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1. Introduction

The U.S. Environmental Protection Agency (EPA) has published federal regulations for
Underground Injection Control (UIC) Class VI wells that inject carbon dioxide {CO.) for the
purpose of geologic sequestration. The regulations require that owners or operators of Class VI
wells must demonstrate and maintain financial responsibility for taking corrective action on wells
in the Area of Review (AoR), plugging the injection wells once injection ceases, undertaking
post-injection site care (PISC) and site closure, and conducting any necessary emergency and
remedial response actions to ensure that owners or operators have the resources to allow a
third party to carry out any activities that may be needed to protect Underground Sources of
Drinking Water (USDW) as required by the regulation. The FutureGen Industrial Alliance, Inc.
(Alliance) is submitting applications for Class VI permits for the proposed construction and
operation of CO; injection wells at a site in Morgan County, IL. This third-party cost estimate
was prepared in support of those applications.

Il Company qualifications

Patrick Engineering Inc. is a nationwide engineering, design, and project management firm with
a long history of success on a variety of complex infrastructure projects. Their client list includes
key government agencies, private and public utilities, and FORTUNE 500 companies in a broad
range of industries. They provide pre-construction services, procurement, and construction
management of heavy civil infrastructure projects. Patrick has technical experts in the fields of
civil, structural, hydraulic, environmental, geotechnical, and electrical engineering, geoclogy,
surveying, construction management, process control, and geographic information systems.
Engineering News Record (ENR) has included Patrick in its ENR Top 500 for 17 consecutive
years and the company has been ranked as one of the Midwest’s Top 10 Design Firms for the
past five years. :

lil. Project description

FutureGen 2.0 is a first-of-its-kind, near-zero emissions coal-fueled power plant with carbon
capture and storage. In cooperation with the U.S. Department of Energy (DOE), the FutureGen
2.0 project partners would upgrade a power plant in Meredosia, lllinois with oxy-combustion
technology to capture approximately 1.1 million metric tons of CO, each year—more than 80
percent of the plant’s carbon emissions. Other emissions would be reduced to near-zero levels.
The captured CO-, would be compressed to a super-critical fluid and, using safe and proven
pipeline technology, the CO, would be ftransported approximately 30 miles and stored
underground at a site in northeastern Morgan County, liiinois.

Four horizontal injection wells would penetrate approximately 4,030 feet vertically and 2,000
feet horizontally into the Mt. Simon formation — a porous, saline-saturated sandstone — where
the CQ; would be sequestered. Surface facilities at the injection site would consist of a site
control building and a well maintenance and monitoring system building. The Alliance is
evaluating locating the site control and pumping functions at the power plant facility in
Meredosia. If that proves to be functionally and economically preferable, the injection wells site
would only have a well maintenance and monitoring system building.

In addition to the injection wells, the Alliance would use its existing stratigraphic well that was
drilled into the Mt. Simon formation as a monitoring well and would drill two additional

Financial and Confidential Information Page 2 of 18
c2



March &, 2013

monitoring wells into the Mi. Simon formation. The Alliance would also install up to three
monitoring wells above the Eau Claire caprock formation at approximately 3,400 feet, and one

monitoring well into the St. Peter formation (considered the lowest USDW [LUSDW]) at 1,900
feet.

IV.  Description of activities considered to demonstrate financial responsibility

In estimating the costs to demonstrate financial responsibility for the geclogic sequestration of
carbon dioxide by the FutureGen Alliance at the Morgan County site, Patrick Engineering has
considered the costs associated with: 1) corrective action on wells, 2) plugging of the four
injection wells and the three monitoring wells, 3) post-injection site care, 4) site closure, and 5)
emergency and remedial response, as detailed below:

