)
FIRST ACTIONS IN A BLOWOUT

This section is about what to do immediately after a well incident has occurred.

Understand the Hazards

Carbon Sequestration means that Carbon Dioxide (COgis injected underground. Thisis
done under high pressure (=1000psi) resulting in Carbon Dioxide beingin a Supercritical
state: this means fluid is behaving like a gas.

All personnel should be aware of the following Hazards:

+ The blasting effect of a CO; release.

+ (C0O;istoxic above 5000ppm for an extended durationand
above 50000ppm for a short duration

+ (CO;is heavier than air and can displace regular air, resulting in
asphyxiation.

+ The extreme low temperatures of a CO; release.

+« MNeartherelease the CO; may freeze moisturein the air and ice
crystals may form, creating a dense fog with reduced visibility.

+ Falling debris. The CO; jet may propel any debris and solids
high up in the air.

20333 State Highway 249, Suite 200

Houston, TX 77070 UsA

Tel:+1-281-378-1523 | Fax: +1-2B1-370-6504
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The CO; may come out ina powerful jet. Particlessuch as sand and ice may be entrained
in this jet, making it @ powerful grit blast.

EVERYBODY SHOULDSTAY CLEAR FROM THIS OUTFLOW

Anything exposed to the immediate outflow will be very cold atsubzero temperatures
with associated High Hazard for personnel.

The CO; concentration inthe air will be very high and if exposed, unprotected personnel
may succumb rapidly in a matter of minutes. SCBA equipmentshould be available to all
personnelin an area of 1000ftfromthe well in order to escape safely. This SCBA
equipmentis only for escaping safely and is MOT suitable to stay in the exposed areal

CO; isinvisible and odorless and heavier than air and if exiting at slow speeds and/for
low wind velocity it may accumulate in dangerous concentrations in low lying areas.
Evacuation routes need to be directed to higher grounds if at all possible. The migration
of the CO: cloud will be unpredictable. Continuous monitoring of CO: and Oz
concentrations is required in a perimeter of 2000t as well as continuous monitoring of
wind direction and speed by means of a local windsock. Do not rely on the visible fog
cloud to determine the safe area as CO: may be invisibly present in high
concentrations!

The CO: cloud can generate a dense fog. Depending on wind direction and speed this
fog can move around and engulf new areas at any time. Continuous monitoring of wind
direction and speed by means of a local windsock is required.

Falling debris may be encountered further outdepending on direction, velocity and
mass. Proper Personal Protective Equipment (PPE) should be mandatory for all peoplein
the area.

Houston, TX 7707
Tel:4+1-281-378-1523
www. unitedsafety.net
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SCBA Self Contained Breathing Apparatus

CO:z Hazards: Unlike oil and
gas blowouts, where fire is the
major concern, in COz
blowouts asphyxiation is the
major concern. Depending on
the level of potential risk, it is
required to have self
contained breathing
apparatus (SCBA) on-site and
available for people presentin
the vicinity of the well.

Figure 2-1 Breathing Apparatus

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-2B1-370-6504
www. unitedsafety.net
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20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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3 ACTIN THE FOLLOWING ORDER ONLY

EVACUATE * Getfoasafeareaimmediately.

Mowve upwind if release is downwind
of you.

* Move crosswind ifrelease is upwind of
you.

*  Move to higher ground if possible.

AT.ARM + Callfor help (“mandown”).
+«  Sound bell, horn or whistle.

Call by radioc or telephone; dial 4444
on ADM phones.

ASSESS * Do ahead count.

Consider other hazards.

PROTECT + Put on breathing apparatus BEFORE

attempting rescue,

RESCUE * Removevictim toa safearea.
REVIVE « Apply CPR ifnecessary.

MED[CAL AID . A_rrangetrampurtufvictimtumedical

aid.
* Provide information to Emergency
Medical services (EMS).

*For a review of this section refer to First Aid instructions from ADM

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www . unitedsafety.net
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Thiz paze intentionally laft blank.

20333 State Highway 249, Suite 200
Houston, TX 77070 UsSA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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I

4 STANDINGORDERSFORINTERVENTIONTEAMS

Listed below are standing orders to be followed by intervention
teamswhen working on a blowout well:

« Onlyane man, and one alone, is to be incharge (Example: the On Scene
Incident Commander).

*  Aszume the worst case possible and plan accordingly.

*  When entering the Hot Zone, always wear PPEappropriate for the situation (at
minimum Nomex undergarment with cotton coveralls, no exposed skin, all
|leather lace-up boots, hard hat, gloves, eye and ear protection) no matter what
the well conditions.

« Onlyallow necessary personnelinto the Hot Zone, keep staff to the minimum to
get the job done.

+« Maintain a constant assessment of the mental and physical state of all workers
in the Hot and Warm Zones. All must be fit for duty or they must stand down.

¢ Ascign a rescue protection teamto the responze teamin the Hot Zone who will
monitor the team constantly and immediately launch a rescue or protection
procedure if needed. (Example: go inwith a team to replace a downed man,
etc.).

¢« Have EMT available when working in the Hot Zone, as well as a Medevac plan
forinjured personnel.

¢« Each responder mustbe qualified to do the job assigned and must be
acquainted with the site safety plan and have been given all appropriate
Material safety Data Sheets (M5D5) for all substances that will be encountered
inthe response.

¢« Besurethat all the responders know what the procedure to be preformed is
and that the proper tools are provided.

¢« Reviewall hand signals and warning indicators.

20333 5t

Houston, TH 7
Tel-+1-281-378-1523 | Fax: +1-281-370-6504
wwnw. unitedsafety.net
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Make sure that each man inthe response team knows what he is expected to
do and that he is aware of the safety proceduresin effectfor abandonment.
Keep the tazk to be performed simple and straight forward. Break all tasks into
=mall manageahble units of work.

Control access to the Hot, Warm, and Cold zones. Mark “no go” zones.
Keepalertand look around frequently, check your buddy and look to see that
the rescue team is monitoring the response team.

Set up safe havens and muster points with shielding (blast protection, etc.)
Plan for escape routes (primary and secondary)

Have contingency plans for changesin conditions (ex: sudden wind shift failure
of lines, etc.)

Maonitor the air quality as needed (LEL, Oz, etc.)

Only trained professionals who are acquainted with the hazards presentare
allowed to workin the Hot Zone.

Do not performwork in darkness or poor visibility.

Site control will log personnel and critical equipmentin and out of the zone.

Do notenter confined spaces unless authorized.

Houston,
Tel:+1-281-378-1523

www. unitedsafety.net
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Understanding the Blowout - Initial Assessment

Causes for a possible blowout

A willful or accidental act might resultin damage to the Christmas tree and;/or wellhead.
This could conceivably be done with heavy equipment in a malevolent act, or
accidentally by a wrong maneuver with heavy equipmentor during lifting operations
near the well. (while moving lersey barriers for example)

Due to the high pressure a rapid outflow (jet) of COzwill happen. Depending on the
position ofthe leak, this jet may be directed vertically, horizontally or anywhere in
between.

The force of the outflow can be very high and presenta hazard to the immediate
surroundings.

Damage above the Master yglve

If Injection Supply pressure is lost

Since the formation is controlled by pressure provided by the supply line, a loss of

injection pressure may induce a CO; release fromthe formation into the tubing string.

If pressure iz lost in the piping system before the check valve, this valve is supposedto
close by itself.

Issue: If the pressure drops, the ESD upstream will close and injection will stop. The
Christmas tree will continue to leak further and pressure in the wellbore may drop more
rapidly than with an ongoinginjection stream. Pressure drop inthe wellbore may trigger
that Supercritical CO; will revertto gas and volumes and an influx from the formation
into the wellbare may happen.

If the Christma

[

tree is damaged

The integrity of the Christmas tree may be compromised and COzwill get out. The
direction of the jet will be determined by the position of the leak. It may be dangerous

and/or impossible to approach the well in order to close the Master valve.

Houston, T 7707
Tel:+1-281-378-1523 | Faw: +1-281-370-6504
www. unitedsafety.net
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The Supercritical COzin the tubing stringwill convertto gas and increase rapidlyin
volume. This will result in a viclent outflow of CO: at a very high speed.

Due to pressure lossin the tubing string, the CO; in the formation may drive saltwater
upwards. The outflow may also contain sand and ice crystals.

In a completely open bore hole situation the daily outflow was calculated to be 66
MPMsctt. In @ Christmas tree or Wellhead with a smaller exit hole thiz may be less.

If the Master Valve can be approached and shut, control of the well may be recovered
successfully. Any approach to the well site must only be done by specialists and per
protocol with protective gear, including Breathing Apparatus.

If the Master Valve cannot be closed, it may be possible to hook up a kill line to the
existing piping. Through this kill line weighted water could be pumped into the tubing
string in order to kill the well.

p PRIE R TG TP, PR friokar T T
Ldamage oeiow Lne Master Valve

If the Wellhead is damaged

CO: will get out. Also, the tubing string hanger may be compromised. This could resultin
an increased weight of the tubing string on the packer. The tubing may go down into the
hole. This may make it more difficult to stab into the tubing.

Depending onwhere the wellhead is damaged, some or all of the annulus valves may no
longer be usable.

If the packer and the annulus are not damaged, the CO; will come only from the tubing
string. In that case, it may be attempted to stab into the tubing string to pump weighted
water in order to kill the well.

If the CO; comes through the annulus, because of 3 damaged packer ora hole inthe
tubing string, an attempt can be made to to pump through the annulus valve in order to
kill the well.

[t should be noted that the annulus has a hydrostatic pressure above the packer, asan
additional safety. Ifthe packer were to leak, this hydrostatic pressure may contribute to
killing the well.

iay 249, Suite 200

Tel:+1-281-378-1523 | Fax: +1-281-370-6504
whwrw . unitedsafety. net
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Influxof CQzintg the tubing string

In the above scenarios pressures in the tubing string would fall below the formation
pressure, COz will migrate from the formation into the wellbore and tubing string. As
discussed above, a pressure drop in Supercritical COz will make the COzturn into a gas
with much higher volumes. If the gas is mixed with brine from the formation, this
mixture will come out. & CO; release and brine spill will be the result.

- ol il
Diowouft outlsigae of casing

A Blowout on the outside of casing is theoretically possible. In such a case the cement
barrier above the formation must be defective and CO; could come out at surface, or
mare likely get into another formation. If this were the case, presumably the wellhead
may still be operable asthe damage is really underground. In this situation, the
formation cap immediately above the storage formation needsto be sealed again by
injecting cement after the well has been killed. This scenario can presentseveral
challengesthat only can be addressed once the situation is understood.

he contents of the outflow
The outflow will primarily consist of CO;.

Due to pressure lossand volume increase, the generated outflow will be very cold and
CO: crystals (dry ice) may formin the outflow.

Formation saltwater may also be expelled fromthe well. The zalt concentration of the
formation water in this well is 200,000ppm and it is not clear whether the saltwater may
freeze. Ifit does during the outflow, saltwater ice pellets may form.

It is likely that some sand from the formation might be entrained in the outflow. Also,
there may be debrisin the outflow from damaged well components: steeland perhaps
cement.

Volume

Estimated calculations for outflow in an openwellbore situation were approximately 66
Million standard cubic feet per day of 99% pure CO:. If we assume that ona calm day
CO; would settle in a layer 200t high fromground level (because CO;is heavierthan
air], this 1 day output would covera 575 x 575 x 200 ft area ina maximum

20333 State Highway 248, S

ki

10

Tel:+1-281-378-1523 | Fax: +1-2B1-370-6504
www. unitedsafety.net
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concentration. Such a volume would need to be dispersed in a volume 200 times that to
fall below the 5000ppm rate. This is just to illustrate that respondersshould be aware
that intolerable levels of CO: can extend to a significant distance. In addition, bearin
mind, the well may blow for days at the above rate and CO; may accumulate in
dangerous concentrations ina wider area.

If the wellbore is not completely exposzed (smaller hole/leak) the outflow will be less
than stated above. However, due to deterioration the leak may become bigger over

time.

wirifu
1OXICILY

There will be no Hz5 hazards or other hazards from thiz well than CO: and saltwater.
CO;: presentstwo kinds of health hazards:

* Asan asphyxiate due to displacement of fresh air (20.5%0;).

¢ Andas atoxic gas.

CO:in concentrations »5000ppm presents a health hazard. Concentrations higher than
50000ppm present Immediate Danger to Health and Life (IDHL), depending on exposure
time.

Basis for original (SCP) IDLH: The chosen IDLH is based on the statements by
ACGIH [1971] that a 30-minute exposure at 50,000 ppm produces signs of intoxication,

and a few minutes of exposure at 70,000 ppm and 100,000 ppm produces
unconsciousness [Fluryand Zernik 1931]. AIHA [1971] reported that 100,000 ppmiis the
atmospheric concentration immediately dangerous to life. In addition, Hunter [1975]
noted that exposure to 100,000 ppm for only a few minutes can cause loss of

consciousness.

Under these circumstances it will not suffice to only measure O; (lower limit of 19.5%),
but there needsto be a direct measurement of CO;, because of toxicity limits.

Tel:+1-281-378-1523
www.unitedsafety.net
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CO:concentrationsin PPM Symptoms
20,000- 30,000 Shortnessof breath, deep breathing

50,0000 Breathing becomes heavy, sweating, pulse
guickens

75,000 Headaches, dizziness, restlessness,
breathlessness, increased heart rate and blood
pressure, visual distortion

100,000 Impaired hearing, nausea, vomiting, loss of
COnsCiousness

300,0000 Coma, convulsions, death

Table 5-1 CO; Concentrations and Symptoms

From: (Aerigs 2005; IVHHN 2005)

Saltwater is a hazard as well. It can cause hygroscopic burns on exposed skin. It isalso a
hazard to the environment if not contained. Aszets can be damaged because of its
highly corrosive properties.

Combustion Engines

Due to Oxygen displacement by CO;, combustion engines may notrun properly or be
usable. This may hamper response efforts that require equipmentwith combustion
engines.

.'_E‘-':“._.'JE'"L’-Cil re
The autflow will be very cold. Ice crystals may form as soon as the jet comes in contact
with air, due to the water content of the air. The low temperatures present a hazard to

people and aszets, if they find themselves exposed to the jet

Fax: +1-281-370-6504

vwi.unitedsafety.net

209



/A NI T ELD

United Satet

Theice pellets and sand will travel at high speeds (to 30m/s which jz well above
sandblasting speed). This grit can have forceful and damaging impacts on anything in its
stream. Abrasion may occur of any materials in its path: tubing, casing, wellhead,
Christmas tree and the immediate surroundings. The abrasive effectwill be proportional
to the exposure time.

The outflow will form small ice crystals when in contact with the air. This will resultina
white cloud. Visibility will be reduced tozerain this cloud and may hinder any approach
from a certain distance.

Saltwater

Saltwater fromthe formation may come out in significant quantities. It is not clear how
this can be modeled. Will the saltwater and CO:form effervescencesimilar to a shaken
coke bottle? Saltwater spills will damage the vegetation and will need to be contained
and cleaned up. 5altwater in the wellbore may contribute to well control due to its
hydrostatic properties.

In caze of a saltwater spill, the saltwater will move accordingto grade in a northeasterly
direction. From there it will flow naturally into an existing retention pond. The well site
iz surrounded by bermsand higher grounds. If saltwater volumes would appear to be
high, additional berms can be created easily with earth moving equipment. (Equipment
iz ansite). Saltwater spills can be cleaned upwith Vacuum Trucks.

= = .
valirfion
SVoLULlon

A Blowout is a dynamic event. The situation may change rapidly. Do not assume a status
guoat any time. The jet release may intensify, change direction, change in composition
{=zolids, water) unpredictably. More wellhead components may break or be blown off.
Air quality in previously thought safe areas may deteriorate rapidly because of change in
dizspersion, change in wind direction and speed. 5altwater may be projected into the air
invarious directions.

Houst
Tel:+1-281-378-1523 | Fax: +1-281-370-

www.unitedsafety.net
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SECTION B)
RESPONSE IN A BLOWOUT

Mobody should attempt to remedy a well incidenton an individual basis. Proper
protocols should be followed as described below. These protocols involve various

elements: Reporting the incidentto the Incident Command Structure, Proper

Assessment inLevel 1, 2 or 3, Development of a Response Strategy based aon the Level

and Assessment data. Depending on the severity of the Incident different layers of

Response will be developed.

Briefing: Well Control Incident Notification Procedure

On-5cene Response

The On-5cene responder will initially involve _only the personnel present at
the site when an incident occurs. The ranking ADM employee on site will
assume the role of On-Scene Commander until the Incident Command System
(IC5) is activated and the Incident On-5cene Commander takes command.

Health and Safety

The first responsibility of the initial On-5cene Commander will be to ensure
the safety of all personnel on site. Actions to be taken to protect health
and safety will depend on the specific nature of the emergency.

Data Collection

Motification to departmental authorities that a well control incident has
occurred must include sufficient data for an assessment to be made about

the severity of the incident. Pricr to such notification, the initial On-

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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Scene Commander must collect data or delegate the collection of data to one

or more individuals. A data collection sheet is supplied in Section 9.7 of this
document.

Notifications

For ADM operations, the first responder will typically be the Wastewater
Plant Operator Supervisor acting as Department Captain (DC). The
Wastewater Plant Operator after collecting data will notify and

inform the IncidentCom mander who in turnwill inform the ADM

Plant Manager and the CC5 Wells Team Leader of the Incident.

Once the Level of Incident is known, the PlantManager ar the Wells
Team Leader will assist the Incident Commander and proceed to respond

accardingly.

There may be cases where small well controlincidents escalate into more
severe ones. These incidents are known as Level 2 incidents and some
examplesof these are listed below. If this occurs it may be necessaryto
consult a well control specialist to assist in normalizing and controlling the
well.

Levell This response is for incidents that on-site operations staff should be
capable of handling with standard operating procedures. The
incident is of sufficient severity that there is concern for personnel
safety and/or potential damage tothe well or structure. Level 1
incidentclassificationwill be subjective and maybe
misinterpreted by the on-site staff as routine while it has the
potential to escalate to a higher severity level. Motifications are
made to immediate supervisors who will approve the classification
and propose control procedures. All Level 1 incidents should be
appropriately documented and made available for review by other
operations staff.

Level 2 This response is for well control or related incidents where there is
not a SOP for recovery to normal operations. Control may require

-281-378-1

20

www. unitedsafety.net
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resourcesin addition to the on- site operations staff and,/or the use
of unfamiliar, more difficult, well control procedures. The incident
is of sufficient severity that there is DEFINITE concern for personnel
=afety and/or potential damage to the well or structure. Well
Control, however, has not been lost. The Level 2 incident
classification will be subjective and the final decision and activation
will be made by the ADM Wells Field Superintendentandfor Wells
Team Leader. These decisions will be based on the
risk/consequence for further escalation during non-routine,

potentially higher risk, control procedures.

This response isfor well control incidents where control of the well
has been lost. The personneland structure are potentially in
IMMINENT DANGER. A Level 3 response would initiate a ramp-up
to an incident response organization. Resources will potentially be
required from outside the well site and the ADM Plant. Level 3
incidents have the potential to escalate further during control
procedures. Further escalation may include massive pollution, loss
of life, serious structural damage or total loss of the wellhead due
to cratering.

20333 State Highw

y 249,

3 Q
Houston, T 77070 USA

Pk T

ax: +1-281-370-6504
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7 MNotificationand Initial Actions

The following isthe immediate notification protocol in case of awell incident.

* Wastewater Operator (24/7 presence) J

* IncidentCommander

* Plant Manager J
* Wells Team Lead ]

) < < < 4

Figure 7-1 Immediate Notification Protoool

7.1.1 Incident Assessment
The Blowout Contingency Plan addresses the incident at three different
levels. These Levels are widely recognized in the Industry. These levels signify
the following:

Level 0 Incident:
*  MNormal Operations.
Level 1 Incident:

Inexplicable wellhead pressure.

Completion well integrity downhole leak.

Surface testing pressure equipmentintegrity.

Deviation of well control or well integrity policy.

Exceeding 80% of working pressure and load ratings on any equipment and

Tools,

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
wenw. unitedsafety.net
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Level 2 Incident:

* WellControl Malfunction.
¢ Casing—Approaching MASP.
¢« Well Control Situation — Potential for Escalation.

Level3 Incident:

Surface Blowout.

Sustained Underground Blowout.

Pipe shear.

Loss of Primary Well Control.

CO: Spill.

Saltwater Spill.

Uncontrolled completion integrity leak at the surface.

7.2 Incident Assessmenis

Typically, as shown above, an Incident Lewel is set by the Incident
Commander and confirmed by the Wells Team Leader. However, assessments
can be group assessed, if necessary, by the Wells Team Leader. The only

G = L o1 _gn QCIge g = [t i £

7.3 Level 1 Incident Assessment Procedure

Level 1 would be handled by the Wells Field Superintendent who will notify the
Wells Team Leader in Decatur. {Mormal Operations Incident).

7.4 Level 2 or Level 3 Incident Assessment Procedure

Level 2 incidents are defined as thoze which require assistance from the
Schlumberger office to ensure protection of life, property, and/or the
environment.

20333 State Highway 249, Suite 200
Houstan, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504

www. unitedsafety.net
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Level 3 incidents are defined as very serious well related incidents, which
cannot be addressed by the local crew and/or with the equipment onsite. These
types ofincidents typically require further regional and external assistance for
protection of life, property, and/or the environment.

Incident Response Required

For an Incident, the Wellz Field Superintendent will have the responsibility of
being the On 5cene Commander. He will assess the incident and determine
the type of response required. The Wells Field Superintendent (as per the
notification protocol) will control the scene until the Wells Team Leader gives
instructions and approvals on how the Wells Field Superintendent will
proceed to operate and if he will continue to assume the position of On Scene
Commander.

An important question is for how long a blowout could be tolerated in order to
decide whether intervention is desired or not. The injection starts with an
“empty” formation, which progressively gets filled with CO; over time. Given
the accidental release rate and the required response time to stop all release
from the formation, there is @ point where a response may not be desirable,
given the costs and risks involved with it.

Assessment Reference point

It may not be easy to assess daily outflow estimations, so it is good to know
that a full open bore hole (worst caze) blowout model suggests that the release
rate is approximately 3x the daily injection rate.

Dependingon:

a) The assezsment of the daily losses.

b) What iz tolerable?

t] The estimated remedial costs. A cost benefitanalysis by the Operator should

directthe consecutive action plan.

Tel:4+1-281-378-1523 | Fax:+1-281-370-6504
www. unitedsafety.net
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8.1 Responselnvolvement

The following table illustrates a tabular format on how the Incident Lewvels

will be manned wusing
Organizational Chart.

INCIDENT LEVELS

Table 8-1 Incident Levels

the structure and positions from the ADM

Job title

Level

Level

Level

Wastewater Plant Operator
{Department Captain)
Incident Commander
Assistant Captain

Plant Manager

WellsTeam Leader
Communications Officer
Human Resources Manager
Quality Assurance Manager
Environmental Compliance
Manager

Safety Coordinator

Injury Response Team

=

-

Confined Space Rescue Team

Corporate Management
Corporate Crisis Team

Mo R K R R R o=

==

Mok Mo = MK K =

®oE o= M W

20333 State Highway 249, Suite 200

Tel:+1-281-378-1523

Houston, T 77070 USA

whwnw unitedsafety.net
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Incident & Response

LEVEL 1: On MNotice

Well control situation whire Initiadly complicated or Level 1 Uncontrolad bowoul. The well
standard operating escalated well control situation can no longer be controlled
procedures (SOF) exist for where SOP does nol exst for with the existing crew,
recovery 1o normal operation recovery o normal operaton procedures and equipment
v ' ¥
CONDITIONS MAY CAUSE CONDITIONS DEFINITELY PERSONNEL ARE IN
b T i PERSONWEL SAFETY. IMMINENT DANGER!

Figure 8-1 Level of Response Involvement Escalation

9 ResourcesandPlanning

01

Involvement ofthe Incident Command System [see also the ANNEX)

The Incident Command structure is an indispensable resource needed to plan
and execute the response efforts. The roles, responsibilities and checklist of
the Incident Command System Team Members are presented in this
document, in the ANMEX. These are basic guidelines that should be considered
and used by the team members that will help organize and avoid chaos during
an incident. There are three (3] teams involved, these being the Tactical
Response Team (TRT) (On Scene Team), the Incident Management Team (IBT)
[Off Scene Team at the Emergency Crisis Room), and, if required, the Crisis

Management Team (CMT) (Corporate Team).

For some Level 2 incidents and definitely for a Level 3 incident an On Scene
Command Post will be setup at a safe distance. The distance of the On Scene
Command Center will depend on the Moise, Toxic, and Blasting Hazards
associated with the incident. This center will be used by the Incident
Management Team to carry out their respective responsibilities with the

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fan: +1-281-370-6504
www.unitedsafety.net
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Well Control specialist as required. The On Scene Command Center
imperatively will need full scale communications equipment and desk top space
for the appropriate work and tasks to be performed. Daily meetings will be
held after each working tour to summarize relevant advances to the remedial
effort and report these to the Incident Management Team members who will
be working from an Off Scene Command Paost known as the Emergency Crisis
Room. This Emergency Crisis Room for ADM will be located in the ADM’s
Decatur Plant.

An example of a Tactical Response Team is described below. These positions
may not continuously exist during normal operations, but may be called into

effect for the blowout response.

9.2 TRT: Tactical Response Team [Example)

On-Scens
Commandar
_ Wells Field

el Site Enginesr

# Night Oparations
» Sarvice Contractors

Figure 9-1 Tactical Response Team

R (Ctrl) ~

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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9.3 IMT: Incident ManagementTeam (Example)

Below iz an example of an Incident Management Team (IMT). These positions
may not continuously exist during normal operations, but may be called into
effect for the blowout response. The IMT Incident Commander will be ADM's
Incident Commander as in the Emergency Response Plan (ERP). At his discretion
several supporting functions may be engaged for the purpose of managing the

incident at an intermediate level.

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
whwnw. unitedsafety.net
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- T,

[ Incident_Cummander ]

W o e

f .
,'f [ Wells Team Leader ] .
s b

0 \
.lf .
3 %
! B
[ Administration; J [ M#Erial & Logistics ]
4
| E
! i
[ Information Technollggl.r ] [ ;'I HSE ]
N
Y P
\-\‘_ [ Well Control ];'#
™ =

Figure 9-2 Incident Manage ment Team

20333 State Highway 249, Suite 200
Houston, T 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
whanw. unitedsafety.net
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9.4 Planning Steps for Blowout Conirol Overview of Stages
Level SWEIICuntruI-"_
; —_—— Incident Occurs at \Well -

Initial Fesponze Actions 1. Declare the Emergency
: r 2. Motify Support Base
lst+/-_ 24 hours Initizal On-Gczne i ES\;aLuatéunéES&R,E;Edevatd :
: : t up On-5cene Command Post
Response Action: 5. Exclusion Zone ldentification
&. Accessand EgressRoutes
7. AssetProtection
ey e pp—— 2 M ﬁrE R gr
e . otify Emergency Response Team
Irgoia Dﬁ&e_m L. 9. Activate ICS%rgan izatm'l
Response Action: 10. Setup Inc. Comm. Post & Communic,
11. Activate Victim Management
Initial Planning Cvela r
Source Control Actions Ll Detailed On-5ite Assessment
Maxtd 7 days Initial Inddent Brisfing | ——
Ll Archived Data Collection

Initiate Tactical
Operations Planning

.
Source Control
Dizily Briefing
Soutes Coniral Avin: |
ource Lon Ons Initizte Tactical
Until Project Complated |

Operations Planning |'.

l

Surface Control Relief Wall Kill
Tactical Ops. Planning Tactical/Stratesic Planning
Surface Control Strategc & Relief Well Intarsection
Kill Planning Tactical/Strategic Planning
A

ReliefWell & Surface
Control Shift Briefings

Figure 9-3 Planning Overview of Stages

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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9.5 Planning Steps for Blowout Control; Up to Control Plan
The following flowchart illustrates the basic initial planning cycle steps. This time

period covers the time from the start of the incident until a control plan is in place.

-

ﬁ-ﬁ|ﬁ ﬂj-ﬁ-’-ﬂ
== B =

& &= aEE==(

== 1

I
'1
II

|

Figure 9-4 Planning Steps to Control Plan

20333 State Highway 249, Suite 200
Houston, TX 77070 LISA
Tel:4+1-281-378-1523 | Fax: +1-281-370-6504
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9.6 Planning Steps for Blowout Control; To Final Control of the Well

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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9.7 Well Control Incident Data Sheet
The following information should be updated and together with 2.8 and 9.9 be transmitted to

Intervention Teams and External Consultants in case of a blowout.

Well Control Worksheet

General Information:
Date:

Weather Condition:
Operator Information:
Companyv:

Company Representative:
Phone Number:
Contractor:

Rig Name /No:

Rig Type:

Fhone Numbers On Location:

Time:

Position:

Tell Information

Well Name: ADMCCS 1

Name: ADM

Latitud e/ Longitud e:

Well Type: Carbon Dicxide Injection
Closest Town /City: Decatur, IL
Directions/Dock: MNorth of RR track; ADM Plant
Closest Airport: 5t. Louis, MO

General Wind Direction and Speed:

39,8765 —838.8937

Wwell

Miles From:

Ihmwz].' NiA

20333 State Highway 249, Suite 200

TH 77070 UsA

Houston,
Tel:+1-281-378-1523

Fax: +1-281-370-6504
whww. unitedsafety.net
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BlowoutInformation

Emergency Level:

Underground Blowout (Level 2):

Type of Blowout:

Fire: N/A

0il: N/A Gas: N/A COy:

Description of Event:

Surface Blowout (Level 3):

HS: N/A

YES Geothermal: N/A

20333 State Highway 249, Suite 200
Houston, TX 77070 LISA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www . unitedsafety.net
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Well Bore Information

MD: 72361 TVD: Herizontal Bit Depth: N/A
Section-

BeliefWell Location Availability: Closest Well:  Observation Well

1..DP Size: N/A Waight: Crada: Length: NfiA

222 DP Size: N/A Weight: Grads: Length: NfA

3.2 DP Siza: NSA Weight- Grade: Length: NFA

DC Size: N/A Weight: Length:

SIDFPP: NSA SEQLC: MW Influx Size: NSA

Float {@: N/A BEV (&

1..TBG Size: Weight: Grade: Length:

2nd TBG Size: Weight- Grade: Length-

3.« TBG Size: Weight- Grade- Length-

Packer: 6363.7 feet Type: Seal bore Retrievable

Hole Size: Depth-

SITP: SEOC: Min_ ID: Perfs:

20333 5tate Highway 249, Suite 200
Houstan, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www . unitedsafety.net
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Case Strin g Data:

Surface # Burst-
SEQC:

Intermedi = Burst: e
SEQC:
Long % Burst: c
SECC:
Tie = Burst: C
SEOC:
Productip # Burst: c
SEOC:

Mud/ Fluid Densities (ppg)- 5

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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9.8 Wellhead Skeich

Figure 9-5 Wellhead Sketch

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel-+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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UNIITED

BOP/Wellhead Data

Sheet

WELLHEAD
CONFIGURATION

A Section

Tvpe./ Size:

Flange:

Sweet/ Sour Service
B Section
Type/Size:

Flange:

Sweet/ Sour Service
C Section

Type/ Size:

Flange:

Sweet/ Sour Service

Tree

Sweet/Sour Service

Tel: +1-281-378-1523

20333 State Highway 249, Suite 200

Houston, TX 77070 USA

www.unitedsafety.net

Fau: +1-281-370-6504
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9.9 Equipment Availability Sheet (Filled in is available within reasonable time and distance; blank fields are to be

sourced)
el
Equipment |Purpose Inventory Supplied by: Contact Originating Deploy Deploy
Information Location Time from Time from
Originating Originating
Locationtoa Locationtoa
location location
By Aircraft by Rolligon or
Truck
(brs)
Vacuum Removeand |(13)2,500 gal13cu |Bodine Services Scott Sargent Mt.Zion 11 nfa < 1HR
Trucks transport yards vacuum Cell (217)
water trucls Bodine Services 519.393¢
(3) Pump trucks Bodine Services Jeff Binkley Cell Mt. Zion I1
3,000 gal each (217) 519.3917
(&) Tanker trucks
3,000 gal each

.unitedsafety.net
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Back Hoes Digging CAT ATR Chris Allen Decatur, I1 NA <1HR
around well
head ) ATR callen@atrdecatur
(2) Dump Trucls prre
ATR
Hlathad (217) 451.3760
Bulldozers |Remove
wellhead
debris
Cranes Bemove 100 ton rubber Dawes Cranes
debris / stage |tire and operators
equipment
130 ton rubber
tire
40 rubber tire
Lighting Visibility
during
Winter
Months
Monitoring | EstablishHot |(10) Drager Pac
Zomnes / 7000 portable CO,

232



|

LIPS T ELRD

United §

Equipment

Personnel
Safety

monitors

(5) Lumidor
Micre Max Pro
portabled gas
monitors

(4) MSA Altair 4
portable 4 gas
monitors

(6) Altair 5
portable4 gas
monitors

(5) Altair 5
portable 5 gas
meonitors

(2) Altair 5X
portable4 gas
monitors

Bacharach
Leakator 10
combustible gas
detector

@adm.com

cell (217)
791.4027

Eaws +1-9
Fax: +1-2

www.unitedsafety.net
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Breathing Personnel |Portable trailer Decatur Fire |ADM Emergency
Air Supply Safety tankrefilling Dept. phone # 4444
system
Communica |Communicati | (150) Plant radio ADM Plant General
tion System on with Foreman on duty
NSSRT, ICS,
e (217) 4501.7130
Medical Personnel Decatur ADM Emergency
Support Safety and Ambulance phone # 4444
(MER'T) MEDEVAC Service
Mud Pumps Mud Pumps,Weighted | Franklin Well 618-943-7315 Lawrenceville, Il 3.5hrs
and pumping Water Svcs
manifolds
Athey Well control
Wagons
Cutting Remove old
Systems well head

WWWw.unitedsafety.net

234



BOPE Blowout
Equipment |control
Fire Pump Fire Fixed loop system
Suppression |with hydrants

Misc. Well |Well Control |Franklin Well Misc. 618-943-7315 Lawrenceville, I1 3.5hrs
Capping Sves. Equipmentand
Equipment Services
Snubbing ‘Well Control
Welding Construction Various
and
Eabrication
Portable Fluid Storage Various
Tanks
Catering Camps, Various
Service Housekeepin

g
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Food Services

Photograph Documenta Various
¥ ti on
Security Site Security | ADM Corporate ADM (217) 424-5205
Services Security or OR 4444 on ADM
Contracted phones
Security
Mud/Brine Drilling Franklin Well Franklin Well 618-943-7315 Lawrenceville, Il 3.5hrs
Mud and Sves. Sves
Equipment
Fuel Diesel Morgan Decatur, Il <1hr
Distributing

www.unitedsafety.net
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10 Site SafetyPlan/Site Control

10.1 Introduction to Site Safety Plan /Site Control

10.1.1

If 3 severe well control incident occurs, the On Scene Commander, and Well
Control Specialist (if available) will develop a Site Safety Plan and enforce it
immediately, and submit it to the Incident Commander in ADM. The plan will
identify the hazards present on site and will define Site Control boundaries,
including SAFE AREA and HOT ZONE boundaries, and control access to the
incident site. In a CCS well control incident, the main hazards are CO; toxicity
and asphyxiation, freezing, noise and falling debris. Thiz Plan follows the
customary “HOT”, “WARM”, “COLD" zone terminology. These words should
however NOT be interpreted as an indication of Temperature zones.

HOT =High Danger Zone

WARM = Transitional Zone

COLD=5afe AreaZone

fones

The first act of the Incident Commander must be to establish control of the site.
A site must be controlled for the protection of first responders and to exclude
unnecessary personnel. The basic approach is to establish three distinct zones,
the exclusion zone (called the hot zone), contamination reduction zone (called
the warm zone) and the support zone (called the cold zone). 5ee 5.2.3 for Zone

Identification chart.

HOT ZOMNE

The hot zone is the area where the actual incident occurred and hazards exists.
All individuals enteringthe hot zone must wear the prescribed levels of persanal
protection. Entry and exit check points will be established at the outer boundary
of the hot zone to regulate the entry and exit of personnel and equipment. The
outer boundary of the hot zone is initially established by visually surveying the
immediate area and determining where the hazardous materials involved are
located. Monitoring equipment may also be used to define the area.
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WARM ZOMNE

The warm zone is the transitional area between the hot zone and the cold zone.
This zone generally contains area and access control points through which
personnel and equipment enter and exit. Since this zone is less hazardous,
personnel can wear lower levels of personal protection equipment.

COLD ZONE

The cold zane is the outermost part of the site and is considered a safe area.
This is where the command post is located, along with support equipment.
Mormal work clothes are acceptable in this area. The command post should be
situated upwind and upstream of the hot zone and should be easily accessible
to highways or other transportation routes. The press is allowed in this zone.
The size and distances between the hot zone, warm zone, cold zone and the
command post is based on conditions specific to each incident, the material
involved, and the judgment of the incident commander. The following criteria
should be considered when establishing zone boundaries:

¢ Physical and topographical features of the site;

¢« Weather conditionsand wind direction;

¢ Field measurements of air contaminants;

¢ Airdispersion models of the chemical(s) involved;

¢« Physical, chemical, toxicological, and other characteristics of the

¢« chemicalis) present;

* Cleanup activities;

¢« Adequate roads, power sources, and water

Paragraph 10.1.2 outlines a Site Safety Plan.

Common hazards to health and
safety on a blowout include:
¢« Toxicgas concentrations
¢ Sub-zero temperatires
+ Hazardous chemicals (concentrated saltwater)
¢« Dangerousnoise levels
¢ Structural damage
¢« Leakinggas orfluids

Tel: +1-281-378- 3 | Fax:+1-281-370-6504

whwnw . unitedsafety.net
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10.1.2 Establishing a Site Safety Plan

Item

Action or Consideration

1. A “SITE SAFETY PLAN" is required before well site work can start. This plan is

developed and implemented by the On-Scene Commander after initial evacuation of

personnel.

For CCS blowouts, the “HOT Zone” boundary must be realistically based on
presence or the anticipated presence of *5000ppm COz (or <19 .5%0¢s) levels, rain
of saltwater and ice pellets andfor propelled materials, and is principally
controlled by wind direction but is influenced by the leak rate and location as well as
the direction of the flow.

Generally, the HOT Zone will be set by inspection and not from a guantitative analysis.
This will be revised as time goeson and will be monitored carefully throughout the

project.

If the “HOT Zone” boundary is set by actual measurements, it will be done by two men
with SCBA’'s. They should approach the blowout usinga LEL meter, measuring COz
and O;, a dB meter and a thermometer (if available) and check levels downwind ofthe
well area. Initial approach should be from an upwind direction.

The boundary of the HOT Zone is defined as when first indication is seen of either:
a. <195%0;level
b. Accumulations of dryice or CO;and water vapor fogs (restricted visibility
vapor)
c. >5000ppmCO;
>00 dB noise level

e. Frozensurfacesdue to Cryogenic effect of CO:

When measuring parameters, approach problem well from any possible access

route [including those located downwind) and repeat this process.

Where possible, set HOT Zone boundaries away from theze hard indicators [ex: %

LEL} at pood control points.

“HOT Zone” shall be restricted to well control experts or designee of the On-scene
Commander and shall be allowed in the zone on a permit only basis and only for a
prescribed and defined task. The “Buddy” system will be maintained at all times.

www. unitedsafety.net
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Manpower with radios from plant crew, safety and production can be used at these
defined "HOT Zone” control points to restrict access into the "HOT Zone”. Downwind
“HOT Zone” boundary must be tightly controlled and continuously monitored as
variable winds can quickly change the boundary. Some access routes should be blocked

to preventaccidental entry.

The “Safe Area” or “Cold Zone” location is based on the “measurable” HOT Zone

boundaries, available work areas and access and wind direction.

The safe distance seen in the downwind approach of the "HOT Zone” boundary is
then used as one guideline for setting the “Safe Area”. Additionally, dispersion
modeling can be used with the measurements taken to help predict downwind

conditions if wind is blowing across the blowout.

The “Safe Area” iz not a contour like the "HOT Zone” but is a dedicated staging area for
control efforts for blowout. Access to areas inside the “"HOT Zone” must only be from
the “Safe Area”. Other alternate pathsinto the "HOT Zone” are blocked,”

Safe Area” should be accessible fromtwo directions.

“safe Area” restricted to essential personnel with proper protective equipment.

“safe Area” should be in areawith O LEL, <2000 ppm COz, <85 dB sound level.

Mark the designated "HOT Zone” and “Safe Area” on the available Emergency Response

Maps for distribution and all procedures.

As the well and wind conditions change, the "HOT Zone” boundaries will shift. The
“safe Area” could also be moved. An example would be shifting boundaries after
direction of outflow is changed based on wellhead/Christmas tree deterioration.

. The “Warm Zone"” is the route between the “Cold Zone Area” and the “Hot Zone".

Control indicators (LEL levels, etc.) are continuously monitored within the “Warm Zone”
at the entrance to the “Hot Zone".

www.unitedsafety.net
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1%. The “Warm Zone" is restricted to essential support personnel only.

150ftfrom leading
sdge 50% LEL

Safe distance
from Brine spill

Mo Go Anytime
[Except Cappingor
Intervention Team)

Mo Go Zone
Exceptwith Permit

Figure 10-1 Establishing a Site Safety Plan [Example sketch)

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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i Flowchart

Evacuate Perzonnel

r

Develop Site Safety Plan

ApproachWell from Upwind,

Determine HOTZone Boundary
L

o

Two man teams

P
Approach Well from other possible

access routes

Stop at HOT

pe
5etHOT Zone Boundaryas a

function of measurements

Restrict Access to HOT Zone at all
» Control Points

Restrict Accessto HOT Zone at all
Control Points
L%

Designate a Safe Area

to be located between Danger and Safe Area

Mark Danger and Safe Zones on Maps ]

[ Designate an Intermediate Zone coordinator

Continuously monitor boundary conditions J

Figure 10-2 HOT Zone Identification Flowchart

P with SCBAs, Zone Indicators
3 protective gear, including:
| 235 Metersand
) radios
.
» 10% LEL at surface location
¥ Surface accumulations of
- Fog, or Brine, Dry lce
% »* >5000 ppm CO:z
* Subzerotemperatures
»*  =00DBzound level
—_
~
) *  Upwind
» < 2000 ppm COz
* <B5dBsound level
»* Abovezerotemperature:
» OLEL
»* Two Accesspoints
20333 State Highway 249, Suite 200
Houston, T 77070 USA
378-1523 | Fax:+1-281-370-6504
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10.2 CO: Toxicity and Asphyxiation, Freezing, Noise and Blast Hazards

10.2.1 CO; Toxicity and Asphyxiation

In & CO;z blowout CO; may be released in large quantities. CO; is toxic depending
on concentration and duration of exposure. In addition, 8 CO:release may
displace air and thus create an O: deficient atmosphere. The On-scene
commander and any First Respanders need to be thoroughly aware of this
hazard. In case Rescue activities have to be undertaken, proper protocols (see
Emergency Responze Plan) need to take this hazard into consideration.

10.2.2 Freezing conditions

A CO;well blowout will generate very low temperatures and exposure would
resultin severe frost bite. All surfaces in contact with the outflow may represent
freezing hazards. Protective thermal clothing, including face masks, are required

for any personnel needing to work in proximity to the outflow.

10.2.3 Noise Hazards

Loud noises can damage hearing, which is commonly referred to as noise
induced hearing loss. This loss of hearing can be temporary or permanent,
depending on the exposure. The effects vary with the level and duration of
the exposure. In a blowout, which last for a limited time, hearing impairments
likely to be temparary. The graphic below shows level of noise that can be

tolerated.
45dBa 85dBA 115dBA 135dBA
Limit for Upper limit Short duration Upper limitshort
Sleeping inside without without time with or
quarters protection for 8 protection without
hour exposure protection
20333 State Highway 249, Suite 200

Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
whww. unitedsafety.net
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10.3 Blasting Hazards

COzwill not burn or explode. However the transition from a Supercritical state to
the gas phase can be triggered by relatively low pressure drops. This will resultin

extremely fast volume increases of the gas generating high outflow speeds.
These jet-like outflows may carry solids and debris, which could be high hazards.