1. Corrective action on wells in the AcR
a. Review existing plume model
b. Remodel plume
c. Review of state databases of known wells and abandoned mines
d. Well integrity testing
e. Plug deficient wells
f. Perform remedial cementing of defective wells
2. Injection wells and monitoring wells plugging and site reclamation
a. Injection wells plugging
i. Casing evaluation
ii. Repair problems & cleanup of any impacted groundwater
fii. Cement materials used to plug the well
iv. Labor, engineering, rig time, equipment
v. Decontamination of equipment
vi. Disposal of any equipment
b. Land reclamation
i. Phase | demolition of surface site buildings at injection well site
ii. Removal of gravel well pads and land restoration at injection well site
c. Well remediation
i. Sample analysis (Fluid or Soil}
fi. Site assessment/hydrogeclogic study
iii. System removal
iv. Disposal system modification
v. Installation of monitoring well
3. Post-injection site care
a. Monitoring wells for geochemical and geophysical analyses
i. LUSDW monitoring well
ii. Injection zone monitoring well
iii. Above confining zone monitoring well
b. Operation and maintenance of monitoring wells
i. LUSDW monitoring well
ii. Injection zone monitoring well
iii. Above confining zone monitoring well
c. Site management and EPA reporting
4. Site closure
a. Non-endangerment demonstration
b. LUSDW monitoring well plugging and site reclamation
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iv.
V.
vi.
vil.
viii.

Casing evaluation

Evaluation of any problems discovered by the casing evaluation
Cost for repairing problems & cleanup of any groundwater or soil
contamination

Cost for cementing or other materials used fo plug the welis
Cost for labor, engineering, rig time, equipment and consultants
Cost for decontamination of equipment

Cost for disposal of any equipment

Gravel pad removal

C. Injectlon zone monitoring well plugging and site reclamation

iv.
V.
vi.
vii.
viii.

Casing evaluation

Evaluation of any problems discovered by the casing evaluation
Cost for repairing problems & cleanup of any groundwater or soil
contamination

Cost for cementing or other materials used fo plug the well

Cost for labor, engineering, rig time, equipment and consultants
Cost for decontamination of equipment

Cost for disposal of any equipment

Gravel pad removal

d. Above confining zone monitoring well plugging and site reclamation

iv.
V.
vi.
Vii.
viii.

Casing evaluation

Evaluation of any problems discovered by the casing evaluation
Cost for repairing problems & cleanup of any groundwater or soil
contamination

Cost for cementing or other materials used to plug the well

Cost for labor, engineering, rig time, equipment and consultants
Cost for decontamination of equipment

Cost for disposal of any equipment

Gravel pad removal

e. Land reclamation

Phase I demoilition
Remove access roads

f. Document plugging and closure process
5. Emergency and remedial response
a. Post-injection USDW contamination

Acidification due to migration of CQ;

Toxic metal dissolution and mobilization
Displacement of groundwater with brine due fo CQO; injection

b. Post-Injection Failure Scenarios (acute)

Upward leakage through CO; injection well
Upward leakage through deep oil and gas wells
Upward leakage through undocumented, abandoned, or substandard wells

c. Post-lnjectlon failure scenarios (chronic)

i.
ii.
iii.
iv.
V.
Vi,

Upward leakage through caprock through graduai failure

Release through existing faults due to effects of increased pressure
Release through induced faults due to effects of increased pressure
Upward leakage through CO; injection well

Upward leakage through deep oil and gas wells

Upward leakage through undocumented, abandoned, or substandard deep
wells

d. Other
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i. Catastrophic failure of caprock
ii. Failure of caprock/seals or well integrity due to seismic event

V. Basis used to develop cost estimates

The FutureGen Alliance contracted with Patrick Engineering to provide a third-party cost
estimate to meet the required financial responsibility activities: corrective action on wells in the
AoR; injection well plugging; post-injection site care and site closure; and emergency and
remedial response. Patrick used the EPA’s UIC Program Class VI Financial Responsibility
Guidance' as the basis to define the activities required to be included in the cost estimate. The
costs of the required activities were then estimated from 1) historic price data from other
projects the company has managed, 2) cost quotes from third-party companies, 3) EPA’s
Geologic CO, Sequestration Technology and Cost Analysis document?, and 4) professional
judgment on the level of effort required to complete an activity. The estimated costs are in
current {2012) dollars and reflect the costs of a third party to complete the work. The unit costs
are fully loaded with general and administrative costs; overhead and profit are also included.

In developing the estimate, Patrick assumed the costs would be incurred if the FutureGen
Alliance was no longer involved in the project and a third party was asked fo conclude the
project in a manner to protect USDWs. Thus, the costs included in this estimate would cover the
efforts required to ensure the protection of USDWs at no cost to the public. The cost estimate
includes the assumption that the third party would not take over and complete the full vision of
FutureGen'’s research project and thus that CO; injection would cease immediately.