20333 State Highway 248, Suite 200
Houston, TX 77070 USA
Tel-4+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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Section C)
LOGISTICS & EQUIPMENT
DOCUMENT

11 Logistical Considerations for aMajor Response

IMPORTAMT: Prior knowledge of what will be required and how it can be obtained will
be extremely important. This is precizelywhat this Document will outline and
discuss. One of the very first assignments of the Incident Commander should be to
designate the Logistics Coordinator to locate and define the availability of equipment
and services required to respond to a major blowout.

In the eventofa major blowout, efficient mabilization of the necessary equipment will
depend an knowledge of what equipment iz needed.This section provides
guidance on such logistical considerations.

A listing of the equipment Boots & Coots typically requires for a large surface
blowout is outlined below. i this equipment is unavailable, Boots and Coots has
specialized equipment in Houston and this equipment could be mobilized from there.

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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11.1 Logistics

The ADM CCS plant is located northeast of Decatur, lllinois.

Well site Coordinates: 39.8765, -88.8037

On Highway I-72 head towards Decatur

Take exit 144 for IL-48 toward Oreana/Decatur

Tumn left onto IL-48 S

Take the ?nd left onto N Brush College Rd

Tum left onto Brenaman Rd/Brennaman Rd

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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11.1.1 CC5 Well Field Perspective

.......

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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11.2 Transport

The site is very accessible to heavy truck traffic. Mo problems are known that would
impede tranzportation of heavy loads to the site. The nearest regular airport is in 5t
Louis, MO. From there it is about 2.5 hrs drive to the site.

11.3 Regional Perspective

Excluding the organization of the blowout intervention team, the most complicated
and typically overlooked components of implementing an emergency project are the
logistics of required services and eguipment. Many of these services are very
cpecialized and may not be available in the immediate region or area. Also,
knowledge of many of these services and the companies which provide such services
may be unknown to the typical oil company engineer who has minimal experience with
an intervention project.

An expensive and time consuming learning curve, with sometimes dizastrous results,
has been evidenced in many projects which utilized standard services beyond their
capabilities and overlooked details which became insurmountable. There are
methods to reduce the associated problems with good logistic practices for any
project. The primary one is planning for what will be required and how it can be
obtained.

11.3.1 Incident Response Challenges atField Location

Security and safety concernsto the persannelworking inthe region.
Large scale water supply for well control operations.
¢ Road travel between Airpart and the field poses a high risk to personnel

zafety (winter conditions.)

« Site accessand spill containment.

Howuston, T,
Tel: 41-2B81-378-1523 | Fax: 4+1-281-370-6504
www.unitedsafety. net
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11.3.2 Establishing Water Supply

Probably the most important step when controlling a Lewvel 3 incident is establishing a
water supply that will be plentiful and consistent. There is a water well onsite. Depending
on plume or jet, this well may not be reachable. In that case, possibly water can be
obtained fromthe Wastewater plantwhich isonthe opposite side of the groundwater well

and at a good distance fromthe injection well.

11.4 Civil Works Equipment

A critical point for any major onshore blowout is having the adequate heavy civil works
equipment available. Typically a D8 bulldozer [or larger) with a Cat Model 57 or
Hyster DB2C winch are used.

The civil works equipment (dozers, cranes, front end loaders, trucking etc.) must
be locally obtained. MNormally the main civil warks equipment problem is the lack
of large dozers equipped with a winch. Equipment will need to be maintained and
have a working equipment inventory. It may be necessary to mobilize a skilled heawvy
equipment mechanic with the well intervention teamto help keep the equipment

running.

Machine shop services needed from custom capping equipment (ex: stingers,
crossovers, custom flanges) should be identified and located. The Incident Commander

should assign someone to locate these providers.

ADM will need dedicated support personnel working in the areas of transport, material
acquisition, logistics, contracting, accounting and communications if a major blowout

OCCurs.

It will be wise, at some point, to gather up the blowout task force and run a test drill on
response to a blowout emergency scenario. Minute by minute well reports can be
generated to simulate the type of information received from the field to the task
force. The response steps are taken including vendor call ups. After the simulation
is completed, the exercize is criticized and then edited based on the results of the

simulation.

Houston, TX
Tel: +1-281-378-1523 | Fax

www.unitedsafety.net
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11.5 Role of a Rig Contractor

The key to successful blowout control is fast and efficient mobilization of the required
support. The following list is not complete but _can be used as a reference as to
what may be required. The greatest key team member if a blowout is experienced

will be the rig contractor, especially if they are experienced in how to acquire local

gvailable services, equipment and materials. The rig crew may be needed to assist
the well capping specialists. ADM should hold a pre-planning meeting with the rig

contractor and discuss these and any additional points:

Third party billingand purchase order system.

Cash flow assistance (must maintain good creditwith local vendors).
Increased rigcrew pay for hazard duty (triple time is not uncommon).
Added staff from rig contractor to handle logistical duties.

Increase camp space options.

Spare equipment sources (ex: BOPs & choke manifolds).
Welding/fabrication sources.

Dilfield supply sources.

Implementation of the fire water system (water wells, pits and pipelines).

11.6 Example EquipmentList

The following is an example listing of the equipment and materials that will be regquired

for major blowout scenarios. Mot all of these items will be required nor is it a complete

list as all blowouts are different and not all needs can be anticipated.

11.6.1 Worst Case Underground Blowout

The major items that may be required are as follows:

Cementing pump and cementing lines.

Cementing batch mixer or additional mud mixing tank.

Cased hole wireline unit.

Pressure/temperature log, perforators, drill collar severing tool, gyro.

Poszzible additional stimulation pumps (higher ratesand/or pressures required).
Centrifugal pumps (mud transfer and circulation.

T
FARLE
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¢ Suction hoses and mud transfer lines (additional mud tanks and water pit).

¢« Sack cementand pure bentonite for bentonite — cement — diesel oil — plug.

¢« NMedium & coarse LCM materials (KwickSeal, mica, nut plug, ground CaC03).

¢« Additional mud products for quick mix mud (gel, water, caustic, barite,
lignosulfonate).

+ Additional water supply (possible additional water wells and water storage pit).

¢ New seismic to map gas flood front (sustained high rate gas flow).

¢+ Re-surveysurface location fromfixed reference point (severe gas flow).

¢ Rate gyro run ondrill pipe for better relief well target (severe gas flow).

¢ [nitiate reliefwell planning (severe gas flow, potential loss of surface access).

¢+ Additional mud storage tanks.

¢+ Spnubbingunit and tools (drill pipe off bottom, drill pipe plugged, hole in casing).

¢+ [nflatable packer (unable to dynamically kill, due to a hole in casing).

+ Handheld radios for site communication.

11.6.2 Surface Blowout

The major itemsthat may be required are as follows:

¢+ Paramedic services: detection equipment, breathing air equipment.

¢ Major civilworks contractor to provide: 2 dozers (Cat D7), excavator, front end
loader, compactor, 150tontracked crane (w/hook & bucket), probable 100
ton hydraulic crane, lubeffuel support, forklifts equivalent to a cat 950 and
associated support personnel and skilled operataors.

¢« Welding/fabrication contractor: to provide welders, welding supplies and
equipment, nearby fabrication shop.

¢ [n country delivery/barge services.

+ Machine shop:to provide customtoll fabrication and modification.

¢  Pumping/cementing services: to provide cementing unit, batch mixer/blender,
spare tanks, pump lines, possible additional horsepower units.

+ Medical evacuation services.

+  'Wellcappingspecialists.

* Water pumps and associated equipment.

¢ Blowout technical advisor.

¢« Two air compressors (185 CFM 150 psi) for air tools and engine starting.

¢+ Replacement valves, wellheads or BOPs.  Additional ram blocks and
packers, associated studs, nuts and ring gaskets.

* Fabrication steel including (1/2" — %" round stock, 1" steel plate, H-Beams).

* Dryice and insulated transport box.

249 Suite 200

Tel: +1-281-37B8-1523 | Fax: +1-281-370-6504
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Teflon tape and thread lubricant.

Epoxy thread locking kits.

Cotton Rags.

Bottled drinking water.

Rest location for well capping specialists.

Wideo and still photographer to record operations.
Location security and location access control of non eszential personnel.

Evacuation of local villagers and livestock.
Portable generatorsand light plants.
Misc. comman oil field supplies and tools.
Ten handheld radios.

Diesel powered centrifugal pumps for fire protection, water transfer.
Onereelof1”to 11/8" (25 to 28 mm) soft lay steel cable for tie-downs, snub

down lines and winches.

11.7 Normal Oilfield Services

Other considerations include such services and supplies as are normally used in

oilfield operations. The following is a partial list of the types of services or materials

which may be needed.

Oilfield Services and Materials:

- & & &

Mud Supplies and Mixing Equipment
Civil Works (earthmoving)

Water Tanks

Environmental

Rental Tools

Communications

Cementing Stimulation Services
Slick Line

Open haole E-Line

Cazed Hole E-Line

Well Testing
Wellhead Maintenance
Hot Tapping
20333 State Highway 249, Suite 2
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6

wiww. unitedsafety.net
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11.8 Other Requirements

BOP and well control equipment will likely be rented locally but it may be
necessary to bring in a specialized capping stack from Houston (Weatherford).

12 Minimum Recommended Blowout Equipment

12.1 Specialized Equipment

Qua Mohbili Description

2 Water pumps, miniraum 300 gpm (& 150 psi

1 AtheyWagon and Boom Assembly. This equipment will require the
dozer to havea hydraulic winchpackage specific for the size of the

1 Athey Wagon

1 Venturi Tubeadapted to an Athey Wagon

1 Rake assembly adapted to an Athey Wagon
1 Stinger azzembly, complete w /' stinger and fittings

1 Piperack, complete with suction & discharge hoses, water
monitors, pipe nipples, fittings, butterfly valves, flanges, hammer
unicns, aluminum pipe, hich temperature cloth, stc. necessary in
rigping up fire purps (see piperack inventory

1 Job Box, complete with hand tocls, hammer wrenches, brass hammers,
air impact wrenches w/sockets, pipe wrenches, air grinders etc.

(zee job box inventory)

30 4" = 20" aluminum pipe w./indusco fttings
4 8" x 20 cil, suction and discharge hose complete with fipure 1040
hammer unicn

P

0333 State Highway 249, Suite 200
Houston, TX 77070 USA

Tel:+1-281-378-1523 | Fax:- +1-281-370-6504
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12 4" x 10" discharge hose complete w /" fig. 100 hammer Union
B 4" x 107 discharge hose complete w/ fig. 100 hammer union ‘male
B 4" = 1 discharge hose complete w/ fig. 100 hammer

unicn / fermale aluminum adapter

1 4" Stangmonitors complete w/ nozle & baze

1 2" — 3" Porta-Lathe cutter

1 3" — 6" Porta-Lathe cutter

1 £" — 9" Porta-Lathe outter

1 9" — 14" Porta-Lathe cutter

1 14" — 18" Porta-Lathe cutter

1 15"— 20" Porta-Lathe cutter

1 Miscellaneous spare parts for Porta-Lathe cutter

20 Double edge cutter blades for Porta-Lathe cutter

1 Halliburton Abrasive Jet Cutter

1 Spare parts for fire pumps

1 Junk shot Manifold complete w/rope, rubber, steel balls, polfballs and
other plugping material

12.2 Heavy Equipment

Cruantity Mobilized Description
1 min. D-3 or D-9 caterpillar bulldozer w/ Caterpillar winch
4 min. D-8 or D-9 Caterpillar bulldozer w/ Rippers
1 1 Front end loader, large capacity for wet/muddy rough
1 Forklift, larpe capacity for wet/muddy rough terran
1 Trackhoe, 233 Caterpillar or equivalent
1 130 ton crawler crane w/minimum of 100’ boom (capping

20333 State Highway 249, Sujte 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-2B1-370-6504
www.unitedsafety.net
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2 min. 40— &0 ton hvdraulic crane (for riggingup firefichting
Vacuum skids (for hauling firewater or discharge from well

1 Fefueling skids (for refueling heavy equipment, fire pumps)

ALL EQUIPMENT TO BE FROVIDED WITH A QUALTFIED OFERATOR

12.3 Rental Equipment

Quantity Mobilized Description
1 183 chn air compressor
4 Light plants, trailer mounted
1 Generator
2 Pressure Washers
4 Small all terrain vehicles

) 124 Metal for Fabricating Support Equipment

Quantity Mobilized Description
230 5heets 3" x 8" sheets corrugated tin
1000 ft. Large diameter pipe for water supplyline (127 — 167
1sheet 27 steel plate
2sheets 17 steel plate
2sheets 42" — 3/ 87 steel plate
1500 ft. 2"x 27 x *4" angle ivon (heat shields for bulldozers)
50 sheats 3/16" or %" diamond plate, expanded metal or floor

grating (fooring for monitor sheds, outting sheds, ete.)

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-2B1-370-6504
whww. unitedsafety.net
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2000 fr. 213/8%or 27/ 8° junk tubing (structwal for building
monitor sheds, sheds and heat shield)

1Lot Cazingfor diverter lines

4 Small all terrain vehicles

12.5 General Dilfield Supplies

Quantity Mobilized Diescription
87 Fipure 100 hammer unions
6" fipure 10 hammer unions
12 4" fipure 100 hammer unions
& 8" x 12" pipe nipples, threaded both ends
12 £"x 12" pipe nipples, threaded both ends
12 4" x 127 pipe nipples, threaded both ends
& 4+ wwafer type butterfly valves
12 +"1530=R.F. threadedflange
30 3/8"x6 174 studs w ./ nuts bothends
10 rolls Tiewire
20 3/8"x 153" high test chain w/grabhooks
40 27 thackles, pinned
40 1 %" shaclkles, pinned
40 1 %3"shackles, pinned
40 14" shackles, pinned
40 17 shackles, pinned
40 %" shackles, pinned
1-roll %" manila rope

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
whwnw. unitedsafety.net
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1roll %" manila rope
4 200 pei iquid flled paupes
4 B0 pei liquid filled gaupes
4 1000 psi liquid filled sauges
4 3000 pei liquid filled gauges
4 5000 psi liquid filled gaupes
4 10004 pei liguid filled gauges
2Boxes Shop Rags
2 Snatch blocks for 1 1/ 8" cable, shacked not
hooked
23 Heavy duty boards (to support pumps ocn
water levy scaffolding, ete ) Soructural lnmber
(2 x 4°s) for heat shields, road blocks, etc.
1 Awning
12.6 Specialized Oilfield Supplies
Cuantity Mobilized Description
1 Pit liner for water pits
10 min. Tanks for fre water or mud supply
2 300 ton travelling blocks (used for rigremoval)
2 Larpe volume diezel driven water transfer pumps
2 iud charging pumps (to feed pumping equipnent and
1 Mud svstern — complete with mixing and circulating
Sufficient Board Mats
1000 ft.
20 6" or 87 Drill Collars (Dead man to skidrig)

20333 State Highway 249, Suite 200

Houston, TX 77070 USA

Tel:+1-281-378-1523 | Fax: +1-2B1-370-6504
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1 Coil tubing unit

1 Snubbing Unit

12.7 Explosivesand Associated Supplies

Quantity Mobilized Description
1000 1bs. Explosives, 30— 100%, general pilfisld type
Dry chemical
Blasting caps for explosives
4 55 gallon drums
2000 fi. 14 pauge wire, 1 wire minimum

12.8 Cables, Slings and Clamps

o Cuantity Mobilized Description
2000 ft. 11/876 x 36 soft laycable (for ripremoval)
10040 £t. 14" g x 36 soft lay (slings for debris removal)
1000 £t. 3/8" 6 x 36 soft lay cable (zling for debris
removal)
100 11/8" cable clamps
100 %" cable clamps
100 3/ 8" cable clamps
10 1%"x 10" wire rope slings € x 36 soft lavcable
20 1% x 10" wire rope slings & x 36 soft lav cable
20 1 %" x 20" wire rope slings 6 x 36 soft lay cable
20 1"x 10" wirerope slings, 6 x 36 softlav cable

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net

258



v
A UNITED

United Safety

E & & &

1"x 20" wireropeslings, 6 x 36 soft laxcable

3/4%*x 10" wireropeslings, 6x 36 softlay cable
3/4%x 20" wirerope slings, 6 x 36 softlay cable
5/8%x 10" wireropeslings, £ x 36 softlay cable

3/8"x 207 wirerope slings, 6 x 36 soft lay cable

12.9 Welders and Associated Equipment

Quantity Mobilized

]
1

Description
Structural welders with helper and equipment
Certified Welder with Helper and equipment
Cutting torch complete with larpe supply

of oxypen, acetylene and accessories,230f. of
hose per torch, strilers, tip cleaners and spare tips

Longreach cutting torch, complete withlarge
supply of oxypen, acetvlene and accessories, 230
ft_ of hose per torch, strikers, tip cleaners and

Sparetips
12.10 ImportantConsiderations
Cuantity Mobilized Description
1 Onsite Well Water Source

Pipeline or alternative method of
transporting water to pits

Transportation for work force,
intervention crew

Gravel, fill dirt

20333 State Highway 249, Suite 200

Houston, TX 77070 US4

Tel-+1-281-378-1523 | Fax: +1-281-370-6504
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12.11 Personal Protective Equipment (PPE), Personnel and Equipment

= Cu Mobilized Drescription
1 Emergencymedical staff, ambulance (on location standbys)
1 Communication trailer complete with phons, fax and computer
1 Decontaminationareafor personnel with change room
1 Decontamination area for equipment
2 Wind socks
Flagging tape
a Two wayradios withheadzes
1 Work gloves, ear plugs for worldorce
1 Weather forecast updated regubrly

Living accommedations for crew

Meals for all work force
1 H25 equipment (ifnecessary)
1 Drinking water withwater cocler and cups
1 F.ain suits

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
wwenw.unitedsafety.net
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Quantity

Mobilized

Description

Boots and Coots Well Control Enginesr
EBoots and Coots Safety Coordinator
Roustabout or drilling cresws, £ men min.
Air monitoring crew with equipment
Pollution Fesponse Team with equipment
Weatherford " WELLCAT Specialist
Choke Specialist

Wellhead Specialist

Snubbing Specialist

Service Company Well Control Team
Relief Well Specialist

String up crew for travelling blocks

20333 State Highway 249 Suite 200

Tel:+1-281-378-1523

Houston, TX 77070 USA
Fax: +1-281-370-6504
www. unitedsafety.net
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12.13 Wellhead and Capping Equipment

Quantity Mobilized Description

1 Replacement wellhead for blowout well
1 Capping stack
1 Choke manifold
1 Choke houze

1lot Spacer spools

1lot Diverter spools

1lot Spare flange: for diverter lines

1lot Spare parts for capping equipment (ring gaskets, studs, etc.
1 Extension tube for capping BOP S
1 Wellcat tool box
1 Mud/ Gas Separator
1 Bowl/ Slips

1lot Chiclsan Iron Basket (loops, swings, straights, tees) Plug valves
1 Drillpipe tree

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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12.14 Summary of Critical Worldwide Vendors

12.14.1

12.14.2

Specialty Blowout Control Equipment and Services

Typical specialty equipment and services include manifolds,_piping, connectors,

valves, plugs, wellhead cutters freezing, tapping, stingers, and capping equipment.

Application depends on the project nature, so sourcing can be performed by those

experienced with blowouts, including the Blowout Advisor, other critical advisors, and

the BCT. Some of the services can also be performed andfor provided by the

firefighting and blowout service companies.

Bishop Pipe Freezing Services

Boots &

Coots / WC

Blowout Tools
Freeze Technology International
Hydraulic Well Control

Hytorc
MYOCO

Cudd Pressure Control
Portalathe
Power Chokes

WELLCAT—Weatherford
Schlumberger—Camco

Snubbing Equipment and Services

In some cases, snubbing may be the most effective response. Several companies offer

professional snubbing services including supervision, snubbing units and equipment,

and safety services. A review of recent experience, personnel, and safety record is

important during qualification.

Boots &

Coots Hydraulic Well Control

Blowout Tools
Halliburton Energy Services

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax- +1-281-370-6504
www. unitedsafety.net
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Directional Drilling Services

Effective directional drilling equipment and personnel is essential during a relief well
project. Professional and precision directional drilling services is mandatory. Two
directional rig supervisors, with previous relief well experience including extensive
knowledge of steerable systems, horizontal drilling, MWD, surveying, rig site
computers, and drilling under demanding circumstances, are recommended to provide
24-hour operational supervision. Lead time may be required for special tools not
typically available in the area. Specifications for tools which provide wersatility and
drilling performance are recommended. Full service packages should be

investigated as these can add cohesiveness to the team approach.

¢« Anadrill 5chlumberger

¢ Baker Hughes INTEQ

¢ Halliburton Energy Services

¢ Scientific Drilling International

Specialized Directional Drilling Equipment

When a relief well iz necessary, specialized directional drilling equipment can be
instrumental for wellbore directional control. Special equipment may include open-
hole and cased-hole sidetracking tools, surface adjustable mud motors, downhole
adjustable stabilizers, large diameter hole steerable systems and a wvariety of non-
magnetic tools and tubulars. Many of these tools can be obtained from the directional
drilling company, but may not be available if in a remote location. These types of
equipment are typically used to enhance drilling performance or directional response.

¢  Anadrill Schlumberger

¢+ Andergauge

¢« Baker Hughes INTEQ

¢« Halliburton Energy Services
»  Weatherford

www.unitedsafety.net
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Directional Surveying Services

Borehole surveying on a relief well will require several types of systems to ensure
the borehole position uncertainty has been minimized. During drilling, a real-time
data transmission MWD system is recommended, followed by a high accuracy
gyrascopic tool at critical points. Possibly, the new generation electronic magnetic
multishot tools may be applicable. Some applications may also require a8 magnetic
steering toal. Many of the directional drilling service companies can provide some
ar all of the surveying tools. Availability of highly sophisticated systems is typically
limited, especially in remote areas. Sourcing of warious tools, possibly through

several companies, may be warranted.

Anadrill schlumberger

Baker Hughes INTEQ
Gyrodata

Halliburton Energy Services
Scientific Drilling International

- & & &

12.14.6 Electromagnetic Ranging Services

These =pecialized logging services are critical for the initial location, monitoring, and
ultimate intersection of the blowout well during relief well drilling. Currently, only
two companies provide professional subsurface casing detection services. Typically,
availability of equipment and crews is not a complication, but should be analyzed
during Phase 2 of the project. Considerations include 48- hour mobilization, and

commercial aircraft transportable tools and equipment.

o Scientific Drilling International
« Vector Magnetics

49 Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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Specialized Logging Equipment and Services

At times some specialty wellbore logging services are necessary to monitor, identify,
and measure mechanical, dynamic, and geologic wellbore characteristics. Special
logging tools and services may include seismic, temperature, acoustics/ noise,
pressure, geology, flow, nuclear, and wellbore stability. Post of the international
well logging companies can provide these services, but may require sourcing from

several companies.

« Baker Atlas
« Halliburton Logging Services
¢+  Schlumberger

12.14.8 High Pressure Pumping Services

High pressure pumping services are essential for kill operations and some specialty
blowout control services. These companies can provide the  required
pumping plant, ancillary equipment, and experienced personnel. In some
geographical locations, some companies may not have available all necessary
equipment making logistics important during planning. The company selected from

the pumping kill may or may not be the cementing service vendor.

+ Dowell Schlumberger
+ Halliburton Energy Services
¢ B Il 5ervices

12.14.9 Acidizing /Fracturing Services

Acidizing and fracturing services may be used to assist in establishing direct
communication with the blowout well. This service is typically awailable through
the major cementing and high pressure pumping companies. Many pieces of
specialized equipment may be required, including stimulation vessels, pumping units,
intensifiers, blenders, acidizing/fracturing fluids, chemicals, agents, and storage
vessels,

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504

www.unitedsafety.net
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¢ Dowell Schlumberger
¢« Halliburton Energy Services
« B.l Services

12.14.10 Flexible High Pressure Hose Equipment

This item is required during rigging up the kill equipment from the pumping plant to the
wellhead. During a relief well kill operation that includes a subsea BOP arrangement,
several long lengths of flexible hose are necessary. Theze hoses come in varying
diameters and pressure ratings, and may be in short supply. Availability and logistics
are critical considerations for long lengths of large diameter, high pressure hose.

Pumping vendoars, rental/supply, and specialty equipment companies may have these
items in stock.

« TechNip Coflexip
*  Weatherford

12,1411 BOP Equipment

An extensive amount of blowout prevention tools are reguired during an intervention
project. These may include multi-ram stacks, annular preventers, diverters,
hydraulically actuated wvalves, large diameter outlet spools, crossovers and adapters,
connectors, various ram types, manifolds, hydraulic pressure units, choke and kill
lines, and BOP test stumps. This equipment can be obtained from either the
manufacturer or rental tool companies. For all cases, equipment should have
mechanical, pressure, and function tests properly performed, and the proper
certification should accompany the equipment when delivered to the logistics or event
site.

Cameron

Hydril

Shaffer - Varco
WELLCAT—Weatherford

20333 State Highway 249, Suite 200
Houston, TX 77070 USA

Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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12.14.12 Wellhead Equipment and Services

During a capping operation, several wellhead components are required for an effective
control response. Typical equipment used includes multi-bowl and single-bowl
wellheads, crossovers, valves, seals, slips and packoffs, tubing heads, injection tools,
adapters, and flanges. Many items can be obtained as an off-the-shelf item from the
various suppliers and manufacturers.

ABBVetco Gray

Cameron

Dril-Quip

FMC Energy Systems

Wood Group Pressure Control

12.14.13 Specialty Drilling Equipment

Some specialty drilling equipment is necessary during a relief well project. This may
include rotating heads, stabbing wvalves, modified flow lines, and right floor
recorders and readouts Most of the eguipment can obtained through drilling tool
rental companies, drilling contractor, or may have to be fabricated on-site.

* Swaco—MI
¢ Williams Tool —Weatherford

12.14.14 Specialty Downhole Fishing Services

In the event of a fishing or snubbing operation, special fishing =ervices and
equipment may be required. Equipment may include those used for

sidetracking, coiled tubing, packer retrieval, whipstocking, junk milling, and jarring.

« Baker Oil Tools

Mational Oilwell- Bowen Tools
Boots & Coots Pressure Control
Dailey Geophysical

Dowell Schlumberger

Halliburton Energy Services

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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« CamcoSchlumberger
« Weatherford International

12,14.15 Specialty Packers and Services

Specialty packers for temporary isolation, testing, and plugging are required. Types of
packers may include ECP, mechanical, hydraulic, cased hole and open hole, wireling,
and drillstring set configurations. Many specialty packers have been designed, some
for kill operations, which may not be known by a local office, or available within the
standard service company catalogs.

* Baker Qil Tools
¢ Halliburton Energy Services
«  TIW

12.14.16 Perforating Services

Perforating services could be required if a relief well intervention project is
undertaken. Several companies, including those offering wireline logging, can supply
thiz service. Some companies have available special relief well perforators with
proven results. In most cases, tubing-conveyed systems are the most applicable. The
ability to test the perforators, under scenario conditions, for project effectiveness is
important.

« Halliburton Energy Services
*  Schlumberger

12.14.17 Specialty Demolition and Explosive Services

At times, demolition and explosive services may be necessary to sever or remove
damaged rig equipment, tubulars, casing strings, earth, and debris. Both unshaped

20333 State Highway 2

Houston, T 770

Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net

269



v
A UNITED

United Safety

and shaped charges may be required. All the blowout and intervention companies
offer a limited explosives service for debris removal. Other specialty companies offer
bulk purchases of explosives and experienced service personnel for the use of

unconventional and/or sophisticated operations.

»  Austin Explosives Company
¢ Halliburton Energy Services

12.14.18 Specialty Drilling Fluids Systems Equipment

Specialty drilling fluids system equipment iz typically reguired for a relief well
operation. This may include mud cleaners, high capacity centrifuges, fluids mixing and
storage tanks, low restriction flowlines, effective degassers, high volume transfer
pumps, and possibly flow drilling capabilities.

Derrick Equipment
Halliburton Energy Services
¢+ Schlumberger
« Brandt
+« DM ISwaco

12.14.19 Specialty Fluids, Chemicals, and Additives

Some drilling operations may utilize some type of specialty fluids, chemicals, or
additives to maximize effectiveness. These fluid components can include blocking
agents, fluid loss additives, wviscosifiers, borehole stabilizers, polymers, acids,
weighted brines and muds, exotic heavy weighting agents, friction reducers, and
plugging materials. Most of these materials are available through drilling fluids service

companies.

«  FranklinWell Services
¢ Baroid Drilling Fluids
»  DrillingSpecialties

_LI

[¥E]

33 State Highway 248, Suite 200

Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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Halliburton Energy Services
M1 Swaco

Schlumberger

Sun Drilling Products

12.14.20 Mud Storage Equipment

Kill operations may require substantial amounts of kill fluids, including specialty fluids
and materials. Storage tanks and wvessels must be accessible for wellhead hookup,
transferring, and transporting fluids. Land locations typically do not present storage
problems. Kill fluid mixing capability and equipment is imperative for all locations,
especially heavy-weighted fluids. Logistics of kill fluid mixing, transferring, and
deliverability to the pumping plant are vital to the kill operation. The tanks reguired
can be obtained from drilling contractors, pumping service companies, and/or oilfield

rental vendors.

12.14.21 SeismicServices

Following a blowout event, shallow charging of formations can become pressured from
the upward flow of blowout fluids. Underground flow into recipient zones and/or flow
from previously normal pressured stratum can present complications during relief well
drilling, final capping, and snubbing operations. Local vendors should be investigated.

+ Veritas DGC, Inc.

+ Halliburton Energy Services
« ‘Western Geco

»  Baker Atlas

12.14.22 Heavy Lift and Civil Works Equipment

Heawy lift and civil works equipment required during an intervention project may

include cranes, forklifts, construction graders, bulldozers, track hoes, loaders, and

, Suite 200

Houston, T 7
Tel: +1-281-378-1523 | Faw: +1-281-370-6504

www.unitedsafety.net
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trucks. If a relief well surface location requires preparation, a logistics base needs to
be built, a blowout site needs remediation, or specialized equipment must be moved,
extenzive equipment is required. Most of the equipment can be sourced locally
through the current civil works contractor. Below are major manufacturers of
heawy lift and civil works equipment.

Caterpillar

Davenport

Kenworth

+ Mustang Power Systems

Peak Qilfield Service Company
s Stewart & Stevenson

v TNTCrane Service

12.14.23 Power Units and Generators

In remote locations, power generation to support the various components of the
intervention operation will be critical. Capability to supply wvarious wvoltages,
amperages, and power requirements is important. Also, pneumatic and hydraulic
units are typically required. In most cases, the drilling contractor, local civil works

contractar, ar rental equipment vendor can provide the necessary units.

v Caterpillar
*  Stewart & Stevenson

12.14.24 Specialized Computer and Software Services

Computer software and services is required to assist with analysis and interpretation
of all phases of the project. Types of software typically include hydraulic simulators,
well control simulatars, 3-D directional drilling computations, well log interpreters,
gas plume, oil spill containment, heat and flare radiation, toxic gas dispersion, and
drilling engineering. Most of these packages are available through small companies
offering highly specialized services.

¢+ Boots & Coots
*  Well Flow Dynamics

0333 State Highway 249, Suite 200

ston

T 77070 UsA

Ho H

Tel-+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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12,1425 Safety, Health, and Toxic Gas Detection Services and Equipment

Safety and health services are critical during all phases of the event response. Many
services are required throughout the project, including emergency medical and
evacuation, personnel safety equipment suppliers, and operations site safety auditor
services. Some blowouts may contain toxic gases, for example H:S, and present
operational complications during well capping, relief well rig location selection, or
snubbing. Services which provide detection, safety procedures, medical aid, and

remediation, for personnel and operational equipment are required.

s Boots & Coots
»  KeySafety Services, Inc.

12.14.26 Communication Equipment and Services

Effective communications play a vital role during any project and is especially important
during a blowout. A communications system containing several 24-hour telephone,
facsimile, telex, radio lines, and communication centers iz recommended. Also, a
dedicated satellite communication network for international direct dialing provides
reliability and quick accesz for immediate responsze. & complete communications
netwark plan must be researched, implemented, and a person dedicated to this

crucial support service.

¢ Able Communication
+ Motorola Communications and Electronics

12.14.27 Reservoir Specialist

In order to completely evaluate and analyze a blowout event, experts in reservoir
engineering and petro-physics are required. Definition of the blowout rate, fluids
compaosition and analysis, source and thief zones, wellbore stability characteristics,
reservoir and drawdown properties, flow regimens, and production potential are

required.

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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12.14.28 Environmental Engineering and Equipment Specialist

Protection of the environment should be among the primary concerns of the BCP.
Environmental engineering services for spill assessment and cleanup, regulatory
compliance at new and existing sites, and final site remediation are typically
required. Experts familiar with current regulations, remediation technology, and

petrochemical discharge are minimum prerequisites.

12.14.20 Risk Assessment Specialists

One critical area of investigation during the initial phases of an intervention project is
the aszeszment of risk involved within the operation. Experts are required who have
understanding of high profile decision tree analysis, risk assessment of emergency
events, risk analysiz simulation techniques, advanced probability and statistics and

conseguence modeling.

12,1430 Technical Auditand Documentation Specialists

During the project, a comprehensive set of audit and documentation procedures should
be implemented to record the event for legal, historical, and analytical purposes. A
dedicated person or group should be made available to record meetings, to compile
and assemble data, and to organize the data basing of the wvarious documents. This
function should be delegated to a person or group whose sole responsibility is
maintaining the project records.

12.14.31 Insurance Entity Surveyor

An insurance company representative iz typically assigned to a project to
evaluate the event response operations. He also acts as a liaison between the insured
and the insurance company, and participates in meetings and operations as the

insurance company representative and observer.

44, Suite 200

P A
070 Usa

Houston, TX
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
whww. unitedsafety.net

20333 State Highway
)

274



v
A UNITED

United Safety

12.14.32 Legal Representative

A legal representative should be allocated to the project. This ensures that statutory
guidelines, contractual agreements, liabilities, obligatory actions, etc. have been
considered and a formal response made and documented. This person or group
works closely with the project manager and public relations liaison. This person or
group is typically sourced from within the corporate structure.

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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13 Emergency ContactList (to be kept updated)

Nama Telephone number

Crisis Room

On Site Commander
WellsField Superintendent
Plant Manager

Boots & Coots

Communications Advisor

Location Medical Assistance Center

Telephone

20333 state Hichway 2

Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-2B1-370-650
www. unitedsafety.net
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14 Contractor Contact Listand Phone Numbers

14.1 Well Intervention & Well Capping Specialists

Boots & Coots
Houston, Texas 2E1-531-EER4 Main Office
2E1-831-E302 Fax
Ernail: engimesring @bngg.ca
m
Dee Edwards, COO 713-705-2EE3 Mobile
Danmy Clayton, VP 713-410-5575 Mobile
14.2 Relief Well Ranging Services
Vector Magnetics (Wellspot )
Ithaca, Mew York B07-273-E351 Main
Office
B807-273-6137 Fax
Email: mailiEvectormagnetics. com
Tensor Inc. (Magranze)
Austin, Texas 517-751-2168 Main
Orffice
512-251-5T8E Fax
20333 State Highway 248, Suite 200

1 LA

Howeston, TE 77070 USA
Ted: +1-281-376-1523 | Fax: +i-281-370-6504
wwnw, unit edizafet y.net

[F1]
1
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14.3 Blowout Support Equipment and Services

Boots & Coots

Houston, Texas

Email:

Dee Edwards, COD
Danny Clayton, VP
Bowen Tool Ing
Houston, Texas

Freeze Technology International
inc.

Houston, Texas

Jet Research Center, JRC (special
explosives - Halliburton)

Alvardo, Texas

Tri-State Oil Tools

Houston, Texas

281-931-3884 Main
Office
281-931-8302 Fax

engineering@bncg.com
713-705-2883 Mobile

713-410-5575 Maobile

(1) 713 869 6711

(1) 713 993 9030

(1) 817 783 5111

(1) 713 439 8350

20333 State Highway 249, Suite 200

Houston, TX 77070 USA

Tel:+1-281-378-1523 | Fax: +1-281-370-6504

www. unitedsafety.net

278



v
))\ UNITED

United Safety

14.4 SnubbingServices

Boots & Coots
Houston, Texas 281-931-88B4 Main
Office
281-931-8302 Fax
Email: engineeringi@bncg.com
Halliburton, (OTIS Blowout
Recovery Team)
20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-2B1-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
91
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Dallas, Texas (1) 214 418 4373
Houston, Texas (1) 713993 0773
Hydraulic Well Control, HWC (1) 713 869 6711
Houma, Louisiana (1) 504 851 2402
Houston, Texas (1) 713 589 9746

Otis Eng. Corp. Houston

Houston, Texas (1) 713 650 0130

14.5 PumpingServices

HalliburtonServices Blowout
Team, Wellcall,

Duncan, Oklahoma (1) 405 251 3760
(1) 405 251 2129

Bl Services [BJ Services, Nowsco,

Waestern Services)

Houston, Texas (1) 713462 4239
Dowell Schlumberger

Houston, Texas 432 683 1887

14.6 Directional Drilling Services

Anadrill Schiumberger

Sugar Land, Texas (1)713 2404940
(1) 405 251 2129

Baker Hughes Inteq

Houston, Texas (1) 713 439 8600

20333 State Highway 249, Suite 200
Houston, TX 77070 LSA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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Halliburton Energy Services,
Houston, Texas (1) 713624 2800

Houston, Texas (1)713 987 5100

14.7 Support Services [other, logging, etc.)

Western Atlas International Inc.

Houston, Texas (1) 713 972 4000
Halliburton Oilfield Services

{Halliburton Reservoir Services)

Houston, Texas (1) 713 496 8100
SchiumbergerWireline and

Testing

Houston, Texas (1) 713 368 8100

14.8 BOP's, Valves and Tubulars, Equipment and Support Services

ABB Vetco Gray

Houston, Texas (1) 713 681 4685
Cameron lron Works Inc

Houston, Texas (1) 7134998511
FMC Corporation

Houston, Texas (1) 713 5514000
Shaffer

Houston, Texas (1) 713 937 5000
TIW

20333 State Highway 2492, Suite 200
Houston, TX 77070 UsA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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Houston, Texas (1) 7137292110
Weatherford
Houston, Texas (1) 713 4393400

*MOTE: Local areaservice companies such as dirt contractors, civil works equipment,
welders, machine shops, etc. that would be utilized in a blowout should have their

names and phone numbersfilled into this segment of the BCP prior to spudding.

14.9 Heavy Equipment

Heavy Eclu.iPmt

ﬂrga.nization Address Work Fax Number
Name Mumber

ATR Decatur, IL 217-451-3760

14.10 Welding and Fabrication

Weldin g and Fabrication

Urganization Address Waork Fax Number
Name Number

14.11 Portable Tanks

Portable Tanks (Frac Tanks, Potable Water, Etc.)

Urganization Address
Name

Franklin Well Lawrence, IL

Services

Work
MNumber

618-943-4680

Fax Number

20333 State Highway 249, Suite 200

Houston, TX 77070 LUSA
Fax: +1-281-370-6504
www. unitedsafety.net

Tel: +1-281-378-1523
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14,12 Specialty Rentals

Specialty Rentals (Light Plants, Trailer Houses (alt. Command
Center), Port-o-cans, Sewer Plants, Portable Water Plants,

Mud Plants)
Organization Address Work Fax Number
Name Mumber

14.13 Water Source & Equipment

Water Source & Equipment (10 BPM Minimum, 3” fast Line,

Pits, Wells, Pumps)

Organization Address Work Fax Number
Name Number

Franklin Well Lawrence, IL 618-043-4680

Services

14.14 CateringService

Cat ering Service

Organization Address Work Fax Number

Name Number

14.15 Machine Shops

Machineﬁhops

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www. unitedsafety.net
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Organization Address Work Fax Number
Name Number
14.16 Transportation—Land
Transportation-Land
Organization Address Work Fax Number
Name Number
14.17 Vacuum TruckService
VacuumTruck Service
Organization Address Work Fax Number
Name Number
Bodine Services Mt Zian, IL 217-519-3936

14.18 Security

Security(Gate Guards, Road Blockage, Supplement toLaw

20333 State Highway 249, Suite 200

Houston, TX 77070 USA
Fax: +1-281-370-6504
www. unitedsafety. net

Tel:+1-2B1-37B-1523
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Enforcement)
Organization Address Work Fax Number
Name Number

14.19 Hotels

Hotels (C ontractors andDisP]a ced

Residents)
Organization Address Work Fax Number
Name Number

14.20 Fuel Company

Fuel C ompany

Organ.iza.tiﬂn Address Work Fax Number
Name Number

Morgan

Distributing

20333 State Highway 249, Suite 200
Houston, TX. 77070 LSA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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15 Generic BlowoutScenariosand Commentary

15.1 Underground Blowouts

Underground blowouts are the most common type of blowout in the Oil and Gas
industry. Most of these incidents are related to drilling operations. 5o, for the ADM
injection well this does not apply. Next, there have been many incidents related to
older production wells because of degradation of pipe, cement or the bore. Since this
new well has been constructed with Chrome alloy casing and cemented all the way
down, underground blowouts seem unlikely. If an underground blowout would occur, it
may be difficult to detect it in a timely fashion. Diagnostics may prove difficult
Depending on the nature of an underground blowout, it may be difficult to remedy the
situation. Due to this highly unlikely event and the wide variety of possibilities, we will

not discuss possible strategies further here.

15.2 Surface Blowout

Generally, all surface blowouts are a result of equipment or operational failure of the
wellhead equipment or near surface tubular. Some blowouts are a result of an
underground blowout broaching to surface. Surface broaching generally eliminates
surface access making a relief well the only viable option. Surface intervention of a
broached well is only possible if the broach is stable and downwind of the well. This is
generally when the broach is confined to a nearby well (water well or old dry hole with
pipel. And flow rate is low. A surface blowout would be either in the wellhead
equipment or during testing. These are the surface blowout scenarios that will be

evaluated.

15.2.1 Likely Surface Blowout Scenarios

15.2.1.1 Annular Blowout Flow

If the annular blowout flow is occurring above the wellhead, then a failure is at

the BOP flanges, bonnet seals, ram packer, steam packing or outlets has occurred.

20333 State Highway 249, Suite 200

7070 USA

Tel: +1-281-378-1523 | Fax: +1-281-370-6504
www . unitedsafety.net

Houston, TX 7
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Generally, the failures are not catastrophic but start as leaks that cut-out the
affected BOP area and become blowouts. Quick detection and proper response can
keep the problem from getting any worse. The first option is to isolate the leak if
possible by closing the lower rams. Leaks can then be plugged by pumping plugging
materials through the kill lines. In some limited cases, gas hydrates form a
temporary plug, then melts, and the leak restarts, and then hydrates re-form. This
cycle of leakage and the formation of hydrates, most probably will cause the leak to
worsen due to erosion. The application of water ice (better) or dry ice (solid CO:) at
the leak can help hydrates form or reform and keep them from melting. Pressure
can be temporarily relieved down the choke line while preparing to fix the leak
and/or re-torque flanges. In all these cases responsze time is limited. Action must
be taken at the well site immediately. Ultimately, severe cut out of equipment can
eliminate all of these options. Removal and replacement of cutout equipment would
be required. This could require removal of the drilling rig and would require a well
capping specialist.

A minor leak at or below the wellhead could also be controlled, as discussed before,
with plugging materials or dry ice induced hydrates. Replacement of cut out equipment
would require skidding the rig and removal of the BOPs.

Capping & Control Procedure (most likely Blowout)

The use of junk shots to plug surface equipment leaks should be understood by wellsite
supervisary personnel. Successful junk shot application is time dependent as the leak
opening always grows. A junk shot is accomplished by removing the check valves (to
prevent line plugging) and loading 1 to 2 meters of kill line with rope fiber and walnut
hull. The best fibers are the Kevlar or polypropylene types (higher tensile strength
than hemp or cotton). If rope is to be used, the rope pieces should be 67 long 3/8"
diameter, and frayed with tight knot in the middle of the rope. The walnut hulls
should be medium and coarse materials. Mud loaded with 10 ppb medium Ewick-
seal should be used to displace the junk shot (Kwik seal is a blend of fiber, granular and
flake material). The junk shot will bridge and seal the leak allowing conventional
control operations to continue. Additional junk shots can be pumped at times to re-
seal the leak. Large leaks have been controlled by pumping golf balls @ head of the
junk shots. A& 5 gallon bucket of pre-cut rope and other bridging material can be kept
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aon the rig to quickly inject a junk shot to seal a surface leak. Time is saved if this is

done and a rig scavenger hunt for sealing materials is not required.

Leaks can be worked on or stabilized until a fix is possible by relieving pressure. Flow
out wide open chokes down the flare line should be considered. It is better to open

the well up on flare line than to allow pressure containing equipment to cut-out.

The ram blocks of Cameron type “U”" preventers can be replaced by well capping
specialists while the well is blowing out vertically. Steps taken involve opening all BOPs
to eliminate any back pressure, applying water deluge, hydraulically opening the
bonnets and replacing ram blocks. This is possible as the high velocity gas flow
produces a vacuum from a Venturi effect in the BOP and the bell nipple located above
the BOP to be repaired. (The bonnets can be remotely hydraulically operated and
quickly opened. The Venturi effect draws air into the BOP and very little gas escapes.)

Capping & Control Procedure (worst case surface Blowount)

This worst case blowout would require all or partial removal of the Christmas
tree and wellhead down to the wellhead top flange. The concrete well cellar

would not have to be removed.

If annular pressure containing equipment cannot be plugged, replaced or backed
up, then the wellhead must be removed. This is a difficult operation that requires
intervention by well capping specialists. A vastly greater scope of operation would be
required. Basic start-up operational steps involve the following areas and should be

initiated immediately.

Poszzible local evacuation.

Blockade of accessand installation of wind socks.
Establishment of upwind safety and control areas.

Fire prevention and protection.

Increase CO; gas monitoring.

Motification for fixed wing air ambulance.

Pre notified Medical Staff

Mobilize civil work equipment (ex: dozers, excavators, cranes).
¢ Expansion or placement of alternate rig access and work pad.
¢ Increased camp and housing.

¢ Increased communication capability.

« Dedication of materials and logistics supports.

Tel:+1-281-378-1523 | Fax: +1-281-370-6504
www.unitedsafety.net
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» Mobilization of well capping specialists and various special services.

Portable CO2 detection equipment can be used to monitor the relative safety. Extreme
care should be taken if the wind dies and there is a horizontal flow in approaching the
well. Upwind position should be stepped up with communication equipment. Access to
the wellsite must be controlled.

15.2.3.1 Basic Procedure for Christmas tree and wellhead Removal and Replacement

15.2.4

15.2.5

Flow line is removed, cutor pulled off the bell nipple.

Choke, kill and fill up lines are removed, well is diverted through lower line.
Control linezare re-routed.

Wellis opened vertically.

Flange below leak is unbolted and clamps are installed.

Craneis tied to upper Wellhead assembly.

Capping stack is prepared and positioned.

Clamps are jerked off and wellhead assembly is removed.

Flange iz inspected and capping stack is installed.

Diverter, pump in and control linesare installed.

Diverter line iz opened and blind ram is closed.

The well is diverted. Kill plan is prepared. Well may be bullheaded to kill or
@ snubbing unit rigged up for a bottom kill.

A Venturi tube can be used above the wellhead to raise outflow height. Better
dizspersion will result from vertical flow. This could be a piece of casing that is held with
a boom crane. The worst case would be a high rate blowout

Experienced Oil Field Intervention Specialists Will Be Required.

Capping & Control Procedure (most likely scenario)

Capping and control procedure are the same as previously discussed in section 13.2.2.

Capping & Control Procedure (worst case)

Mo other surface controllable operation on land is as difficult, dangerous and costly as a

melt down of a large land rig over a high rate oily gas fire. In some cases, it may be

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
Tel:+1-281-378-1523 | Fax: +1-281-370-6504
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quicker to drill a relief well than to cap the well at the surface. Generally, both control

operations must be undertaken.

Well is damaged as much as it can be short of downhole deterioration of tubulars.
Mobilization of the blowout technical advisor and undertaking of steps to support
blowout control operation are the most critical steps to be undertaken. There will be
sufficient time to fabricate or ship specialized capping equipment and mobilize fire
fighters. There will be little they can do until the support is in place. The prime areas
of concern are listed here. The blowout technical advisor can be a big help in
prioritizing and sourcing. Major emphasis must be placed on establishing the
following areas while mobilizing required services, equipment and materials.

¢ Setting up Response Teams.

+ Expanded communication (local radio, in country phone and fax, international

phone and fax).

¢« Dedicated transportation coordination (airfreight, local airfreight, air
charter, trucking).
Establishment of emergency operation center near the well site.

Restrictaccessto site and set up personnel tracking system.
Expansion of camp.
Accessto additional water reserves (tanks).

With this in place, guick reaction to changing well conditions and needs is possible.

An extensive communication system will be needed at the emergency operation centre

near the well site. The required expanded system is in four parts.

¢+ Site communication, via multiple channel handled radios, with headsets and
clip on hand mikes, emergency operations centre is within the range of these
radios, simultaneous multi party voice communication is not needed as the fire
fighters use hand signals near the fire, at least two repeated freguencies
and two line of site frequencies are usually needed.

* DMobile radios in vehicles or at base stations to have grester range for
airport and warehouse communications.

¢ Several telephone numbers with capability at emergency operation center
with at least two dedicated fax machines.

¢ At least two telephone numbers with one international phone and one
dedicated fax capability at emergency operation center.

Actual operations are summarized below:

Houston
Tel:+1-281-378-1523

www. unitedsafety.net
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The well would be capped on exposed 7" casing. Four DEM or large dozers would be
heat shielded as well as two Cat 235 back hoes to handle the excavation duty. Two
dozers cut a blade width on each side of the well with two dozers pushing away

excavated dirt. The back hoes are used to dig the sumps and slope the sides of the

excavation for stability. The basic procedure follows:

Approach pad is built.

Site drainage iz established and water recyclingis started.

Athey wagons are assembled and positioned behind a large dozer with
poweredwinch.

Specialists fire fighters begin racking away damaged equipment.

All surface debrisis removed.

Venturitube is positioned over flow to get better dispersion

Location is dried out and the approachis built up.

Wenturi tube used to reduce exposure

Dozers and excavators build aslow downward approach ramp to excavate
cellar.

Total depth of the excavation could be two meters below the base of the cellar.
Excavator, dozer blade and abrasive jet cutter are used to breakup pad and
cellar.

Wellheads are inspected and most likely cut off.

Abrasive jet cutter is used to cutoff wellhead and strip away outer casing.
Casing head with 11" flange and massive base plate iswelded to @ 5/8".
Base plate is supported against outer casings and/or H Beams in concrete.
Casing clamp is installed an 7.

77 iz jacked up and hung off on pack off slips.

Capping BOPs are dressed as needed.

BOPs are lowered over exposed 77 casing is bolted up.

Control lines, pump in line, pressure tap and diverter lines are rigged up.

If 10K psi working pressure is needed, use DSA pack off flange or inverted
drill pipe ram.

Diverter line isopened.

Upper blind ram is closed.

The well may be bullheaded to kill flow or a 340K snubbing unit is used for
bottom kill.

Tel: +1-281-378-1523 | Fax: +1-281-370-6504
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16 Debris Removwval

Before the actual capping process can begin, access to the well is necesszary. Direct
agccess may be denied because of structural damage to remains. Debris must be
removed before the intervention at the wellhead can begin. The Athey Wagon also
known as the All Purpoze Capping Vehicle [(ACV) was developed for the purposes
of working on blowing wells that can also be on fire. ATHEY WAGOM applications
include:

¢« Removing debrisusing hooks and rakes.

¢ Conveyingspecial tools, such as abrasive jet cutters, Venturitubes and stingers.
¢ Placing explosives at a “safe” distance for severing or extinguishing the fire.

¢« Hoisting and stabbing on capping assemblies.

There are two basic versions of the ATHEY WAGON: conventional and hydraulic.
The conventional unit relies on the power of a bulldozer and its tail winch to move
and position the boom. The tail winch articulates the boom while the dozer is used to

position the wagon.

The hydraulic version of the ATHEY WAGON was developed primarily for the purpose of
stabbing on BOPs and conveying tools that require precise positioning, such as the
abrasive jet cutter. In these applications, hydraulic winches provide fine control of the
boom articulation.

Conventional ATHEY WAGON with End Hook Attachment

The hydraulic version of the ATHEY WAGOM was developed primarily for the purpose
of stabbing-on BOPs and conveying tools that require precise positioning, such as the
abrasive jet cutter. In these applications, hydraulic winches provide fine control ofthe
boom articulation. The second figure illustrates the hydraulic model of the ATHEY
WAGOM equipped for a stab-on maneuver.
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Hydraulic ATHEY WAGON Stabbing-on a BOP

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
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17 Wellhead and BOP Removal

With the fire either extinguizhed or directed through a Venturi tube, close inspection of
the wellhead equipment can be made and work can be performed at the wellhead.
The inspection will determine whether the existing equipment can be used to attach
capping devices or if all or part of it will need to be removed.

Caution — Reusing wellhead compaonents that have been involved in a blowout can be
hazardous and must be thoroughly evaluated. If nothing can be salvaged, the entire
wellhead and all casing strings will need to be cut off and new equipment installed.

Wellhead or BOP components must be removed when they have suffered structural
damage. Falling debris can cause mechanical damage and fire can weaken the integrity
of most elastomer seals.

A typical technique for removing wellhead or BOP componentsis to install clamps
on the flange to allow the remowval of all bolts. A crane is attached to the
component and snub lines are installed through the bolt holes. With the snub lines
tight, the clamps are removed and the component can be taken off in a controlled
manner. Other removal methods have included explosives, cables, even hand
operated hacksaws. Some operators have resorted to tearing the wellhead off
with brute force, which often caused additional damage and prolonged capping work

to repair the casing.

Explosives have proved to be a highly precise and reliable method for removing
wellhead equipment or section of casing at the surface. This technology requires
very specialized expertise and highly experienced personnel.

Shaped charges can be constructed to accomplish a wvariety of tasks, from
severing the entire wellhead to removing casing wvalves or strings. If properly
applied, shaped charges can remove an outer string of casing without damaging the
nextinner string.

"way 249, Suite 200

m
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By contrast, the cable method is a crude type of friction cut It iz now
considered outdated technology. Wire rope or cable is wrapped around the wellhead
or casing and each end is connected to a swabbing unit. The cable is then dragged
back and forth until it severs the casing. The cable method works but often takes
several days. Depending an the number of casing strings and the presence of cement,
the job could take from two to five days of continuous cutting. There are other
dizadvantages to this method. The cutis difficult to reenter if the cable is pulled out of
the groove. Cable replacement is often necesszary due to wear, overheating, breakage
or when the operation is shut down for darkness. Cable cutting can cause the casing
to become egged, further hinderingthe capping operation.

Thiz equipment has performed well in the removal of damaged wellhead components
and trees. It is one of two most important innovations responsible for increasing the

speed of capping operations.

These two types of cutfing services used are the Hydro-let® (by Halliburtan) and the
Ultra-High- Pressure (UHP) abrasive jet cutter. They both use a high pressure stream
of cutting fluid carrying abrasive particles to erode away metal and cement, but they

are very different tools.

The UHP equipment is an ultra-high-pressure, trailer mounted, self contained

20333 State Highway 249, Suite 200
Houston, TX 77070 USA
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system capable of quick mobilization and easy rig up. Rig up consists of attaching a
split type track with a hydraulic advancing tractor to the wellhead above or below the
area to be cut off. This is typically done by two men without a crane. The tractor and
nozzle are then positioned on the track and attached to the water, abrasive and

hydraulic lines.

A high pressure, low volume stream of water and abrasive slurry is pumped through
the jet at the area to be cut, and a circumferential cut is performed. The device works
very much like an automatic track torch used to bevel pipe. The water leaves the jet

nozzle with a pressure in excess of 30,000 psi.

Generally, the nozzle usedis a 0.75 mm diameter man made ruby. The calculated
nozzle velocityat a typical pump rate of 4 gpm is 2,007 ftfsec (roughly equivalent
to Mach 24). The abrasive material is conveyed to the jet body through a
separate line with compressed air. The abrasive entersthe jet through a siphon port
by Venturieffectand is discharged through the nozzle. Excessabrasive returnsto the

hopperthrough a hose.

The jet can be configured in different ways to meet specific cutting requirements. it
can be set up to make circular cuts through several cemented strings of casing, with
one or more blowing, to remove a damaged wellhead. The average time spent on
this type of circular cut is between one and two hours with many done in less than

one hour.

To cut off a wellhead completely, the jet nozzle is pointed directly at the casing,
perpendicular to its axis. The jet circumnavigates the casing on the track, making a
complete 360 degree cut. The jet stream usually penetrates 15 to 18 inches. Depth of
penetration is highly dependent on the tracking speed.

Sometimes it is necessary to leave the inner string or production casing intact and peel
back the outside strings. This is done by setting the jet at an angle where
the abrasive stream never penetrates deeper than the thickness of the outer string.
In either case, the cut is remotely controlled by the operstor and no
personnel are required close to the wellhead during the cutting operation.

www.unitedsafety.net
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Bolt Cutting with 3 Hand-Held Gun and Tripod

The UHP jet cutter is not limited to circular casing cuts. For example, the track can be
attached to the wellhead allowing cuts to be made wunder damaged wvalves or
between flanges. One unigue application of the tool is for cutting bolts and other
small diameter sections. In this case, the jet cutter is mounted on a tripod stand (see
Figure B.5) and the operator can cut the nuts off the top or bottom of the flange in
short order. The time required to cut a single APl 11" 3M stud ranges from

45 seconds to 8 minutes. Sometimes the bolts can even be cut between the flanges,
depending on the severity of the damage.

The ultra high pressure cutting tool does have some limitations. The operator must
physzically attach the tractor band to the wellhead or casing, and when there is lateral
flow this is virtually impossible to do. The cut is jagged and often irregular, perhaps
because of the light construction of the tracking frame. Despite these minor
limitations, the UHP jet cutter iz a valuable asset to the capping operation.

Halliburton’s HYDRA-IET® cutter uses a specialized carrier, allowing it to be conveyed
to the wellhead using a conventional Athey Wagon boom. This cutter can be conveyed
to make a vertical cut with a single nozzle or be conveyed on & horizontal carrier

with @ U-shaped yoke and two opposing jet nozzles (see Figure B.6). In both

20333 State Highway 249, Suite 20
Hous 77070 USA
8-1523 | Fax: +1-281-370-6504
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versions, a small hydraulic motor drives long worm screws to advance the cutters
along the length of the yoke. To make the cut, a slurry of gelled water and 1 PPG sand
iz pumped at 150 gpm to each 3/16" nozzle, a much higher flow rate than the UHP
device and at a lower pressure of approximately 11,000 psi. The abrasive stream of
high pressure slurry erodes away the casing or wellhead, tracking laterally much like a

(%) PLANETARY QEAR RECUCER

\‘ (@) VDRALLC UOTOR

+==11]

T

ATTACHNG FLANGE TO
ATHEY BOOM

) AOTARY PIVOT POINT

Halliburton Horizontal Cutter With Yoke Attachment

{Courtesy of Halliburton Energy Services, Duncan OK)
hackzaw blade passing through a piece of pipe.
The jet cutter requires considerably more rig up time and equipment than the UHP
unit. However, the jet cutter can cut off a wellhead that is on fire ar has limited access
due to lateral flow, because it can be conveyed at the end of the Athey Wagon boom.
It can be cooled and shielded from the fire by a water spray. Its hydraulic control
lines are protected in an arrangement that resembles a tube and heat exchanger.
The lines run inside the tube and water is circulated around them to cool the system.

Houston, TX 77070 USA
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Table B.1 ﬂDmPniﬂ:m oﬂ']'igh Fressure [l:l._v_.'\d.r\o—j'd@} m.d.'lﬂu:-ﬁ.gh Fressure (1IHF) ﬂutﬁ:n.g

Technigues

Cutimg
Trade

RigUp

Era-High-Presare

30,040 ps

i—4gpm

3.5 to0 0.7 mm Man-Mads Roby

1 — Zmgls Unat
SeiFContaimed

Corcolar
+ 200 I

Mo came reqoired attaches by hand
with screw clamps + 1 b

Fire Extmgnrhed. Personnel

HNane Availahls

50 bbls Diistilled Water Track With
Filter

Dirmianz Croabby VWith Tank

Croshed Gamet

Hydra-Jet® Cutter
10 —12,000p=

B4 gpm — Ome Moxzle
170 gpm — Two Norzles
3/ 16" Tungsten Cabide

1HvdranbkcHaose Fowerlnit
2 Cement/Frac Trucks

U-Yoks and Vertical Tvpes

+ 1,300 Ihs.

Crane and AVC boom required boom
refar (if required) + & hos.

Well can b= on fire. No co=x
personnslacces required.

Zhmislded and Water Coaled

Zand EnlkTrack
Gellad Water Trocks

40 MeshFrac. Zand., 1 FPGE
Persozzel

approx. &
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The vertical cutter has a single arm jet holder. 1t can be wsed to cut off wing
valves or flow fines when necessary. The vertical cutting time of 50 — BD minutes is
comparable to the UHP, if riz up time is not considered. In either vertical or horizontal
position, the finiched out is dean and smooth.

Using the HYDRA-JET® cutter does create some special logistical considerations. The
higher cutting fiuid volume reguires the wse of tank trucks to supply the fiuid, and a
bulk truck ([or skid) to supply the zand. The hish pretsure, high volume fluid
discharges also require more horsepower, resulting in 3 large eguipment spread. On a
small location extra dirt work may be reguired to accommodate all the eguipment.
The Athey Wagon boom must be retrofit to accommeodate the carrier [unless special
provisions are already built-inj. The rig wp time of several hours should be taken into
consideration for daylight only operations.

Even with their individual disadvantages, these took far outperform previous methods
for removing damaged components on blowing or burning wells.

Table B.1 shows a comparison of the two cutters.

www, unit edsafety.net
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18 Wellhead Preparation, Repair and Capping Operations

Following the cut-off, crcomferential ocuts must be made on the caszing strings
prior to capping. These cuts can be made with am abrasive jet cutter or a portable
lathe die cutter. The lathe cutter utilizes a track, air or hydraufic motor and a3
hardened cutting blade similar to those used on commerdal lathes. The lathe
cutter can be split and wrapped around the casing so it @n be mounted without
entering the flow. The resulting outs have beveled machine gquality edzes. The
casing strings are cut at different lengths to ewpose an adequate amount of the
inmermast string for capping purposes. If necessary, these cuts can be made with the
well on fire.

18.1 Capping to a Flange

In large violent flows of hizh velodty, the snub on technigue is recommended for
installation of 3 capping stack to an existing flange. This is not 2 hard and fast rule, but
generally the idea iz to control the movement of the capping stack along its three anes
by the use of hoist, tag and snub lines. This method, involves the following steps:

" FRizg up a capping assembly with 3 mating flange, proper pressure, and
temperature and service ratings. Tack weld the ring gasket to the bottom of
the capping aszzembly flange.

o Hold a final safety and coordination meeting to insure that all personnel
understand the safety procedures to be followed and the operational plans,
including the contingency plan for a flash fire or explosion.

®  Snub the capping assembly into the flow. Center and lower the capping
aszembly and mate the flanges.

» Install bolts and tighten to energize ring gasket seal.

v Conmect hydraulic lines between the dlosing unit and capping assembly.

o Install diverter lines and kill lines as necessary, then continue with the chosen
course of action, e.g., pump to kill, divert or rig up to snub.

Similar procedures are used whether the capping assembly consists of a valve
arrangement or a BOP stack. Torgue wrenches should be available to speed the
installation and insure a proper seal since pressure testing is often impossible.
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15.2 Capping to a Snub by Installing a Wellhead

This procedure is an option when the entire wellhead has been removed leaving only a
casing stub. After cutting back the outer strings of casing to expose the capping
string, 3 standard slip on weld type head i modified by adding pad eyes for attaching
the snub lines. For ease of installation, this wellhead should be at least one sice larger
than the casing stub to be swallowed. For example, 3 @

5/E" head would be used to cap a 7" casing.

&z an option, 3 plate can be tack welded onto the side of the head to deflect the flow
and improve visibility as the spool is placed into the flow over the casing stub. This
plate will have to be removed before installation of the casing clamps. Snatch blocks
are secured to the base of the casing with 3 bolt on clamp. Cables are threaded
through the snatch blocks and attached to the head to fadilitate.

T
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once the head has been positioned over the casing stub, the blocks and snub line are
removed. A second clamp is installed, but not tightened, between the existing
damp and the head Hydraulic jacks are positioned between the two damps
|bottom damp iz secure, top damp = loose). A standard set of spiit type casing slips
are placed in the bowl and engaged by wsing the hydraulic jacks. After the slips are in
place and the pack off is energized, the top clamp is secured under the head to hold it
in place when the hydraulic jacks are released.

20333 State Highway 248, Suite 200
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To cakulate the jacking force required to fix the wellhead onto the casing stub,
all subsequent operations should be considered —indluding:

®  Fig dead loads [e.z, BOPE, snubbing eguipment).

®»  Dynamic Loading.

«  Pull from snubbing jack.

®  Running casing.

»  papplied pressure [e.g., shut in, bullheading)
& minimum of two calulations should be made bazed on the worst case scenarios for
forces acting in the upward and downward direction azillustrated in Example B.1.

www, unit edsafety.net

305



'
A UNITED

\, United Safety

EXAMPLEB.1
Ehen:
EIWHP = 6500 psi
Casing Capped-7 5/E in., 47.11bs/ft., M-BD [0.E Fy =EED kbf, B0% Burst =5,382
psi}
Smubbing Jack Weight — 22,000 lbs.
BOPE Weight — 40,000 [bs.
Snubbing String — 3 1 in, 15.5 lbsfft., 5-135 OP [B0% Fy =464 E kbf) Measured

Total Depth {MD} — 15,000 ft.

Determine: a) Maximum upward B b} downward forces on wellhead (Fig. B.10}
Few = Equipment dead weight [weight of snubbing jack, BOPs etc) Fp= Pipe
weight [ppf*pips depth (ft]

Fp-3 = Pressure ares effect (internal pressure * cross sectional area casing 1D} Worst
Case — Upward Forces:

Bullheading at B0% burst pressure of casing with no pipe in hole.
TF=Fp +Few + F
Fp=0
Few — 62,000 Ibf3oz

FL= /4 [6.375°) (5,352 psi) =» 267+.56510F

Therefore:

IF=Fp +Few +F1
IF=0—62,000 + 267,865

IF=205,855 Ibf ﬂ
Wiorst Case — Downward Foroes:

Fipe on bottom (stuck) with wellhead pressure @ OPS1. Pull B0% Fy of
workstring.

Fp= 0.E Fy workstring =- 454,800 Ibf.

Few = 62,000 Ibf

www, it edsafety.net
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Ft= 0 Ibf

Therefore:
IF=Fp +Few +F1
IF=-484 ED) — 62,000 =0
IF=205865 Ibf

l 1 LF=F+R,+F,,

Mote that the net upward forces are transferred to the casing slips.

These forces showld not be allowed to exceed BOM of the casing tensile strength. Since
the casing slips are in@pable of imparting a downward force, all met dowmward
forces are transferred to the casing wia the casing damp. Maximum unsupported
buckling length calculations  showld be made to  evaluate the possibility of
failure.

If the forces associated with the worst case scenarios ewceed 50 of  the
maximum tensile stress, biaxial (axial and hoop stresses) cakoulations should be
performed to evaluate the safety of the rig up.
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CAPPING BY SWALLOWING THE 5TUB

Capping by swallowing the stub & an alternative when the entire wellhead has besn
removed. This procedure can aleo be used for capping drill pipe or tubing.

The typical capping assembly for this procedure [see Figure B.11) is 3 BOP stack. The
stack iz dreszed out with (bottom to top):

®  Sliprams.

*  Inverted pipe rams

»  Drilling spool with one ach manual and hydraulic valve on each outlet.
o Elind rams.

[T i Tt 1)
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Unifike pipe and blind rams, slip rams are not pressure sealing devices. They provide
a mechanical grip only which is used to fix the BOP to the casing stub. The
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.‘ilip Ram Inserts r{:nurlﬂ.}' of Blowout Tools, Inc., Lafavette, [ 4]

outer casing stub. This damp is then wsed to connect the snatch blocks and the smub
lines. The BOP stack i= §fted with the crame and controlled with the snub and tag
lines while being placed over the caszing stub. With the BOP assembly =afely over the
casing stub, the hydraulic lines are connected from the dosing wnit. The rams are
closed in the following sequence:

®  5lip rams — to fix the BOP stack omto the cazing stub. Note that the BOP
must be laterally supported to prevent casing damage from bending foroes.
»  Inverted pipe rams - to contsin the pressure exerted from the top.
®  EBlind rams — to shut off the flow or direct the flow through the side outlet
valves for diverting.
The BOP stack cam be stabilized with hydravlic jacks and casing clamps # further rig
up is reguired such as snubbing or coiled tubing equipment.

el +1-251-3 1523 | Fax:+1-ZB1-370-6504
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15.3 Spin on Technique

Spinninz a valve of BOP imto a flow is a viable option for capping of a flow. The
procedure is simple and has been in use since the 1930°s. very large flows @an be
handled thiz way in a safe and efficient manner. One feature is that this can be done
and requires no special materials or fabrication. valves and BOPs can be removed as
well 35 installed wsing this method. As in any capping operation, the potential for
ignition cannot be eliminated so firewater protection for the capping crews must be
maintained during this and all capping maneuvers. One drawback & the dose
proximity of the capping crew to the flow. This aspect must be carefully evaluated.
The procedures for installation to an existing flange are as follows:

®»  Install 3 hinge bolt |one longer bolt flange).

»  Install 3 lever armto the capping assembly and sling the azsembly for lifting.
®  Lift and position the capping assembly onto the hinge bolt at 18D degrees.
®  Position crane hook at centerfine of the flow/flanze to be capped.

»  Cover the work area with fire water.

»  Manually spin the valveinto the flow and align capping and mating flanges.
®n  Dropin bolts and torgue up to effect seal

| Fax:+1-281-370-5504

www, umit edsafet y.net
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Spin-on Technigue

The forces imparted on the capping assembly as it is brouzht into the flow stream can
be substantial A conservative approach iz wsually taken with regard to the size of the
cables used for the snub lines. However, it i sometimes useful to eliminate the
magnitude of the forces to be encountered. This iz dome by caloulating the
momentum flux throsgh a control wolume swurface which is taken to be the area of
the flow stream. This provides a conservative margin since only part of the flow
should actually impact omto the capping assembly.

The momentum force for Giguid and gaseous flows (for sonic flow conditions) cam be
calculated after Craftz from the following:

Equation B.1
where:
Fmg - mamentum force of gas, Ibforce
5 - gas spedific gravity [&ir = 1.0, natural gaz use 0.6 to0 0.7}
Qg=  volume rate of gas flow, scffday
i - averagegas compressibility factor

oc = diameter of flow [casing 10, inches

Equation B.2

where:
Frnib= mamentum force of the liguid, Ibs force
r = fluid density, Tbm/gal

0 = liguid flow rate, bbl/min
oc = diameter of flow [casing 10, inches

Ghven:
& gas flow rate = 50,000,000 sof/day [used to yield conservative resulth. Casing
zipe =51/24in. 0.0, 5.04n. 1D
Gas specific gravity=0.7
Z factor =D0.95
azzoriated liguid of 28,000 bbls/day of 2.3 ppz salt water

www, unit edsafety.net
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Determine: the momentum force First,
calculate Zas momentum:

Second, caloulate liguid momentum:

The total force possible will be 4296.5 + 52.5 = 4349 |bf or say 4500 Ibf.

Therefore the cables or boom must be able to withstand a live load force of about 4500
Ibf. 1fa cable system is to be used a minimum safety factor of 4 should be wsed (4D
the preferred design safety factor recommended for this very critical component).

Thius the design load will be 4 x 4500 or 18,000 lbs force.

16.4 Stinging to Kill

The stinging operation is a technigue that cam be used to kill a3 blowing well whils
it i on fire or simply blowing provided certain well conditions prevail Stinging to kil
the well is the placement of a “stinger” in the throat of 3 blowing well in such a3 way
that it functions as a temporary valve. The stinger has 3 hollow bore that will
enable 3 kill fluid to be pumped into the well by bullheading. 1t may be the most
expedient means to control the well provided wellhead and downhole conditions are
favorable. some means of placing the stinger at the wellhead will have to be fabricated
bazed on the conditions of the well and structure. The conditions necessary for a
successful stinging operation are:

® Shut in wellhead pressure will be less than 1000 psi
»  Cross sectional flow area must also be fairky small (max 6.5 10).
*  Thereis anunobstructed  access to the flow area.

»  Ovality of the flow area must be less than 5%.
*+ Downhole conditions are conducive or 3 bullhead kill.
®  Pressure area effect must be less than 30,000 lbs. foroe.

If the SIWHP is greater thanm 10DD psi it may be difficult to create a seal with
bridging agents. Common bridging agents are hard rubber, gel, barite, mylon rope or
other lost circulation material These are mixed as 3 slorry and pumped ahead in 3 pill
They should be graded in size from 2mm up to 20 mm [Lf16" to ¥"). Strips of
rubber from tire inmer tubes is an excellent bridging agent for stinging operations.
However, almost any type of lost circulation material will suffice.  If the shut in
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pressure will produce more than 16 metric tons {35,200 Ibs} of upward thrust from the
pressure area effect, it may not be possible to provide rigging or tie downs that will
prevent pump ut [ejection) of the stinger or failure of the s=al To form a  seal
between the stinger and the inside bore of the well the ovality of the well must be less
than 5%. Thiz means that the gap between the stinger |which is assumed to & oo%
round) is lesz than 5 mm {316 inchl. 1f this gap is small the bridging agents can seal
the lzak.

te Highway 243, Swite 200

cton, TX 77070 USA

Tel: +1-261-376-1523 | Fax:+1-2E1-3
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Downhole conditions must be condudve for a bullead kill for the stinging operation.
Although a pump and bleed [volumetric killj procedure will in theory be possible, the
general idea iz to sting in, pump the bridzing agents to =3l the leaks and then bullhead
the well dead.

www, unit ed=afety.net

315



E; UNITED

United Safety

once the well is killed, the objective will be to secure the well The stinger and its
bridging agent seal cannot in any way be considered 3 permanent barrier. There are

several options available:

Install a:

+  Slip on weld type head (if productive string iz weldable material].
+  Temporary wellhead or
»  Capping assembly {swallow stub} andfor permanent wellhead and re-tension

caszing strings.

18.5 Conclusions

In recent years there have been great advances im the technigues for capping
and controline blowouwts. Equipment and technigues continue to improve due to
cooperative efforts by both the capping vendors and the oil operators. This chapter
haz spoken to 3 few of the principles of the capping operation. There are many topics
congerning capping that were not discussed here. We cautionm  the reader  that
capping is an “experience intensive” activity and absolutely nothing can replace the
sound judgment that has been gained from years of doing the job. Although
procedures have been offered, they are in no way complete. They have not been
given for the purpose of guiding the inexperienced to become 3 c@pping orew but for
zeneral information to aid all concerned with types of operations.

Capping operations depend greatly om the situation. However, the three major types
of capping operations — capping to 3 flange, capping by installing 3 wellhead and
capping to a3 casing stub - cover a wvast majority of all well ocontrol  jobs
Althouzh  typically regarded as a somewhat “unscentific® undertaking ceriain
calculations can and showld be made to insure that the end result will allow the
subsequent operations to proceed safely.

Advances in explosive and abrasive cutting technology have resulted in improved
methods for removing damaged eguipment and preparing wellheads for capping
operations. This technology should be wsed to it fullest extent to maximize the
safety and efficiency of the capping job.

Stinging operations are applicable where certain conditions prevail where the
circumstances  will allow the use of the stinger technigue, it should be considered

www, unit edsafety.net
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zince it iz 3 safe and effective means to control 3 blowing well.

19 Control and Kill Operations Modeling

Proper hydraulic modefing matches known downhole well data to 3 description  of
the flowpath, identifying possible interpretations and efiminating those that camnot
exist. The need for further data collection will alko be indicated. Usually, more data is
available than i= immediately obvious. Portable computers now  can hande
complicated simulators besides being wsed for presentations and plots of collected
data. Hydraulic evaluations thus can be prodeced and analyzed onsite.

Even if data is limited, this exercize is wseful since ® can only improve understanding
of the problem. For blowouts to surface, reasonable estimates of flow rate and
type of liguid can be made by measuring size, height, width, color etc. of the
plume. Exit conditions are indicated by direct observation of the wellhead area
or via ROVs or minor excavation. Comparing well mechanical conditions with an
estimate of formation productivity even allows simulation of wildcat blowouts. If more
data can be gathered [pressure or temperature of flowing fluids etc.) scenarios @an e
further narnowed,

Steady state conditions exist for blowowt simulations and wvertical flow models wsed in
production enginesring may be used for modeling. For wells with high GOR or high
water flows, it s important to wse PYWT and two phase flow correlations. Modeks
glso must be able to handle changes in flow path, follow regimes and friction
correlations.  Often, engineers familiar with the area where the blowout oocurs can
be used to manipulate the model For complex projects, blowout spedalists supphying
spedial hydraulic models and simulators may be called on.

Blowout modefing can provide surprisingly acourate resulis. In producing fields, good
data may be available and kil operations @@n be planned with confidence. On
underground blowouts, annulus and pipe pressures, temperatures, downhole flow
measurements £tc. may be obtainable. These parameters them can be matched in a
simulation improving the well kill operation.

Blowout simulations provide a range of possible kil simulations and resource
planning. Better definition of blowowt rates aleo help in defining pollution  containment
needs and possible diverter design for sales or flaring.

WWL Lnat ed iifEt'III'. L
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15.1 Kill Modeling

The main guestions to be answered by well kill modeling are:

*+  Can the well be killed?
®  What size of equipment, capacities and volumes of bulk material are needed?

These can then be evaluated in terms of:

®  Logistics and mobilization times.
»  Cost effidency of alternative methods.
v Safety and risk analysis.

Az 3 method is chosen and developed, detailed enginesring can provide:

*  Pumping schedules (rate, time, power).
+  Kill fluid types and volumes.

®  Preszureand temperature predictions.
*  Monitoring program.

Hydraulic kil simulations are applicable to all blowouts. To desoribe the modeling
procedure, dynamic kill modefing as applied to a refief well kill, or top kill through
tubing or snubbing pipe, will be discussed.

Theoretical aspects of dymamic kills have been covered in writings by Blount and
Soeiinahl, and others. They describe dynamic kil as a technigue wsing flowing
frictional pressure drop to supplement static pressure of the kill fluid being pumped
up the annules of the blowing well

water is often used in dynamic kilk and 5 3 good choice as an initial kill fluid f
reservoir pressure i not far above hydrostatic wWater ako i well adapted for
evaluating communication and kill effectiveness or while waifting on mud supplies.
Knonwn proper ties make it easy to model and predict behavior of a kill operation
Cymamic kill principles are applicable to both heavy and lighter fluids.

www. unit edsafety.net
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The modefing process can be split inte two phaszes:

»  Establishine kil rates for different fluids and maximum pressure and
pOWET requirements.

»  Defining an operational kill plan and schedule.
Establishing maximum rates etc. cam be done with steady state calculations. By
dynamic [time based] calculations are needed to obtain kil volumes. Manually
stepping a3 steady state simulator may ako provide volumes. However, they may not
be accurate emouzh when reguired mud or spedalty fluid volumes become large and
logistics more critical.
when fiuid weights and rates are determined and allowances made for loszes, a
dynamic kil can be simulated based on eguipment limitations (maximum pump rate,
pressure and power) and pressure monitoring. Often, it is necessary to also compute
pressure downhole to prevent exceeding fracture pressure, tubular burst pressures etc.

Results can be presented as tables or plots showing flow and pump rates, pressures
etC. vs. time or cumulative volume, as best suited for 3 particular kill Fig. @ shows
pump rate and cumulative volume vs. time for an  off-bottom  intersection of a
gas blowout with a relief well Plots with different scenarios/options thenm can be
used to monitor kill effectiveness and losses. Together with monitoring of BHP when
possible, plots can ako be used to pick the correct model when uncertainties
exist.

12.2 Model Requirements

The model required for well control planning and operations will depend on
circumstances and the stage of the operation. Often, hand caloulations or =zolving
empirical equations via spread sheets or similar caloulation methods may be sufficient,
ecpecially if correlated with experience from similar situations. &n overview of well
pressures, flowing and static pressure gradients, and ratings of pipe and eguipment
may be all that is needed in the wase of predictable operations such as @pping
production wells. Eguipment, supplies, people etc. available on site may be
insufficient and mobilization of more resources may be necessary. The ability to
quickly a3szemble 3 logistical plam i important. Hydraulc modeling will  define
equipment needs by setting upper and lower limits on kill rates, pressures and
volumes.
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often a3 well kill is described in terms of its main contributing element [dynamic kill,
bullheading, wolumetric kill, momentum kil plugging etc ).  Caloulations  them can
be made wsing a model or equations designed for the particular purpose. Results
can be used to obtain densities, rates, pressures, volumes, stc. nesd to regain static
control of the well.

For example, maximum pressure transients to be expected when shutting in 2 well at
surface will be the fluid gradient back to reservoir pressure. A PVT caloulation with
reservoir inflow modeling provides an wpper fimit to the answer. Such caloulations
can be performed by 3 reservoir engineer familiar with the area using software in
daily use. Thiz can be improved by dynamic calculations of pressures using 3 reservoir
model with wellbore storage considerations, superimposing  whatever  fluid i
pumped into the well etc.

Estimating an upper flimit for the required rate for dynamic kil caloulations can
be made using publiched formulas or spreadsheet calculations for steady state flow,
particularly if water iz the kill fluid As complexity or acouracy reguirements
increase, completeness of the modeling process becomes more oritical.

Modeling reguirements also become more demanding when eguipment and supplies
will not fit in the space available, or if more pumps or more fiuid is needed than i
available, or f pressure ratings at surface or downhole are excesded temporarily. It
may then be mnecessary to tune weight, viscosity, pumping pressure etc. against
each other and against time, indicating a dedicated dynamic well kill model will be
required. This model should incude all physical processes induded in the comtrol
operation, such as fluid properties, friction, flow characteristics, interaction with
changes in reservoir inflow behavior etc. Dynamic means time-based so pressure,
flow amd pump rate characteristics can change vs. time.

Importance of time based models or simulators become obviows when considering,
for example, buildup behavior when shutting in @ well For most reservoirs, BHP
will be sharply drawn down during a blowout and the initial buildup period can be
used to pump kill fluid more efficently tham after pressure has increased. This effect
will be the zame in any kill operations.

Similarly, physical processes  involved [frictiom, momentum, weight etc)  all
contribute to the kill process so that kill reguirements will be lower if all effects are
considered together rather than one at = time.

20333 State Highway 248, Suite 200
Houston, TX 77070 USA
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Even the most sophisticated model will not work i input parameters are incorrect or if
the wrong options are chosen in actual caloulations. Experience in such work is
required 3s well az a good quality control system including verification by engineers
from several disciplines.

&ll models have limitations because experimental data may not exist to  verify
them for extreme conditions. Examples of modeling discrepancies are  pressure
lo=ses for high rates throwsh tubulars of non-Mewtonian fluids such  az  mods
Models exist for these conditions but they may not be applicable over the range
found in well kill operations. Published eguations taken out of context cam end up
being used outside of their applicable range if proper care is not exercised.

19.3 Inputs and Data Acquisition

Traditional use of well hydraulic modeling is in the area of production well design and
optimization, where acourate reservoir, fluid, pressure, temperature and flow
characteristics are awvailable. One might assume that medeling & difficult for a
wildcat blowouwt, where minimal data & available. However, even limited data
may provide enmoush information to start defining  eguipment reguirements.

Useful pressure and temperature data in this context can be obtained if acoess to the
wellhead i= available. Then, blowout flow path and rates can be determined. For
example, fluid flowing up tubing or drill pipe in a blowing well will have a different
temperature from fluid flowing up the annulus for a given surface rate and pressure.
If fluid composition can be determined, an accurate analysis can be made espedally for
light fluids.,

Reservoir pressure iz an important parameter in these caloulations, espedally in wildcat
blowouts. However, mudiog data can be wsed to analyze inflow behavior, pressure,
depth and type of fluid.

Kicks that develop into blowout often oocur when work & forused on other
operations such as workovers etc. A pressure buildup that has gome unnoticed for
some time may be reported 3s instantaneous even thoush pit level, droulation rate
and pressure data show it oocurred over several minutes or hours. That resufts in a
different inflow evaluation with corresponding decreases in required kill rates.

Pressure, tempersture and other production logging technigues provide data

20333 State Highway 248, Suite 200
Houston, TX 77070 USA
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useful for modeling underground blowouts, Model results show a  flow path
scenario derived from production logging after 3 prolonged snubbing effort and
mechanical data. Coupled with dynamic kill modeling, relief well kill reguirements
were determined and 3 good match was made between predicted and actual kil

rates.
Use in Well Planning
Two categories of blowout contingency plans require hydraulic analysis:

o Well desian, espedially with respect to casing programs.

*  Contingency planning for blowout control.
Basic well design iz adeguately covered in the literature.  Special  applications
may reguire kick amalysis and evaluation of killing anm underground flow from the
rig. Thiz assessment is becoming more critical as operators try to cut costs by
efiminating 3 casing string. Blowout contingency planning i needed for  critical
wells and structures to check on feasibility of kiling wells and resources needed,
especially for remaote areas.

‘well design may ako be affected when drilling program changes reduce risk of a kick
developing into a blowout.

Post analysis of kick handiing i important to see i transient dynamic pressures or
foroes temporarily exceed pipe pressure ratings or shoe strengths, in spite  of
static oaloulations  indicating  system  integrity. This amalysis can alo help in
determining if data used in the initial analysis was correctly interpreted.

20 Surface Control Special Services
20.1 Hot Tapping and Valve Drilling

Hot tapping and valve drilling eguipment has been used on blowouts to allow
pumping into wellheads, tubulars or fromen valves. This eguipment i available
from most major blowout specialist companies as part of their service capabilities.

In 3 hot tap, 3 =addle damp i installed around the tubular and a pack off is

L
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energized. Within the lubriator a drill bit cuts through the tubular with pressure held
slightly higher on the outside than on the inside so positive indication that a hole has
be=en made is seen. After the hole is cut, it can be reamed out up to 17. Valve drilling
machines are available to drill out frozen gates. Up to 3% holes have been drilled with
larger hole sires milled out.

These services are available from Boot B Coots, Cwdd, Halliburton, HWC and
others. Pipeline companies wse hot tap eguipment and may be adaptable to certain
applications. Saddle clamp sizes should be investizated. A spedalist should be wtilized
in amy case for safety.

20.2 Freezing

Freezing it wsed to place an ice pluz within shut in wells [within pipe, wellheads or
annulusf to allow removal, repairs or replacement of wellhead eguipment. Freezing
has mot been used to control ahigh volume blowing well

Some inventors attempted to market devices uwsing liguid nitrogen to freere off
blowing wells in Kuwait, but simpler control methods were available. Difficulties were
zeen in maintaining the freere plug of frozen oil and brine while making extensive
surface repairs to blown up wellhead equipment.

Freezing technigues wsually wse dry ice to freere water or fresh water-bentonite
slurries. Methanol can be used with dry ice to get a lower temperature. A 75%
methanol/water mixture has a freere temperature of <-200° F. Methanol water
mixtures could be potentially cooled by figuid nitrogen and the cold methanolfwater
mixture crculated around the area to be frozen.

This would allow control of the applied temperature to the steel Problems
with low fracture toughness in super cooled steel hawve been observed in nitrogen
pumping service when pump rates exceeded heater capabilities and liguid nitrogen was
pumped into wells.

Freezing services are available from Boots B Coots, Cudd, Halliburton, HWC and others.
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20.3 Pneumatic Casing Cutters

Prmeumatic cold cutters are uwsed to strip away outer Casing strings to expose inner
cazing strings for well capping. ABE Vetoo Gray has eguipment available to make
vertical stripping cuts to splt casimg strings. The pneumatic oold cutters are
commaonly uwsed in the pipefine business. Common sowrces are ABE Vetoo Gray, boots
E Coots, Enterra Wellcat, Porta-lathe and others.