VL. Area of Review and Corrective Action Cost Estimate

The estimated costs in this section cover the periodic reevaluation of the AoR and the
identification and remediation of newly identified deficient wells. For the purposes of this cost
estimate, the initial study area was defined as an area of approximately 5,000 acres surrounding
the injection well pad for the four injection wells. This area was based on a computational model
that assumed injection of 1.1 million metric tons of CO, annually for 20 years (total of 22 million
metric tons). Based on the model, the area covered by CO; plume after plume movement
ceased would be contained within the 5,000-acre area. All deficient wells found in the initial AoR
would be remediated before injection begins. Therefore, no cost is included to remediate
deficient wells within the initial AoR.

As noted above, this cost estimate assumes CQO; injection would cease at, or would have
ceased by, the time a third party was needed to take over responsibility for the injection well and
storage site. For purposes of the cost estimate, a reevaluation of the AoR would occur at the
time a third party took responsibility and then would occur once every five years during the 50-
year post-injection period — the default frequency required by the Class VI regulations. Should
the injection reservoir tracking data obtained over the five-year period deviate significantly from
the predictions of the original (or updated) computational model, the model would be updated to
reflect the actual measured shape and extent of the CO, plume and improve the accuracy of the

' Underground Injection Controf (UIC} Class VI Program. Financial Responsibility Guidance. USEPA

z Geologic CO2 Sequestration Technolfogy and Cost Analysis. USEPA Office of Water (4606-M). EPA
816-D-10-008, November 2010.
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predicted AoR. It is assumed this would only be necessary once during the post-injection period
as the model would have been regularly verified and updated during the injection period.

Any newly identified wells are assumed {o be either deficient wells within the initial AoR which
were not discovered before injection, or deficient wells added because of adjustments {o the
AoR due to ongeing monitoring of the plume during injection. Based on current investigations by
Patrick and the Alliance, the closest well in any direction that penetrates the confining zone (the
Eau Claire Formation) is approximately 16 miles away from the proposed injection site. For this
reason, Patrick believes that the likelihood of encountering additional wells within an adjusted
AoR is small and, for purposes of the cost estimate, has assumed that there wouid be one
newly identified well.

Remediation costs were estimated based on Patrick’'s experience and costs incurred or
estimated for other projects.

Table 1: Corrective Action on Wells in Area of Review

. . . . Total
Activity Unit Unit Cost ($) Costs ($)
a. ReVIew_eXist:ng plume model 1600 hrs | @ 153 per = | 245,000
(every five years) hour
b. Remodel plume (once) 1,500  hrs @ @ 153 hpOeJr = | 230,000
¢. Review of state databases of or
known wells and abandoned 200 hrs | @ 153 hpour =: 31,000
mines (every five years)
d. Well integrity testing 1 well | @ 26,000 V‘\’{Zfl = 26,000
e. Plug deficient wells 1. well @ 15,000 V‘\’,‘:ﬂ = 15,000
f. Perfor_m remedial cementing of 1 well | @ 15,000 per = 15000
defective weils well
g. Project management and 400 hrs | @ 153 per = 61.000
oversight (every five years) hour ’
Total Corrective Action on Wells in AoR over 50-year Post-injection Period 623,000

Vil. Injection Wells Plugging and Site Reclamation Cost Estimate

The estimated costs in this section cover the plugging of the four injection wells after injection
had ceased. Site reclamation for the plugged sites is included in the cost as well.

The costs are broken into three areas: 1) plugging and abandoning the four injection wells, 2)
land reclamation including removal of injection site buildings and appurtenances, and 3)
remediation cost in the unlikely event that the plugging activity causes the need to remediate
local shallow wells. The cosis are one-time costs that would be paid at the end of the
anticipated 30-year injection period or when injection ceased, whichever came first.

The plugging of all wells would include mechanical integrity testing, plugging the hole with
cement for the entire depth of the well, and cutting the well off below the ground. All structures
and appurtenances at the siles of the first and second injection wells would be removed except
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for those directly necessary to the continued monitoring of the plume. The surface facilities
remaining for post-injection monitoring would be removed during site closure.

Well plugging and site remediation costs were estimated based on Patrick’s experience and
costs incurred or estimated for other projects. Four previous UIC applications for CO,
sequestration wells were reviewed and average costs for mobilization and plugging costs per
inch-foot of bore were developed.

Table 2: Injection Wells & Monitoring Wells Plugging & Site Reclamation Summary

Activity | Total Cost ($)
a. Injection wells plugging 1,633,000 ‘
b. Landl mr‘eclamation 1,03?,009__
c. Well remediation | 53,000
;Zizla::j:t?;i:n Wells & Monitoring Wells Plugging & Site 2,723,000

Table 2a: Injection Wells Plugging & Site Reclamation Detail
Activity Unit Unit Cost ($) | Total Costs ($)

i. Casing evaluation 4 wells @ 62,000 \,?/erl = | 248,000

ii. Repair problem & groundwater 4 wells | @ 31,000 per  _ 124,000
cleanup well

iii. Cement materials used to plug 4 wells @ | 140,000 per _ 560,000
the well well

iv. Labpr, engineering, rig time, 4 wells @ | 114,000 per — 456,000
equipment well

v. Decontamination of equipment 4 : wells | @ 4,000 vi\)rglr! = 16,000

vi. Disposal of any equipment 4 wells i @ 3,000 V’\)’Z{I = 12,000

Miscellaneous and minor - per _

contingencies (10%) 4 wels @ 36000 . = 144,000

Project Management and Oversight (480 hours @ $153/hour) 73,000

Total injection wells plugging 1,633,000

i. Phase | demolition of site control . per : _

building at injection well site 1) ste @ 836000 ., = 836,000

ii. Removal of gravel well pads and er
land restoration at injection well 1! pad | @ : 186,000 p?ad = 186,000
site

Project Management and Oversight (100 hours @ $153/hour) 15,000

' Total land reclamation - 1,037,000
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i. Sample analysis (fluid or soil) 1 @ 1,000 each 1,000
. ﬁ)‘fg@;gif{fgfﬂtu @y 1 @ | 15300 each = 15300
iii. System removal 1 @ 7,600 each = 7,600
iv. Disposal system modification 1 @ 1,500 each = 1,500
v. Installation of monitoring well 1 @ 15,300 each = 15,300
Project management and oversight (80 hours @ $153/hour) 12,000

Total remediation 53,000

VIIl. Post-Injection Site Care Cost Estimate

The estimated costs in this section cover the tracking and modeling of the plume during the 50-

year post-injection period.

The PISC activities would include collecting geochemical and geophysical monitoring data from
three injection zone monitoring wells, up to three above-caprock monitoring weils, and one
LUSDW (St. Peter formation) monitoring well. The data collected would include continuous
formation temperature and pressure readings and annual well samples. The geochemical and
geophysical data from the deep well would be used to verify and, if necessary, recalibrate the
computational model. PISC costs would also include record keeping and reporting the
infoarmation to the proper governmental agency.

The PISC costs were estimated based on Patrick’s experience, costs incurred or estimated for

other projects, and EPA guidance®.

Table 3: Post-injection Site Care Summary

® Ibid.

Activity Total Cost ($)
a. Monitoring wells for geochemical and geophysical analyses 10,870,000
b. Monitoring well mechanical integrity testing 3,650,000
c. Site management and EPA reporting 3,800,000
Total post-injection site care $18,320,000
Financial and Confidential Information Page 8 of 18
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Table 3a: Post-injection Site Care Detail

. ase
Activity Wells Cost () | ($) Annual Cost {$)
LUSDW well (geochemical analyses) 1 7,000 4,000 11,000
Injection zone monitoring well {pressure,
temperature, electrical resistivity 3 80,000 16,000 128,000
tomagraphy (ERT)
Above confining zone monitoring well
(pressure, temperature, ERT) 3 27,000 12,000 63,000
Project management and oversight (100 hours @ $153/hour) 15,300
Annual well monitoring cost 217,300
Total well monitoring cost for 50 years post-injection 10,870,000

Activity of Wells | Cost($) | ($/ft) | Depth(ft)  Cost (§)
LUSDW well, monitoring sensors
O&M (every five years - 1 2,000 4.25 1,900 2,000
annualized)
injection zone monitoring well 3 2,000 4.95 4.300 56,800
(annually)
Above confining zone well
monitoring sensors O&M (every 3 2,000 4.25 3,400 9,100
five years - annualized)
Project management and oversight (160 hours @ $153/hour every five 5 000
years) '
Annualized monitoring well operation and maintenance 72,900
Total monitoring well operation and maintenance for 50 years post-injection 3,650,000

Activity hours Unit Cost ($) Total Costs (3$)
Record keeping and reporting 250 @ 153 per hour 38,000
Project management and oversight. 250 @ 153 per hour 38,000
Annual site management and EPA reporting 76,000
Total site management and EPA reporting over 50 years 3,800,000
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DL Site Closure Cost Esfimate

The estimated costs in this section cover the final closure of the site. After the default 50-year,
post-injection and site care period, and when it could be demonstrated that the project would no
longer pose a risk of endangerment to any USDWSs, the site would be permanently closed.