20.4 Abrasive Jet Cutters

The Halliburton abrasive jet cutter was developed to deal with the aftermath of the
Persian Guif War. Because of the extensive number of wells that were burning,
Haliiburton developed 3 way to rig up guickly, cut from 3 remote location and rig down
guickly to move to another well This cutter was designed to cut the casing below the
braden head, which cuts all the casing strings, cement between casing strings and
tubing im the oemter.

The abrasive jet cutter incorporates two jet norzles opposing each other. & hydraulic
motor turns 3 finear screw that moves the nozzles either ina forward or reverse
direction. The cutter i positioned on each side of the wellhead and pressure from the
pumping equipment is establiched at 10,000 psi at approximately 4 bblfmin. Sand is
added to the blender and the zand slurry is delivered to =ach nozzle. The norzles are
then tracked forward cutting everything between the two nomzles.

&1l hydraulic fines are encazed in 3 water jacket due to the intense radiant heat
associated with a blowout. Alko as an added feature the cutter can be rotated
dockwise to counter-clockwise and raised up or down. This simplifies trying to ocut on a
lzaning or damaged wellhead. The abrazive jet cutter iz aftached to the end of an
athey Wagon and i controlled by 3 small hydraulic power pack that i incorporated
into the skid that houses the cutter during shipping. This power pack and comtrol
system can be placed up to 250 feet from the actual cutter assembly. From this safe
distance the well control specialist cam control the movement of the cutting jets.

The abrasive jet cutter has cut a forty eight inch diameter flange the largest to date.
The average cut wsually made with the cutter iz between twenty four inches to
eighteen inches in diameter. With a cutting pressure of 10,000 psi, 3 pump rate of four
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barrels per minute and 3 pound per gallon sand concentration the cutting time is less
than one hour for these applications.

20.5 Requirements for the Halliburton Abrasive Jet Cutter

o Two thousand hydrauvlic horsepower (2,000 hhp) - that has  been
horsepower tested for at least twenty minutes at 10,000 psi and 4 bbls/min. 1f
2,000 hhp is not available, contact Halliburton Well Control in Duncan.

®  Pumping iron - This depends on each individual blowout leation. Usually five
hundred feet of straight two inch 1502 with an assortment of style 50 ingle
wing chiksans and tees to wye the pumpinz eguipment together. Five stesl
hoses are required to conmect straight iron to the Athey Wagon. Suction hoses
to hook up pumps.

o Sand Reguirements — 20/40 Ottawa frac sand &5 preferred but 20/40 Brady,
20/40 inter-prop or 2030 bauxite can be used i the Ottawa iz not available.
Amount per hour of cutting = 12,500 pounds.

Halliburton wWell Control will supply the blender and in most cases a centrifugal pump
to mix the zand and water together.

20.6 Explosive Jet Cutter

Shaped charges can be made in the field using raw C4 plastic explosive in fabricated
holders. Point cuts, linear cuts and droular cuts can be fabricated by firefighting
explosive  experts.  Manufactured coutting charges are  stocked by  explosive
manufacturers in some regions, but canmot  be  custom  confiured to  the
application. These are generally the =ame companies that make ol  well
perforating charges [GOEX and JRCL

20.7 Hydraulic Simulator

Hydraulic modeling software and spedalists will be required to help perform blowout
scenario diagnostics and kill simulations.

Ei-3
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Planming the kill strategy for @ 1989 underground blowouwt in the North Sea reguired
development of an improved flow simulator. The hydraulic kill simulator was based
on the industry standard, two phaze pipe flow model, OLGA. After the projedt, the
planning team realzed that they gained considerable advantage from wsing 3
transient two phase flow simulator for comparing various kill scenarios. Since then,
the OLGA-WELL-KILL simulator has been wsed successfully for 3 number of
intervention design plans.

The ability to analyze hydraulic kil scenarics guickly and find their effect on the
rest of the imtervention operation is critical to project suocess. A specialized need was
therefore identified for 3 multiphase, time transient, flow simulator desizned for easy
blowowt kill analysis. This need was the driver that motivated the  continued
modification of the pipefine code for well flow and kill simulations.

During 3 blowouwt kil up to six fluids can be present simultanepusly in the well
reservoir; oil, gas and water; kill water, imtermediate and final kil med. Conventional
kill models cannot easily evaluate multiphase flow where heavy kill muds are used.

Simulations handle this by first simulating the dynamics of a liquid/gas biphasic flow
regime, then comparing thiz to a simulation wsing averaged properties in 3 light weight
liguid phase. The kill phase is then introduced and a dynamic two phase simulation is
performed until a steady state condition i reached. Afterwards, the next phase can
be introduced and the simulations can be restarted at any time.

Modefing iz sccomplished uwsing 3 number of controllers set to contain the
simulation within the physical constraint of the real blowout. The controllers can,
for example, be set on the following

parameters:

&  Pump rate
»  Pump horsepower.
®»  Formation collapse pressure.
®  Caszing burst pressure.
»  Surface injection pressure.
»  Bottom hole pressure [min/max).
®»  The simulation modefing indudes
o Pump performance
Non-Newtonian  fluid flow [for muod)
Fluid temperature and pressure responss
Inflow modeling (multiple § needed)

o oo
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o Leaks [multiple i needed)

o Back pressure |outflow conditions)
o Several reservoir inflow models

= ‘Wariable reseryoir pressure

o Path chokes [critical and sub critical)

In practical use, the modeling is wsually taken through a number of steps starting with a
PuT fluid characterization of the reservoir fluids. The blowout i= then modeled to
match all available data.

The next step is to set up 3 constamt rate kill simulation to work out the range for
the simulation of the actual dynamic kill Thiz is also vseful in evaluating allowance for
loszes between wells (for relief well kills) as well as for the kil fluid density, and for
velocity and pressures at critical points in the blowout path. The fully dynamic
simulations can then incorporate all the actual constraints in the kill such as casing
pressure ratings, fracture pressures, inflow performance and reservoir pressure
|dynamically wersus time, if necessary), pumping plant and mud properties.

The simulation yields an actual pump schedule vs. time [with rates and pressures at
any chosen point in the flow pathl. If needed, a number of sensitiviies can be
developed to evaluate kill effectiveness during the actwal pumping. Thiz later step
can often prove useful when there are unknowns in the kill [such 3z communication
between refief well and blowout well, actual blowowt flow path or  reservoir
performance.)

Applications include the following:

o Kill with different mud densities in the well

»  Partial losses during kill

®  Multiple blowowt paths, cross flows and leaks.

®»  Multiple relief wells pumping at different rates.

+  Underground blowouwts from a drilling rig.

»  Simultaneous bullheading and dynamic kill

»  Off bottom or momentum kills, shallow gas blowouts.
+  Horizontal well flow analysis.

®  Sluzging in long reach production wells.

®  Rates required to crculate out a kick in horizontal wells.
»  Alternating gas and water injection.

» Sensitivity analysis by varying parameters.

20333 State Highway 248, Suite 200
Houston, TX 77070 USA
Tel: +1-281-376-1523 | Fax: +1-ZB1-370-6504
www, unitedsafety. net

(]
il

327



'
A UNITED

Urited Safoty

Annex: INCIDENT COMMAND
SYSTEM DOCUMENT

21 Incident Command System

21.1 Introduction

In thiz Annex you will find a detailed description of a comprehensive Incdent
Command System [IC5). ADM may elect to not immediately use or implement
certain positions.  However, in future developments these positions may be
adopted into the Plan.

The roles, responsibiliies and checklist of the Incident Command System
Team Members are presented in this document. These are basic guidelines
that should be considered and wsed by the team members that will help
organize and avoid chaos during an ADM incident. There are three (3} teams
involved, these being the Tactical Response Team [TRT) [On Scene Team), the
Incident Management Team [IMT) [Off Scene Team at the Emergency Crisis
room), and, f reguired, the Crisii Management Team [CMT} ([Corporate
Team].

For some Level 2 incidents and definitely for a Level 3 incident an On Scens
Command Post will be setup at a szafe distance. The distance of the On Scens
Command Center will depend on the MNoise, Tomic, Radiation and Explosive
Hazards aszociated with the incident. This center will be used by the IncGdent
Management Team to carry out their respective responsibilities  with  the
well comtrol spedialist as required. The On Scene Command  Center
imperatively will need full scale communications equipment and desk top space
for the appropriate work and tasks to be performed. Daily mestings will be
held after each working tour to summarize relevant advances to the remedial
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effort and report these to the Incident Management Team members who wil
be working from an Off Scene Command Post known as the Emergency Crisis
RODML.

Thic Emergency Crisis Room for ADM will be located in the ADM’s Decatur Plant
Basic responsibilities  of all team members are described below:

2111 ICSInteraction: Tactical Response, Incident Management Teams

CrizsisTeam

Incident Team
On Scene Team } Incident Management Team

Tactical Response Team M

21.2 Tactical Response Team (TRT)

21.2.1 OmScene Tactical Response Team [TRT)

on Sgene response members will make up the Tactical Response Team (TRT)
and will operate from a baze near and at a safe distance from the incident. This
is typically known az the On 5Scene Command Post The Communications with
the Incident Management Team is vital and necessary for this post to function.
Specialists and key ADM Team members from the Company may be reguired
and used to relieve, if necessary, the members of the Tactical Response Team.
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This iz espedially normal if the operations to remediate the incident will reguire
many days, weeks or months. The On Scene Commander will be the wells
Field Superintendent and will be in charge of the TRT. The purpose of the TRT is
to use all efforts and resources available to control and correct the incident on
hamd. Tactical Response Team (TRT} members for ADM may indude the
following:

*  Onscene Commander

+  Department Captain

*  HSE Leader

®*  Engineering Team

+  Communications Technician

®  Logistics Coordinator

»  Civil Works Equipment Contractor

«  Well Control Specialist Team Leader (if reguired)

Depending on the specific situation, the members of this team may vary. The
actual makeup of the team will ulimately be determined by the Incident
Commander, the On Scene Commander and the wWell Control Specialist Team
L=ader.

An area for am On Scene Command Post would be designated in a safe zone
next to the Incdent locations. It should not be a problem to lecate an On Scene
Command Post in the ADM facilities but contingent upon noise and toxic levels
being within safe levels. 1t is imperative that the Command Post be of
sufficient size to hold all of the personnel directly working on the front lines,
and have all the modern communication eguipment needed to communicate
with the Offsite Crisiz and well Control Teams.

Tactical ResponseTeam

el +1-281-37E-1523 Fan
www, unit edsafety. net
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Figure 21-1 Tactical Resp-onze Team

21.3 On Scene Roles and Responsibilities [TRT)

21.3.1 On Scene Commander Role

Responsible  for organizing and managing  at-the-scene  tactical response
operations in 3 safe and effective fashion and for keeping the balamce of
the Incident Management Team ([IMT) informed about the nature and status
of the incident and incident management operations.

20333 State Highway 249, Sute 200
Howston, T 77070 USA
Tel: +#1-281-376-1523 | Fax: +1-151-370-6504
www, unitedsafety.net
143
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On Scene Commander Responsibilities:

»  Wells Field Superintendent:
o Report Incident
o Assume On-50ene command
o Alert other personnel in the area about the nature and

location of the incident and i necessary, establish an izolation
perimeter and evacuate non-respondsr personnel to 3 safe
are3 outside the perimeter
Account for all personnel
o If gqualified, initiate defensive andfor offensive  responsze
actions consistent  with:  lewvel of expertite and training;
knowledze of problem(z); and understandings of hazards
*  Receive incdent report.
*  Activate appropriate members of TRT.
*  Aszume on-scene command; establish Tactical Command Post [TCPR).
'  Ensure own safety and that of fellow responders; work dosely with Sits.
»  Safety Officer.
»  Determine type and level of security needed to maintain |zolation.
Perimeter; if necsszary, establish Security Tazk.
v |dentify optimum location for =ach staging ares;
*  Communicate information on loation to Staging Area Manager.
*  “Sire Up" situation to identify problem(s) to be addressed by tactical
response personnel
+  Develop solution(s) to problem(s) [ie. strategy) and break down work
that needs to be done to implement strategy down to manageable
tazks.

o

®  Asszign task to Task Leaders and allocate check-in resources to tasks.

»  Prioritize task as necessary.

»  Establich and maintain 3 clearly defined tactical response organization.
»  Establish appropriate communication  network(s);

' Define a3 communication protocol for each network.

» Takeazll appropriate and zafe actions to:
o Control the source(s) of problem|s}
o Limit the spread of emitted materials and their impacts
o Protect sensitive environmental, social and economic recources
o Clean, remediate, repair resources impacted by spilled or
emitted materials and/or tactical response operations

281-370-5504

www, Lndt edi=afet y.net
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»  Address span-of-contral problems.

»  Manage resources; keep track of resource status.

v Delegate responsibilities to aides(s).

» If IMT is activated, communicate with Wells Team Leader via Command.
® Network.

»  Compile and maintain appropriate documentation.

On Scene Commander Chedklist
Site Control

*  Locate TCP

®  Locate Staging areals)

v Define boundary of izolation zone (ie. 1zolation Perimeter)
+  Sequre isolation zone

®  Evacuate isolation zone, asnecessary

»  Institute respurce check in

Site Safety

»  Acopunt for personnel
' PReceive safety briefing from Site safety Officer
o Hazards present
Location of hazard control zones
Level of PPE required
Decontamination requirements; location of warm zone
Emergency medical procedures

ao@|on

(]

Site Management

*  “Size Up” situation toidentify problem|s}
o Develop solutions[s] to problem(s) [ie., strategy) that addresses the
following areas of concern:
o Protection of people
o Protection of emvironment
o Protection of property
o Control of source
v |dentify tasks that must be performed to implement strategy
®  Aszzign task to Task leaders
»  Aszzign “gvailable” resources to tasks; prioritize tasks, a5 necessary

333



N
A UINITED

United Safety

v Brisf each Tazk Leader on:
o Natwure and location of task and its relationship to strategy
o Safety Considerations
o Communication procedures, induding chain-of-command
»  Provide Staging Area Manager information on un-met resource nesds
»  Monitor tactical response operations
»  Receive safety status reports from Site Safety Officer

Communications

v Waork direct reports [i.e. Task Leaders, Division Supervision and Branch Directors)
to establich and maintain tactical network and tactical network communications
protoool.

o Who talks to whom
o About what
o When and how

» Work with Senior well Engineer to establish and maintain command

network and command network communications protoool.

o Who talks to whom
o About what
o When and how

»  Designate Aide(s) responsible for compiling field reports andfor
for setting up and maintaining communication equipment, andfor for
providing azsistance on technical matters.

® Answer guestions raised by Aide|s) responsible for compiling Field Reports.

»  Receive schedule of IMT Assessment Mesetings from wells Team Leader;
provide schedule to Aide(s).

" Provide Wele Team Leader Field Reports appromimately 3045
minutes before IMT Assessment meetings; ensure reports provide
current information on locations  of incident fadilities, incuding:

Tactical Command Post

Staging Area(z)

Decon Stationfs)

First aid station{s)

Security check point[s)

Mature, location and characteristics of spilled/emitted  material{s)

On-scene weather

Tactical response organization down to task level

Strategy
Mature and status of tasks broken down by Branch andfor Division

0o 0000 0na0n

www, unitedsafety.net
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“azzign” resources broken down by staging area
Progress being mads

Froblems being encountsred

Mesds

o o o 0

onScene Commander Incident Specific Responsibilities:
Missing Personnel

»  Determine number of missing personnel.

©  Determine, if possible, “last seen™ status.

®  Clearly define search arealz).

» Work with Site safety Officer to characterize hazards in s=arch area(z).

®»  Determine whether it iz safe to initiate a Search and Rescue [SAR)
tazk(z] within search arealz).

»  [fsafe, assign 54R Task Leader[s] and tactical resources to assist Leaders(z) in
carrying out 5AR operations.

»  Work with SAR Task Leaders{s) to develop a SAR plan.

*  Monitor implementation of SAR plan.

Injured Personnel

»  Determine number of injured personnel.

» Determine nature and severity of injuries.

»  Determine whether it is safe to inftiate 2 medical task.

»  [f zafe, assign Medical Task Leader and tactical responss resources 1o assist
Task Leader in carrying out medical operations.

v Work with Medical Task Leader andfor Site safety Officer to triage
injured personnel, it neceszary.

»  Determine need for Medevac Task; work with Staging Area Manager to
obtain  air water, andfor land ambulance capability.

»  If safe, assign Medevac Task Leader and tactical response resources to assist
Task Leader in carrying out medical operations.

»  Work with Medical Task Leader andfor Site Safety Officer to triage
injured personnel, if neceszary.

»  Determine nesd for Medevac Task; work with Staging Area Manager to
obtain  air, water, and/or land ambulance capability.

»  [f safe, assign Medevac Task Leader and tactical response resources to assist
Task Leader in carrying out Medevac operations.

»  Request activation of all required medical facilities.

Tel: +1-261-3 523 Fax: +1-281-370-650u4

www,unit edsafety.net
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Material Spill

®»  Determine nature and status (ie. controlled or uncontrolled) of source.

»  Determine the nature of the release (i.e. batch or continuing] and nature
and quality of spilled material

»  Determine whether spilled material i on land and/or in water; i contained or
uncontained.

»  Determine location of sensitive resource areals) and threat spilled material
poses to 3reals).

»  Decide how to track spilled material; if necessary, initiate Surveillance Task.

»  Decide whether containment boom andfor heavy equipment can be used to
contain spilled material and/or to divert spilled material to a recovery or
treatment site, and/or to divert spilled material away from a protected site;
initiate Mechanical Containment Task.

»  Determine how oontained spilled material is to be recovered; initiate
Mechanical Recovery Taszk.

»  Determine how impacted 3reas areto be deansed; initiate Mechanical Cleanup
Tazk.

2132 Deputy On Scene Commander Role

Responsible for assisting On Scene Commander, particularly in regards to
keeping track of checked-in respurces, compiling information for Field Reports,
and compiling and maintaining appropriate documentation.

Deputy On Scene Commander Responsibilities:

®»  Travel to incident scene; check in at Tactical Command Post (TCP); report
to On Sceme Commander

% Aszsist OnScene Commander in keeping track of staged resources; if
necessary, establish direct fine of communications with Staging Area Manager

®  Aszist On Scene Commander in keeping track of resources assigned to carry out
tazks

»  Compile information  forfprepare written Field Reports; obtain On Scene
Ccommander approval of reports

®  Azgict On Scene Commander in monitoring Command Network

*  Provide information toassist in development of Incident Action Plans

®  Assist On 5cene Commander in compiling and maintzining appropriste
documentation.

Fax! +1-2E1-370-5504

www, unit edsafety.net
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Deputy On5cene Commander Checklist

Site Control

®  Receive reports on “available” resources for Staging Area Manager.
®  Keep On Scene Commander informed about “available” resources.
»  Compile site controbrelated information for Field Reports, including:
o Location of TCP
Location of staging area(s)
Location of Isolation Perimeter
Mames of all essential personnel and members of the Tactical Response
Team
“available” resources in staging areals)

LE I < I

(8]

Site Safety
®  Receive information from Site Safety Officer.
»  Compile site safety-related information for Field Reports, induding:
o Hazards
o Hazard control zones
o PPEreguirements
o First 3id stations

5ite Management
®  Receive work 3ssignments from On Scene Commander.
®  Obtain information needed for Field Reports from discussions with On Scene
Ccommander and by monitoring the Tactical and Supply Networks.

Communications

®  Receive schedule of IMT Asseszment Meetings from On Scene Commander.

»  work with On Scene Commander to compile information needed for Field
Reports [see list, consider reporting on Site Control, Site Safety and Site safety
Management).

*  Provide On 5cene Commander information needed for Field Reports before
IMT Asz=zzment Meetings.

»  Utilize Command Metwork to forward Field Reports to Senior Well Enginesr.

wiww, unit edsafet ¥. et
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21.3.3 Site Safety Officer Role

Responsible for ensuring that all appropriate actions are taken to protect the health
and safety of the On Scene Tactical Response personnel.

Site Safety Officer Responsibilities:

Travel to Incident scene; check in a3t Tactical Command Post [TCP); report
to On Scene Commander.

If mecessary, assist OnScene Commander in determining safe approach
guidelines.

If necessary, assist OnScene Commander in defining |solation Perimeter and in
determining need to evacuate non-responders from 1solation Zone.

Receive guidance from On Scens Commander on problem|s) to be addressed,
solution(s) to problem(s) and task[s) to be performed.

Work with On Scene Commander to institute  personnel acocountability
system at incident scens.

Characterize hazards in areas) where task[s} are to be carried out before
tazk{z] izfareinitizted.

If necessary, organice and manage 3 5ite Entry Task to carry out on-sits
characterization.

Ensure Site Entry Team is adequately staffed (ie. “buddy™ and backup), i=
equipped and briefed.

Maonitor work of Site Entry Team.

Define hazard control zones. Ifneceszary, ensure all incident responders
are aware of location of all hot and warm zones.

Ensure all incident responders who emter a hot zone are adequately equipped,
trained and briefed [Le. tailgate safety brisfing).

Determine level of PPE to be worn in each hot and warm zone.

Determine level of decontamination to be carried out in warm zone.

work with On Scene Commander to develop emergency medical procedures.
Evaluate need for first aid at incident scene and establish first aid station|s).
Monitor incident response operations and order immediate cessation of any
un=afe task or work practice.

Ifincident response operations are broken down into Branches and/or
Divisions, determine need for 3 Site Safety Officer(s] at Branch and/or Division
Lewvel[s].

If there are amy fatalities or injuries during conduct of incident response
operstions, partidpate inall related investigastions and thenissue Safety
Bulletin|s).

Fa:
www, it edsafety. net
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» Advize Staging Area Manager regarding food, water, shelter and sanitary
requirements for tactical responders.
*»  Compile and maintain appropriate documentation.

site safety Officer checklist
site Safety Officer Responsibilities:

»  Check in at TCP.
*  Report to On S5cene Commander and receive briefing on situation.

Site safety

»  Characterize chemical and physical hazards.

v Define boundaries of hazard comtrol zones.

»  Define PPE reguirements.

»  Define decontamination reguirements.

v |dentify location[s) of first aid station(s).

»  Provide safety briefing to OnScene Commander:
Hazards pressnt

Hazard control zones
PPE

Decontamination reguirements

&}

o o0

Site Management

»  Brief Task Leaders on:

Hazards pressnt

Location of hazard control zones

PPE reguirements

Emergency medical procedures

Muonitor incident response operations and order immediate cessation

of unsafe practices.

o Provide safety status reports to On Scene Commander.
Communicatio ns

[+]

(8]
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With concurrence from On Scene Commander, utilize the Command Network
to provide the Incident Management Team (IMT) Safety Officer with safety
Status Reports  appromimately  30-45 minutes  before IMT  Assessment
Meetings. Reports cover:

»  Status of personnel (ie. missing, injured, fatality) and, if underway, any safety-
related tashs.
®»  Location(s) of hazard control zones (ie. hot, warm, oold).
®»  Nature of hazards (chemical, physical, operational) broken down by hot zone.
®»  FPE requirements broken down by hot and warm zone.
®  Location of first aid station|s).
v Emergency medical capabilities.
®»  Receive feedback from IMT Safety Officer on:
o Status of IMT effort to address requests for assistance, particularly
in regard to preparation of a written Site Safety Plan.
= Problems and solutions raised during IMT Assessment Meetings that
have a bearing on site safety.

Site safety Officer Incident Specific Responsibilities:
Imjured Personnel

» Wwork with the Medical Task Leader to triage injured personnel, if necessary.

»  Waork with On Scens Commander to determine the need for Medevac

»  Work with the Medevac “Task Leader to coordinate andfor carry out Medevac
operations.

»  Obtain Medical Task Leader input into Emergency Medical Plan.

21.3 .4 Logistics and /or Staging Area Manager Role

Responsible for establishing and maintaining 3 staging area and for coordinating
the delivery of support services from a staging area which included the following:
food, water, shelter, PPE and =anitation services for the at-the-scene incident
management personnel, fuel, water and lubricants for response eguipment.

F +!
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Logistics and/or 5taging Area Manager Responsibilities:

»  Travel to the incident scene and check in at the Tactical Command Post (TCP) and
report to the On Scene Commander.

o Work with the On 5cene Commander to identify the optimum location to stage
ESOUrDES.

»  [fthe OnScene Commander determines a need for multiple staging areas,
arrange for the establishment of the staging areas, appoint a8 Manager for each
area and establish a direct fine of communications with each Manager.

®  Foreachstaging area:

Identify exact bocation.

If poszible, define and secure boundaries of area.

Identify ingress and egress points.  If possible, post sign to control traffic

flow into and out of area.

o ldentify and obtain perzonnel and equipment needed to operate area.
o Segregate resources, by kind, in area.

®  Institute resource check-in/check-out procedures.

»  Establish a direct line of communications with 1On Scene Commander.

*  Keep OnScene Commander informed about kind and quantity of resources in
each area.

o If Incident Management Team ([IMT) is activated, work with 1MT
Logistics Section.

»  Chief/Communications Unit Leader to establich a Supply Network.

»  Receive and process resource reguests gensrated by incident management
personnel.

®  Forward resource reguests that canmot be addressed with staged resources
to the |MT Logistics Section Chief/Supply Unit Leader via Supply Network.

»  Receive follow-up reports from IMT Logistics Section Chief/Supply Unit Leader on
status of the Section’s efforts to obtain reguested resources.

*  Provide OnScene Commander or Aide status reports on resources checked in
and avzilable in =ach staging area and resources that are enrouts to each
staging area.

®»  Receive guidance from Sie Safety Officer, obtain, and make available the food,
water, shelter and sanitary fadlities meceszary to support incident responders.

»  Supsrvise demobilization of each staging area.

®  Compile and maintain appropriate documentation.

n

non
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Logistics andfor Staging Area Manager Checklist

5ite Control
®»  Setup and maintain staging areals].
®  Institute resource chedk-in procedures.
*  Provide information on “available” [Le. staged) respurces to On Scene
Commander, either directly or through an Aide.

Site Safety
®»  Maintain first aid stations) i located in staging area(s).

5ite Management
" Receive resource reguests from OnScene Commander andfor other members of
the tactical response organization.
»  Dispatch staged resources to loations specified by OnScene Commander.
»  Establish/utilize Supply Network to tranemit information on un-met resource
needs to IMT Logistics Section Chief/Supply Unit Leader.

Communications

®  Forward information on checked-in resources to On Soene Commander.

o Work with Logistics Section Chief/Communications  Unit Leader to establish
and maintain

»  Supply Network.

»  Order eguipment, personnel, materials and supplies over Supply Network.

Well site Engineering Role

There will not be a3 well site engineer permanently on site in Decatur. This tazk
will be performed by a suitable Schlumberger Carbon Seguestration field
person.

The role for this position will correspond to those employees oocupying any of
the engineering or operational positions on location. This position  should
provide technical support to the On Scene Commander. Also, these positions
will be responsible for wpdating information on the nature and status of the
response operation and assist the On Scene Commander on a variety of tasks.

Wellsite Engineering Responsibilities:

Fax: +1-2E1-370-5504

www, unit edsafet y.net
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»  Provide Unit with technical information as needed and supply needs.

»  Identify enginsering problems and solutions and break work down into
manageable tasks.

®  Aszzigntazks to appropriate personnel and maintain proper span-of-control

»  Azszume responsibility for tasks delegated by the OnSoene Commander.

® Aszzist OnScene Commander inthe analysis of incident potential and the
preparation of Strategic Objectives and response priorities.

»  Address strategic objectives and responss priorities 3s they relate to
Enginesring operations.

®  Seryeas primary person for the On Scene Commander to prepare field reports.

®  Provide unit up-to-date information on nature and status of engineering details.

®»  Represent engineering at all TRT mestings.

®  Aszzist the team preparing objectives and field tasks required.

®  Azzist the teamin preparation of any general plans.

" Keep OnScene Commander informed of any dhanging technical conditions.

®  Update information onlocation and movement of spilled or emitted materials.

®  Provide updates on nature and status of incident management operations.

®  Ensure that Finance/Administration leaders are advised of all cost commitments
by the operations section.

»  Consider the need for analternate or backup person for extended 24 hour
COVEr3ge.

»  Compile and maintain appropriate documentation.

wellsite Engineering Checklist
5ite Control

®  Prepare technical field reports for the On Scene Commander.

" Keep Onscene Commander informed about any technical isswes,

»  Compile engineering related information for the Field Reports which includes:
5ite safety

®  Receive information from contractors and IMT support.

5ite Management

®  Receive work assignments from the On Scene Commander.

www, unit edsafety. net
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®»  Obtain information needed for field reports from discussions with the On
Scene Commander and by monitoring the Tactical and Supply Networks.
Communications

©  Receive schedule of the IMT Assessment Meetings from the On Soene
Commander.

»  Work with the On 5cene Commander to compile information needed for the fisld
reports (see lists under Engineering and Operations).

®»  Provide the OnScens Commander information needed for the field reports
before the IMT Aszsssment Mestings.

»  utilize the Command Metwork to forward the field reports to the IMT team.

21 3.6 Information Technology Technician Role

This person will work with the On 5cene Commander or Deputy On Soene
Commander and will be responsible for organizing and managing all of the
communication  eguipment at the On Scene Command Post, keeps  all
equipment functioning properly in order to transfer data and reports to the
Emergency Crisis Room and the CRISIS MAMAGEMENT TEAM at the incident
location.

Information Technology Technician Responsibilities:

*  Provide the OnScene Commander with information on the personnel,
equipment, material and supply needs.
®»  Organize and manage all media related activities.
" Serye as advisor to the On Scene Commander on 3ll matters relating to
external communications.
» Prepare If Asked” statements.
»  Develop proactive methods for addressing “communication” concerns:
o OnScene Equipment
o Communication problems between the On Scene Equipment and
Emergency Crisis Room eguipment.
o Equipment Limitations.
o Others.
»  Obtain the necessary approvak from the OnScens Commander, if needed, prior
to installing the communication networks.
®  Provide information on schedules related to the communication center.
®  Ensure the IMT is advised of all cost commitments.
®  Consider need for analernate or backup person for extended 24 hour coverage.
*  Compile and maintain appropriate documentation.

]
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Information Technology Technician Checklist

Get Organized

+ check in at the On Scene Command Post and report to the On Soens
Commander.

©  [freeded, establish a working area within the On Scene Command Post.

' PReceive updates regarding communication problems.

5et Upand Maintain Information Center

+  Liilize the On Scene Command Post 35 a primary source of information on the
incident and the nature and status of emergency response operations.

*  Provide guidance on the best type of information that will be needed to be
imteracted with TRT, IMT and CMT.

BEFOREMEETING:

»  Meet with the On Scene Commander and Drilling Enginesrs to review:
Timing, location and objectives of meetings
Information to provide during report

" Meet with other personnel to receive a briefing on the nature and status of
their waork.

»  |dentify commurnication problems and solutions to be raised during the
meeting.
®  Prepare mesting report.

o

]

AFTER MEETING:
»  Brief other personnel at the On Scene Command Post on items
discussed during the meeting and assign action items as appropriate.
®  Address 3zsumed action items

Establish StrategicObjectives

*  Aszict the On 5cene Commander in analyzing and identifying communication
problems that need to be addreszed.
»  Provide communication strategies and objectives.
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Conduct Periodic Assessment Meetings.

BEFORE MEETING:

Mest with the On Scene Commander to review:

Timing, location and objectives of meetings

Information to be provided during reports

Identify problems and solutions to be raised during meetings.
Prepare mesting reports.

DURING MEETINGS:

Present reports and forus on the nature and status of work related to
the objectives and tasks delegated by the On Scene Commander.

Pay attention to reports made by other meeting attendess and ask
guestions when appropriate.

Assume responsibility for action items delegated by the OnScens
Commander.

AFTER MEETING:

grief other information technology members on items discussed during
mestings and assign action items a3z sppropriate.

Address gssumed action items.

Prepare Gensral Plans.

Define Objectives: work with team preparing a plan to establich
milestone(s} for completion of specfic assigned tasks.

20333 State Highway 242, Suite 200
Houston, TX 77070 USA
Tel: +1-261-376-1523 | Fax: +1-2B1-370-6504
www, unitedsafety. net

346



N
A UNITED

United Safety

22 ADM Incident Management & Command Post

22.1 Off Scene Incident Management Team [IMT)

Members having operation authority of ADM's operations will form the
Incident Management Team (IMT} and operate in the Emergency Crisis
Foom ([ECRL Additional members may be reguired to complete the
responsibility requirements for the IMT. The Incident Commander will be in
charge of this team and the purpose of the IMT is to support onsite activity in
amy way requested, and to disseminate information about the status of
the incident as necessary to other perzonnel or entities within  ADM.
Incident Management Team ([IMT) members typically include the following:

»  Incident Commander [General Manager)

»  Deputy Incident Commanders [Wells Team Leader, HSE Manager)
»  Administration [Legal, Finance, HR, Communication)

" Operations and Engineering Superintendent

»  Health, safety and Environment Leader (Security, Medevac)

®»  Contracts and Purchasing Officer

®  Logistics Manager

Depending on the specdfic situation, the memberz of this team may vary. The
actual makeup of the team will ultimately be determined by the Incident
Commander., Some of these positions may not exist within ADM under
normal operating conditions and would be delegated by the Incident
commander in case of an incident.

an are3a for an Emergency Crisis Room has been designated as being the
Emergency FResponse Room  in ADM  offices. It is imperative that this
command Post be of sufficient size to hold the Incident Management Team
and have all of the modern communications equipment needed to
communicate with the Tactical Response Team on location and the Crisis
Manzgement Team.
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22.1.1 ADM Emergency Crisis Room

Remotely based members may convene in crisic centers elewhere and
videoconference or telephone conference into this room as reguired.

It is the responsibility of the Regional Crisis Management Practice Area

Metwork Head, to ensure that the facilities in the crisis room are kept up to
date and properly maintained.

Incident Management Team

)] (=) )

22-1 Incide=nt Management Team jzwample)

22.2 Off Scene IMT Roles and Responsibilities [IMT)

Responsible for organizing and managing at-the-soene  incident responss
operations in 3 zafe and effective fashion and for keeping the balance of
the Incident Manmagement Team (IMT) informed about the nature and status
of the incident and incident response operations.

Tel: +1-281-376-1525

www, unit edsafety.met
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Incident Commander Role

The Incident Commander for ADM will be the most Senior Person on site, or his
alternate, and will be responsible for the owerall management of emerzency

response operations and for serving as the Incident Management Team's [IMT]
primary contact person with all involved or interested external parties.

Incident Commander Responsibilities:

Emsure that personnel safety is accorded the highest priority during conduct of
EMErgency response operations.

Establish and maintain an organization that is capable of providing management
direction to, and support for the on-scene tactical response operations.
Supsrvise emergency response operations and ensure that they are carried
out in 3@ manner consistent with ADM'’s policy, appropriate government
directives and the nesds and concerns of impacted areas.

Analyze incident potential.

Establish Strategic Objectives and response priorities and ensure IMT and
tactical response personnel are carrying out emergency response Operations
in @ manner consistent with objectives and priorities.

Ensure that all required and appropriate notifications have been made to senior
management, government agencies, and any partners.

Keep senior management informed of nature and status of incident and
EMErgency response operations.

Serye as primary contact person for ADM's senior managemsent, government
representatives and any partners.

Review and approve reguests for non- ADM owned response resources,
allocated critical resources and authorize demaobilization of resources.

Ensure that source control and response operations are carried out safely and
clozely coordinated.

Maonitor and evaluate effectivensss of source control and response operations.
Serve as ADM primary spokesperson of the Incident.

Review and approve statements 3s they relate to emergency response
operations.

Approve and authorize implementation of incident Action Plans [1AP)

Approve and authorize implementation of Generzl Plan [GP).

Compile and maintain appropriate documentzstion.

www, unit edsafety.net
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Incident Commander Checklist

Get Organized

*  Activate appropriste Incident Management Team (IMT]members, designate
Deputy

*  Incident Commanders and Section Chief|s).

®  Determine 3 need for and, if necessary, order activation of Emergency Crisis
Room {ECR).

*  Establich presence in ECR.

®  Unless Senior Well Engineer has done so, establish direct fine of communications
with On Scene Commander.

« Gather available incident facts and information on nature and status of
tactical response operations.

*  Understand problems being addressed by tactical responders and solutions
being implemented by On Scene Commander to address problems.

*  Size up information om emergency response operations to  identify
command problems, define work that must be done to address command
problems and break work down into manageable tasks.

»  Review staff assignments with IMT members.

®  Instruct Section Chief[s) to determine ongoing staffing nesds.

®  Ensure the establishment of an information Center.

»  Establish time for conduct of Initial Incident Briefing Meeting.

«  Work with Section Chief{z) to evaluate incident potential

+  Confirm that all reguired external notifications have been made.

»  Establich a Unified Command Structure if government agency response
personnel arrive in ECR to participate in emergency response operations.

®  Forecast duration of emergency response operations. If necessary,
establich “operational” periods and shift schedules.

Conduct Initial Incident Briefing Meeting

BEFOREMEETING:

®»  Review timing, location, objectives and agenda for meeting with the Deputy
Incident Commander.

»  Designate mesting Chairperson.

®  |dentify Incdent Commander problems to be considered during meeting;
break work to be done down into manageable tazks;

®  |dentify tasksto be addressed by other members of the IMT.
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DURING MEETING:

®  Chair mesting, if appropriate.

»  Conduct rofl call

®  State nature and purpose.

»  Review meeting protoool.

»  Present inftial Strategic Objectives and response priorities.

®  Ensure action items are dearly defined at the end of
the meeting; assign responsibilities for addressing the action
items.

»  Establish/confirm timing of next meeting.

AFTER MEETING:

v Addressassumed action items

®»  Contact Corporate to discuss problems and solutions, if appropriate.

®»  Review and approvethe minutes of the meeting provided.

v Analyze Incident Potential

®  Instruct members of the Command and General 5taff to be invohlved in
preparation of Incident Potential Worksheet.

»  When Incident Potential workshest i filled out, meet with the
appropriate Command and General staff members to review the
worksheet.

»  Determine impacts of analysis on IMT and TRT response operations,
particularly asthey relate to composition and size of IMT and TRT
organications, and provide direction to members of the Command and
=eneral staff on steps to be taken, if any, to respond appropriately to
incident potential.

" Contact Corporate via the Crisit Metwork to discuss resufts of
analysiz of incident potential

Establish StrategicObjectives

v Analyze results of size-up and analysis of incident potential and identify
“command” problems that need to be addressed.

»  [favailable, review generic objectives to determine their applicability to
the incident; revise gensric objectives, if necsssary.

" Approve generic objectives.

» Instruct other members of the IMT to review the results of
their sie-up efforts [induding their analysic of incident potential),
identify problems they believe need to be addreszed, prepars the

www, unit edsafety.net
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objectives and provide the objectives.
»  Meet to review and approve overall Strategic Objectives.

conduct Periodic Assessment Meetings

BEFOREMEETING:

®»  PReview timing, location, objectives and agenda for meetings with the
Deputy Inddent Commander

®  Designate meeting Chairperson [usually Deputy Incident Commander).

" Be prepared to review Strategic Objectives and response  priorities
during meeting.

*  |dentify amy mew Incident Commander problems and soltions to be
presented during mestings.

DURING MEETING

»  Chair mesting, if appropriate.

»  Condoct rofl call

»  State nature and purpose.

®»  Review meeting protoool.

©  Review Strategic Objectives and response priorities with meeting
attendees.

®*  PReceive status reports from meeting attendess; ensure
adeguate progress i being made in addressing Strategic
Ohjectives.

» Present new Inddent Commander problems and
solutions  and related task assignments to mesting
attendees.

®»  Ensure action items are dearly defined; assign responsibilities for
addressing action items.

»  Establish/confirm  timing of next meeting.

AFTER MEETIMNG:
v Address assumed action items.
»  {ontact Corporate to discuss problems and solutions to be
addressed before next meeting, if appropriate.
" Review and approve mesting minutes provided.
* Prepareincident action plans.
*  Prepare General Plan

ESTABLISH MILESTOMES:

www, unit edsafety.net
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»  Determing nesd for General Flan.

»  Determine when IMT i prepared to inftiate work on Seneral
Plan.

»  approve critical tasks to be covered by General Plan.

" Approve concurrence onmilestones for General Plan,

22.1.1 Deputy Incident Commander Role (Department Captain, Support Mgr. HSE

Mgr.)

The person(s) will be designated by the Incdent Commander and wil be
responsible  for assisting the Incident Commander through the direct
supervision of work being carried out by Operations, General 5taff, and HSE.

Deputy Incident Commander Responsibilities

Azsume any responsibility delegated by Incident Commander.

Ensure that Emergency Crisis Room (ECR} is set up and made
operational in a timely fashion.

Ensure that his/her Section gets organized in a timely fashion,

Aszzist Incident Commander in analysis of incident potential and development
of Strategic Objectives and response priorities.

Coordinate activities of Section Chiefs to ensure conduct of safe,

effective and efficient emergency response operations.

Aszzict Incident Commander in ensuring that operations are carried out in
a manner consistent with policy and appropriate government directives.
Forus on communications; address communications problems as they arise.
Ensure implementation of incident Command System.

Chair IMT Meetings, if instructed to do so by Incident Commander.

Follow-up on action items identified during formal IMT meetings.

Ensure that objectives and priorities are being addressed by balance of IMT
and tactical response personnel

Imterface with others to ensure that their problems and solstions are
addressed by balance of IMTin a timely fashion.

Provide units with information on personnel, eguipment, material and supply
needs for the Command staff.

Provide Incident Commander informal briefings, as necessary, on the
nature and status of incident and emergency response operstions.

wiork with Operations and Engineering to ensure that appropriate
documentation is compiled and forwarded to the Unit.

20333 State Highway 249, Suite 200
Houston, TX 7H0FD USA
Tel: +1-281-376-1523 | Fax: +1-2E1-370-6504
wianw, unit edsafety. net
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Ensure that source control and response operations are closely coordinated,
and resohie amy confiicts that may arise between these operations.

Ensure that appropriate company and/or government directives are
communicated to and followed up on.

Serve as secondary contact person for senior management, government
representatives and local partners,

Fill in for Incident Commander as nesded.

Consider need for 3 backup person for extended 24 hour coverage.

Compile and maintain appropriate documentation,

Deputy Incident Commander Checklist

Get Organized

Chedk in at ECR; report to Incident Commander.

Monitor activation of IMT members; determine and advise Incident
Commander on availability of key team members.

If instructed to do so by the Incident Commander, determine availability
of the Command staff pereonnel. 1f not available, advise the Incident
Commander.

Supervise activation of ECR and advise the Incident Commander when
ECR iz operational.

Prepare organizational chart for the Command Section and then provide the
chart to the Unit.

Provide information on timing of initial Incident Briefing Meeting.

Conduct Initial Incident Briefing Meeting

BEFOREMEETING:
Meet with Incident Commander to review timing, location,
objectives and agenda for meeting.
Meet with sach mesting attendee before mesting to review:
o Timing, location and objectives of meeting
o Information to be provided during reports
Ensure information in the Information Center iz updated prior to the meeting.
Ensure attendees areon time for the mesting.

DURING MEETING:
®  Chair the mesting if requested to do so by the Incdent

20333 State Highway 248, Suite 200
Houston, TX 77070 USA
Tel +1-281-376-1523 | Fax: +1-2E1-370-6504
wwnw, unitedsafety. net

354



v
A UNITED

United Safety

Commander;

+  Condoct roll call

®  State nature and purposs

®»  Review meeting protocol

*  Ensure Situation Map and status boards areuwsed effectively
during the meeting.

®  Ensure action items are recorded during the mesting.

AFTER MEETING:
®  Address assigned action items.
»  Ensure meeting attendess  assume  responsibifity  for
and address aszigned action ftems.

Analyze Incident Potential

®  Ifreguested, assistin the preparation of Incident Potential Workshest.

»  If requested, participate in meeting with the Incident Commander to review
the worksheet.

n  Ifreguested, assist the Incident Commander in determining impacts of analysis
on IMT and TRT response operations, particularly as they relate to composition
and size of IMT and TRT organizations, andin providing direction to members of
the Command and General 5taff on steps to be taken, if any, to respond
appropriately to incident potential

Establish Strategic Objectives

®  Azzist the Incidemt Commander in analyzing results of the sie-up process
and in identifying “command” problems that need to be addressed by Strategic
Operations.

®  Azzist the Incident Commander in reviewing generic Strategic Objectives to
determine their applicability to the incident and in revising generic objectives.

®  Aszist the Incident Commander in approving generic/preparing Strategic
Objectives.

»  work with Operations to size up incident, identify specific problems that need
to be addressed and help prepare specific Strategic Objectives.

»  Work with Unit Leaders to record approved Strategic Objectives on the status
board inthe Information Center.

Conduct Perindic Assessment Meetings
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BEFOREMEETING:
*  Meet with the Incdent Commander to review timing,
location, objectives and agenda for the meetings.
®»  Mest with each mesting attendes before sach meeting to review:
o Timing, location and objectives of meeting
o Information to be provided during report
®  Ensure information in the Information Center i= wpdated before each
meeting.
"  Ensure meeting attendees areon time for each mesting.

DURING MEETING:
®  Chair the meeting ifrequested to do so by the Incdent Commander:
o Conduct roll c3ll
o State nature and purpose
o Review meeting protoool
®  Ensure Situation Map and status boards are used effectively during the
meeting.

22.1.3 Administration Officer Role

The senior administrator for ADM will be responsible for organizing and
managing all government and community affair activities assodated with

EMErgency responss operations.

Administration Officers Responsibilities:

*  Provide the Incdent Commander with information o©n personnel,
equipment, material and supply needs.

®»  Organize and manage all government and community affair activities.

®  Sgrve as principal advisor to the Incident Commander on all matters
relating to external communications and interactions  with non-
directty involved government agencies and  non-governmental
organizations.

»  Advice the Incident Commander on government affairs and community
relations impacts of incidents and emergency response operations.

®  Obtain necessary approval from the inddemt Commander prior
to the release of information to non-directly involved
government agencies and non-governmental organizations.

®  Sale retain, and  supenise gorernm ent zfizis znd  mediz
relation specialists, when nesded.

www, unit edsafety.net

T
(0]

356



Na
A UNITED

United Safety

Provide status reports and inform about the status of work om all
government affairs and community relation problems and solutions
that are judged to be or have potential to become Crisis situations.
Serve as the IMT contact person for pon-directly involved government
agencies and non- governmental organization Conoerns:

o Fact Shests

o Mestings

o TOurs
Az appropriate, provide information to  non-directly  invohleed
government agencies and non-governmental organizations.
Az appropriate, arrange and conduct mestings with non-directly
imvohved government agencies and non-governmental organizations.
Provide the Unit with information on scheduled meetings for posting in
the Information Center.
Az appropriate, organize, conduct and assist in arranging tours for non-
directly involved governmemt agencies and  non-governmental
organizations.
Monitor  statements made by nondirectly involved government
agencies and non- governmental organizations.
Keep the iIncdent Commander informed about comtent and tenor of
statements made by non-directly involved government agencies and
non-governmental organizations.
Prepare the Incdent Commander for interactions with non-directly
imvolved government agencies and non-governmental organizations.
Ensure that Finance/Administration is advised of all cost commitments.
Consider the need for an alernate or backup person for extended 24
hour coverage.
Compile and maintain appropriate documentation.

Administration Officer Checklist

Chedk in at the Emergency Crisis Room [ECR] and report to the Incident
Commander.

Establizh 3 waorking area in the ECR.

Receive updates on the situation from the Incident Commander.

5et Upand Maintain Information Center

utilize the Information Center as a primary source of information on the

20333 State

FibEE B

www.unit edsafety. net

i)

357



Y .
A UNITED

United Safety

incident, nature and status of emergency response operations.

*  Provide the Unit with information on timing of all meetings to be held
with non-directly imvolved government agences and non-governmental
organizations.

*  Provide the Unit guidance on the type of information needed for
interactions with non-directly involved government agences and non-
governmental organizations.

Establish Strategic Objectives

®  Aszzist the Incident Commander in analyzing the results of the siwe-up
process and i identifying government affairs and community relation
problems that need to be sddreszed.

« If available, review government affairs and community relation related
zeneric objectives to determine their applicability to the incident and if
neoessary, revise the generic objectives.

" Approve Strategic Objectives.

*  Provide the Unit with government affairs and community relation
related strategic objectives.

Prepare General Plan

L DEFIME OBIECTIVES
o Work with the team preparing the General Plan o
establish milestone(s} for the completion of government affairs
and community relation tasks.
o |dentify govermment affairs and community relation task(s) to
be covered by the General Plan and provide information to the
team on preparing the Gensral Plan

* PERFORM DETAILED ASSESSMENT
= Provide the team preparing the Gensral Plan guidance on the
kind and quantity of resources mneeded to complete the
government affzirs and community relstion task|s) within
the milestone timeframe.

= APPROVE AND IMPLEMENT PLAN
o Review government affairs and community relation task{s} cowered
by the General Plan and provide the team preparing the General Plan

(=]

358



(]

4
A UNITED

United Safoty

comments regarding the Plan.

4 Operations Engineering Role

The role for this position will correspond to those employees oocupying any

of the

IMT engineering or operational positions. This  position  should

provide strategic direction and support to the On Scene Commander. Also,
these positions will be responsible for receiving information on the nature and

status at-the-scene emergency response operation and provide information to
the Incident Commander and other members of the IMT.

Operations and Engineering Responsibilities:

Provide the Unit with information on personnel, eguipment, material
and supply nesds.

Size up incdent, identify operation problems and solutions and break
work Operations down imto manageable tasks.

Aszsign tasks to appropriate operation personnel and maintain proper
span-of-control.

Aszume resporsibility for tasks delegated by the Incident Commander.
Aszsist the Incident Commander in the analysis of incident potential and
the preparation of

Strategic Objectives and response priorities.

Address Strategic Objectives and response priorities as they relate 1o
work of Operations.

serve as the primary IMT contact person for the On Scene Commander
and receive field reports from the OnScene Commander.

Review and ensure the appropriateness of the strategy and  tactics
being employed by the On Scene Commander and provide the
neCessary strategic direction.

Provide the Unit up-to-date information on the nature and status of the
tactical response operations.

Represent Operations at all formal IMT meetings and brief the Incident
Commander and the members of the Command and General 5taff on
the nature and status of the work being done by the Operations
Section,

Aszzist the team preparing the Incident Action Plams [I&P] in the
preparation of objectives and field assignments for the Incident Action
Flans.

WAL Lenat et E-EfEt'lll'. et
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% Aszist the team in preparation of the General Plan.

*  Ensure that the personnel involved in the response operations
have the personnel, eguipment, materialk amd supplies nesded to
carry out those operations in 3 safe, effective and efficent manner.

*  Ensure the Operations Section personnel are aware of and follow
zafety policies, appropriate government agency directives and the Site
safety Flan.

*  Ensure that comcerns of government agencies and impacted citizens
are adeguately considered in the formulation and ewecution of the
response strategies.

* Keep the On Scene Commander informed of changing weather
conditions.

*  Receive information on the location and movement of spilled or
emitted materials.

®  Provide updates on the nature and status of the tactical response
operations.

©  Authorize the demobilization of the emergency response resources.

*  Ensure the Financefadministration Leaders are advised of all cost
commitments by the Operations Section.

*  Ensure the appropriate documentation i compiled by the On Scene
Commander and then forwarded to the Unit.

+  Consider the need for an alternate or backup person for extended 24
hour coverage.

*  Compile and maintain appropriate documentation.

Operations and Engineering Checklist
Get Organized

*  Azszume responsibility for tasks delegated by the Incident Commander.

* Mest with the Operations Section personnel and prepare an
organizational chart for the Operations Section.

»  |dentify and define the work that must be completed to address
the Operations Section problems and solutions and break work down
into manageable tazks.

* Delegate responsibilities for tasks to be performed by the
Operations Sections Personnel.

®  Establish 3 direct line of communications [ie. over the Command
Network) with the OnScene Commander.

+  Establich communication protocol with the On Soene Commander.

www, it edsafety.net
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Set Up and Maintain Information Center

®»  Provide initial and, as necessary, updated organization chart[s) for
the Operation Section.
®  lnilize Field Reports to provide initial and, as necessary, updated
Incident Facts related to the description of the incident. Description of
spilled/emitted materiaks, status of emergency response operation and
impacts.
»  IHilize the Field Reports to provide initial and, as necessary,
updated on-scene weather information.
»  liize the Field Reports to provide the initial and, as necessary,
updated masz balance information.
»  Lilize the Field Reports to provide initial amd, as meceszary, updated
information for the situation map which indudes:
o Location of sourcefs)
o Location of spilled/emitted materialfs)
o Location of staging area(s)
o Location of lsolation  Perimeter/secured acgess point(s} to
Isolation Perimeter
o Location of tasks
o Wind speed and direction
®  iilize Field Reports to provide initial and, as necessary, updated
information on “available” resources by staging area, “azzigned”
respurces by task and location and out- of-service” resources by
location.

cConduct Initizl Incident Briefing Meeting

BEFOREMEETING:
"  Receive an Incdent Briefing Document from the On Scens
Commander prior to the meeting.
* Meet with the Units to update the Situation Mapand status boards
in
®  the Information Center.
» Meet with the Deputy Incident Commander to review:
o Timing, location and objectives of the meeting
o Information to provide during report
»  |dentify Operations Section problems and solutions raised during
the mesting.

www, unit edsafety.net
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®»  Prepare meeting report.

DURIMNG MEETING:

o  Present report, foouws on owerall  strategy  of  tactical
response  operations, tasks being performed to  implement
strategy, progress being made, problems being encountered and
help needed from IMT.

% Pay attention to reports made by other meeting attendess and
azk guestions 35 nesded.

®  Azzume responsibility for  Action items delegated by  the
Incident Commmander.

AFTER MEETIMNG:

»  Brief other Operations Section personnel in the ECR and the On
Scene Commander on the items discussed during the meeting
and 3ssign action items a3z nesded.

o Address assumed action items.

Set Up and Maintain Information Center

*  [freguested, participate in a meeting with the Incident Commander to
review any technical issues that need to be addressed.

Establish Strategic Objectives

" Receive information problems being addressed by the TRT  and
solutions being implemented to address the problems from the On
Soene Commander.

®  Ensure the Incident Commander is comfortable with the TRT strategy.

®  Size up the incident and the TRT response to the incident to identify amy
additional problems not currently being addressed by the TRT.

n  |dentify solutions to additional problems.

®  Prepare solution based Strategic Objectives.

conduct Peripdic Assessment Meetings

BEFOREMEETING:

wwnw, unit edsafety.net
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®»  FReceive updated Field Reports from the On Scene Commander prior
to the mestings.

®  Meet with the Units to update the Situation Mapand 5Status Boards
in

»  the Information Center.

» Meet with the Deputy Incident Commander to review:

®  Timing, location and objectives of the mesting

»  Information to provide during report

»  ldentify Operations Section problems and solutions.

®»  Prepare meeting reports.

DURING MEETING:

®»  Present reports; forus on the nature and  status of work
related to Strategic Objectives, tasks delegated by the Incident
Commander and Operations Section specific tazks.

®  Pay attention toreports made by other mesting attendess and
azk guestions.

»  Azszume responsibility for the Actiom Items delegated by the
Incident Commander.

AFTER MEETING:
»  Brief other Engineering and Operations Section personnel on items
dizcussed during the meetings and assign action items.
»  address assumed action items.

Prepare General Plan

DEFINE OBSECTIVES
»  Work with the team preparing the General Plan to identify the critical
tazks and milestones for completion of the Operations Section tazks.
o Work with the team preparing the General Plan to identify the
®»  Operations Section directed tasks to be covered by the General Plan.
PERFORM DETAILED ASSESSMENT
®  Provide the team preparing the General Plan information on response
technigues that will be wtilized totreat, contain, recover, store and
dizpose of discharged/emitted materiaks.
®»  Provide the team preparing the General Plan guidance on kind and
»  guantity of resources needed to complete the Operations Section
directed tasks within the milestones time frame.

W Lenat esd S-EfEt'lll'. net
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APPROVE AND IMPLEMENT PLAN
®  Review the Operations Section tasks coversd by the General Plan

Quality Assorance/(uality Control Officer Role

Rezponsible for addressing risk assessment issues that arize for the responze
personnel, providing guidance on the proper methods for performing a well
control and recovery operation, arranging additional respurces required for
the resporse operations, performing the risk assessments and investizations
a5 reguired.

Logistics Coordinator Role (Supply Chain Manager)

The Logistics Coordinator provides all resources and support for the response
operations, induding procurement, delivery arrangements and deployment
of the resources.

Resources may include fadilities, transportation supplies, eguipment
maintenance, food, water, shelter, staffing support and any services and
material in support of the incident. This is 3 huze task which will reguire
locating equipment proactively.

In=mall incidents the Logistics Coordinator may alko be responsible for
financial and cost analysis aspects of the incident.

Logistics Coordinator Responsibilities:

»  Facilities

»  Transportation vehides and supplies

®»  Eguipment Maintenance

»  Food/water/shelter supplies and facilities

»  Communications eguipment and personnel

®»  Personnel support

®»  Prepare periodic status reports for the Incident Commander

®*  Provide On5cene 5taging Coordinator the personnel, eguipment,
matarial and supply needs

Logistics Coordinator Checklist

Get Organized

20333 State H

3 | Fax: +i-
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»  check in at the Emergency Crisis Room [ECR) and report to the Incident
Commander.

»  Establish 3 working area in the ECR.

®  Receive updates on situation from the Incident Commander.

5et up and maintain Information Center

»  Utilize the Information Center as a primary source of information on the
incident and the nature and status of emergency response operations.

Conduct Initial Incident Briefing Meeting

BEFOREMEETING:
®  Meet with the Deputy Intident Commander to review:
®  Timing, location and objectives of the mesting
®  Information to provide during report
*  Meet with other personnel in the ECR to receive 3 briefing on the
nature and status of their work.
»  |dentify problems and solutions to be raised during the meeting.

Frepare mesting reports.

DURING MEETING:
®*  Present report and forus on the nature and status of any Logistic

problems.
% Pay attention to reports made by other mesting attendess and azk
®  guestions.
®  Azsume responsibility for action ftems delegated by the Incdent
Commander.

AFTER MEETING:
»  Brief other logistics personnel on ftems discussed during the meeting
and 3zsign action items 33 nesded.
*  Address assumed action items.

Analyze Incident Potential

www, unit edsafety.net
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If requested, participate in 3 meseting with the Inddent Commander to
review the worksheet that references the supply of eguipment.

Establish Strategic Objectives

Aszzist the Incident Commander in analyzing the results of the size up
process and in identifying logistical problems that need to be addressed
by the Strategic Objectives.

5t up 3 database of the type of eguipment and fadlities available in
country and abroad with the timing for moving these to a staging area.

22.1.7 Planning and Cost Control Role (Finance Manager)

The Planning and Cost Control is responsible for all accounting and financial
aspects of the disaster and any other administrative reguirements.

Planning and Cost Control Responsibilities:

Function 35 the head of the Finance Section.

5et up the acoounting system to be used for the emergency.

Owerses 3ll soccounting and financial aspects of the disaster.

Frepare periodic budget reports for the Incidemt Commander and files
for each major site for tracking ewpenses for the insurance assistance
application reguirements.

Provide the Deputy Incident Commander with information on
perzonnel, eguipment, material, and supply needs.

5Serve as a finandial advisor to the Incident Commander.

Prepare summary reports which examine the financal status,
options and courses of action that can be followed.

Determine applicable short term and kong term financial plans.

Advize the Inddent Commander and Section Chiefs on the type of
documentation that must be compiled to support incdent related
expenditures.

Review documentation to ensure that it i being compiled in 3 manner
consistent with the documentation guidefines.

Handle all contract related financial matters.

Provide financial guidance to the Logistics Section Chief or Procurement
Unit on the terms and conditions of new or amended contracts.

Compile and maintain appropriate documentation.

Planning and Cost Control Checklist

www, unit edsafety.net
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Get Organized

Chedk in at the Emergency Crisis Room [ECR} and report to the Incident
Commander.

Establizh 3 waorking area in the ECR.

Receive updates on the situation from the Incident Commander.

5et Upand Maintain Information Center

utilize the Information Center as a primary source of information an the
incident and the nature and status of emergency response operations.

Analyze Incident Potentizl

If reguested, participate in a meeting with the Incdent Commander to
review the worksheet.

5et up 3 database of the type of eguipment and fadlities available in
country and abroad with the timing for moving these to 3 staging area.

Estahblish Strategic Objectives

Aszzist the Incident Commander in analyzing results of the size uwp
process and in identifying planning and cost problems that need to be
addreszed by the Strategic Objectives.

If available, review the Planning and Cost Control related generic
Strategic Objectives to determine their applicability to the incident and,
if meceszary, revise the generic objectives.

5et up and approve the acoounting system to be used for the
emergency and oversee all accounting and finandal aspects of the
dizaster.

www.umit edsafety. net
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21.2.8 Contracts and Purchasing Officer Role

This person will be responsible for providing advice on Planning, Cost Comtraol,
Purchasing and Contractual issues associated with emergency response operations.

Contracts and Purchasing Officer Responsibilities:

Provide the Incdent Commander with information on  personnel,
equipment, material and supply needs.

Serve as a Planning and Cost Control Advisor to the Incdent
Commander.

Frepare  summary reports  which  examine the  Planning,
Purchasing and Contracts situation, key issues associated with the
incident and operations and cpurses of action that can be followed;
follow up on selected options andfor courses of action to determine
their effectivensss.

Determine applicable plans to overcome assist in the remediation of the
Incident and develop necessary short term and long term strategies.
Determine ADM and its partners’ legal relationship with other imvolved
parties.

Ensure that mo conflicts of interest arise with other parties, insurers,
etc. during conduct of emergency response operations.

Advise members of IMT on the nesd to restrict access to the affected
facility andfor incident related facilities for legal or insurance reasons.
Advise Incident Commander and others on type of documentation that
must be compiled to support incident related litigation.

Review documentation to ensure that it i being compiled in 3 manner
consistent with documentation guidelines.

Handle all contract related legal matters.

Review contracts prior to their execution.

Provide legal guidance to the Unit on terms and conditions of new or
amended contracts.

Aszgist the  Finance/Administration Unmit in establishing  and
implementing third party settement procedures and arranging for
adjustment assistance.

Ensure the Finance/Administration is advized of all cost commitments.
Consider the meed for an alernate or backup person for extended 24
hour coverage.

Compile and maintain appropriate documentation.

www.unitedsafety.net
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Contracts and Purchasing Officer Checklist
Get Organized

®  Check in at the Emergency Crisis Room [ECR) and report to the Incident
Commander

®  Establich a working area in the ECR.

" Receive updates on the situation from the Incident Commander.

5Set Upand Maintain Information center

«  Utilize the Information Center as a primary source of information on the
incident and nature and status of the emergency response operations.

Analyze Incident Potential

+  If requested, participate in 3 meeting with the Inddent Commander to
review the workshest.

Establish Strategic Objectives

®  Aszist the Incident Commander in analyzing the results of the size up
process and in identifying planning and cost problems that need to be
addreszed by the Strategic Objectives.

« If available, review the Planning and Cost Control related generic
Strategic Objectives to determine their applicability to the incident and,
if mecessary, revise the generic objectives.

»  Approwve the generic/prepare Strategic Objectives.

ra
(]
d
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Health, Safety and Environment Officer Role

Responsible  for supporting the Site Safety Officer and for providing
expertise on safety issues that may arise during the conduct of emergency
response operations.

www. unit edsafety.net
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Health, safety and Environmental Officer Responsibilties:

Provide the Inddent Commander with information on  personnel,
equipment, material and supply needs.

Receive brisfings from the TRT Site Safety Officer.

grief the Incident Commander on hazards present at the incident scene
and measures being instituted to protect the response personnel
against hazards.

Ensure compliance with all relevant and governmental =afety
requirements.

Exercise emergency uthority to prevent or stop unsafe acts.

Brief Section Chiefs on safety concerns and precautions and ensure key
perzonnel are familiar with site safety sues.

Monitor personnel and contractors for conformance with incident
specific Site safety

Flan and associated reguirements.

5Set up a system to identify and eliminate safety hazards in 3ll aspects of
EMErZENCY NESPONSE Dperations.

Ensure response personnel have the necsssary level of safety training.
Attend |MT meetings and provide reports on the nature of =afety
concerns and status of work on safety related tasks.

Coordinate safety related communications.

Wiork with the Safety and Health Group to prepare and issue =afety
bulietins on izsves affecting or likely to affect work safety.

wiork with the Medical Unit to establish procedures for handling
medical emergencies and evacuations.

Provide information and advice to the On Scene Commander, Site
sSafety Officer, Incident Commander and others regarding toxic
properties of an immediate and long term public health issues
associated with chemical involved in incidents.

Aszzist the Information Officer in describing any toxic hazards to the
media and public.

Obtain and provide the S5ite Safety Officer copies of Material
safety dats Sheets (M5OS| for spilledfemitted  materials.

Provide the Incident Commander advice on when it i safe to enter or
return to animpacted area.

Review the Imcident Action Plan field assignments and, if neceszary,
waork with the Safety and Health Group to prepare changes to the Site
safety Plan

Ensure Finance and Administration is advised of all cost commitments.

bJ
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Consider the need for an alernate or backup person for extended 24
hour coverage.

Health, safety and Environmental Officer Checklist

et Organized

Check in at the Emergency Crisic Room [ECR} and report to the Incident
Commander
Establish a working area in the ECR.
Establish a line of communication (i.e., over the Command Network) with the
Site
Safety Officer.
Receive information from the Site safety Officer and brief the Incident
Ccommander on the following:
Status of personnel [iLe., missing, injured, dead)
Hazards present
PPE reguirements
Decontamination reguirements
Receive information from the Site Safety Officer and brief the Planning Section
[i.e., Chief, safety and Health Group and the Situation Unit on the following:
o Harards present
o Lpcation of hazard control zones
o Typeof decontamination reguired in each contamination reduction
70ne
o Location of the first aid station(s)
o Emergency medical procedures
Address needs of the Site Safety Officer.
Identify and define the work that must be done to address problems and
zolutions and break work down into manageable tasks.
Receive updates from the Incident Commander.
Azssume responsibility for tasks delegated by the Incident Commander.
wiork with the Safety and Health Group to prepare the incident specific Site
safety Plan.

0on oo

5et Upand Maintain Information Center

Provide initial and, as necessary, uwpdated incident facts related to
safety considerations andinitial and, as necessary, updated information on
zafety and health conditions.

Provide initial and, as mecessary, updated information on the location of
hazard control zones, decontamination areas and first aid station(s] for the
Situation Map.

£
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»  Establish a line of communication [ie., over the Command Network) with the
Site safety Officer.

analyze Incident Potential

®  [freguested, participate in 3 meeting with the Incident Commander to review
the worksheet.

Establish Strategic Objectives

»  Assist the Incident Commander in analyzing the results of the size up process and
in identifying the safety problems that need to be addressed by the Strategic

Objectives

If available, review the safety related generic Strategic Objectives to determine

their applicability to the incident and, if necessary, revise the generic objectives.

®»  Approve the generic/prepare the safety related Strategic Objectives.

®  Provide the safety related Strategic Objectives.

Prepare General Plan

+  DEFINE OBMECTIVES
o Work with the team in preparing the General Plan to establish
milestone(s} for completion of safety and medical tasks.
Identify safety and medical tasks to be covered by the General Plan and
o Provide information tothe team preparing the General Flan
*  PERFORM DETAILED ASSESSMENT
o Provide the team preparing the General Plan guidance on kind and
gquantity of respurces needed to complete the safety tasks within the
milestone(s) time frame(z).
T APPROVE &ND IMPLEMENT PLAN
o Review the Safety tasks covered by the General Flan and provide the
team preparing the General Plan comments on the plan

I
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Information Technology Coordinator Role

This person will work with the Incdent Commander and will be responsible for
organizing and managing all communication eguipment at the Emergency Crisis
Room 50 3s to communicate and transfer data to the On Scene Command Post
as well as the "s GRISIS TEAM.
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Information Technology Coordinator Responsibilities:

Provide the Incident Commander with information on personnel, equipment,
material and supply nesds.
Organize and manage all media related activities.
Serve as princpal advisor to the Incddent Commander on all matters
redating to external communications.
prepare “If Asked” statements.
Develop proactive methods for addressing “communication™ oonoerms:

o OnScene Equipment

o Emergency Crisis Room Equipment

o Communication problems between the OnScene Equipment and

Emergency Crisis Room Equipment

o Equipment limitations

o Others
Obtain necessary approvals from the Incident Commander prior to
instalfine communication networks.
Provide information on schedules related to the Communications’ Center.
Ensure that the IMT is advised of all cost commitments.
‘Consider the need for analernate or backup person for extended 24 hour
COVET3gZE.

Compile and maintain appropriate documentation.

Information Technology Coordinator Checklist

et Organized

Check in atthe Emergency Crisis Room {ECR) and report to the Incident
Commander.

If needed, establish a working area inthe ECR.

Receive updates regarding communication problems from Incdent.

Set Upand Maintain Information Center

utilize the Information Center asa primary source of information on the incident
and the nature and status of emergency response operations.

Provide guidance on the best type of information that will be needed to be
imeracted with the TRT, IMT and CMT.

work with the Unit to establish a lomation in the Information Center for
posting important information or data.

37 | Fax-+
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»  Conduct aninitial Incident Briefing Meeting.
Establish Strategic Objectives
®  Aszist the Incident Commander in analyzing and in identifying  communication

problems that need to be addressed.
»  Provide communication strategies and objectives.

Prepare General Plan
+  DEFINEOQOBIECTIVES

*  Work with the team preparing a plan to establish
milestone(s) for completion of specific tasks.
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23 Example of a Crisis Management Team (CMT) (if applicable)

1-'.'.}
— ) e e e e e ) <=e)

23.1 Crisis Management Team ([CMT)

The CRIZIS MAMASEMENT TEAM will be based in the ADM, Corporate Office.
Thiz will enable the CRISIS Chair to head the CRISIS MAMAGEMENT TEAM to
support the Emergency Crisis Room [ECR) in Decatwr. The  Incident
Ccommander in the Decatwr will be the Lisison betwsen the Indident
Management Team and the CRISIS MANAGEMENT TEAM. Depending on the
meeds to interface with the outside world, the Organization will determine
which positions should be in the CMT depending. The following positions are
ziven as an indication.

23.1.1 CrisisManasement Chair

»  Confirms andannounces the oocourrence of an incident and its level to team
members.

+  Coordingtes all duties and actions.

»  Confirms and modifies committee member duties.

®  Informs Corporate of external relations of the incident and plan of action.

*  Approves information releases and communication materials reguired.

» Ifapplicable, informs local authorities.

»  Official communicator on progress and remedial undertakings.

23.1.2 Internal Communicator (Representative Responsible for Human Resources)

*  Dictates and submits correspondence to corporate guthorities, security
and employess.

Ted: +1-2B1-376-1523 | Fax:
www, it edsafety. net
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»  Tends to all concerns from employees and their family members.
»  Makes contact with those employess affected by the incident and their
family members.

23.1.3 Information Officer

»  Tends to all media guestions related to the incident.
®»  Transfers allmon media issves related to the incident to the corresponding
oommittee members that are approved by the Crisis Chair.

23.1 4 External Matters Information Officer

*  Communicates asrequired on the incident and remedial actions in oonjunction
with the committes director.

®  Dictates and submits correspondence to external sources.

®  Represents the company in all rews media interviews.

n  If there iz a need to activate 3 national crisis committes, hefshe will
coordinate communication tasks.

23.1.5 Technical Staff Corporate Members

»  Compile documented information.
% Aszict the committe=e members on all technical and non technical details.

»  They are the connection between the solution of the incdent and the
committee.

23.1.6 Administrative Assistant

»  Documents the facts and all decisions made during the orisis.
*  Maintains communication with the Crisis Chair of all relevant facts.

23.1.7 Liaison Officer

»  Be the primary link between the CRISIS MANAGEMENT TEAM and outside
agencies that need to be informed of activities.

»  Provide the Crisis Chair with information on personnel, equipment, material
and supply nesds.

®  Serve as the principal advisor to the Crisis Chair on all matters relating to the
status of the incident and recovery operations.

www, unit edsafety.net
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®  Agdvize the Crisis Chair on government affairs and community relation impacts
caused by the incident.

20333 State Highway 248, Sute 200
Houston, TX 77070 USA
Tel: +1-261-376-1523 | Fax:+1-2B1-370-5504
www. unit edzafety.net
189
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The following is an excerpt from the Revised UIC Form 4g document.

Appendix XIII.C - Revised UIC Form 4g

10 UIC Form 4g, Plugging and Abandonment
Last Revised: 3/31/2010
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
UNDERGROUND INJECTION CONTROL PERMIT APPLICATION

FORM 4g - PLUGGING AND ABANDONMENT PROCEDURE

USEPA I.D. NUMBER ILD984791459
IEPA [.D. NUMBER 1150155136
UIC Well Number __ CCS #1

Deseription of Plugging Procedures, see instructions
The plugging and abandonment design reflects minimum requirements to sustain the integrity of the
caprock to ensure (O, remains in the Mr. Simon. Any unforeseen changes necessary to plug and
abandon this well will meet or exceed these requirements in terms of strength or CO, compatibility.
Appendix E has the Engineering Technical Report signed and sealed by an Illinois Registered
Professional Engineer.

A, Abandonment during construction

Removal of subsurface well features: There are three seenarios in which abandonment during
well construction (or drilling) and completion while the wellbore is open or uncased: Drilling
the Surface Hole (<300 ft MD), Drilling Intermediate Hole (<5,000 ft MD), and Drilling
Long-String Hole (<7,500 ft MD).

During all three scenarios, the drill string (drll collars, dill pipe, and drill bit) is the most likely
equipment in the hole. Every attempt will be made to recover all of this equipment prior to
abandonment.

If drill pipe, drill collars and/or drdll bit are not retrieved and must be abandoned in the
wellbore, no unique plugging procedure is required and plugs will be placed as described in the
UIC permit application (4¢.1.CC). The same procedure will be used in the scenario where any
testing tool, such as a core barrel, drill stem test assembly, or non-radioactive well logging tool,
cannot be retrieved or is abandoned in the well.

If a radioactive well log is lost in the hole (density and/neutron porosity), current Nuclear
Regulatory Commission (NRC) regulations will be followed. A 300 foot, red cement plug will
be placed immediately above the lost logging tool. An angled, kick-plate will be placed above
this plug to divert any subsequent drilling that may coincidentally enter this wellbore. Current
NRC regulations require that the surface casing remain extended above the ground surface
with an informative ground plate welded to the pipe. The plate includes information about the
well to identify what is in the hole.

Plug Placement Method: The method of placing the plugs is the Balanced Plug method.
This is a basic plug spotting process that is generally considered more efficient and considered

compliant with accepted industry practces.
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B. Abandonment after injection

Removal of subsurface well features: Casing: All casing used in this well will be cemented to
surface  and  will not  be  retrievable  at  abandonment  after  injection.

Tubing and Packer: After injection, the injection tubing and packer will be the only injection
equipment in the cased hole. Every attempt will be made to remove the injection tubing and
packer. If the packer cannot be released and removed from the cased hole, an electric line
with tubing cutter will be used to cutoff the tubing above the single packer.

Plug Placement Method: The Balanced Plug placement method will be used. This is a basic
plug spotting process that is generally considered more efficient and considered compliant
with accepted industry practices.

C. Type and quantity of plugging materials, depth intervals

In addition to the proper volumes, placement of plugs on depths approved by the ageney (the
minimum requirements), all cement will be previously tested in the lab, a Schlumberger
CemCADE will be performed using actual well information such as actual depth, temperature
on bottom, hole conditions. During the plugging operations, both wet and dry samples will be
collected for each plug spotted to ensure quality of the plug.

All casing will be cemented to surface and no casing will be retrieved. From the surface, at
least 3 feet of all the casing strings will be cutoff well below the plow line and a blanking plate
with the required permit information will be welded to the top of the cutoff casing,

D. Detailed plugging and abandonment procedures

Notifications, Permits, and Inspections are the same for plug and abandonment during
construction and post-injection.

1 Nmif].' linois EPA 48 hours prior to commencing operations. Insure proper notifications
have been given to all regulatory agencies for rig move.

2. Make sure all permits to P&A have been duly executed by all local, State & Federal agencies
and ADM have written permission to proceed with planned ultimate P&A procedure.

3. Ensure in advance that a pre-site inspection has been performed and the rig company has
visited the site and is capable of mnsporting rg, tanks & ancillary equipment to perform
P&A operations. Notify all key third parties of expected work scope, and ensure third party
contracts for work are in place prior to move in.
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4. Have copics of all government permits prior to initiating operations and maintain on
location at all imes. Check to see if conditions of approval have been met.

5. Make sure parmers (U5, DOE, TEPA and ADM) approvals have been obtained, as
applicable.

6. Make sure all necessary forms for Schlumberger paperwork are on the g, i.e., NPDES,
safety meetings, trip sheets, etc.

Table 1: Plugging & Abandonment Contace List

Name Department/Pos | Office Fax Mobile Home

Paul Hughes, Jr., | Schlumberger- 281-340- | 2B1-285- | 832-715- | 281-781-
PE. Operations 80658 0165 9060 8545

ISGS Project 217-244- | 217-333- | 217-649- | 217-384-

Robert ]. Finley Management 8389 2830 1744 6841

i St ADM Project 217-424-

Engineer 5897
ADM o
Mark Carroll | Environmental |21/ 21"
5 i 2720
Coordinator
= f ok 217-524- | 217-524-
Kevin Lesko Environmental =
= 3271 3291
Protection Agency
Federal Regulatory

Nolume Calculations

Volumes will be caleulated for specific abandonment wellbore environment based on desired plug
diameter and length required.  Volume caleulations are the same for plug and abandonment during
construction and post-injection,

1. Choose the following
1. Length of the cement plug desired.
b, Desired setting depth of base of plug,
e.  Amount of spacer to be pumped ahead of the slurry.

2. Determine the following

4. Number of sacks of cement required.
b, Volume of spacer to be pumped behind the slurry to balance the plug.
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3.

c.  Plug length before the pipe is withdrawn.
d. Length of mud freefall in drill pipe.
e, Displacement volume required to spot the plug.

See generic caleulations in Figure 51 and have Schlumberger cementer and wellsite
supervisor both review caleulations prior to spotting any plug.

Note: For each cementing operation the Schlumberger cementer and the wellsite supervisor
will verify via the cementing handbook or iHandbook all ealeulations and have the Project
Manager approve the manner and procedure for said cementing operatons.  Any
amendments to the plugging program will require an exemption approved in writing from the
Project Manager.

Plugging and Abandonment Procedure for “During Construction” Scenario:

Pumping the Cement [ob (Firure 52)

i

b

v

-~

Trip in Hole (TIH) to the desired depth (drill pipe tags the base of the desired plug
depth).

Shut down circulating trip tank on wellbore.

Break circulation and conditon mud as required. Circulate at least undl the pit levels
stabilize.

Mix and pump cement and spacers.

Displace with the predetermined mud volume.

Shut down cementing unit and allow mud to freefall.

Near the end of the freefall, begin pulling out. Check to verify if we are pulling drv or wet.

Pulling Out of the Plug (Figure 52 )

8.

10.

11

12,

Resume cireulating trip tank on the wellbore, Slowly pull the drllstring out of the plug
and continue tip out of hole (TOH) unil 2-3 stands above the top of the plug, Slowly
pump 5-10 bbls to elear the drill pipe. Run circulating trip tanks continuously.

Do not attempt to reverse circulate because of potential contamination of the cement
plug and to avoid over-pressuring the wellbore annulus. TOH.

Waiting on cement (WOC) minimum 12 hours, make up bottom hole assembly (BHA)
and TIH to tag plug and record same. If tag will hold 5-10K Ibs weight, pull up, circulate
1-2 stands above and continue with next balanced plug (either in open hole or inside
casing) to propetly comply with all local, state and federal regulations governing P&A
operations (Table in Form 4g.1.C).

After spotting of all plugs, pull out of hole (POOH) laying down all ddll pipe and drill
collars, break out BHA

Finish cutting off below plow line (or per local, state or regulatory guidelines) all casing,
dump 2-5 sacks of G cement in surface hole below plow line and weld plate on top of
casing stub. Place marker as required by agencies.
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13. After fg is released, commence with restoring site to as orginal condition as possible or
per local, state or federal guidelines.

14. Complete plugging forms and send in with charts and all lab information to all state, local
or federal agencies, as is required.

Plugging and Abandonment Procedure for “After Injection” Scenario:

Mobilize workover (W) or Plugging Rig Equipment. Give IEPA and DNR 48 hours
notice before commeneing operations,

Move in rig to ADM CCS#1 location. Netify the Project Coordinator before moving rig,
Ensure all overhead restrictions (telephone, power lines, etc) have been adequately
previewed and managed prior to move in and rg up (MI & RU).  All CO, pipelines will be
marked and noted to WO g supervisor prior to moving in (MI) dg. Move dg onto
location per operational procedures.

Conduct a safety meeting for the entire erew prior to operations, record date and time of all
safety meetings and maintain records on location for review.

Make daily “Project Inspection” walks around the rg. Immediately correet deficiencies and
report deficiencies during the regulatory discussion during morning meetings/ealls.
Maintain International Association of Drilling Contractors (IADC) or plugging reports daily
at the WO rig log book or doghouse.

MI rig package and finish rigging up hoses, hydraulic lines, etc.
Open up all valves on the vertical run of the tree. Check pressures.

Rig up pump and line and test same to 2,500 psi. Fill casing with kill weight brine (9.5 ppg).
Bleeding off occasionally may be necessary to remove all air from the system. Keep tmack
and record volume of fluid to fill annulus (Hole should be full). If there is pressure
remaining on tubing rig to pump down tubing and inject two tubing volumes of kill weight
brine. Monitor tubing and casing pressure for 1 hour. If both easing and tubing are dead
then nipple up blowout preventers (NU BOPs). Monitor casing and tubing pressures.

It needed, if well is not dead nor pressure cannot be bled off of tubing, rig up (RU) slickline
(SL) and set X-lock plug in X nipple located in X-Plug in tailpipe below packer. Circulate
well with kill weight brine. Ensure well is dead. ND tree. NU BOP’s and funetion test
same. BOP’s should have 4 %:"single pipe rams on top and blind rams in the bottom ram
for 4 V2" Test BOP’s as per local, state or federal provisions or utilize higher standard, 30
CFR250.616. Test pipe rams and blind rams to 250 psi low, 3,000 psi high. Test annular
preventer to 250 psi low and 3,000 psi high. Test all TIW’s, IBOP’s choke and kill lines,
choke manifold, ete. to 250 psi low and 3,000 psi hich. NOTE: Make sure casing valve
is open during all BOP tests. After testing BOPs pick up 4 V2 tubing string and unlatch
seal assembly from seal bore. Rig slick line and lubricator back to well and remove X- plug
from well. Rig to pump via lubricator and keep well dead.
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9.

10.

11.

12,

13.

14.

RU 4 %2 g hydraulic tubing tongs for handling of production tubing, Pick back up on
tubing string and pull seal assembly from seal bore. Pull hanger to floor and remove same.
Circulate bottoms up with packer fluid.

POOH with tubing laying down same. NOTE: Ensure well does not flow due to CO,
“back flow™ Well condition is to be over-balanced at all times with at least 2 well
control batriers in place at all times.

Contingency: If unable to pull seal assembly RU electric line and make cut on tubing string
just above packer. Note: Cut must be made above packer at least 5-10 ft MD. Several
different sizes of cutters and pipe recovery tools should be on location due to possible tight

spots in tubing.

If successful pulling seal assembly then pick up 3 %2 or 4 V2 inch workstring and TIH with
Quantum packer retrieving tools. If tubing was cut in previous step then skip this step.
Latch onto Quantum packer and pull out of hole laying down same. If unable to pull
Quantum pull work string out of hole and proceed to next step. Assuming tubing can be
pulled with packer with no issues, run CBL or USIT to determine that there is no leakage
around the wellbore above the caprock. If leakage is noted prepare cement remediation
plan and execute during plugging operations. Set 9 5/8 inch cement retainer on wireline just
in Eau Claire above the Mt Simon Formation (approximately 5250 feet). Trip into hole with
work string and sting into cement retainer. Test backside to 750 psi for 30 minutes on chart.
A suceessful test should have less than 10% bleed off over the 30 minute perod. This will
be considered a successful casing test. Establish injection with packer kil fluid at 0.5, 1, and
2 BPM not to exceed 2,000 psi injection pressure. Sting out of retainer.

With pipe stung out of retainer, Mix and pump 300 (63 bbls) sacks of Class “H” cement
mixed at 15.6 ppg plus fluid loss additive as proposed by cementing company and actual
downhole conditions (tremperature, BHP, etc). Obtain fluid loss of less than 100 cc/30 min.
Follow that with 500 (105 bbls) sacks Class H cement mixed at 15.6 ppg with dispersant.
Circulate to within 5 bbls of end of work/tubing string, sting into retainer and finish mixing
cement. Displace tubing and squeeze away 30 bbls of cement into the open perforations..
Note: Do not squeeze at higher pressures than 2,000 psi. Sting out of retainer and reverse
out a minimum of 2 pipe volumes. Note: Leave cement on top of retainer.

POOH racking back work string. Shut down for 12 hours Go in hole (GIH) open ended.
Tag up on cement on top of retainer and note same.

Cire well and ensure well is in balanee. Place tubing just above cement top from previous
day. Mix and spot 500 ft balanced plug in 9 5/8 inch casing (approximately 175 sacks Class
A or H). Pull out of plug and reverse cireulate tubing, Repeat this operaton until a total of
10 plugs have been ser. If plugs are well balanced then the reverse circulation step can be
omitted undl after each third plug, Lay down work string while pulling from well. If rg is
working daylights only then pull 10 stands and rack back in derrick and reverse tubing
before shutting down for night. The following morning trip back in hole and tag plug and
contnue, After ten plugs have been set pull tubing from well and shut in for 12 hours. Trip
in hole with tubing and tag cement top. Calculate volume for final plug, Pull tubing back
out of well. Nipple down BOPs and cut all casing strings below plow line (min 3 feet below
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ground level or per local policies/standards and ADM requirements). Trip in well and set
final cement plug. Total of approximately 2660 sacks total cement used in all plugs. Lay
down all work string, ete. Rig down all equipment and move out. Clean cellar to where a
plate can be welded with well name onto lowest casing string at 3 ft.

15. File all plugging forms to local state, federal and other agencies as required.

Note: utilize all local, state or federal rules relative to P&A or at least 33% plus actual volumes
or as approved previously by Hllinois state agency or Federal agency.

E. Cost estimate for plugging and abandonment worst case scenario

Itemized P&A Costs

a. Casing Evaluation:

Mobilize equipment and crews from nearest distnct. Run muln-
finger caliper for derailed inspection of the inner surface of the
casing. Run Isolation Scanner for final condition of outer surface
of casing and cement condition. Compare to baseline logs run
before injection started.

b. Evaluation of any problems discovered by the casing
evaluation:

Downhole video camera to get visual images of the questionable
inner surfaces of the casing.

c. Cost for repairing problems and cleanup of any
groundwater or soil contamination:

€10, as a vapor in soil would not result in contamination like a
liquid. A formal *“cleanup™ may not be required, and the CO,
would dissipate into the atmosphere.

€0, into groundwater would like be the same as thar in oil. Fora
period of dme, the shallow groundwater may have a low
concentration of {0, similar to a “fla’” soft donk. With ome the
0, will dissipate into the unsaturated soil and dissipate.

d. Cost for cementing or other materials used to plug the well:

e. Cost for labor, engineering, rig time, equipment and

consultants:

During Post
Construction Construction®
N/A $50,000
N/A 820,000
N/A 540, 000

$37,000 $78,000

£157,000 £157,000
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{. Cost for decontamination of equipment: N/R

g. Cost for disposal of any equipment: N/R
Tubing would be sold as scrap metal and worst case cost would be
trucking services only.

h. Estimated sales tax: 52,000

Ohr review shows there is no state sales tax for this kind of work.
i. Miscellaneous and minor contingencies (20%%): $10,000

j. Total $206,000

* Post Construction cost is for 1/1/08; if the well was abandoned 30 years from now, assuming 3%

annual infladon the worst case P&A would be 2.43 times greater or $873,370.