The costs are broken into four functional areas; 1) preparing the non-endangerment report, 2}
plugging and abandoning all monitoring wells, 3) reclaiming land including removal of remaining
surface site buildings and appurtenances, and 4) documenting the site closure process. The
costs would be one-time costs that would be paid at the final project termination.

The plugging of the monitering wells would include mechanical integrity testing, plugging the
hole with cement the entire depth of the well, and cutting the well off below the ground. All
structures and appurtenances at the sites of the monitoring wells would be completely removed
and the sites would be restored to pre-project condition.

Well plugging and site remediation costs were estimated based on Patrick’'s experience and
costs incurred or estimated for other projects. Four previous UIC applications for CO,
sequestration wells were reviewed and average costs for mobilization and plugging costs per
inch-foot of bore were developed.

Table 4: Site Closure Summary

Activity T°t3i'$;:°5t

a. Non-endangerment demonstration 26,000
b. LUSDW monitoring well plugging 319,000
c. Injection-zone monitoring well plugging 1,609,800
d. Above-confining zone monitoring well plugging 1,288,500
e. Remove surface features and reclaim land 140,000
f. Document plugging and closure process 17,000
Total site closure 3,402,000
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Table 4a: Site Closu

re Detail

o - Cost per
Activity Well (§) | Number of Wells Total Cost ($)
Prepare non-endangerment demonstration report 26,000
Total cost non-endangerment demonstration 26,000

. Cost per u
Activity Well (8) of Wells Total Cost ($)

Casing evaluation 21,000 1 21,000
Evgluatlon of any problems discovered by the 7.000 ’ 7.000
casing evaluation
Cost for repairing problems & cleanup of any
groundwater or soil contamination 14,000 1 14,000
Cost for cementing or other materials used to plug 62.000 y 62,000
the well
Cost for labor, engineering, rig time, equipment 52,000 1 52,000
and consultants
Cost for decontamination of equipment 4,000 1 4,000
Cost for disposal of any equipment 2,000 1 2,000
Gravel pad removal (175’ x 175") 143,000 1 143,000
Project management and oversight (90 hours @ $153/hour) 14,000

Total cost plug LUSDW menitoring well 319,000

Activit Cost per | Number of
y Well ($) Wells ($)

Casing evaluation 51,000 3 153,000
Eva_luation of any problems discovered by the 20,000 3 80,000
casing evaluation
Cost for repairing problems_& c.ieanup of any 31,000 3 93,000
groundwater or soil contamination
Cost for cementing or other materials used to plug 140,000 3 420,000
the well
Cost for labor, engineering, rig time, equipment and 114,000 3 342,000
consultants
Cost for decontamination of equipment 4,000 3 12,000
Cost for disposal of any equipment 3,000 3 9,000
Gravel pad removal (175 x 175") 143,000 3 429 000
Project management and oversight (600 hours @ $153/hour) 91,800

Total injection zone monitoring wells plugging 1,609,800
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L Cost per Number
Activity Well (§) of Wells Total Cost ($)

Casing evaluation 34,000 3 102,000
Eva]uahon of any problems discovered by the 11,000 3 33,000
casing evaluation
Cost for repairing Problems_& qleanup of any 23,000 3 69,000
groundwater or soil contamination
Cost for cementing or other materials used fo plug 102,000 3 306,000
the well
Cost for labor, engineering, rig time, equipment 86,000 3 258,000
and consultants
Cost for decontamination of equipment 4,000 3 12,000
Cost for disposal of any equipment 2,000 3 6,000
Gravel pad removal (175" x 175’) 143,000 3 429,000
Project management and oversight (480 hours @ $153/hour) 73,500

Total cost plug above confining zone monitoring wells 1,288,500

ctivity nit Cost ($) Number Total Cost ($)
Phase Il demolition (@ 50 years following '
cessation of injection) - injection well site 1 112.000 ’ 112.000
well maintenance and monitoring building, and ’ ’
appurtenances
Remove access roads (miles) 11,000 2.5 28,000
Total remove surface features and reclaim land 140,000

- Rate
Activity Hours ($/hr) Total Cost ($)
Document plugging and closure process (well
plugging, post-injection plans, notification of 110 1583 17,000
intent fo close, and post-closure report).
Total documentation 17,000
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X. Emergency and Remedial Response Cost Estimate

It was assumed the response to discovered CQ; leaks, both acute/high volume and chronic/low
volume, would be to plug leaks where possible, assess any impact to USDWSs, and remediate
any contamination of USDWs. Potential consequences and response actions were taken from
Esposito 2010%. The cost estimate assumes a maximum affected area of about 4 square miles.
The costs include installation and sampling of 10 monitoring wells, installation and operation of
4 extraction wells, extraction, treatment of 10 to 20 gallons per minute of groundwater for 2
years using absorption, and removal of system. The extent and costs of treatment were adapted
from Federal Remediation Technologies Roundtable website®. The cost of study and well
installation were derived from previous experience. Costs for municipal water hook-up are not
included as this scenario is deemed to be extremely unlikely, although the cost of remediation
may make municipal water hook-up preferable. Also note that treatment costs can vary
significantly depending on specific metal and concentration.

The costs of responding to catastrophic events assumed wide areas with groundwater impacted

from CO; seeps which would require groundwater remediation and providing alternative water
supplies to affected residents.

Table 5: Emergency and Remedial Response Events

Event Consequences Response Actions
1. Post-injection USDW contamination
Acidification due to | Decrease in pH by 1to 2 Hydrogeological study to delineate 3-D
migration of CO; units, mobilization of trace extent and nature of impact to USDW.
and alkali metals, other Groundwater extraction with treatment of
geochemical changes to groundwater or extraction coupled with
groundwater that result in injection of 'clean’ water, if possible.
USDW exceeding Significant impact to USDW could require
applicable standards supplying municipal water o affected
properiies.
Toxic metal 1 Concentrations of toxic Hydrogeological study to delineate 3-D
dissolution and metals in USDW greater extent and nature of impact to USDW.
mobilization than applicable standards Groundwater extraction with treatment of
groundwater or extraction coupled with
.injection of 'clean’ water, if possible.
Significant impact to USDW could require
supplying municipal water to affected
properties.

* Exposito, Ariel M.M. 'Remediation of Possible Leakage from Geologic CO;, Storage Reservoirs into
Groundwater Aquifers. Stanford University Department of Energy Resources Engineering. June 2010.

® Environmental Cost Estimating Tools. In Federal Remediation Technologies Roundtable. Retrisved
June 9, 2011. From www.frtr.gov.
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Table 5 (continued)

Event Consequences Response Actions
Displacement of Concentrations of Hydrogeological study to delineate 3-D
groundwater with anions/cations in USDW extent and nature of impact to USDW.

brine due fc CO»
injection

greater than applicable
drinking water standards.

Groundwater extraction with freatment of
groundwater or extraction coupled with
injection of 'clean’ water, if possible.
Significant impact to USDW could require
supplying municipal water to affected
properties.

2. Post-injection fail

ure scenarios (acute)

Upward leakage
through CO;
injection well

Groundwater contamination

1) Pull and replace the tubing or the
packer, 2) Repair the well by plugging it
with cement, 3} Create a hydraulic barrier
by increasing reservoir pressure upstream
of the leak, 4) Install chemical sealant
barrier to block leaks, and 5) Remediate
groundwater (see 1. above).

Upward leakage
through deep oil
and gas wells

Groundwater contamination

1) Pull and replace the tubing or the
packer, 2} Repair the well by plugging it
with cement, 3} Create a hydraulic barrier
by increasing reservoir pressure upstream
of the leak, 4) Install chemical sealant
barrier to block leaks, and 5) Remediate
groundwater (see 1. above).

Upward leakage
through
undocumented,
abandoned, or
poorly constructed
wells

Groundwater contamination

1) Pull and replace the tubing or the
packer, 2) Repair the well by plugging it
with cement, 3) Create a hydraulic barrier
by increasing reservoir pressure upsiream
of the leak, 4) Install chemical sealant
barrier to block leaks, and 5) Remediate
groundwater {(see 1. above).