N/R

$2,000

$2,000

£10, 000

$£35%9,000
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Figure 51: Plugging Volume Calculations

VOLUME CALCULATIONS

1. CAPACITIES

Datermine the following capacities:
Annular capacity between dnllpipe and hole [Vaun) ¥/t and fUbbl
Hole or casing capacity (Vesron) it
Dnilipgpe or tubing capacity (Veasn=) f*/ft and bbift

2. NUMBER OF SACHKS OF CEMENT
Determine the number of sacks of cement required for a given length of plug (sx):

M = Lawyg X Voason / slurry yield

Where:

Msx = number of sacks of cement, sx
L = length of cement plug, ft

Veaeon = capacity of open hole or casing, it

Slurry yield = cement yield, ft'/sk

3. SPACER VOLUME BEHIND SLURRY
Determine the spacer volume to be pumped behind the slurry to balance the plug (bbis):

Vranseazes = Viw X Vieapseer X Veargs

Where:

Vraiseazen = spacer volume to be pumped behind the slumy to balance the plug, bbls
Vassy = annular capacity, ft'bbl

Vigapsecs = Spacer volume to be pumped ahead of cement plug, bbis

Versoe = drill pipe capacity, bblft
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Figure 51: Plugging Volume Calculations, contd.

VOLUME CALCULATIONS, CONTINUED
4. PLUG LENGTH
Determine the plug length (ft) before the drill pipe is withdrawn {ft):

Lews = (Ngx X slurry yield) / (Vaun + Voaroe)

Where:

Lews = length of cement plug before the DP is withdrawn, ft
Ngsx = number of sacks of cement, sx

Slurmy yield = cement yield, ft'/sk

Vot = annular capacity, ft'/ft

Ve = drill pipe capacity, ft'it

5. LENGTH OF FREEFALL IN DRILL PIPE
Determine the length of mud free fall in drill pipe (ft):

Le= =TD (1 = MW)

Whare:

Lee = length of free fall inside the drill pipe, ft
T = depth, it

W = mud density, pPG

6. DISPLACEMENT VOLUME

Determine displacement velume required to spot the plug (bbl):

Vose = [(Los — Letuo — Lew) X Viearor] — Viawseen

Where:

Voise = displacement volume required to spot cement plug, bbls
Loe = length of dnll pipe, it

Lewss = length of cement plug, f

Le= = length of freefall, ft

Veasos = drill pipe capacity, bblft

Viamsecr = spacer volume to be pumped behind the slurry to balance the plug, bbls
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Figure 52: Schematic of pumping the cement job using the balanced plug method.

The mottled grey is cement, the white is spacer, and the brown is mud. In the first graphic, the first
spacer has already been pumped, and they are pumping in the cement. In the 2nd graphie, they have
displaced most of the cement (don't want to contaminate the cement, so leave a little in pipe at this
stage), pulled the end of the pipe up into the space, and are displacing the end of the cement and
putting more spacer fluid in between the mud and the cement. In the 3rd graphie, they are
circulating mud to clean the pipe and casing of any cement before it sets.
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SECTION 8C - PLUGGING AND ABANDONMENT PROCEDURES
GEOPHYSICAL MONITORING WELL
(FORM 4G)

As the geophysical monitoring well does not penetrate the cap rock above the Mt. Simon
formation, plugging and abandonment procedures will follow typical practice for well sealing.

8C.1 Description of Plugging Procedures
At the end of the serviceable life of the well, the well will be plugged and abandoned utilizing
the following procedure:

1. Notify the regulatory agency of abandonment at least 24 hours prior to plugging the well.

2. Cement may be circulated from total depth or plugged-back total depth to surface or
cement plugs may be placed as specified below.

a. Cement plug circulated or dump bailed over any perforated interval (none
planned).

b. Cement plug circulated inside casing from 500" to a minimum of 250"

¢. Third possible method would be to perforate the St. Peter formation at the bottom
of the 3 ' inch tubing that is run in the well as casing.

3. Cut off all well head components and cut off all casings below ground level.
4. Finish filling well with cement.

5. Install permanent marker at surface.
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Verification Well #1 (VW1) Plugging and Abandonment Exerpt

UIC Form 4g, Plugging and Abandonment

ILLINOIS ENVIRONMENTAL FROTECTION AGENCY
UNDERGEOUND INJECTION CONTEROL FERWMIT AFPLICATION
FOEFM 4g - FLUGGING AND ABANDONMENT FROCEDURE

USEPA I.D. NUMBEER. ILDRE4721459
IEPAID. NUMBEER 1150155136
UIC Well Mumber  TED

I. Deeseription of Plugging Procaduras

The plugging and abandonment design reflects minimum requiraments to sustain the intagrity of the
caprock to ensurs OO remains in the Mt. Simon. Anvunforessenchanges necessarvto plugand
abandon this well will mest or exceed these requirements in terms of strangth and OO0y compatibility.

A, Abandonment during construction

Removal of subsurface well features: There ars threes scenarios undsr whichabandomment mav
occur during wall construction (ordrilling) and completion whils the wallbore is open oruncasad:
Dyilling the Surfaca Hole (<373 ft), Drilling Intermediate Hola (<3,300 f1), and Drilling Long-
String Hola (<7300 fi).

Druring all thras seenarios, the drill string {drill collars, ddll pipe, and drill bit) is the mo st lilaly
squipment in the hols. Evervattampt will be made to recover all of this squipmeant prier to
ahandonmeart.

If drill pipe, drill collars and/or drill bit ara notretrisved and must be abandonedin the wellbora,
plugs will be placad as directed by the IEPA. The sams procadura will be used if anv tastine tool,
such as a cora barral or drill stem assembly or non-mdicactivewall logtoolis used. Flug
placamant will dapend upondapththat equipment was lost in the wall.

If a radioactive wall logis lostin the hola (density and/nsutron porosity), current Nuclsar
Ezenlatory Commis sion (MEC) regulations will be followed. A 300 ft, rad cement plug will be
placed immediatalv above the lostlogsingtool. An anglad, kick-plate will bz placed abowve this
plugto divert anv subsaquent drilling that mav coincidantally entar this wellbers. Curramt NEC
regulations requirs that the surface casing remain axtendzd above the sround surface with an
informative groundplats weldad to the pipe. The plate includes information about the well to
idantifv what is in the hols.

Plug Placement Method: The mathod of placing the plugs is the Balanced Plog mathod (Figurs
6). This is a basic plug spotting procass that is penerallv considared more afficient and is consistnt
with bast industrv practicas.
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B. Abandonment at end of project
Removal of subsurface well featuras:

Caszing: All casingusad in this weall will be cementad to surface and will not ba ratrisvabls at
abandonment after injection

Tubing and Packers: The Wastbav packers will be deflated and the tubing string removed. If the
packers cannot be relsased and ramovad fromthe cased hole a determination will be made as to
whers in tha wall the pipais stuck and an elactric line with tubing cuttar will be usad to cutoff the
tubing above the lowest stuck packsr.

Plog Placement Method: The Balanced Plug placement method will bz used. Thisis abasic plug
spotting procass that is generally considered mors afficiant and is consistent with bast industry
practices.

C. Type and guantity of plogging materials, depth intervals

In addition to the propar volumas, placemant of plugs on dapths approved by tha IEPA (tha
minimum raquirsmants), all cament will be praviously tastedin the lab_ a Sehlumbarsar
CarnCADE will be parformed using actual weall information such as actual depth, temperators on
bottom, hols conditions. During the plugeing operations, bothwet and drv samplas willbe
collacted for sach plug spotted to ensure quality of the plug.

All casingwill ba cementad to surfaceand no casing will be ratrisved. From the surface atl=zast 3
feat of all the casing strings will ba cutoff wall balow the plow line and a blanking plata with the
raquirad parmit information will ba weldad to the top of the cutoff casing.

D. Detailed plogzing and abandonment procedures

Motifications. Permits. and Inspactions (Prior to Workeovar or Rie Movemeant

Motifications, Pemmits, and Inspactions ate the same for plug and aband onment during construction
and post-injection.

1. Motify Illineis EPA 48 hours prior to commencing oparations. Insursproper notifications
havabeen given to all regulstory agsnciss for rigmova.

Mlaka sure all parmits to P& A have been dulvexscutad by all local, State & Fedaral

agenciss and ADM has written permissionto proceed with planned ultimata P&A
procadurs.

[

[¥E]

Ensurs in advancs that a pre-sits inspaction has baen performad and the rig companyhas
visitad tha site and is capabls of transposting rig, tanks, and ancillary aquiprment to parform
P& A operations. Motifvall key third partiss of expectad work scope, andensurs third party
contracts for work ars in placs prior to move in.

4. Hawecopiss of all governmant parmits prior to initiating oparations and maintain on
location atall times. Cheack to ses if conditions of approval have beenmat.
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5. Make sure all operations have beenplannad and ars carrisd outin such a mannerthat meats
appropriate standards.

Tabla B: Plugeing & Abandonmert Contact List

Iame D eparoment Dffice Afier Hours
Position

[Panl Hughes, Jr, | Schlumberzer- CEE R 1071 50N E!

PE F—- 281-763-3010 [B32-715-2040

Flobert ] Finley iﬁf’&; 217-244-8380 | 217-649-1744

Tt ADM Project N 4945007 Ry

Tom Stone Ensinear 217-424-58% 217-424-5200

ATM

Mark Carrol]l  |Environmental |217-451-2720 |217-424-5200

Coordinator

Wolume Calculations

Estimated volumnas will becaleulatad for specificabandonment wallbore smvirommeantbased on desirad
plug diamster and lan gth required Volums caleulations a= the sameforplus and shand orrment during
construction and post-injaction

1. Choosa the following:
a. Langth of ths cement plug desirad.
b. Desirad setting depth of basz of plug.
c. Amount of spacer to be pumped ahead of the slurrv.

2. Detarmins the following:

Mumber of sacks of cement requirsd.

Volume of spacar to bz pumpead behind the shurrv to balanes the plug.
Plug length bafors tha pipe is withdrawn.

Langth of mud fraafall in drill pipa.

Displacement volums raquirad to spot tha plug.

boan o

3. Sae generic calculstions inFignra 7. Have camenter and wellsite suparvisor both reviaw
caleulations prior to spotting anv plug.

MNota: For sach cementing oparation the cementarand the wallsite supervisor will verifvviaa
cementing handbook or iHandbook all calculations and have ADM approve the mannsr and
procadurs for camanting opamtions. Any amsndmants to the plugsing program will raguirs
an exemption approvadin writing from the Project WManagar.
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Plugging and Abandonment Procedure for “During Constroction™ Scenario:
Possible Pumpine Scenario for the Cament Job {s22 figurs £)

1.

2

=

LN

M

Trip in Hole (TIH) to the dasirad depth {drill pips tags the basa of the desired plug d=pth).

. Shutdown circulating trip tank on wellbors.

Break circulation and condition mudas raquirad. Cireulate at least until the pit lavals
stabiliza.

Mlix and pump cement and spacars.

Displacs with the pradstermined mud volums.

Shut down cementing unit and allow mud to fraefall.

Maar the and of the freefall, bagin pulling out. Check to verify if we ars pulling drv or
wet.

Pulling Out of the Plue

g.

9.

140.

11

13.
14.

Fasume circulating trip tank on the wallbora. Slowly pull tha drillstring out of the plug
and continue trip out of hols (TOH) until 2—3 standsabove the top of the plug. Slowly
pump 3-10 bblsto clear the drill pipe. Eun circulating trip tanks continuouslv.

Do not attempt to raverse cireulats bacanse of potential contaminstion ofthe cament plug
and to avoid over-pessuring the wallborsannulus, TOH.

Wait on cement (WOC) minimum 12 hours, make up bottorn holz assambly (BHA) and
TIH to tag plugand record same. If tag will hold 5—10K lbs weight, pull up, circulats 1-2
stands aboveand contime with next balanced plug {zither in open hols or insids casing)
to properly complywith all local, stats and faderal regnlations governine P& A
oparations.

. After spotting all plugs, pull out of hols (POOH) laving down all drill pipe and drill

collars, braak out BHA

.Finish cutting off balow plow lina {or par local, state or regulatory gnidalines)all casing,

dump 2-3 sacks of G cemant in surfacs hola balow plow line and weld plate on topof
casing stub. Placs markar if requirad by ageney{ias).

After rig is released, commencs with site restomtionpear local, stats or fadaral gnidalinss.

Completa plugring forms and sendin with charts and all lab informationto all stats, local
or fadaral agenciss, a5 is raguirad
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Poszsible Plugging and Abandonment Procedure for “End of Project™ Scenario:

At the and of the servicsabla life of the verification well, the well will b plugged and abandonad
In summarv, tha plugeing proceduss will consist of removing all componants of the complation
swstem and then spotting cement plugs along the entirs langth of the well. Atthe surface tha well
head will be ramovad and casing eut off 3 faat balow surface. A datailad procaduss follows:
Move in wodsover unit with pump andtanlk

Fill both tubing and anmilus with kil waight brins.

Nippls down wall head and nippla up BOPs

Ramove all dewnhols equipment from wall

EKaap hols full with workovear brine of sufficiant densitvto maintain wall control

Pickup 2 7/8" thgwerk strine {or compambls) and trip in hele te PETD

Circulate hols two revoliutions to snsure that uniformn dansity fluidis inthewall

Start setting cement phigs by spotting 56 sacks Class A cament with 130 TIC. This amount is aqual
to 300 ftin ths 5 %" casineg. Pull 1{ stands {20 joints)tbg and ravarse cireulats hola fortero thg
volumeas. Lavdown tubing as it is pullad from wall.

9. Rapastplug setine procadurs untilupparmost set of perforations is covarad. Ravarsa cireulats hole
one ravolution.

10. Pull tan stands and shnt dewn ovemight.

11. On the next moming TIH ten stands and tag plue. Fasums plugsing procedursas befors and
continue spotting pluss until the last plugs at the surface. Rapeat until last plug at surfaceand spot the
appropriats volime of cemeant to reach surfacs.

12. Nippla down BEOPs

13, Cut off all weall haad comp onents and cut off all casines at below groundlaval.

14. Finish filling wellwith camant

15. Install parmanamt marksr back to swface on which all partinent wall information is inseribad.
16. Fill callar with topseil.

17. Rig down wodioverunit and move outall equipment. Hanl offall workowvar fluids to proper
disposal site.

18.Eaclaim surface to normal grade and resead location

ol O

LN

S

(=)

7300547 15,5 #/ft casingrequiras B30 skscameant to fill, 23 plugs (astimatad)

Approximataly fivedays required from move in to mowve out, dependings on the oparations athand
and the physical constraints of the well, waather ate..
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Fignre 6. Schematic of pumping the cament job using the balancad phig mathod The mottlad gray is camant
the white is spacer, andthe brownis mud. In the first sraphic, the first spacer hes alrsady been pumpad, and
thaw are pumpine in the cament. In the 2nd sraphic, thewhave displaced most of the camant {don't want to
contaminstathecement so lemvealittle inpips at this stazs), pulled the and ofthapips upinto the space, and
arz displacine tha snd ofths camantand puttine mors spacar fnidin batwesnthe mud andthe camant Intha
3rd praphic thevare circulatine mud to clean the pipsand casine of ame cameant bafore it sats.

Page 30 of
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V. Estimated 2009 Costestimate for plugging and abandonment worst case

scenario

Ttemized P& A Costs

2 Casing Evaluation:

Mlobiliz equipment and gews fom nearst distdat Fim multi-finssr caliper for detailed
inspection of the immer snaface of the @sine. Fonlsabfion Scannes for final condition of
outer swrface of casing and cement condiion. Compateto baselnelass nm befreinscion
stanted.

b Evaluation of any prablems discoverad by the casing evaluation:

Diownhale video Gmera o g2t vism] imasss ofthe questionshle imerswrfaces of thecasing
. Cost for repeiring problems and cleannp of any sronndwates of 504l contamination:

20 35 a vapo o soil willnat esult in conEmdnation e 3 iquid. A forma] “cleamp™ may
nat be raquired, and the O0: will dissipate into the atmasphera.

20 into gromdeater will Hie be the same a5 detinoil Fora pefiodof time, the shallow
soundwaker may hevea low concemtration of (0 similer o a “flaf” saft drink. With time
the &0: will dissipats into the unsaturated soil and dissipate.

d_ Cast for cementing or ather materials nsed to plozthe well:

2 Cost for 1abog, ensinesring, rig time, equipment and consnltants:

f Cast for decontamination of equipment:

& Cost for disposal of any equipment:

Tobingwillbe s0ld 25 scrap metal and worst case cost will be tmcking senvices only.
h Estimated sales tax:

Onr review shows there is no state sales tax for this kind of work.

i Miscellaneons and minar contingencies {20%):

j-Total

*Post Constmotion cost is for 11010; if the well was atendoned 30 years from now, asswming 3% annnal inflation the worst case

PEA would be 43 times sreateror 3772,740.

During Post
Construciom  Constroction®
N/A 350000
N/A 320000
N/A 540,000
337000 337000
157,000 5157000
N/A NiA
N/A 32,000
32,000 32,000
310,000 310,000
5206000 $318,000

Pag= 40 of 43
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Figura 7. Pluggine Volumes Calculations.
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Fignra 7. Plugeing Volums Caleulafions, cont.

VOLUBIE CALCULATIONS, CONTINUED
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Appendix I: IEPA UIC Permit
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

1021 NORTH GRAND AVENUE EasT, P.O. BOX 15276, SPRINGFIELD, ILLINOIS 62704-0276 » (217) 782-2829
HN - KIM-INFERIM-DIRECTOR—

217/524-3300
November 8, 2012 CERTIFED MATL
7009 3410 0002 3749 6922
Archer Daniels Midland Company
Attn: Mark Burau, Decatur Corn Plant Manager
4666 Faries Parkway

Decatur, lllinois 62526

Re: 1150155136 - Macon County
ADM Company
ILD984791459
Permit No, UIC-012-ADM
Log No. UIC-143-M-5
Well No. CCS #1
UIC Administrative Record File
Permit Approval

Dear Mr. Burau;

Enclosed is a modified Underground Injection Control (UIC) permit authorizing Archer Daniels
Midiand Company’s (“ADM”) to operate of a Class I non-hazardous carbon dioxide
sequestration injection well system. The permit was modified in response to AMD’s
modification request, dated March 20, 2012 and received by the lllinois EPA on March 27, 2012.

* This modification has been processed as a minor modification pursuant to 35 Ill, Adm. Code

704.264,

This permit modification requested corrections fo the injection flow rates and other typographical
errors present in the permit language. Other errors identified by the Iilinois EPA during our
review of the permit have also been corrected. The permit conditions that have been modified
imderthis action are identified in Attachment 1 of this letter. -

This permit modification request is hereby approved subject to the conditions contained in the
attached UIC permit. A detailed list of all documents and approved permit modification request
associated with this permit is contained in Aitachment J of the permit. Read this document
carefully. Failure to meet any portion of the permit could result in civil and/or criminal
penalties.

. Maln St Boddloed, IL 1103 (315967 7740 9511 Herrison St, Dei Ploines, il 60016 (B471294.4000

Siate, Egin, L 60123 [047)608-2121 5407 M, University §t, Arbor 113, Peorio, L 81614 [209)093-5442
First §1, Champolign, L 61820 [217)278-5800 2309 W, Maln 5, Sulke 114, Marlen, [L 62959 (4189937200
il 5, CalfiwiSe, 1L 62234 {518)344-5120 100 W, Randolph, Sulbe 11-300, Chlcogo, IL 60401 (31218146026
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Mr. Mark Burau 1150155136 — Macon County
ADM Company
Page 2 Log No. UIC-143-M-5

Work required by this letter, your submittal or the regulation may also be subject to other laws
governing professional services, such as the Illinois Professional Land Surveyor Act of 1989, the
Professional Engineering Practice Act of 1989, the Professional Geologist Licensing Act, and the
Structural Engineering Licensing Act of 1989. This letter does not relieve anyone from
compliance with these laws and the regulations adopted pursuant to these laws. All work that
falls within the scope and definitions of these laws must be performed in compliance with them,
The [llinois EPA may refer any discovered violation of these laws to the appropriate regulating
authority.

If you have any questions regarding matters related to this permit, please contact Kevin Lesko at
217/524-3271.

g

Stephen F. Nightingale, P.E.
Manager, Permit Section
Bureau of Land

SFN:KL:ki\ 150155136-UIC-UIC143M5.docx

Attachments: Attachment | - Scope of Modification
Underground Injection Control Permit

cc: Dean Frommelt, Division Environmental Manager -- ADM
Sallie Greenburg -- Illinois State Geological Survey
Robert Finley -- Illinois State Geological Survey
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ATTACHMENT 1

SCOPE OF MODIFICATION
Log No. UIC-143-M-5

1150155136 -- Macon County
ADM Company
ILD984791459

Permit No. UIC-012-ADM
Well No. CCS #1

The following is a list of the permit conditions that have been modified in response to permit
modification request Log No. UIC-143-M-5:;

Condition B.1(b) — Modified as requested to reflect the correct flow rate limits for each orifice
size:

FIT-006 Orifice Si Flow Rate Limit (mm/max)
1.5 inch 13,009 -45,870 Ibs/hr

1.75 inch 19,519 - 63,252 Ibs/hr

2.25 inch 31,069 - 109,477 lbs/hr

Condition B.1(b) — The reference to Condition B.6(c) (Monthly Reports) in the last sentence of
this condition was not correct. The condition was modified to refer to Condition B.6(b).

THER TYPOGRAPHICAL ERR:

The following are the additional typographical errors that were identified and corrected by the
Illinois EPA:

Condition A.4.c — Changed depth of longstring casing to referenced to depth below ground
surface rather than wireline depth below Kelly Bushing.

Condition B.4.b.iv — The reference to Condition B.7 was m_t correct. The mndltlon was

- modified to refer to €ondition-B:6.d.viii.- — —- - — —— - — — — .

Condition 1.8 — Corrected spelling of ‘Permittee’ in first sentence.

A B - Well Di - Injection Well Schematic, left column, depths for casings
changed from, depth below Kelly Bushing (KB) to depth below ground surface.

B

R R
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Attachment 1 1150155136 — Macon County L

Scope of Modification ADM Company
Page 2 Log No. UIC-143-M-5
Attachment B - Well Diagrams - Verification Well #1 Schematic

- Corrected Bottom Depth of Top Section of the Long String Casings;

- Corrected Top Depth of Bottom Section of the Long String Casings;

- Depths for Westbay Packers labels P2 to P10 incorrect, label for P11 missing, corrected
depths for P2 to P11.

Attachment C - Procedure For Calculating Average Values — Corrected spelling of *Calendar’ in
item 4.

Attachment J - Approved Permit Application — Added November 1, 201 1document CCS1 &
VM1 Well MIT Report to list.

SEN:KL:kIN 150155136-URC-UIC143MS5 . docx
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

1021 NORTH GRAND AVENUE EAST, P.O. BOX 19276, SPRINGFIELD, ILLINOIS 62794-9276 » (217) 7822829

217/524-3300

Non-Hazardous Class 1 Well
Underground Injection Control Permit

|
Archer Daniel Midland Company (ADM) =
Attn: Mark Burau, Decatur Corn Plant Manager |

4666 Faries Parkway |
Decatur, Illinois 62526 |
Re: 1150155136 — Macon County Issue Date: December 23, 2008 l

ADM, Company Effective Date; January 27, 2009

ILD984791459 Expiration Date: December 23, 2018

Permit No. UIC-012-ADM Modification Date: November 8, 2012

Log No. UIC-143-M-5 !
Well No. CCS #1 i
UIC Administrative Record File -

A modified Underground Injection Well permit is hereby granted pursuant to the [llinois Environmental
Protection Act and Title 35 llinois Administrative Code (Ill. Adm. Code) Parts 702, 704, 705, and 730 to
Archer Daniel Midland Company (ADM) to operate and maintain a non-hazardous waste Class |
Underground Injection Control (UIC) well, known as Carbon Capture Sequestration Well No. 1 (CCS1),
for the injection of supercritical carbon dioxide, The permitted well is located 438 feet South and 1332 ;
feet East of the Northwest corner of the Northwest quarter of Section 3, Township 16 North, Range 3 1
East, Macon County, lllinois. ]

This permit consists of the conditions contained herein (including those in any attachments and
appendices) and applicable regulations contained in the Illinois Environmental Protection Act and Title
35 1. Adm. Code Parts 702, 704, 705 and 730. The Environmental Protection Act 415 ILCS 5/1 et seq.
(formerly [ll. Rev. Stat., Chapter 111 1/2, Section 1039) grants the Illinois Environmental Protection
Agency the authority to impose conditions on permits which it issues.

This permit is issued based on the information submitted in the permit application identified in
Attachment J, and any subsequent amendments (hereafter referred to as the approved permit application).
Any inaccuracies found in this information may be grounds for the termination of modification of this
permit (see 35 1ll. Adm. Code 702.187 and 702.186) and potential enforcement action.

If you have any questions regarding this permit, please contact Kevin Lesko at 217/524-3271. |

- -  Sincerely; -

4 7%

Stephen F. Nightingale, P.E.
Manager, Permit Section
Bureau of Land

L
SFN:&L:H\I 1501551 36-UIC-UIC143M5.docx
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1150155136 — Macon County
ADM Company

Log No. UIC-143-M-5

Page 1 of 76

A. WELL SPECIFICATIONS

1.

Well Location. Carbon Capture Sequestration Well 1 (CCS1) is located 438 feet
South and 1332 East of the Northwest comer of the Northwest quarter of Section 5,
Township 16N, Range 3E, Macon County, Illinois. The surface elevation is 674 feet
above mean sea level (MSL). The approximate completed depth of the well is at
7,221 feet or 6,547 feet below MSL, extending approximately 185 feet into the
Precambrian granite. 4

Application and Plans, Construction and operation of the injection well and associated
monitoring systems, shall be conducted in accordance with the terms and conditions of
this permit, the approved permit application, and subseguent approved modifications
as identified in Attachment J,

Wellhead. The wellhead assembly shall be rated to a minimum of 3,000 psi working
pressure. Components of the wellhead that are in contact with the injection stream
shall be constructed of schedule 310 or 410 stainless steel. A wellhead assembly
diagram is provided in Attachment B of this permit.

Casing and Cementing (35 Ill. Adm. Code 730.112(b)). An injection well diagram is
provided in Attachment B of this permit. The casing and cement design specifications
used in the construction of the well are as follows:

a.  Surface Casing (Carbon steel, Grade H-40, OD (outer diameter) 20 in.) The
surface casing was set and cemented at a subsurface depth of 340 feet,
Cementing was accomplished in two sections; (Lead) Class A, 58 cubic yards
(c.y.) and (Tail) Class A 38.67 c.y.

b. Intermediate Casing (Carbon steel, Grade J-55, OD 13.375 in.). The
intermediate casing was set and cemented at a subsurface depth of 5324 feet.
Cementing was completed in two stages with the first stage using a Class H
cement and the second stage using a 65/35 Class A Pozzolan system with 4%
bentonite and 10% salt with 5 Ibs/sack Kolite mix.

¢.  Long string Casing (Top Section; Carbon steel, Grade N-80, OD 9.625 in.)
(Bottom Section; Carbon steel, Grade L-80, and Chrome steel, 13Cr80, OD
9.625 in.) The longstring casing was set and cemented at a subsurface depth of
7204 feet. Cementing was completed in two sections: lead section from 0-4170
ft. (35/65 LP3: A, pozzolan/cement blend), and a tail section from 4170-7219 1t
(EverCRETE).

Tubing and Packer Specifications. Injection shall be through the 4-1/2 inch OD, 12.6

ppf, 13CR85 tubing and packer assecmbly. The tubing extends from the wellhead to
6348 feet below ground surface and attaches to the packer assembly. The packer is a
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ADM Company
Log No. UIC-143-M-5

Page 2 of 76

Schlumberger brand Quantum Max Type III Service Tool, Q-Max 13 Chrome. The top
of the packer is set at depth of 6348.7 feet with the center of the sealing elements at
6350 feet. The end of the packer assembly is at 6399 feet below ground surface. Any
changes in the tubing and packer material and design shall be submitted to the Permit
Section, Division of Land Pollution Control for approval at least 30 days prior to
installation. (35 Ill. Adm. Code 730.112(c))

Injection and Confining Layers. Carbon dioxide will be injected into the Mt. Simon
sandstone formation. The Mt. Simon formation is a saline brine aquifer that is present

from approximately 5,530 to 7,036 feet below ground surface at the well site, Carbon
dioxide will be injected into this formation through perforations in the long string
casing that are located at 6,962 — 6,963 feet below ground surface; 6,967 — 6,997 feet
below ground surface; and 7,010.5 — 7,035.5 feet below ground surface.

Above the Mt. Simon formation is the Eau Claire formation that is present from
approximately 5,032 to 5,530 feet below ground surface at the well site. The Eau
Claire formation serves as the confining layer for the carbon dioxide that is injected
into the lower Mt. Simon formation. The Eau Claire formation is made up of shale,
and is approximately 498 feet thick at the injection well site.

Injection Zone Verification Wells, The injection zone verification well allows for the
monitoring of formation fluids at various levels within the injection zone, and within
the Potosi and Ironton aquifers present immediately above the Eau Claire confining
layer. This allows monitoring of the chemical composition, pressure and temperature
of the formation fluids within multiple formations,

a. The Permittee has installed one injection zone verification well located
approximately 1045 feet north of the injection well in accordance with the Well
Completion Report submitted and approved in this permit modification, Log#
UIC-143-M-3, identified in Attachment J.

b. The Permittee may install one additional injection zone verification well
(“Verification Wells") in accordance with the plans, specifications and methods
descried the permit modification application, Log # UIC143-M-2, identified in
Attachment J. The Verification Well shall be located within the area identified in

__ Part2, Figure | (page 7 of 44) of the permit modification application, Log #  _
UIC143-M-2,

Geophone Monitoring Well, The Permittee has installed a Geophone Monitoring Well

in accordance with the Well Completion Report submitted and approved in this permit

modification, Log # UIC143-M-3, identified in Attachment J. This monitoring well
allows for the collection of data from the subsurface, near the injection well, when
seismic surveys are conducted.
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9. Mechanical Gauges for Injection and Verification Wells, Mechanical gauges located
on the injection and verification wellheads shall be read to provide continuous
monitoring in the event of a power outage that affects the ability of each well’s
electronic gauges to gather and report data. Within 30 days of issuance of this permit,
the Permittee shall provide a report identifying the location, ADM tag number,
manufacturer name, model, and specifications for the mechanical gauges already
present at each well that will read in place of the electronic gauges identified below:

a.  Mechanical backup gauges for the following electronic gauges located on the
Injection Well shall be provided:

i. Injection pressure gauge — Surface injection pressure gauge — PIT-009, and
ii. Annular pressure gauge — PIT-014

b. Mechanical backup gauges for the following electronic gauges located on the
Verification Well shall be provided:

i. Surface pressure gauge for Westbay tubing string — PIT-201, and
ii. Annular pressure gauge — PIT-202,

- The gauges must be able to display events which exceed maximum permitted and
minimum operating parameters by a minimum of 20%. Each gauge shall have an
appropriate scale that will allow readings to be discerned at the lower and higher end
of the operational limits required by the permit.

The Permittee shall also include in the above report a revised Attachment I, “Ficld Log
— Injection/Verification Wells™ of this permit to include provisions for recording
readings of the backup mechanical gauges when necessary.

B. OPERATING, MONITORING AND REPORTING REQUIREMENTS
1. Injection Well Operating Requirements (35 Ill. Adm. Code 730.113(a), 704.185)

a.  Maximum injection pressure. The maximum injection pressure as measured at
the wellhead shall be 1,950 psig. If the pressure at the wellhead reaches 1,950
psig, the injection well shall automatically be shut in. The Mt. Simon formation
fracture pressure at 7,010 ft. was determined to be 5,024 psi, resulting in a
fracture gradient of 0.715 psi per foot. The maximum wellhead injection
pressure of 1950 psig is approximately 75% of the pressure that would cause -
fracturing within the injection zone. Thus, the injection of carbon dioxide into
the injection zone will not cause any fracturing of that zone.
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Injection rate. The injection rate limits are based on the capabilities of the flow
rate meter (FIT-006). The maximum injection rate shall be limited to 80% of the
maximum capability of the continuous recording device as required by Condition
B.2(d). The injection rate shall be within the limits indicated below.

FIT-006 Orifice Size Flow Rate Limit (mm/max)
1.5 inch 13,009 - 45,870 Ibs/hr

1.75 inch 19,519 - 63,252 lbs'hr

2.25 inch 31,069 - 109,477 Ibs/hr

The flow rate limits above apply to the injection of carbon dioxide except during
startup, testing and shutdown periods. The Permittee shall report changes to the
flow rate meter FIT-006 in accordance with Condition B.6(b).

Maximum injection mass. The maximum daily injection shall not exceed 1,200
metric tonnes/day. The maximum total amount of supercritical carbon dioxide
that may be injected under this permit is 1.0 million metric tonnes.

Injection Fluid Parameters. The injected carbon dioxide shall be within the limits
indicated below during injection.

Parameters Limits
Temperature* 60 - 150°F
Phase** Supercritical

* - As measured near the wellhead.
*# _ At the point of injection.

The limits above for temperature and the phase of the injection fluid apply to the
injection of carbon dioxide except during startup, testing and shutdown periods.
Other fluids may be injected for short periods for purposes of well testing, well
stimulation and for the purposes of formation testing. The Permittee shall
provide notice to the Illinois EPA of these tests in accordance with Condition
H.26(e).
Annulus Protection. The following procedures will be used to limit the potential
for any unpermitted fluid movement into or out of the annulus:

i The annulus between the tubing and the long string casing is filled with 9.4
Ib/gal sodium-chloride brine with corrosion inhibitor and oxygen scavenger
additives. The annular fluid will have a specific gravity of1.104 and a
hydrostatic coefficient of 0.478 psi per foot.
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ii. The annulus will be kept at a minimum of 400 pounds per square inch (psi)
at all times as measured at the wellhead.

iii. The pressure within the annular space, over the interval above the packer to
the bottom of the confining layer, shall be greater than the pressure of the
injection zone formation at all times.

iv. Any changes to the composition of annular fluid shall be reported in the next
monthly report submitted to the Permit Section, Division of Land Pollution
Control,

v. A pressure differential of at least 100 psi between the tubing and annular
space, from the packer to the bottom of the confining layer, shall be
maintained during injection of fluid.

Annulus injection prohibition. Injection between the outer most casing
protecting underground sources of drinking water and the well bore is prohibited.

Prohibition of excessive pressure. The Permittee shall not use excessive
injection pressure or volumes and cause:

i.  new fractures or propagation of existing fractures in the injection zone,
ii. iﬁiiiatinu of fractures in the confining zone,
iii. migration of injected fluids into any underground source of drinking water,

iv. displacement of formation fluid into any underground source of drinking
water, or

v. non-compliance with 35 Ill. Adm. Code 730 operating requirements,

2. Monitoring Requirements for the Injection Well (35 T1l. Adm, Code 730.113(b))

a.

Sampling. Grab samples of the injection fluid shall be collected in accordance
with Condition B.3,

Continuous recording devices. The following continuous recording devices or
their equivalents shall be installed and used to monitor the injection pressure, flow
rate, temperature, and annulus pressure;

-1~ Injection pressure gauges — Surface injection pressure gauge — PIT-009,- -

ABB/264HSVKTAI, 0-2440 (psig), continuous recording
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ii, Annular pressure gauge — PIT-014, ABB/ 624EGS21030G81 1, 0-1000
(psig), continuous recording

iii. Flow meter — FIT-006, SCADASense/4203 (with an orifice size of 1.5,
1.75, or 2.25 inches), 13,009-96,672.8 (Ib/hr), continuous recording |

iv. Temperature gauges — Surface temperature gauge- TIT-009,
Rosemount, 3144PD1A1ESMS5Q4XA 0-180 (degF), continuous
recording

c. In the event of a failure of the continuous monitoring system, injection into the
injection well shall cease and manual field readings shall be obtained from the
gauges identified in Attachment 1, “Field Log — Injection/Verification Wells”, of
this permit, The manual reading shall be recorded on the “Field Log —
Injection/Verification Wells.” The initial readings shall be obtained within 30
minutes of the failure and every four (4) hours afterword until the continuous
monitoring system is restored. Copies of the log(s) and a report regarding the i
maintenance performed to correct the failure shall be provided with the monthly j
report as required in Condition B.6. Injection shall not resume until such time as
all components of the continuous monitoring system are operating properly.

d. Recording device ranges. All recording devices must be able to record events
which exceed maximum permitted operating parameters by a minimum of 20%.

e. Corrosion Monitoring. The Permittee shall implement the corrosion monitoring
system for the injection well in accordance with the plans, specifications and
methods described in the permit modification application, Log # UIC143-M-2,
identified in Attachment J.

Material Analysis Plan (35 TAC 704.187). The Permittee shall follow the written {
Material Analysis Plan, Appendix F of the permit application, as modified by this |
permit, A copy of the plan shall be kept at the facility, The Permittee shall collect and :
analyze the injection fluid in a manner consistent with US EPA publication SW-846, |
“Test Methods for Evaluating Solid Waste, Physical/Chemical Methods”.

_ The Permittee may make a written request for changes in sample collection methods;
remove analytical constituents from the list of parameters to be analyzed; or request
that the frequency of analysis for individual parameters be reduced. The request must
include a demonstration that the change will not affect the characterization of the
injection fluid which is necessary to ensure that the injection fluid can be safely
injected in accordance with other requirements of this permit. Changes to the Material
Analysis plan shall not be done without written authorization from the Illinois EPA.
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4, Injection Zone Verification Wells Operating Requirements,

a. Notification Requirements, The Permittee shall comply with the notification
requirements of Condition H.14, if at any time the Permittee becomes aware of
information which indicates that the Verification Wells, identified in Condition
A.7, may endanger health, the environment, or an underground source of drinking

water.

b. Verification Well Annulus Protection. The following procedures will be used to
limit the potential for any unpermitted fluid movement into or out of the annuli:

i.

iv.

vi.

The upper annulus between the Westbay tubing and the long string of
casing and above the uppermost packer (Packer 28) located at 4,823.8 feet
below ground surface is filled with 9.4 ppg NaCl brine with Nalco Adomite
ASP 539D corrosion inhibitor at a concentration of 2 gallons per 1000
gallons brine, The annular fluid will have a specific gravity of 1.127 and a
hydrostatic coefficient of (.488 psi per foot.

. The upper annulus shall be kept full at all times.

. The interior of the Westbay tubing string shall be kept full at all times with

fluid as described in item b(i).

Additions or removal of annulus fluid shall be recorded and reported as
required by Condition B.6.d.viii.

Any changes to the composition of annular fluid shall be reported in the
next monthly report submitted to the Permit Seetion, Division of Land
Pollution Control.

The QA Zone, located within the confining layer between Packer 18 and
Packer 19, which extends from 5,456.6 to 5,502.4 feet below ground
surface, shall be filled with 9.4 ppg NaCl brine with Nalco Adomite ASP
539D and continuously monitored for pressure and temperature.

c. Continuous recording devices. The following continuous recording devices for the
Verification Well or their equivalent shall be installed:

Surface pressure gauge for Westbay tubing string — PIT-201,
ABB/266GSH-U, -14.7 to 435 psig, continuous recording

ii. Annular pressure gauge — ABB/266GSH-U - PIT-202, -14.7 to 435 psig,

continuous recording
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iii. Down hole pressure and temperature gauges for Westbay monitoring
system — Westbay MOSDAX/2580, 0-5000 (psig) and 32-158 (degF),
continuous recording, The gauges are located within the Westbay tubing
string at the following depths:

m Depth (ft. below ace
Port 1 7045
Port 2 6967 .4
Port 3 6930
Port 4 68223
Port 5 6704.7
Port 6 6616.7
Port 7 6400.6
Port 8 5824.8
Port 9 5638.3
QA Zone 5467
Port 10 4986.1
Port 11 4902

d. In the event of a failure of the continuous monitoring system, injection into the

injection well shall cease and manual field readings shall be obtained from the
gauges identified in Attachment I, “Field Log — Injection/Verification Wells”, of
this permit. The manual reading shall be recorded on the “Ficld Log -
Injection/Verification Wells.” The initial readings shall be obtained within 30
minutes of the failure and every four (4) hours afterword until the continuous
monitoring system is restored. Copies of the log(s) and a report regarding the
maintenance performed to correct the failure shall be provided with the monthly
report as required in Condition B.6.

e. Recording device ranges. All recording devices must be able to record events

which exceed maximum permitted operating parameters by a minimum of 20%,

f. Test and Logs During Construction. During drilling and construction of any

additional Verification Well, all test and logs listed under 35 Ill. Adm. Code
730.112(d) shall be performed and all results shall be submitted to the Agency.

_ The Permittee shall also determine the hydrostatic gradient, static fluid levels,
porosity of the formation and total dissolved solids of the formation fluids of each
of the geologic formations that will be monitored by this well.

g. Verification Well Completion Report. The Permittee shall submit a Verification

Well Completion Report (Attachment E) within 120 days of completion of any
new Verification Well. The report should include a description of construction,
including driller's log, materials used (i.e., tubing and casing tallies), cement (and
other) volumes, appropriate logs and other tests conducted during the drilling and

SRR S ——
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construction. The report should also include an as-built well schematic or other
appropriate drawing of surface and subsurface construction details, and a facility
map on a scale of one inch equal to not greater than 200 feet identifying the
location of the geophone monitoring well, the |n_]ectmn well, facility boundaries
and other appropriate structures,

. Duty to Establish and Maintain Mechanical Integrity for a Verification Well (35
111, Adm, Code 704.181(h) and 704.190) The procedures for the mechanical
integrity testing shall be conducted in accordance with the conditions of this permit
and the procedures located in the permit modification application, Log # UIC143-
M-2, “Pari 2, Verification Well Modifications,” Section III. “Mechanical Integrity
Tests During the Service Life of the Well,” page 27a of 44.

i.  The Permittec shall establish and thereafter maintain mechanical integrity
as defined in 35 TIl. Adm. Code 730.108.

ii. A demonstration of mechanical integrity in accordance with the
procedures of permit modification application, Log # UIC143-M-2, shall
be conducted to ensure the well has integrity during the life of this permit.

A report interpreting the results of the demonstration of mechanical
integrity, including a descriptive report of all geophysical logs, prepared
by a qualified log analyst, shall be submitted with log analyses to the
Permit Section, Division of Land Pollution Control. This report shall be
signed by the analyst and shall include his/her phone number.

The descriptive report should also discuss: (1) changes in the structure of
the well detected by the geophysical logging; (2) the location of defects;
(3) any additional menitoring or corrective action that may be needed to
assure the integrity of the well; and (4) an evaluation of the impact any
defect may have on the integrity of the well and its ability to contain the
injectate and protect USDWs over its operating life.

iii.  During periods when the Westbay automated data logging system is
removed from the Verification Well, manual measurements for fluid
pressures and temperatures from all monitoring zones shall be obtained
within 2 weéks of removal and every two (2) wecks thereafter until the
automated data logging system is restored to operation.

iv.  The Permittec shall not remove the Westbay automated data logging
system for plaEnf:d_evenls unless the well has maintained adequate

mechanical integrity for the pnor 30 days. This condition does not
prohibit removal in order to repair components of the system that are
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required to demonstrate mechanical integrity of the system or in order to
restore the mechanical integrity of the Verification Well.

Annually the Permittee shall prepare a report on all events that required
the removal of the Westbay automated logging system from the
Verification Well. This report shall include:

a. Reason for removal of system;

b. Length of time that the system was removed;

¢. Discussion of well integrity testing/measurements during this period;
and

d. Identification and discussion of resolution of any problems
encountered.

This report shall be submitted to the Permit Section, Division of Land
Pollution Control on January 15 of each year.

The Permittee shall demonstrate the absence of significant leaks in the
upper annulus system which consists of the annulus casing above the
uppermost packer (Packer 28), Westbay tubing and Westbay upper packer.
A demonstration of the absence of significant leaks shall also be made for
the interior of the Westbay tubing through out its entire length. The upper
annulus pressure test shall be performed at a minimum annually or
anytime the upper packer is unseated. The pressure test of the interior of
the Westbay tubing and evaluation of the QA Zones shall be performed at
a minimum annually or anytime the Westbay automated data logging
system is re-installed in the Verification Well. These tests shall be
conducted in accordance with the permit modification application, Log #
UIC143-M-2, USEPA Region V guidance Determination Of The
Mechanical Integrity Of Injection Wells — Attachment 1 (Revised June 11,
1998), and the following conditions:

a. The annular space and interior of the Westbay tubing must be
completely filled with fluid.

‘b, The pressure tests of the annulus and the interior of the Westbay

tubing shall be conducted independently.

c.  When pressure testing the upper annular space and casing a positive
pressure differential between the annular space and the interior of the
Westbay tubing of at least 100 psi shall be maintained throughout the
entire annulus above the uppermost Westbay packer (Packer 28).

s —
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d. When pressure testing the interior of the Westbay tubing a pressure
differential of at least 100 psi shall be maintained between the interior
of the tubing and the pressure on the exterior of the tubing throughout
its entire length.

e.  Measurements of pressure should be taken at a minimum of every ten
minutes,

f.  The well will be deemed to have failed the pressure test if a pressure
change of greater than 3% occurs over a one hour period.

The Permittee shall demonstrate the absence of significant fluid movement
into an underground source of drinking water through vertical channels
adjacent to the well bore by use of a temperature survey and a time-lapse
sigma log (oxygen activation log)., These tests shall be run biannually
(every 24 months) in accordance with the procedures of this permit and
permit modification application, Log # UIC143-M-2.

The Permittee will inform the Permit Section, Division of Land Pollution
Control, of its intent to conduct pressure test(s), and temperature log(s),
plus any additional mechanical tests, logs, or inspections, at least thirty
(30) days prior to the demonstration of mechanical integrity. The notice
must include the type of test to be conducted.

Should the Permittee not be able to provide the Agency with thirty (30)
days advanced notice due to unexpected events, the Permittee shall
provide notification within twenty-four (24) hours of the Permittee
becoming aware of the need to conduct one or more of the test, logs or
inspections identified above., This twenty-four (24) hour notification shall
be provided via email and\or telephone to:

Champaign Field Operations Section
E-mail: Jeff. Turner@]Illinois.gov
Phone Number: 217-278-5822

Division of Land Pollution Control Permit Section
E-mail: Kevin.Lesko@Illinois.gov
Phone Number: 217-524-3271

A written submission shall also be provided to the Permit Section,
Division of Land Pollution Control, within 5 days. The written

submission shall contain:

a. The nature of the work to be done;
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b. The reason that the work is required to be conducied without providing
thirty (30) days notice; and

¢. A tentative schedule of work to be performed, including an estimate of
when required testing may be performed.

ix. A cement bond log must be run in the entire length of the long string
casing whenever the Westbay tubing and packer system is removed from
the well. If the Westbay tubing is removed more than once in a five year
period, only one cement bond log shall be required.

X.  An electromagnetic casing inspection log shall be run to determine the
thickness, external condition, and internal condition of the long string
casing for its entire length. This log shall be run when the Westbay tubing
and packer system is removed from the well for the cement bond log. If
the tubing is removed more than once in a five year period, only one
clectromagnetic log shall be required.

xi.  The Permittee shall cease injection if an apparent loss of mechanical
integrity as defined by 35 Ill. Adm. Code 730,108, becomes evident
during operation or at the time of the mechanical integrity demonstration.
Operation shall not be resumed until the Permittee has complied with the
provisions of this permit, and applicable regulations, regarding mechanical
integrity demonstration and testing.

xii.  All gauges used in mechanical integrity demonstrations or in daily
operations shall be calibrated according to the procedures of the National
Bureau of Standards, initially and at least annually thereafter. A copy of
the calibration certificate shall be submitted to the Permit Section,
Division of Land Pollution Control on January 15 of each year. In
addition, recording devices are to be time synchronized at least quarterly.

xiii,  In addition to the mechanical integrity demonstration required by this
permit, the [llinois EPA has the authority to require the Permittee to
conduct a demonstration of mechanical integrity of the well at any time
well operations, or other information, leads the Illinois EPA to decide an
additional mechanical integrity demonstration is necessary. The notice
requiring the mechanical integrity demonstration shall be in writing and
contain justification for requiring the additional testing.

The Permittee shall notify the Illinois EPA ninety (90) days prior to the planned
installation of the second Verification Well. This notification shall include the
location of the well, The Permittee shall also provide a demonstration of adequate
financial resource in accordance with condition H.16 for plugging and
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abandonment of the well prior to beginning construction of the well. The Illinois
EPA will issue written authorization for the installation of the injection zone
monitoring wells.

Inactive Wells, (35 Ill. Adm. Code 704.188) After cessation of the monitoring
program associated with a Verification Well for a period of two (2) years, the
Permittee shall plug and abandon the well in accordance with Condition H.23 of
this permit, unless the Permittee has:

i Provided notice to the Permit Section, Division of Land Pollution Control;
and

ii.  Described actions or procedures, which are deemed satisfactory by the
Illinois EPA, to ensure the well will not endanger underground sources of
drinking water during the period of temporary abandonment. These actions
and procedures shall include compliance with the technical requirements
applicable to active injection wells, including mechanical integrity testing,
unless waived by the Illinois EPA in writing.

Financial Assurance, The Permittee shall maintain financial responsibility and
resources in accordance with Condition H.16, to close, plug, and abandon the
Verification Well in accordance with the Plugging and Abandonment plan
contained in the permit modification application, Log # UIC143-M-2, identified in
Condition A.2,

The cost estimate to close, plug and abandon a Verification Well is $318,000
(2009 dollars).

Ambient Monitoring (35 1ll. Adm. Code 730.113(d)) The Permittee shall conduct an
Ambient Pressure Monitoring Test annually. The Ambient Pressure Monitoring Test
shall be conducted as described in Part 1, page 17 of the permit modification
application, Log # UIC143-M-2, identified in Attachment J,

Monthly Reporting Requirements

References to “well™ also include reporting on the Verification Well(s) as well as the
injection well,

a.

Report submittal date, Monthly monitoring reports are due by the 15th day of the

month immediately following a reporting period. A reporting period is defined
_as a calendar month. The reporting period for the daily values is defined as the

period from 6:00 a.m. to 5:59:59 a.m. '
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Contents of monthly reports for the Injection Well. The monthly reports shall
include:

i

il

v,

vi.

vii.

Daily value for total mass and daily maximum and minimum values for
annulus pressure, injection pressure, and flow rate.

Weekly averages for annulus pressure, injection pressure and flow rate using
the procedure in Attachment C.

The number of times the injection well is started up duﬂng each day
Total hours of injection each day

Total mass injected to date

Monthly summary of;

(a) maximum, minimum, and average values for annulus pressure,
injection pressure, and flow rate, using the procedure in Attachment C

(b) total mass injected

(c) total number of injection well startups

A copy of the operating charts for the month for:
(a) annulus pressure

(b) injection pressure

(¢) flow rate (including notations that identify when the orifice of the flow
rate meter was changed and the size orifice that was installed)

If the data is collected electronically, operating chart(s) shall be generated
from the electronic data. The charts generated shall be an aceurate
representation of the electronic data and provide enough resolution to_
represent the condition of the well during operation. The Agency reserves
the right to require submittal of tabular paper copies of the data, changes in
the format and resolution of the representative graph(s), and the submittal of
the electronic data to Field Operations Staff and Permit Section Staff for
review. The electronic data submitted must be in a format that is useable to
said staff, such as tab or comma delimited CVS format or Microsoft Excel
format.
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viii. Results of chemical analyses required by this permit.

Contents of monthly reports for the Verification Well(s). The information in the
monthly report describe below does not include all of the data that is recorded
for the Verification Well. The Agency reserves the right to require submittal of
additional information/data that is collected for the verification well. The
monthly reports shall include:

ii.

iii,

.

Daily maximum and minimum values for annulus pressure (gauge PIT-202),
Westbay tubing string pressure (gauge PIT-201), Westbay Port 9 formation
pressure, Westbay Port 10 formation pressure and QA Zone pressure and
temperature. -

Weekly averages for annulus pressure, Westbay tubing string pressure,
Westbay Port 9 formation pressure, Westbay Port 10 formation pressure and
QA Zone pressure and temperature, using the procedure in Attachment C.
Monthly summary of:

(a) maximum, minimum, and average values for annulus pressure,
Westbay tubing string pressure, Westbay Port 9 formation pressure,
Westbay Port 10 formation pressure and QA Zone pressure and
temperature, using the procedure in Attachment C

A copy of the operating charts for the month for:

(a) Verification Well annulus pressure

(b) Westbay tubing string pressure

(¢) Westbay Port 9 formation pressure

(d) QA Zone pressure

(e¢) QA Zone temperature

() Westbay Port 10 formation pressure

If the data is collected electronically, operating chart(s) shall be generated

from the electronic data. The charts generated shall be an accurate
representation of the electronic data and provide enough resolution to.

represent the condition of the well during operation. The Agency reserves
the right to require submitial of tabular paper copies of the data, changes in
the format and resolution of the representative graph(s), and the submittal of
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the electronic data to Field Operations Staff and Permit Section Staff for
review, The electronic data submitted must be in a format that is useable to

said staff, such as tab or comma delimited CVS format or Microseft Excel
format.

Results of chemical analyses required by this permit.

Other information in monthly reports. The results of any of the following tests or
work shall be reported with the second monthly report after completion of the
test or work:

i.

i,

iv.

Periodic tests of mechanical integrity.

Copies of any logs run on a well, submitted with a log analysis prepared by
a qualified log analyst.

Any other test conducted on a well by the Permittee,
Any well work over.

Maintenance performed on monitoring devices or well components.

. Changes of gauges, pipes, and other well components and monitoring

devices.

. Changes in the type of annulus fluid.

Addition or removal of annulus fluids.

. Summary of annular fluid level fluctuations.

Ambient pressure monitoring results,

Ilegible reports will be returned to the Permittee and deemed not filed. All
graphs and charts will be labeled appropriately.

Report submittal addresses. The cover letter for the monthly report will indicate
a copy of the report was submitted to each of the following addresses:

————— e e it et i e
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i.  Illinois Environmental Protection Agency
Division of Land Pollution Control - #33
Permit Section
1021 N. Grand Avenue East
P.O. Box 19276
Springfield, llinois 62794-9276

ii. Illinois Environmental Protection Agency
Division of Land Pollution Control
Field Operations Section
2125 South 1st Street
Champaign, [llinois 61820

7. Geophone Monitoring Well Requirements

a, Notification Requirements. The Permittee shall comply with the notification
requirements of Condition H.14, if at any time the Permittee becomes aware of
information which indicates that the Geophone Monitoring Well may endanger
health, the environment, or an underground source of drinking water.

b. Financial Assurance. The Permittee shall maintain financial responsibility and
resources in accordance with Condition H.16, to close, plug, and abandon the
Geophone Monitoring Well in accordance with the Well Abandonment plan
contained in the August 25, 2009 permit modification application, Log # UIC143-
M-1, identified in Attachment J.

The cost estimate for the Geophone well is 83,000 (2008 dollars), as provided in
the written cost estimate dated, January 5, 2011.

EFFECT OF PERMIT. The existence of a UIC permit shall not constitute a defense to a
violation of the Environmental Protection Act or 35 Ill. Adm. Code Subtitle G except for
development, modification or operation without a permit. A permit may be modified or
revoked during its term for cause set forth in 35 I1l. Adm. Code 702.183 through 702.186.
(35 11l. Adm. Code 702.181)

The Permittee is allowed to engage in underground injection in accordance with the
conditions of this permit. The underground injection activity anthorized by this permit
shall not allow the movement of fluid containing any contaminant into underground sources
of drinking water, if the presence of that contaminant may cause a violation of any primary
drinking water regulation under 40 CFR Part 142 or may otherwise adversely affect the
health of persons or the environment. Any underground injection activity not authorized in
this permit or otherwise authorized by permit is prohibited. (35 I Adm. Code 704.122)
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Compliance with the terms of this permit does not constitute a defense to any action
brought under Section 1431 of the Safe Drinking Water Act (SDWA) or any other law
governing protection of public health or the environment for any imminent and substantial
endangerment to human health, or the environment. In the case of disagreement between
the conditions of this permit and the application, the permit conditions shall govern.

PERMIT ACTIONS. The filing of a request by the Permittee for a permit modification or
revocation, or a notification of planned changes or anticipated noncompliance, does not
stay the applicability or enforceability of any permit condition. (35 Ill. Adm. Code
702.146)

SEVERABILITY. The provisions of this permit are severable, and if any provision of this
permit, or the application of any provision of this permit is held invalid, the application of
such provision to other circumstances and to the remaining provisions of this permit shall
not be affected thercby.

CONFIDENTIALITY. In accordance with Section 7 of the Environmental Protection
Act, certain information submitted to the lllinois EPA pursuant to this permit may be
claimed as confidential by the submitter. Any such claim must be asserted at the time of
submission by stamping the words "confidential business information" on cach page
containing such information, If no claim is made at the time of submission, Illinois EPA
may make the information available to the public without further notice, If a claim is
asserted, the validity of the claim will be assessed in accordance with Illinois Pollution
Control Board and Illinois Environmental Protection Agency procedures. Claims of
confidentiality for the following information will be denied:

1. The name and address of the Permittec;

2. Information, which deals with the existence, absence or level of contaminants in
drinking water.

PENALTIES FOR VIOLATIONS OF PERMIT CONDITIONS. Any person who
violates a permit requirement is subject to civil penalties, fines, and other enforcement
action under the Safe Drinking Water Act (SDWA) and the Environmental Protection Act.

'DUTIES AND REQUIREMENTS. B o

1. Duty to Comply. The Permittee shall comply with all applicable Underground
Injection Control (UIC) program regulations and conditions of this permit, except to
the extent and for the duration such noncompliance is authorized by a temporary
emergency permit under 35 Ill. Adm. Code 704.163. Any permit noncompliance
constitutes a violation of the Illinois Environmental Protection Act and is grounds for
enforcement action, permit revocation, modification, or denial of a permit renewal
application. Such noncompliance may also be grounds for enforcement action under
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the Resource Conservation and Recovery Act (RCRA). (35 IIl. Adm. Code 702.141
and 35 11l. Adm. Code 704.181(a)).

Duty to Reapply. If the Permitiee wishes to continue an activity regulated by this
permit after the expiration date of this permit, the Permittee will submit an application
for a new permit at least 180 days before this permit expires. (35 Ill. Adm. Code
702.142)

Need to Halt or Reduce Activity. It shall not be a defense for a Permittee in an
enforcement action that it would have been necessary to halt or reduce the permitted
activity in order to maintain compliance with the conditions of this permit. (35 111
Adm, Code 702.143)

Duty to Mitigate. The Permittee shall take all reasonable steps to minimize or correct
any adverse impact on the environment resulting from non-compliance with this
permit. (35 Ill. Adm, Code 702.144)

Proper Operation and Maintenance, The Permittee shall at all times properly operate
and maintain all facilities, systems of treatment, and controls (and related
appurienances) which are installed or used by the Permittee to achieve compliance
with the conditions of this permit. Proper operation and maintenance includes
effective performance, adequate funding, adequate operator staffing and training,
adequate laboratory and process controls, and appropriate quality assurance
procedures. This provision requires the operation of backups, auxiliary facilities, or
similar systems used only when necessary to achieve compliance with the condition of
the permit. (35 Ill. Adm. Code 702.145)

Property Rights. Issuance of this permit does not convey any property rights of any
sort, or any exclusive privilege. (35 I1l. Adm, Code 702.147)

Duty to Provide Information. The Permittee shall furnish to the Illinois EPA, within
the specified times, any information which the Illinois EPA may request, to determine
whether cause exists for modifying, revoking and reissuing, terminating this permit, or
to determine compliance with this permit. The Permittee shall also furnish to the
Illinois EPA, upon request, copies of records required to be kept by this permit. (35
Ml. Adm. Code 702.148)

Inspection and Entry (35 Ill, Adm. Code 702.149). The Permittee shall allow an
authorized representative of the Illinois EPA, upon the presentation of credentials and
other documents, as may be required by law, and at reasonable times, to:

a.  Enter upon the Permittee's premises where a regulated facility or activity is
located or conducted, or where records must be kept under the conditions of this
permit;
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Have access to and copy any records that must be kept under the conditions of
this permit;

Inspect any facilities, equipment (including monitoring and control equipment),
practices, or operations regulated or required under this permit; and

Sample or monitor for the purposes of assuring permit compliance or as
otherwise authorized by the appropriate Act, any substances or parameters af any
location.

Have access to witness the running of any logs or tests.

Monitoring. Samples and measurements taken for the purpose of monitoring shall be

representative of the monitored activity. (35 Ill. Adm. Code 702.150(a))

10. Records (35 Ill. Adm. Code 702.150(b),(c) & 704.181(b))

a.

The Permittee shall retain records of all monitoring information, including all
calibration, maintenance records, original chart recordings for continuous
monitoring instrumentation, copies of all reports required by this permit, and
records of all data used to complete the application for this permit, for a period
of at least 3 years from the date of the sample, measurement, report, or
application. This period may be extended by request of the Illinois EPA at any
time.

Retention of records. The Permittee shall retain records concerning the nature
and composition of all injected fluids until three years after the completion of
any plugging and abandonment procedures specified under 35 Ill. Adm. Code
704.188. The Owner or Operator shall continue to retain the records after the
three year retention period unless the Owner or Operator delivers the records to
the Illinois EPA or obtains written approval from the Illinois EPA to discard the
records.

Records of monitoring information shall include:

i.  The date, exact place, and time of sampling or measurements;

ii. The individual(s) who performed the sampling or measurements;
iii. A precise description sampling methodology and handling;

iv. The date(s) analyses were performed;

v. The individual(s) who performed the analyses;
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vi. The analytical techniques or methods used; and

vii. The results of such analyses; and

viii. Chain of custody procedures.

Signatory Requirements. All reports, or information submitted to the Illinois EPA
shall be signed and certified as required in 35 Ill. Adm. Code 702.126. (35 1. Adm.

‘Code 702.151)

Reporting Requirements,

a.

Planned changes. The Permittee shall give written notice to the Permit Section,
Division of Land Pollution Control within 15 days of any planned physical
alterations or additions as to the permitted facility. (35 Ill. Adm. Code
702.152(a))

Anticipated noncompliance. The Permittee shall give advance notice to the
Permit Section, Division of Land Pollution Control, of any planned changes in
the permitted facility or activity which may result in noncompliance with permit
requirements, (35 I, Adm. Code 702,152(h)).

Other noncompliance. The Permittee shall report all instances of noncompliance
not reported under 35 Tll. Adm. Code 702.152 paragraphs (d), (e) and (f) at the
time monitoring reports are submitted. The reports shall contain the information
referenced in 35 Ill. Adm. Code 702,152 Subsection (f). (35 Ill. Adm. Code
702.152(g))

A summary of the reporting dates can be found in Attachment D for information
required by this permit. This summary is provided as a convenience and is not
necessarily complete, nor is it to be construed as a substitute for actual permit
conditions.

Corrective Action Requirements (35 [1l. Adm, Code 704,193)

a.

The permitted well shall be immediately shut-in and the Permit Section, Division
of Land Pollution Control, shall be notified if:

i.  upward fluid migration occurs through the well bore of any previously
unknown, improperly plugged or other wells due to injection of fluid and/or

ii. any problems developed with the casing or components of the injection
well or monitoring Verification Well(s).
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b.  Any improperly plugged or unplugged wells will be plugged and abandoned
immediately, A copy of the plugging affidavit(s) filed with the lllinois
Department of Public Health and the Illinois Department of Natural Resources,
Office of Mines and Minerals, Division of Oil and Gas must be submitted to the
Permit Section, Division of Land Pollution Conirol.

¢.  Telephone notification within twenty-four (24) hours of the discovery of the
problem and written confirmation transmitted by letter within five (5) days.

d. Incase of a well failure, the Permittee shall implement the contingency plan |
developed for the injection well and/or monitoring Verification Well(s). An :
investigation of the indicated well failure and plan of action to eliminate the
problem must be conducted and the remedial work performed. i

14. Twenty-four Hour Reporting. (35 Ill. Adm. Code 702.152(f))

a.  The Permittee shall report to the Permit Section, Division of Land Pollution
Control, any noncompliance or well activity which may endanger health or the
environment. Any information shall be provided orally within 24 hours from the
time the Permittee becomes aware of the circumstances.

i
b. A written submission shall also be provided to the Permit Section, Division of i
Land Pollution Control, within 5 days of the time the Permittee becomes aware ’

of the circumstances. The written submission shall contain:

i.  a description of the noncompliance problem and its cause;

|
|
i
ii. the period of noncompliance including exact dates and times;
iii. if the noncompliance problem has not been corrected, the anticipated time it

is expected to continue; and |
iv. steps taken or planned to reduce, eliminate, and prevent reoccurrence of the i

noncompliance problem.

c. The following shall be included as information which must be reported within 24
hours (35 1ll. Adm. Code 704.181(d)):

i.  Any monitoring or other information which indicates any contaminant may
cause an endangerment to underground sources of drinking water.

ii.  Any noncompliance with a permit condition or malfunction of the injection

|
system and/or monitoring Verification Well(s) which may cause fluid |
migration into or between underground sources of drinking water. |
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15. Transfer of Permit.

a.

Transfers. This permit is not transferable to any person except after notice to the
Illinois EPA, The Illinois EPA may require modification of the permit to change
the name of the Permittee and incorporate such other requirements as may be
necessary under the appropriate Act. (35 I1l. Adm. Code 702.152(c))

Transfer by modification. A permit may be transferred by the Permittee to a new
owner or operator only if the permit has been modified (under 702.183 through

185), reissued or a minor modification made (under Section 702.187(d)), to =~

identify the new Permittee and incorporate such other requirements as may be
necessary under the appropriate Act. The new owner or operator to whom the
permit is transferred shall comply with all the terms and conditions specified in
such permit. (35 Ill. Adm. Code 702.182(a))

Automatic transfers. (35 LA. C. 702.182) As an alternative to transfers under
condition 15(b), a UIC permit for a well not injecting hazardous waste may be
automatically transferred to a new permittee if:

i, The current permittee notifies the Illinois EPA at least 30 days in advance
of the proposed transfer date, described in 15(c)(ii) of this section;

ii.  The notice includes a writlen agreement between the existing and new
permittees containing a specific date for transfer of permit responsibility,
coverage, and liability between the current and new permittees;

iii. The notice demonstrates that the financial responsibility requirements of 35
Ill. Adm. Code 704.189 will be met by the new permittee and that the new
permittee agrees to comply with all the terms and conditions specified in
the permit to be transferred under automatic transfer conditions; and

iv,  The lllinois EPA does not notify the existing Permittee and the proposed
new Permittee of its intent to modify the permit, A modification under this
subparagraph may also be a minor modification under 35 1. Adm. Code
T702.187. If this notice is not received, the transfer is effective on the date
specified in the agreement mentioned in 15(¢){ii).

16. Financial Responsibility. (35 1ll. Adm. Code 704.189) The Permittee shall maintain
financial responsibility and resources to close, plug, and abandon the underground
injection well, Verification Well(s) and the Geophone Monitoring Well located at this

_ facility in a manner prescribed by the Iilinois EPA, and Condition H.23 of this permit.

432



1150155136 — Macon County
ADM Company
Log No. UIC-143-M-5

Page 24 of 76

a.  The Permittee must show evidence of financial responsibility to the Illinois EPA
by the submission of a surety bond, other adequate assurance such as financial
statements, or other materials acceptable to the Illinois EPA.

b.  The financial documents submitted must be revised and maintained as specified
in 35 111, Adm, Code 704 and 40 CFR 144,

¢.  Construction and/or operation of the injection well or Verification Well(s) is
prohibited unless the Permittee has adequate financial assurance as described in
subpart (a) of this condition.

17. Cost Estimates for Plugging and Abandonment. (35 lll. Adm. Code 704.212)

a. The Owner or Operator must prepare a written estimate, in current dollars, for the !
cost of implementing the plugging and abandonment plan as identified in
Condition H.23, The cost estimate must equal the cost of plugging and
abandonment at the point in the facility's operating life when the extent and -
manner of its operation would make plugging and abandonment the most {
expensive. The currently approved cost estimate for plugging and abandonment -
of the wells under this permit are:

e $359,000 Injection Well (2008 dollars); |
«  $83,000 Geophone Monitoring Well (2008 dollars)
« $318,000 Verification Well (2009 dollars per well)

b. The Permittee must adjust the cost estimate for inflation within 30 days after |
each anniversary of the date on which the first cost estimate was prepared. The |
adjustment must be made as specified in paragraphs (i) and (ii) of this condition,
using an inflation factor derived from the annual Oil and Gas Field Equipment
Cost Index. The inflation factor is the result of dividing the latest published '
annual Index by the Index for the previous years, '
i, The first adjustment is made by multiplying the cost estimate by the I

inflation factor. The result is the adjusted cost estimate. |
|

_ii.  Subsequent adjustments are made by multiplying the latest adjusted cost —
estimate by the latest inflation factor.

c. The Permittee must review the cost estimate whenever a change in the plan i
increases the cost of plugging and abandonment. The revised cost estimate must |
be adjusted for inflation as specified in paragraph (b) of this condition. !
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The Permittee must keep the following at the facility during the operating life of
the facility:

i.  the latest cost estimate prepared in accordance with paragraphs (a) and (c)
of this condition and,

ii. the latest adjusted cost estimate prepared in accordance with paragraph (b)
of this condition.

18. Insolvency of Financial Institution (35 Ill. Adm. Code 702.160)

a.

A Permittee shall notify the Waste Reduction and Compliance Section, Division
of Land Pollution Control, by certified mail of the commencement of a voluntary
or involuntary proceeding under 11 U.8.C. (Bankruptcy), naming the owner or
operator as debtor, within 10 business days after the commencement of the
proceeding. A guarantor of a corporate guarantee as specified in 35 I1l, Adm,
Code 704.219 must make such a notification if the guarantor is named as debtor,
as required under the terms of guarantee in 35 Ill. Adm. Code 704.240.

A Permittee who fulfills the requirements of 35 1ll. Adm. Code 704.213 by
obtaining a letter of credit, surety bond or insurance policy will be deemed to be
without the required financial assurance in the event of bankruptcy insolvency or
& suspension or revocation of the license or charter of the issuing institution. The
owner or operator must establish other financial assurance within 60 days after
such an event.

19, Revocation of Permits. (35 I1l, Adm, Code 702.186) The Illinois Pollution Control
Board will revoke a permit during its term in accordance with Title VIII of the [llinois
Environmental Protection Act or the [llinois EPA will deny permit renewal for the
following causes:

a.

The Permittee's violation of the Environmental Protection Act or regulations
adopted thereunder;

Noncompliance by the Permittee with any condition of the permit;

The Permittee's failure in the application or during the permit issuance process to
disclose fully all relevant facts, or the Permittee's misrepresentation of any
relevant facts at any time; or

A determination the permitted activity endangers human health, or the
environment and can only be regulated to acceptable levels by permit
modification or revocation.
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State Mining Board Permits. Issuance of this permit does not relieve the Permittee of
the responsibility of complying with the provisions of Illinois State Mining Board
Rules and Regulations and an Act in Relation to Oil, Gas, Coal, and Other Surface and
Underground Resources. (Rule II, Illinois Department ot:' Natural Resources, Office of
Mines and Minerals, Division of Oil and Gas, Rules and Regulations)

False or Omitted Information.

a. The Permittee shall not make any false siatement, representation, or certification
in any application, record, report, plan, or other document submitted to the
Illinois EPA, the United States Environmental Protection Agency (USEPA), or
required to be maintained under this permit.

b. If, or when, the Permittee becomes aware of a failure to submit any relevant facts
in a permit application or incorrect information was submitted in a permit
application or in any report to the lllinois EPA, the Permittee shall promptly
submit such facts or correct information to the Permit Section, Division of Land
Pollution Control within ten (10) days. (35 Ill. Adm. Code 702.152(h))

Restriction on Unpermitted Waste. Only supercritical carbon dioxide generated by
ADM’s ethanol fermentation operation at this facility may be injected into the
injection well CCS #1 under this permit. Other fluids may be injected into injection
well CCS #1 for short periods for purposes of well testing, well stimulation or for the
purposes of formation testing. The Permittee shall provide notice to the Ilinois EPA
of these tests in accordance with Condition H.26(e).

Plugging and Abandonment.

a. The Permiitee shall notify the Permit Section, Division of Land Pollution Control,
45 days prior to abandonment of the injection well, a Verification Well or the
Geophone Monitoring Well. Plans for plugging and abandonment must be
submitted 180 days prior to abandonment. (35 Ill. Adm. Code 704.181(c))

b. The Permittee shall plug and abandon the injection well as provided in 35 11

Adm. Code 704.188 and 730.110 and in accordance with the schedule and

_ provisions of the approved plugging and abandonment plans as modified by
conditions of this permit. The approved plans consists of Section 10 — Form 4g,
Plugging and Abandonment of the permit application Log # UIC-143; the
Geophone Well Abandonment Plan as described in the permit modification
application, Log # UIC143-M-1; and in Part 2, Verification Well Modifications
Formn 4g, Plugging and A nment of the permit modification application, Log
# UIC143-M-2, identified in Attachment J. These plugging and abandonment
plans are herein incorporated by reference. (35 Ill. Adm. Code 704.188).

435



24,

25,

1150155136 — Macon County
" ADM Company

Log No, UIC-143-M-5

Page 27 of 76

¢. The plugging and abandonment plan for the injection well shall be modified such
that the well shall be cemented from total depth to the surface. The cement shall
be staged in proper intervals using cement that is appropriate for plugging.

d. No later than 60 days after plugging and abandonment of the injection well,
Geophone Monitoring Well or a Verification Well, the Permittee shall submit a
plugging report to the Permit Section, Division of Land Pollution Control. The
report shall be certified as accurate by the person who performed the plugging
operation, and shall consist of}

i. A statement that the well was plugged in accordance with the plan most
recently submitted to the Illinois EPA; or

ii. A statement defining the actual plugging and explaining why the Illinois EPA
should approve such deviation, if the actual plugging differed from the
approved plan. Any deviation from a previously approved plan which may
endanger underground sources of drinking water is cause for the Illinois EPA
to require the operator to replug the well; and

iii. Copy of well plugging affidavit submitted to the Illinois Department of
Natural Resources, Office of Mines and Minerals, Division of Oil and Gas;
and tlu? [linois Department of Public Health,

iv. If an approved plugging and abandonment plan requires a change, a revised
plan shall be submitted to the Permit Section, Division of Land Pollution
Control for approval. A revised plugging and abandonment plan for the
injection well, if approved, will replace Attachment A and become a part of
this permit as a modification. A revised plugging and abandonment plan for
the Geophone Well or the Verification Well, if approved, will be added as an
attachment to the permit or incorporated by reference and become a part of
this permit as a modification.

Conversion of Wells (35 Ill. Adm. Code 704.181(e)) The Permittee shall notify the
Permit Section, Division of Land Pollution Control, 45 days prior to conversion of any
well. Plans for conversion must be submitted 180 days prior to actual conversion or
abandonment. Injection into converted wells shall not be conducted until the
Permittee receives written authorization for injection from the Illinois EPA.,

Inactive Wells. (35 IIl. Adm. Code 704.188) After cessation of injection for two (2)
years, the Permittee shall plug and abandon the well in accordance with Condition

'H.23 of this permit and 35 Ill. Adm. Code 730.110, unless the Permittee has:

a. Provided notice to the Permit Section, Division of Land Pollution Control; and
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Described actions or procedures, which are deemed satisfactory by the Illinois
EPA, to ensure the well will not endanger underground sources of drinking water
during the peried of temporary abandonment. These actions dnd procedures
shall include compliance with the technical requirements applicable to active
injection wells, including mechanical integrity testing, unless waived by the
1llinois EPA in writing.

26. Duty to Establish and Maintain Mechanical Integrity of the Injection Well (35111
Adm. Code 704.181(h) and 704.190)

a.

The Permittee shall establish prior to commencing injection and thereafter
mechanical integrity as defined in 35 11I. Adm. Code 730.108.

A demonstration of mechanical integrity in accordance with Attachment A of this
permit shall be conducted to ensure the well has integrity during the life of this

" permit. A descriptive report of all geophysical logs prepared by an independent

log analyst, interpreting the results shall be submitted with log analyses to the
Permit Section, Division of Land Pollution Control, This report shall be signed
by the analyst and shall include his‘her phone number.

The descriptive report should also discuss (1) changes in the structure of the well
detected by the geophysical logging; (2) the location of defects; (3) any
additional monitoting or corrective action that may be needed to assure the
integrity of the well; and (4) an evaluation of the impact any defect may have on
the integrity of the well and its ability to contain the injectate and protect
USDWs over ils operating life,

The Permittee shall demonstrate the absence of significant leaks in the casing,
injection tubing, and packer by use of an annulus pressure test to be conducted
annually. The anmulus pressure test shall be conducted in accordance with
Attachment A, USEPA Region V guidance Determination Of The Mechanical
Integrity Of Injection Wells — Attachment 1 (Revised June 11, 1998), and the
following conditions:

i.  The annular space must be completely filled with annular fluid.
ii. A }ic-sitive_'bmssure_diffét_'ential between the pv_éss-.ina in the annular si:ace
and the injection tubing pressure of at least 100 psi shall be maintained

throughout the entire annular space.

iii,  Measurements of pressure should be taken at a minimum of every ten
minutes.

.

437



1150155136 — Macon County
ADM Company

Log No. UIC-143-M-5

Page 29 of 76

iv.  The well will be deemed to have failed the annulus pressure test if a
pressure change of greater than 3% occurs over a one hour period.

The Permittee shall demonstrate the absence of significant fluid movement into
an underground source of drinking water through vertical channels adjacent to
the injection well bore by use of a temperature survey and a time-lapse sigma
log. These tests shall be run biannually (every 24 months) in accordance with the
procedures outlined in Attachment A.

The Permittee will inform the Permit Section, Division of Land Pollution
Control, of its intent to conduct pressure test(s), and temperature log(s), plus any
additional mechanical tests, logs, or inspections, at least thirty (30) days prior to
the demonstration of mechanical integrity. The notice must include the type of
test to be conducted, any fluid that will be injected as part of the test, and a
demonstration that the fluid will be compatible with the injection well material,
formation and carbon dioxide that may come into contact with the testing fluid,
If a demonstration of this compatibility has previously been submitted the
Permittee may reference the previous submittal,

Should the Permittee not be able to provide the Agency with thirty (30) days
advanced notice due to unexpected events, the Permittee shall provide
notification within twenty-four (24) hours of the Permittee becoming aware of
the need to conduct one or more of the test, logs or inspections identified above.
This twenty-four (24) hour notification shall be provided via email and\or
telephone to:

Champaign Field Operations Section
E-mail: Jeff, Turmner@Illinois.gov
Phone Number: 217-278-5822

Division of Land Pollution Control Permit Section
E-mail: Kevin.Lesko@lllinois.gov
Phone Number; 217-524-3271

A written submission shall also be provided to the Permit Section, Division of
Land Pollution Control, within 5 days, The written submission shall contain;

i. The nature of the work to be done;

ii.  The reason that the work is required to be conducted without providing
thirty (30) days notice; and

iii. A tentative schedule of work to be performed, including an estimate of
when required testing may be performed,
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f. A cemert bond log must be run in the entire length of the long string casing
whenever the injection tubing is removed from the well. If the injection tubing is
removed more than once in a five year period, only one cement bond log shall be
required.

g.  An electromagnetic casing inspection log shall be run to determine the thickness,
external condition, and intemal condition of the long string casing for its entire
length. This log shall be run when the tubing is removed from the well for the
cement bond log. If the injection tubing is removed more than once in a five
year period, only one electromagnetic log shall be required,

h.  The Permittee shall cease injection if an apparent loss of mechanical integrity as
defined by 35 I1l. Adm. Code 730.108, or Attachment A of this permit, becomes
evident during operation or at the time of the mechanical integrity
demonstration. Operation shall not be resumed until the Permittee has complied
with the provisions of this permit, and applicable regulations, regarding
mechanical integrity demonstration and testing.

i.  All gauges used in mechanical integrity demonstrations or in daily operations
(wellhead surface pressure PIT-009, annulus surface pressure PIT-014, injection
fluid surface temperature TIT-009, injection fluid flowrate FIT-006 annular
pressure -PIT-202, tubing pressure gauge - PIT-201 and Westbay QA zone
monitoring — WBQ) shall be calibrated according to the procedures of the
National Bureau of Standards, initially and at least annually thereafler. A copy
of the calibration certificate shall be submitted to the Permit Section, Division of
Land Pollution Control on January 15 of each year. In addition, recording
devices are to be time synchronized at least quarterly.

J-  In addition to the mechanical integrity demonstration required by this permit, the
Illinois EPA has the authority to require the Permittee to conduct a
demonstration of mechanical integrity of the well at any time well operations, or
other information, leads the Illinois EPA to decide an additional mechanical
integrity demonstration is necessary. The notice requiring the mechanical
integrity demonstration shall be in writing and contain justification for requiring
the additional testing.

Contingency Plan, The Permittee shall implement the contingency plan in accordance
with the plans and methods described in the permit modification application, Log #
UIC143-M-2, identified in Attachment J and as described in Attachment H of this
permit.
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39i Certification. The Permittee shall submit a 3%i certification and supporting
documentation within 30 days of any of the following events:

a. the owner or operator or officer of the owner, or operator, or any employee who
has control over operating decisions regarding the facility has violated federal,

State, or local laws, regulations, standards, or ordinances in the operation of waste

management facilities or sites; or

b. the owner or operator or officer of the owner, or operator, or any employee who
has control over operating decisions regarding the facility has been convicted in

this or another State of any crime which is a felony under the laws of this State, or

conviction of a felony in a federal court; or

c. the owner or operator or officer of the owner, or operator, or any employee who

has control over operating decisions regarding the facility has committed an act of

gross carelessness or incompetence in handling, storing, processing, transporting
or disposing of waste,

d. anew person is associated with the owner or operator who can sign the application

or who has control over operating decisions regarding the facility, such as a
cooperate officer or a delegated employee.

The certification shall describe the violation(s), convictions, carelessness or

incompetence as outlined in a, b, or ¢ above and must include the date that a new person

as described in d above began employment with the applicant.

The 39i certification and supporting documentation shall be submitted to the address
specified below:

29, Future Regulations. On December 10, 2010 US EPA issued final rules under the Safe

30.

Ilinois Environmental Protection Agency
Burecau of Land #33

39(i) Certification

1021 North Grand Avenue East

Post Office Box 19276

Springfield, [llinois 62794-9276

Drinking Water Act (SDWA) for underground injection of carbon dioxide for the

purpose of geologic sequestration. Pursuant to the requirements of 40 Code of Federal
Regulation § 146.81(c) the Permittee must apply to the USEPA for a Class VI permit
~ by December 10, 2011,

Future changes to the permit will be processed in accordance with 35 I1l. Adm. Code

704 Subpart H. When required by 35 11l. Adm. Code 704 Subpart H, the Agency will
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prepare a draft permit, public notice its availability for public review and accept
comments in accordance with the requirements of 35 1ll, Adm. Code 705.

31. ADM has submitted an application dated July 2011, entitled “Underground Injection
Control Permit Application IL- ICCS Project,” to the USEPA. This is an application
for the construction of an additional carbon sequestration well identified as CCS#2. Tt
appears that this well will be located approximately 3,500 ft. from injection well CCS
#1, and within the Area of Review established for CCS#1. Section 5 (*Area of
Review") of the application includes the results of a simulation of the operation of
both CCS#1 and CCS#2 wells and confirms that the simultanéous operation of the
wells will impact the other within the shared injection zone,

Should operation of CCS#2 be approved by the USEPA, ADM must modify lllinois
EPA permit application to address the interaction that would result from the operation
of the second well. Pursuant to 35 T1l. Adm. Code 704.191; 704,193; 730.106; and
730.107 operation of CCS#1 under the permit being issued herein may be prohibited if
injection well CCS#2 begins operation under a USEPA permit, until such time that the
1llinois EPA approves a permit modification to address the impact that the additional
well CCS5#2 would have on injection well CCS#1,

SFN:KL:kI\1150155136-UIC-UIC143M35.docx
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GROUNDWATER MONITORING

SUMMARY

ADM will install groundwater monitoring wells that will constitute the groundwater
monitoring program associated with the injection well process for the UIC for the
duration of the Permit.

DEFINITIONS

a.  “Lowermost USDW" refers to the definition of such as found in 35 IIl. Adm. Code
702,110,

b. “Ft-bgs" refers to the number of feet below the ground surface.

c. “Ft-MSL” refers to the number of feet below the ground surface referenced to Mean
Sea Level.

d.  “Detected” shall mean a concentration equal to or above the PQL for the applicable
analytical methods specified in the approved Sampling and Analysis Plan, which are
incorporated by reference in Condition 1.8 of the Permit.

¢.  “Progressive Increase” shall mean an increase in concentration of a constituent in
suceessive sampling events,

f. ‘Stick-up” refers to the height of the reference survey detection. This point is
determined within + (.01 foot in relation to Mean Sea Level, which in turn is
established by reference to an established National Geodetic Vertical Datum.

IMPLEMENTATION

a. The Permittee shall implement the groundwater monitoring program established

herein, upon the effective date of the Permit.

b. The Permittee shall carry out the groundwater monitoring program specified in this

Permit on the groundwater present in the lowermost USDW above the injection zone,
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WELL LOCATIONS AND CONSTRUCTION

The Permittee shall install and maintain the groundwater monitoring wells identified
in the table below to allow for the collection of groundwater samples and elevations
from the groundwater monitoring wells completed in the lowermost USDW. The
locations are identified in Figure 4 of Appendix H of the approved Permit
Application,

IEPA ADM Well Well Depth ~ Well Screen
Well Well Depth Elevation Interval

No. No. (Ft-bgs) (Ft-MSL) (Ft-MSL)
G101 G101 141.6 531.59 532.09-542.09
G102 G102 142.5 530.93 531.43-541.43
G103 G103 141.6 531.18 531.68-541.68
G104 G104 139.6 542,32 542.82-552.82

. The Permittee shall construct the groundwater monitoring wells in such a manner as

to prevent the movement of fluids into or between underground sources of drinking
water. The casing and cementing used in the construction of the wells shall be
designed for the life expectancy of the wells,

. Construction of any new monitoring well/piezometer for inclusion in the permitted

groundwater monitoring system must be at a minimum in accordance with the
diagram contained in Attachment F to this Permit unless otherwise approved in
writing by the Illinois EPA. Any new monitoring well/piezometer must be
continuously sampled and logged on Illinois EPA boring logs. An Illinois EPA
approved monitoring well diagram, boring logs, and monitoring well completion
reports are included as Attachment F to this permit and can be found at
http:/fwww.epa.state.il.us/land/regulatory-programs/permits-and-
management/forms/index.html#groundwater-permits,

. The Permittec shall notify the Illinois EPA within thirty (30) days in writing if any of

the groundwater monitoring wells identified in Condition [.4(a) above becomes
damaged or the structural integrity has been compromised. A schedule for the
replacement of the subject well shall accompany this notification. The well shall not
be plugged until the new well is on-line and monitoring data has been obtained and
verified, unless the well is extremely damaged and would create a potential route for
groundwater contamination. Upon replacing the subject well, the Permittee shall
provide written documentation to the Illinois EPA regarding the well installation
procedures and construction.

Should any well become consistently dry or unserviceable; a replacement well shall
be provided within ten (10} feet of the existing well. This well shall monitor the same
zone as the existing well and be constructed in accordance with the current Illinois
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EPA groundwater monitoring well construction standards at the time that the well is
replaced. A replacement well which is more than ten (10) feet from the existing well
or does not monitor the same geologic zone must be approved by the Illinois EPA and
designated as a new well.

The Permittec shall submit boring logs, construction diagrams and data sheets from
installation and development of a new or replacement well to the Ilinois EPA at the
address below with thirty (30) days of the date that installation of the well is
completed. In addition, the Permittee shall submit certification that plugging and
abandonment of a well was carried out in accordance with the approved procedures to
the Illinois EPA at the address below within thirty (30) days of the date that the well
is plugged and abandoned. All information should be submitted to the appropriate
State Agencies.

[llinois Environmental Protection Agency
Bureau of Land - #33

Permit Section

1021 North Grand Avenue Fast

Post Office Box 19276

Springfield, Illinois 62794-9276

All wells/piezometers shall be equipped with protective caps and locks. Monitoring
wells or piezometers located in high traffic areas must protected with bumper guards.

All groundwater monitoring wells and piezometers not utilized in the groundwater
monitoring system, but retained by the facility, must be constructed and maintained in
accordance with 77 Ill. Adm. Code 920 regulations.

5. MONITORING PARAMETERS

a

The Permittee shall determine groundwater quality at groundwater monitoring wells
identified in Condition L4(a) quarterly for the duration of the Permit. Samples
collected during the quarterly events of each year shall be analyzed for the parameters
below.,

Storet Reporting
Field Parameters Number Units
pH 00400
Specific Conductance 00094 micromos/cm
Temperature of Water Sample _ 00011 i O
Dissolved Oxygen 00300 mg/L
Depth to Water (below land surface) 72019 Feet
Depth to Water (below measuring point) 72109 Feet
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Elevation of Groundwater Surface 71993 Ft MSL 1
Elevation of Bottom of Well* 72020 Ft MSL
Elevation of Measuring Point (Top of 72110 Ft MSL

Casing)**

* Shall be determined during the second sampling event cach year.
. Shall be surveyed once every two (2) years or whenever the elevation i
changes as required by Condition L7(b). :

Storet Reporting

Indicator Parameters Number Units f

Alkalinity 00410 mg/L :

Bromide 71870 mg/L

Calcium 00916 mg/L

Chloride 00940 mg/L

Sodium 00929 mg/L

Total CO;, 00405 mg/L
MONITORING PROGRAM i
a. The Permittee shall determine groundwater quality at each monitoring well identified

in Condition L4(a) quarterly for the duration of the Permit. The Permittee shall
express the groundwater quality at each monitoring well in a form necessary for the !
determination of statistically significant changes.

The geologic media to be monitored must be the same formation and hydraulically
connected to that formation which is determined to be the lowermost USDW beneath
the facility.

Groundwater quality in geologic units identified as the lowermost USDW must meet
35 llI. Adm. Code 620.410 Groundwater Quality Standards unless greater background
values are determined to be appropriate,

The Permittee shall establish background values in accordance with the procedures
specified in Appendix H of the approved Permit Application,
The Permittee shall determine the groundwater flow rate and direction in the

lowermost USDW quarterly and report to the Illinois EPA at least annually from

monitoring wells identified in Condition L.4(a).
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The Permittee shall evaluate the results of the analysis required by Condition L6(a)
above and identify:

i.  The concentration of any constituent detected which was not detected in the
previous sampling event.

ii. The concentration of any constituent detected which exhibits a progressive
increase over four (4) consecutive sampling events.

The Permittee shall determine whether there is a statistically significant increase, (or
decrease in the case of pH) over the background values established for each
parameter identified in Condition L.5(a) each time groundwater quality is determined.
In determining whether significant changes have occurred the Permittee shall evaluate
the date in accordance with the procedures specified in Appendix H of the approved
Permit Application,

GROUNDWATER ELEVATION

a.

The Permittee shall determine the groundwater surface elevation referenced to mean
sea level (MSL) at each groundwater monitoring well each time groundwater is
sampled in accordance with Condition L10(c).

The Permittee shall determine the surveyed elevation of “stick-up” referenced to
MSL when the well is installed (with as-built diagrams) and every two (2) years, or at
the request of the Illinois EPA, or whenever the elevation changes in accordance with
Condition 1.10(d),

Elevation, as referenced to MSL, of the bottom of each monitoring well is to be
reported at least annually. The mandatory measurement shall be taken during the
second quarterly sampling event each year.

SAMPLING AND ANALYTICAL PROCEDURES

The Permittee shall use the techniques and procedures described in Appendix H of the
approved Permit Application when obtaining and analyzing samples for the groundwater
monitoring wells identified in Condition [.4(a) above.

Samples shall be collected by the techniques described in Appendix H of the
approved Permit Application.

Samples shall be preserved, shipped and handled in accordance with the procedures
specified in Appendix H of the approved Permit Application.
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c. Samples shall be analyzed in accordance with the methods in which the PQLSs arc less
than or equal to the applicable 35 11l Adm. Code 620.410 Groundwater Quality
Standard.

d. Samples shall be tracked and controlled using the chain-of-custody procedures
specified in Appendix H of the approved Permit Application.

STATISTICAL PROCEDURES

When evaluating the monitoring results in accordance with Condition L6(a) above, the
Permittee shall use the procedures specified in Appendix H of the approved Permit
Application,

REPORTING AND RECORDKEEPING

a. The Permittee shall enter all monitoring, testing, and analytical data obtained in
accordance with Condition 1.5, 1.6, 1.7, 1.8 and L9 in the operating record.

b. Samples collected to meet the requirements of the groundwater monitoring program
described in Conditions 1.5 and 1.6, 1.7, and 1.9 shall be collected and reported, as
identified in the table below. The results of analysis conducted on the groundwater
quality samples shall be submitted in accordance with this schedule to the address
listed in Condition L4(f) above. All additional information required by the
groundwater monitoring program (as specified in Conditions L5, 1.6, 1.7, and 1.9)
shall also be submitted to the Illinois EPA at the address listed in Condition L4(e) in
accordance with this schedule.

Samples to be Results Submitted
Collected During to the Illinois EPA
The Months of by the Following
January - February April 15

April — May July 15

Tuly — August October 15
October — November January 15

¢. Groundwater surface elevation measured pursua_nt to C()-n;;_lition I.?:(a) shall be
collected quarterly and submitted to the Illinois EPA as identified in the table above,

d. The Permittee shall report the surveyed elevation, as required by Condition 1.7(b} of
the top of the well casing (“stick-up™), referenced to MSL in accordance with the
following schedule:
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i. For wells identified in Condition 1.4(a) every two (2) years (during the second
quarterly sampling event), or at the request of the Illinois EPA or whenever the
elevation changes.

ii, For any new wells, at the time of installation and reported in the as-built
diagrams. Subsequent measurements shall be made every two (2) years or
whenever the elevation changes.

The Permittee shall report the elevation of the bottom of each monitoring well
identified in Condition 1.4(a) referenced to MSL, annually.

The Permittee shall submit a completed “RCRA Facility Groundwater, Leachate and
Gas Reporting Form™ (LPC) as a cover sheet for any notices or reports required by
the facility’s Permit for identification purposes. Only one copy of the LPC 592 must
accompany your submittal. However, the Permittee must submit one (1) original and
(excluding the groundwater monitoring results submitted in electronic format) a
minimum of two (2) copies of each notice or report you submit to the Hlinois EPA.
The form is not to be used for permit modification requests.

Information required by Conditions 1.10{b), 1.10(c), 1.10(d) and L10{e) must be
submitted in an electronic format. The information is to be submitted, as fixed-width
text files formatted as found in Attachment G, in accordance with the schedule found
in Condition I.10(b) above. Additional guidance regarding the submittal of the
information in an electronic format can be found at

www.epa.state,il,us/land/regulat ro i d-mana index.himl

The Permittee shall report all information to the [llinois EPA in a form which can be
casily reviewed. All submittals contain tables of data drawings and text (as
necessary) to accurately describe the information contained in the submittal.

In the event that the Permittee confirms that there has been a statistically significant
change in groundwaler quality the Permittee may demonstrate that a source other than
the injection process caused the impact on groundwater or that the source resulted
from an error in sampling, analysis, or evaluation, To make this demonstration the
Permittee shall:

i. Notify the Illinois EPA in writing within seven (7) days of the confirmation of the
impact on groundwater quality that they intend to make this demonstration;

ii. Submit a report to the Illinois EPA, for review and approval, within ninety (90)
days which demonstrates that a source other than the injection process caused the
impact on groundwater or that the source resulted from an error in sampling,
analysis, or evaluation.
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j.  In the event that the Permittee confirms that there has been an impact on groundwater
quality as a result of the injection process into the injection zone, the Permittee shall:

i.  Notify the [llinois EPA in writing within seven (7) days of the confirmation of the
impact on groundwater quality, identifying each well and parameter;

ii. Discontinue the injection process;

iii. Submit an assessment monitoring plan within thirty (30) days of the confirmation
of the impact on groundwater quality. The assessment monitoring program shall
include appropriate methods to determine the source of the contamination, : '
characterize the nature and extent of the groundwater contamination, potential
threat to human health and the environment, and an assessment of potential
migration;

iv. Submit an assessment report, based on and including the data and information

generated from the completion of Condition L10(j)(iii) to the Illinois EPA within 1

ninety (90) days of the approval of the assessment monitoring plan.

v. Propose a corrective action plan if assessment monitoring indicates that the
mjection process has impacted groundwater. The corrective action plan shall be
submitted within thirty (30) days of approval of the assessment report required by |
Condition L10(j)iv and include appropriate response action to address any impact |
of the lowermost USDW. The plan shall be implemented within thirty (30) days !
of Illinois EPA approval. I

If the Permittee determines that the groundwater monitoring program no longer satisfies

the requirements of 35 T1l. Adm. Code 702, 704 and 730 (e.g. impact to groundwater), the
Permittee must submit an application for a permit modification. The permit modification
must be submitted to the Illinois EPA within ninety (90) days describing any appropriate !
changes to the program which will satisfy the regulations, |

|
11.  REQUEST FOR PERMIT MODIFICATION ]
|

SEN:KL:KI\ 150155136-UIC-UIC143M3.doex
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ATTACHMENT A

PROCEDURES USED FOR MECHANICAL INTEGRITY
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PROCEDURES USED FOR MECHANICAL INTEGRITY

1. ANNULUS PRESSURE TEST

A, Initial Tests

To be completed during the installation of the well per standard and best completion
practices.

dald b=

000 =1 gy Lh

11,

Move in and rig up workover rig

Nipple up BOP (blow out preventer)

Pick up packer, tubing and subsurface monitor equipment

As each joint or section of joints is run into the hole, test below rotary with
hydrotesters to at least 50% of burst.

Put packer on depth and set

Close pipe rams and/or hydril

Test packer on the casing-tubing annulus side for one hour at 1000 psi or greater
Bleed off pressure, release pipe rams and/or hydril

Hang off tubing, nipple up injection tree and test tree to at greater than or equal to the
maximum expected injection pressure for one hour

Any significant pressure drop will be investigated to verify that mechanical integrity
is intact and corrected as necessary. Pressure test will be rerun following
investigation / remediation to confirm integrity. '

Rig down, move off workover rig

The data obtained, including recorded charts from the tests, shall be submitted as required by
the permit.

. Subsequent Tests

To be completed following a period of carbon dioxide injection.

1,
2.

3,

4,
5.

6,

Stop injection and allow well to stabilize

Confirm connectivity to and functionality of permanent gauges or install pressure
gauge on annulus

Rig up pump, pressurize annulus to 1000 psi

Observe pressure change over a 1 hour period

Any significant pressure drop will be investigated to verify that mechanical integrity
is intact and corrected as necessary. Pressure test will be rerun following
investigation / remediation to confirm integrity.

Plot the gathered data and determine volume of fluid loss if any.

The data obtained, including recorded charts from the tests, shall be submitted as required by
the permit.
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C. Continual Monitoring

During the injection timeframe of the project, the long string casing-tubing annulus pressure
shall be monitored and recorded real time. Pressure in the long string casing-tubing annulus is
anticipated to be from 400 to 500 psi. Any significant change of casing-tubing annulus pressure
that can be related to mechanical integrity issues will be investigated as a possible leak in one of

four areas:

Casing - from the surface to the packer
Tubing string - from the surface to the packer
Packer seal

Injection wellhead assembly

II. TIME-LAPSE SIGMA LOGGING AND TEMPERATURE SURVEYS

A. Initial Survey - Time Lapse Sigma Logs

To be completed before carbon dioxide injection with the tubing and annular fluid level at
least to the Maquoketa Shale or higher (the Maquoketa Shale is located 2611 to 2817 feet
below ground surface), '

S LR e

Move in and rig up electric logging unit with pressure control

Run base RST Sigma Log from total depth through at least the Maguoketa Shale
Rig down the logging equipment

Process and archive data as baseline

B. Subsequent Surveys - Time Lapse Sigma Logs

To be completed following a period of carbon dioxide injection, with the well in a static
condition and fluid level within the tubing string to the Maquoketa Shale or higher

e e e

Move in and rig up electric logging unit with lubricator

Run RST Sigma Log from total depth through at least the Maquoketa Shale

Rig down the logging equipment

Process the data and compare to baseline log noting any changes in Sigma that can be

attributed to carbon dioxide

C. Post Injection Temperature Surveys

Well should be in a state of injection for at least 6 hours prior to commencing operations in
_order to cool injection zones.

L. Move in and rig up an electrical logging unit with lubricator
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2. Run a temperature survey from the Base of the Maquoketa Shale to the deepest point
reachable in the Mt. Simon while injecting at a rate that allows for safe operations.
Should operation constraints or safety concems not allow for a logging pass while
injecting; an acceptable, alternate plan is to stop injecting immediately prior to the
first logging pass.

Stop injection, pull tool back to shallow depth, wait 1 hour.

Run a temperature survey over the same inferval as step 2.

Pull tool back to shallow depth, wait 2 hours

Run a temperature survey over the same interval as step 2.

Pull tool back to shallow depth, wait 2 hours

Run a temperature survey over the same interval as step 2

A Evaluate data to dctermine if additional passes are needed.

10.  Rig down the logging equipment

11.  Overlay data and interpret which zones are open to injection.

12.  The data obtained shall be submitted as required by the permit.

000N OB W

SFN:KL:k\ 150155136-UIC-UIC143M5.docx
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ATTACHMENT B

WELL DIAGRAMS
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Injection Wellhead Assembly
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in
Top Depth: O fi.
Bottom Depth: 340 ft.
0.D.: 20 in.
LD.: 19.124 in.
Weight: 94 Ibs/ft.
Grade: H-40

Intermediate Casings

Top Section
Top Depth: Ot
Bottom Depth: 3651 fi.

0.D.; 13.375 in.
L.D.: 12.515 in.
Weight: 59.5 Ths/ft.
Grade: J-55

4] i
Top Depth: 3615 ft.
Bottom Depth: 5324 fi.
0.D.: 13.375 in.
LD = 12.415in.
Weight 66.17 1bs/ft.
Grade: J-55

Long String Casings

tion
Top Depth: O ft.
Bottom Depth: 5257 ft.
0.D.: 9.625 in.
LD.: 8.385in.
Weight: 38.97 lbs/fi.
Grade: N-80

{f tion
Top Depth: 5257 fi.
Bottom Depth: 7204 f1.
0.D.: 9.625 in.
L.D.: 8.681 in.
Weight: 47 |bs/ft.
Grade: L-80, 13Cr&0)

erforati

6962 — 6963 fi.
6967 — 6997 fi.

7010.5 - 7035.5 fi.
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Injection Well Schematic

Macon County
143-M-5
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4%, 12,68, 130ALBO
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Injection Tubing
Top Depth:  0fi.,
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e T
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VA Siman Sandsiane

Eau Claire main 1
mmm_mn___

thicdmess 1820 F (404 m)

Bottom Depth: 6348 fi.
0.D.: 4.5 in.

LD.: 3.958 in.
Weight: 12.6 Tbs/ft.
Grade: JFE-13Cr85

Packer
{ Schlumberger Quantum

Max Type 11
Q-Max 13-Chrome -

Production Csg
B %, 4T, 13CALS0, 12 %" bh
lemgth 1,847 # (583 my)

5 I P T A A

Top of packer: 6348.7 ft.
Center of Sealing

elements: 6350 fi.
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ground surface.
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}iﬂriﬁcation Well #1 Schematic

4902.5 - 4905.5 fi.
4985.7 - 4988.7 1.
5638.8 - 5642.3 fi.

5825.4 - 58289 ft.

6401.2 - 6404.7 fi.
6617.3 - 6620.8 fi.
6705.3 - 6708.8 ft.

fesms L2

(1620 ) BO18 1

Su[fﬂce Cﬂﬂ i[}ﬂ Bhullcw Watar Zahes |
"['Up Deplh- 0 fi. @ m2oan HicknesaRoo i |
Bottom Depth: 365 f1, Grmosen ?;‘Q."‘,"_m po—
0.D.: 13.375 in. 306 (111 ).
LD.: 12.615 in.
Weight: 54.5 Ibs/ft.
Grade: J-55 s 141 mandrel & 1,208 1,
* 346 05 lublng Irom
Intermediate Casing gk gerlr e g
Top Depth: 0fi.
szttum Depth: 5305 fi. TR
0.D.: 9,625 in. el ol
1D.: 8.835 in.
Weight: 40 Ibs/ft,
Grade: N-80 (Dt m) 2,001 1t =
' o0 m) 210811
ng Strin i
Top Section Feomessn
Top Depth; 0fi. S _|
Bottom Depth; 5047 fi, "omzresn
0.D.: 5.5in,
LD 4.982 in,
Weight: 17 Ibs/fi.
Grade: J-55
Bottom Section
Top Depth: 5047 ft.
Bottom Depth: 7260 ft.
0.D.: 5.5in,
1B 4,892 in.
Weight: 17 Ibha/ft,
Grade; 13C85 by 165
2", M0 B2 D31 Mt ubing
from 71264, M7 1t {726 )
Perforations

6822.1 - 6825.6 fi.
6930.6 - 6934.1 fi.
6968 - 6971.5 fL.

7046.2-7049.2 fi.

Ground Surface 669 ft, MSL

(2,186 m) 70710
¥

Soncsione
thicknaas 1,620 f1 (404 m)

Tangsiing
& W', 1T, CR3 from
200 -0,047 I,

B W, A7 a1, N80 casing

Aram 8,047 11 o surlncs

Production Tubing

Top Depth: 01t
Bottom Depth: 4747 fi.
0.D. 2.8751n,
LD.: 244 in,
Weight: 6.5 Iba/fi.
Grade: J-55
Westbay Tubing

Top Depth: 4747 .
Bottom Depth: 7126 ft.
0.D. 2.5 in.
D 2.26in.
Weight: 3,12 Ibs/ft.
Grade: 316L 88
Westbay MP55

(Part #: 0414100C4)
316/316L Stainless Steel
Hydrogenated Nitrile
Butadiene Rubber

Westbay Packers Depths
(top of packer)
P28- 48238 fi.
P 27 - 4890.7 ft.
P26-49379 11
P25-497T38 fi.
P 24 - 5021.0 fi.
P23- 528351
P22-53293 fi.*
P21-53652R"
P20- 54109 fi.*
P 19- 5456.6 fr.*
P 18- 55024 ft.*
P17-5627.0 t.®
P 16- 56742 i,
P15- 5813511
P 14 - 5860.7 fi,
P13-6389.3 11
P12 - 6436.5 fi.
P11-660541.
P 10- 66526 fi.
P9- 66934 fi
P8- 67406 f
P7- 6811.0H.
P6- 6358211
P5- 69187 fi.
P4- 6956.1 ft,
P3- 70033 f.

P2 - 70342 1%

P1- 70814 fi

* QA Zones located between
noted packers.

QA Zone between P18 & P19
continuously monitored.
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Geophone Monitoring Well

N/R b ' Shallow Water Zones
200 ft ; |' thickness 200
Wiy )| Hp—— 1 &Y —{surface

7" orlarger

length 350 i

! Tubing '

—— %" B.S. open hole to &
depth just above the
Maguokatla Shale

e

2,080 ft

| New Albany Shale
| thickness 135 ft !

E AT PP e Lim e T

| Maquﬁkata Shale
{ thickness 210 ft

3,310 1t

| 8t. Peter Sandstone
3,460 ft I thicknass 150 ft
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ATTACHMENT C

PROCEDURE FOR CALCULATING AVERAGE VALUES
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PROCEDURE FOR CALCULATING AVERAGE VALUES

Electronic Data Collection and Storage

The following procedures apply where data is collected and stored electronically:

1. Flow rate (mass/time) will be monitored continuously and clock hour averages will
be generated as the default stored value.

& Flow rate averages will be generated on a weekly basis (hourly averages from Monday
6:00 am to Sunday 5:59 am) by summing the hourly averages during injection and
dividing by the number of injection hours,

3, Flow rate averages will be generated on a monthly basis (hourly averages from 6:00am to
5:39am) by summing the hourly averages during injection and dividing by the number of
injection hours, Weeks will be designated as Calendar Days 1-7, Days 8-14, Days 15-21,
Days 22-28, and Days 29-31 (where applicable) of each calendar month.

4, Annulus and Injection Pressure averages will be handled in the same manner (i.e.,
continuous monitoring with hourly averages generated), but averages will not discount
non-injection periods, i.e., reported weekly and monthly average values will include all
hourly averages collected.

Mechanical Data Collection and Storage

The following procedures apply where data is collected and stored using paper
strip charts and/or pencils for recording a graph, i.e., mechanical data collection
devices:

Weekly Average Flow Rate = __ Total volume injected (gal/week)
(total hrs. of injection/week) (60 min./hr)

Monthly Average Flow Rate = Total volume injected (gal/month)
(total hrs. of injection/month) (60 min./hr)

-The annulus pressure and injection pressurc averages are to be caleulated by an integration of the

curve. The values for the annulus pressure average are the values at the beginning of each week,
including all values during the week, and ending with the value at the end of each week. The
monthly annulus pressure average is calculated with all values from the beginning of each
month, to the end of the month.

When a month begins or ends in the middle of a week, the weekly charts shall be submitted with
the monthly report which coincides with the initial date of each weekly chart. For example, a
chart beginning the week of Monday May 30th through Sunday June 5th would be submitted
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with the monthly report for May and these values shall be used for the calculation of the weekly
average flow rate for the last week in May.

The weekly injection pressure average includes all values that occur during the week, all "zero"
startup values, and "zero" shutdown values, etc. The monthly injection pressure average will
include all injection pressure values that occur during the month, including startups, shutdowns,
and continuous injection values.

SFN:KL:kI\1150155136-UIC-UIC143M5.docx
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ATTACHMENT D

SUMMARY OF SUBMITTAL DATES
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The following is a summary of submittal dates for data required by this permit. This summary is
provided to highlight some of the submittals required by this permit. The referenced condition
must be consulted for complete details.

Condition

Ad

A9

B 1(e)(iv)

B 4(b)(v)

B 4(g)

B 4(h)(v)

B 4(h)(viii)
B 4(h)(viii)

B 4(h)(xii)
B 4(i)

B6

B7

H 12(a)

Submittal
Change in Tubing and Packer
Report providing information on
mechanical gauges for the injection and
verification wells

Changes to the composition of annular
fluid

Changes to the composition of annular
fluid

Verification Well Completion Report
Annual Report on Westhay automated
logging system

Mechanical Integrity Testing

Mechanical Integrity Testing
Gauge Calibration

Installation of Second Verification
Well

Well Completion Report

Monthly Operation Reports

Planned Changes

ate Due
30 days prior to installation
Within 30 days of issuance of the
permit. (Log #UIC-143-M-3)
Next Monthly Report
Next Monthly Report
Within 120 days of completion of

the Verification Well

January 15 of each year

30 days prior to demonstration

24 hour notice due to unexpected
events

January 15 of each year

90 days prior to the planned
installation

Within 120 days of completion of
injection well

15th each month (Quarterly data
due with reports submitted by
January 15, April 15, July 15 or
October 15). — — - -

15 days prior to planned changes
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1
Condition Submittal Due Date
H 13(c) Corrective Action Requirements by 24 hours after the discovery
Telephone
H 13(c) Corrective Action Requirements by 5 days after the discovery
Letter
H14 Endangerment of Environment Oral Within 24 hours of time of
Notification endangerment
by Letter Within 5 days of endangerment
H 17(h) Plugging and Abandonment Cost 30 days after anniversary
Estimates for Inflation
H22 Restriction of Injected Substances January 15 of each year
H 23(d) Certification of Plugging and 60 days after plugging
Abandonment
H 24 Plans for Conversion 180 days prior to actual
conversion
H 24 Notify before Conversion or 45 days prior to conversion or
Abandonment abandonment
H 26(e) Mechanical Integrity Testing 30 days prior to demonstration
H 26(e) Mechanical Integrity Testing 24 hour notice due to unexpected
events
H 26(1) Gauge calibration January 15 of each year
H28 39i Certification ~ Within 30 days of any event

SFN:KL:kI\150155136-UIC-UIC143M35.docx

described in Condition H 28
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ATTACHMENT E

WELL COMPLETION REPORT
(UIC Form 4h)
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TILLINOIS ENVIRONMENTAL PROTECTION AGENCY

UNDERGROUND INJECTION CONTROL PERMIT APPLICATION

FORM 4h - WELL COMPLETION REPORT

USEPA ID NUMBER
IEPA ID NUMBER
WELL NUMBER

1.

Type of Permit
Individual:
Emergency
New
Renewal
Permit Number
Area: o
Number of well
Name of Field
Emergency
New
Renewal
Permit Number

Location in Application

I

L
Iv.

VL
VI

VIIL,

IX.

Location, see instructions
A, Township-Range-Section
B. Latitude/Longitude
c Closest Municipality
Surface Elevation
Well Depth
Static Water Level
Demonstrated Fracturing Pressure, if applicable
Injection Well Completion
Well schematic or other appropriate drawing of surface and subsurface
construction details A : : = 2
Well Design and Construction
A, Well hole diameters and corresponding depth intervals
B. Annulus Protection System
1. Annular space, ID and OD
2 Type of annular fluid(s)
3 Specific gravity of annular fluid
4, Coefficient of annular fluid
5 Packer(s)
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a. Setting depth
b. Type
c. Name and model
6. Description of fluid spotting frequency, type and quantity
7. Information on well driller used for construction of this well

X Tests and Logs

A, During Drilling
B. During and after casing installation
¢ Demonstrate mechanical integrity prior to operation
D. Copies of logs and tests listed above
E. Description of well stimulation
XI. Well Design and Construction
A, Casings, see instructions
L. Conductive casing
2 Surface casing
3, Intermediate casing(s)
4, Long string casing
5 Other casing
B. Injection Tubing, see instructions
: 1. Maximum allowable suspended weight based on joint strength
2. Weight of injection tubing string (axial load) in air
C. Cement, see instructions
1. Conductive casing
2. Surface casing(s)
i Intermediate casing
4, Long string casing
5. Other casing

XII. Surface Facilities, see instructions -
A.  Filters(s)
B. Injection pump(s)
XIII.  Hydrogeologic Information
A Revised UIC Form 4a
B. Revised UIC Form 4d using actual data on injection formation
C. Revised UIC Form 4g
D. Copy of well completion report submitted to the Department of Natural
Resources (Formerly Mines and Minerals)
E. Copy of any plugging affidavits on injection well filed with Department
of Natural Resources

AR ANN AR RRA RN R AR RN R AR

XIV. Injection Fluid Compatibility, see instructions

. A, Compatibility with injection zones fluid
B. Compatibility with minerals in the injection zone
(3 Compatibility with minerals in confining zone
D. Compatibility with injection well components
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Injection tubing
Long string casing
Cement
Annular fluid
- Packet(s)
Well head equipment
Holding tank(s) and flow lines
Full description of compatibility of injection fluid with items A through D
ommnng Program, see instructions
Injection pressure gauge(s)
Casing-tubing annular pressure gauge(s)
Flow meter(s)
pH recording device(s)
Temperature

N awN =

XV.

AARRRNARARENY

moowErg™@

Certification

I certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who managed the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate
and complete. Iam aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.

Name & Official Title Phone Number

Signature Date Signed
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ATTACHMENT F

GROUNDWATER MONITORING WELL ATTACHMENTS
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Monitoring Well Diagram

Lockiwg Wel| Protesior
el Cap (wentod)
Concrme Gap
Gawriiiel Surimise

Frost Ling

el Anmsss Space BackFillsd with
Cedend Benlunile Slyrry

Well Casing af Toflor, BV,
55,515, Seel, ele,

Threaded Jalnts Saalad with
Telkat Tage andior Iner Gaskets

Well Casing of Teflon, PVC.or B.5.316 Extanding

w i Bt Above Grourdwatar Elevalion to Allow for
1 Soazonal Flustuations
% Satvratied Zone
oo E
AT |
-
P
24 Bortaniie Saal
a 2t S Filter Pack of Ciean Guarlz
Sond or Silica Beads

Wall xreen (Telon, PYE, or
M Ll gibn S48

l i : Erd Gap
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Well Completion Report

Site Number: oy County:
Site Name: ___ iz well
State fiere [ i
Plane Coordinptes ¥ Y (orhLasieede: Longiede: Bocehole: ________
Surveyed by: IL Registrateon #: Fo—
Drilling Contractor: Diriller:
Consulting Finn: Cieologisi:
Drilling Method: Dilling Fluid (Type):
Lopgged By: Drate Staried: Dale Finished:
Report Form [rane:
Completed By:
ANNULAR SPACE DETAILS Elevations  Depths {.01ft.)
(MSL)* (BGS)
Top of Protective Casing
Top of Riser Pipe
Type of Surfuce Scal; Ground Surface
Type of Annular Sealant: Tap of Anaular Sealant
: . Static Water Lovel
Installation Method: (Afier Completian)
Setting Time: SR Y '
|
Type of Bontonite Seal - - Granular, Pollet, 81 ’
wpe of Bontonite Sea l[.-ranu(al lg;] Ly Top of Seal
Ingtallation Method: % ? Tap of Sand Pack
Seuing Time: ey e Top of Sereen
Type of Sand Pack: R Bottom of Sereen
Cirain Sira: (Siove Size) | Botiom of Well
Inatallation Method: [;auom of Borehole
* Refercnoed o o Mational Geodels Datus
Type of Buck{ill Muteriul:
(0 mpplicabil ) CASING MEASURMENTS

Installation Method:
WELL COMSTRUCTION MATERIAL

(Chaecse p: type of maesial for cach anca)

o 1L o Other
553, 55116, PTEE, FYC, o Dthor

Well Completion Form (revised D2A06/02)

— s PG |
S50, 58316, T PYE o Oller

Diomer of Borchole (inckes)
0ol Kiser Pipe Ginctes).

Pective Ciaing Length (fsar)
fise Pipe Lenpth (frer)

—Bennm ol Sereen o Hnd Cog (feel]
Sereem Lensth (1 shot o fast skt (fesd)

Eigg B
) fad-Slowed Well Berosns ane L paab
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ELECTRONIC GROUNDWATER SUBMITTAL
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Formatting Requirements for the 01 Record of the Electronically Submitted i
Groundwater and Leachaie Data (the 01 Record portion of the LPC-160 is included :
for example purposes)

[LLINOIS ENVIRONMENTAL FPROTECTION AGENCY
DIVISION OF LAND POLLUTION CONTROL Pagge | of
CHEMICAL ANALYSIS FORM

RECORD TRANS
CODR
ILlPlc!Sl!!!i il
0 i
P ——— i —

] EEFORTOUEDATE oot e |

l-—-u——-—--ﬁ.m--————‘ FEDERALIDNUMBER oo o e e
BITE INVENTORY NUMBER __ e MONTOR POINTNUMBER ____ |
] " (s I o n |
RECION co, DATE COLLECTRD ____ /. |
oM BOY B |
FACILITY NAME i
|
FDRIN‘RWM\'I BACHOROUND BAMI'LE (X) TIMEB COLLECTED __ __ =
| L (24 Hr. Clock) 5o oMo
LAB i
" UNABLE TO COLLECT BAMI'LE
{see Enalroctions) -
DATERECEIVED __/___/ . |
amw » v @ MONITGR POINT SAMPLED 0¥
(see Inslruciions) - OTHER (SFECIFT}
SAMPLE FIELD FILTERED — INORGANICS (X) ORGANICS (X} 'l
- "
BAMPLE APTEAMANCE e
-
—————————————————— i
COTLRNON OO | - o o i i s i i im0, 5 i e i . Ty
™
_____________ e
TADCOMMENTE: o o e o o o i e e e e —— s e
-
e g e e e . A 0 B e i
1L 532 1210
LIpE 1 b
Tl Agancy in sath T Feguire ks Timitds Wevisml Sintaies, 1979 Chapicr |11 %, Secilon 1004 and

1030, [Maglngmre of dis faemnarion is requinod. Failies i do o fmay reond b e el i penliy op o 25000 for esch doy the
failiirg comtimes & B o oS 1000 00 sed impriscomant up Bo use year. Thiy T has brvs sppreved by the Foms
Manayesem Centes,

Adl sealbytical b Hor ot covtainel i~ Tus Mathods for Bvalnaning Solid
n—;m—uwm S\\’MI’“M“NM approved by the Agency.
Priper eyl chan of vuscody conmnl el guatity sstersseequnlity tonmsd procedarss nas be s intimad 5 sooeiinee wi
iy Corbien savmptioeg sed by s plas

*Dhaly Keypmach with Dai is Columm 35 ar Colwmey 247

Page | of 2
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Spaces Numbered

Spaces 1-7
Space 8

Spaces 9-18
Spaces 19-22
Spaces 23-28
Space 29
Spaces 30-35
Spaces 36-41
Spaces 42-47
Spaces 48-53
Space 54
Spaces 55-58
Space 59

Space 60

Space 61

Space 62
Spaces 63-102
Spaces 103-142
Spaces 143-149
Spaces 150-199

1150155136 - Macon County

ADM Company
Log No. UIC-143-M-5
Page 67 of 76
Description Kormat
Record Code LPCSMO1
Trans Code A
Site ID 0000000000
Mon P{ID G000
Date Collected 000000
Lab
Filler
Report Due Date 000000
Date Received 000000
Filler 2
Background Sample i
Time Collected 0000
Unable to Collect Sample
Meonitoring Point Sampled By

Field Filtered — Inorganie
Field Filtered — Organic
Sample Appearance
Collector Comments
Filler 3

Lab Comments

Page 2 of 2
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Formatting Requirements for the 02 Record of the Electronically Submitted Groundwater and Leachate Data
(the 02 Record portion of the LPC-160 is included for example purposes)

recorncopE L | p e |8 [ Mo 2l TRANS CODE | A (COLUMNS 9-29 FROM ABOVE) !
| [] § ¥
FIELD _53 < :
CONBTITUENT DESCRIPTION AND STORET ar VALUR |
REQUIRED UNIT OF MEASURE NUMBER HEl- |
Q| TEMP OF WATER (unfiltered °F) @ 2Lllioly]| F————om———sp ’
Q| SPEC COND (unfiltered umhos) 00948 |_ 1| 0 i FE
Q| pH (unfilted units) 2ot o ) [ [ A P el
QJELEVOF GW SURF (ft ref MSL) 71993} | | | ______ e,
Q| DEPTH OF WATER (ft below LS) (7 2019 | | | _ _______ N
A| BTM MELL ELEV (ft ref MSL) AR ZN ) e e
Q| DEPTH TO WATER FR MEA PT (ft) 21091 | | | ___ ___ 1 S :
————— | o | e — — — — ] —— — — — i
IL 5321213 I
LFC 160 01/90 :
This Agency is authorized to require this information under Tilinois Revised Statutes, 1979, Chapter 111 14, Section 1004 !
and 1021. Disclosure of this information is required. Failune to do so may result in o civil penalty up to §25.000 for each }
day the failure continues a fine up to $1,000.00 and imprisonment up to one year. This fonm has been approved by the
Forms Managoment Center.
All analytical procedures must be performed in accordance with the methods contained in “Test Methods for Evaluating |
Solid Wastes, Physical Chemical Methods,” SW-846, 3 Fidition, September 1986 or equivalent methods spproved by the 1
Agency. Proper sample chain of custody control end quality assurmnce/quality control procedures must be maintsined in
wccordance with the ficility sempling und analysis plan.
*Only Keypunch with Data in Column 35 or Columns 35-47

KEY; .
Spaces Numbored Deseription Format |
Spaces 1-7 Record Code LPCSMO2 |
Spacs & Tenrs Code A |
Spaces 918 Sits 1D ODIOODA0Y !
Spaces 1522 Mon PL 1D |
Spaces 21-28 Dute Collected - - - - - :
Space 20 Lab |
Spaces 30-34 STORET Number i
Space 35 Rewarks i
Space 26 Replicate
Space 37 <ar>
Space 3547 Vale
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ATTACHMENT H
PROCEDURE FOR WELL OR EQUIPMENT FAILURE
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Attachment H

PROCEDURE FOR WELL OR EQUIPMENT FAILURE

A, Injection Well

1. Automatic shutdown of the injection system will occur if:

a. Injection pressure at the wellhead exceeds 1,950 psig;
b.
C.

annufus pressure drops below 400 psig;

annulus pressure is less than pressure of the injection zone over the interval
between the packer and the confining layer;

injection of non-supercritical fluid occurs;*

injection fluid temperature falls outside of the permitted range (60-150°F) as
measured at the surface near the wellhead;*

the injection rate exceeds 1,833 Ibs/min for greater than 8 hours;

the continuous clectronic monitoring system is not functional;

there is reason to believe that the mechanical integrity of the injection well has be
compromised; or

there is reason to believe that the integrity of the confining layer has been
compromised,

* Per permit Condition B.1(d) these limits do not apply during startup, testing and
shutdown periods.

2. In the event an automatic shutdown is triggered, the owner or operator shall immediately
investigate and identify the cause of the alarm or shutoff without undue delay. If, upon
such investigation, the well appears to be lacking mechanical integrity, or if monitoring
required under permit Condition B.2(b) and (d) otherwise indicates that the well may be
lacking mechanical integrity, the owner or operator shall:

a.

b
.

Stop injecting fluids unless authorized by permit condition to continue or resume
injection;

Take all necessary steps to determine the presence or absence of a leak; and
Notify the Illinois EPA within 24 hours after the alarm or shutdown.

3. Inthe event loss of mechanical integrity is-discovered pursuant to Item A. 1, above or
during periodic mechanical integrity testing, the owner or operator shall:

a.
b.

C.

Immediately cease injection of fluids;

Take all steps reasonably necessary to determine whether there may have been a
release of injection fluids into any unauthorized zone;

Notify the [llinois EPA within 24 hours after loss of mechanical integrity is
discovered;

Notify the lllinois EPA when injection can be expected to resume; and

= o Mt
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e. Restore and demonstrate mechanical integrity pursuant to 35 Ill. Adm, Code
730.108 prior to resuming injection of waste fluids,

4. In the event of a failure of the continuous monitoring system injection shall cease and
manual field readings shall be obtained from the gauges identified in Attachment I, “Field
Log — Injection/Verification Wells”, of this permit. The manual reading shall be
recorded on the “Field Log — Injection/Verification Wells.” The initial readings shall be
obtained within 30 minutes of the failure and every four (4) hours afterword until the
continuous monitoring system is restored. Copies of the log(s) and a report regarding the
maintenance performed to correct the failure shall be provided with the monthly report as
required in Condition B.7. Injection shall not resume ontil such time as all of the
components of the continuous monitoring are operating properly.

B. Verification Well

1. Automatic shutdown of the injection system will occur if the following events occur at a
Verification Well:

a. pressure in the upper annulus pressure drops to -0.7 psig or is greater than 100
psig;

b. pressure within the Westbay tubing string drops below -(0.7 psig or is greater than
100 psig;

¢. an unexpected change in pressure occurs within the second QA zone up from the
base of the confining layer; *

d. the continuous electronic monitoring system is not functional;

e. There is an unexplained drop in the fluid levels in the upper annulus of the
Verification Well; ‘

. There is an unexplained drop in the {luid levels within the Westbay tubing string -
of the Vérification Well;

g. there is reason to believe that the mechanical integrity of the injection well has be
compromised; or

h. there is reason to believe that the integrity of the confining layer has been
compromised.

* This limit does not apply during periods when the Westbay monitoring system has
been removed for maintenance.

2. In the event an automatic shutdown is triggered by events identified in Item B.1, the
owner or operator shall immediately investigate and identify the cause of the alarm or
shutoff without undue delay. If, upon such investigation, the Verification Well appears to
be lacking mechanical integrity, or if monitoring required under permit Condition B.4
otherwise indicates that the well may be lacking mechanical integrity, the owner or
operator shall: (T A

a. Stop injecting fluids unless authorized by permit condition to continue or resume
injection;
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b. Take all necessary steps to determine the presence or absence of a leak; and
c. Notify the lllinois EPA within 24 hours after the alarm or shutdown,

3. In the event loss of mechanical integrity is discovered pursuant to Item B.] above or
during periodic mechanical integrity testing, the owner or operator shall:

a. Immediately cease injection of fluids;

b. Take all steps reasonably necessary to determine whether there may have been a
release of injection fluids into any unauthorized zone;

c. Notify the Illinois EPA within 24 hours after loss of mechanical integrity is
discovered;

d. Notify the Illinois EPA when injection can be expected to resume; and

e. Restore and demonstrate mechanical integrity pursuant to 35 Ill. Adm. Code
730.108 prior to resuming injection of waste fluids.

4. In the event of a failure of the continuous monitoring system for the Verification Well
injection shall cease and manual field readings shall be obtained from the gauges
identified in Attachment I, “Field Log — Injection/Verification Wells”, of this permit.
The manual reading shall be recorded on the “Field Log — Injection/Verification Wells.”
The initial readings shall be obtained within 30 minutes of the failure and every four (4)
hours afterword until the continuous monitoring system is restored. Copies of the log(s)
and a report regarding the maintenance performed to correct the failure shall be provided
with the monthly report as required in Condition B.7. Injection shall not resume until |
such time as all components of the continuous monitoring system are operating properly. !

SFN:KL:k\150155136-UIC-UIC143M35 .docx ‘ |
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ATTACHMENT 1

FIELD LOG — INJECTION/VERIFICATION WELLS
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FIELD LOG - INJECTION / VERIFICATION WELLS

(For back up field data collection in the event of power outage or other data transmission loss from
automated gauges — see “Insiructions™)

Mllinois EPA | Permit No. UIC-012-ADM
Site #1150155136 -~ Macon County Well No. CCS-1

Archer Daniels Midland — Comn Processing UIC Log # UIC-143-M-2
Carbon Sequestration Injection and Verification Wells | u_.

ADM Supervisor:

Readings Taken by: Name:

Phone:
Check Box(es) Above
Failed Instrument(s) =
Injection Injection | Verification | Verification

Wellhead Annulus Tubing Annulus

Pressure Pressure Pressure Pressure

PIT-009 PIT-014 Westbay Westbay

DATE TIME (psig) (psig) (psig) {psig) INITIALS

INSTRUCTIONS — Within 30 minutes of a communication loss, manual readings of the pressure in the tubing
and anmudus of both wells will be taken and recorded, and continued every 4 hours thereafier until
communication is restored. Note that in the event of a communication loss, infection will cease.
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ATTACHMENT J

APPROVED PERMIT APPLICATION
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Document Dated Received l
Initial Permit Application 01/31/2008 01/31/2008
Revised Initial Application (in entirety) 04/24/2008 04/28/2008
Revisions to 04/24/2008 application 06/20/2008 06/24/2008
Revisions to (04/24/2008 application 08/19/2008 08/21/2008
Revisions to 04/24/2008 application 12/19/2008 12/2172008
Geophone Well Installation 08/05/2009 08/06/2009
(Minor Modification - Log#: UIC-143-M-1)
Permit Modification Log#: UIC-143-M-2 10/30/2009 1170272010
Revised Modification Application (in entirety} 06/03/2010 06/04/2010
Revisions to 06/03/2010 application 11/12/2010 117152010
Geophone Well closure cost estimate 01/05/2011 01/06/2011
Permit Modification Log#: UIC-143-M-3
. Geophone Well Completion Report 04/05/2010 04/06/2010 |
CCS1 Well Completion Report 05/05/2010 05/07/2010
CCS1 Well Completion Report Supp. 1 05/16/2011 05/18/2011 .
CCS1 Well Completions Report Supp. 2 07/08/2011 07/12/2011 |
Verification Well 1 Completion Report 08/01/2011 08/03/2011 ]
CCS1 Well Completion Report Supp. 3 09/26/2011 09/28/2011 !
Monthly Reporting of Data, Weekly Averages 10/05/2011 10/07/2011 :
CCS1 Well Completion Report Supp. 4 10/18/2011 10/20/2011
CCS1 & VM1 Well MIT Report 11/01/2011 11/02/2011 -
Permit Modification Logé#: UIC-143-M-5 03/20/2012 03/27/2012 |

SEN:KL:ki11150155136-UIC-UIC143M5.docx
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