3. Post-injection fail

ure scenarios (chronic)

Upward leakage
through caprock
through gradual
failure

Groundwater contamination

Remediate groundwater (see 1. above)

Release through
existing fauits due
to effects of
increased pressure

Groundwater contamination

Remediate groundwater (see 1. above)

Release through
induced faults due
to effects of

increased pressure

Groundwater contamination

Remediate groundwater (see 1. above)

Financial and Confidential information
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Table 5 (confinued)

Event

Consequences

Response Actions

Upward leakage
through CO,
injection well

| Groundwater contamination

1) Repair the well by plugging it with
cement, 2) Create a hydraulic barrier by
increasing reservoir pressure upstream of
the leak, 3) Install chemical sealant barrier
1o block leaks, and 4) Remediate
groundwater (see 1. above)

Upward leakage
through deep oil
and gas wells

Groundwater contamination

1) Pull and replace the tubing or the
packer, 2) Repair the well by plugging it
with cement, 3) Create a hydraulic barrier
by increasing reservoir pressure upstream
of the leak, 4) Instali chemical sealant
barrier to block leaks, and 5) Remediate
groundwater (see 1. above).

Upward leakage
through
undocumented,
abandoned, or
poorly constructed

Groundwater contamination

1) Pull and replace the tubing or the
packer, 2) Repair the well by plugging it
with cement, 3) Create a hydraulic barrier
by increasing reservoir pressure upstream
of the leak, 4) Install chemical sealant

deep wells barrier to block leaks, and 5) Remediate
groundwater {see 1. above).

4. Other

Catastrophic failure | Groundwater contamination : Remediate groundwater (see 1. above)

of caprock

Failure of caprock
or well integrity due
to seismic event

Groundwater contamination

Remediate groundwater (see 1. above)
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Table 5a: Emergency and Remedial Response Estimated Costs

Event Estimated Cost ($)
1. Post-injection USDW contamination

Acidification due to migration of CO, 305,000
Toxic metal dissolution and mobilization 5,865,000
Displacement of groundwater with brine due to CO; injection 270,000
2. Post-injection failure scenarios (acute)

Upward leakage through CO; injection well 3,343,000
Upward leakage through deep oil and gas wells 2,111,000
Upward leakage through undocumented, abandoned, or poorly 2 111.000
constructed wells o

3. Post-injection failure scenarios (chronic)

Upward leakage through caprock through gradual failure 5,865,000
Release through existing faults due to effects of increased pressure 5,865,000
Release through induced faults due to effects of increased pressure 6,100,000
Upward leakage through CO; injection well 821,000
Upward leakage through deep oil and gas welis 411,000
Upward leakage through undocumented, abandoned, or poorly 411.000
constructed deep wells T
4. Other

Catastrophic failure of caprock 6,100,000
Failure of caprock/seals or well integrity due to seismic event 6,100,000

X1 Cost Summary

For the Morgan County CO; injection site, the total cost for a third party to take corrective
actions on wells within the AoR, plug the injection wells, conduct post-injection site care and site
closure actions necessary to protect USDWs if the Alliance were unable to do so is estimated to
be $17,785,000 as shown in Table 6. Possible emergency and remedial response actions as
necessary to protect USDWs could possibly amount to as much as $6,100,000 for a single
event.

Table 6: Total Financial Responsibility Cost by Category

Activity Total Cost ($)

Corrective action on wells in AoR 623,000
Injection wells & monitoring wells plugging & site reclamation 2,723,000
Post-injection site care 18,320,000
Site closure 3,402,000
Total Financial Responsibility 25,068,000

The costs, assuming a 20-year injection period, are shown by category projected over time in
Table 7 on the following page -
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Table 7: Total Financial Responsibility Cost by Category and Year

(in 2012 dollars)

Year
After
Injection
Stops

Corrective
action on
wells in AoR
Cost ($)

Injection wells &
monitoring wells
plugging & site
reclamation Cost ($)

Post-
injection
Site Care

Cost ($)

Site
Closure
Cost ($)

aE 33’700 :

350200, e

2

430,800

350,200

350,200

- L B50,200

/350,200

430,800

0.350,2000

350,200 1

= '_ "!_._-1350,200_ T T

350,200

©430,800

350,200

34 ; - 350200 -
TRET : - 350,200 -
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Table 7 {continued)

|

-

+430,800:

350200

350,200

350,260

51

3,402,000

TOTAL

623,000

2,723,000

18,320,000

3,402,000
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' MEMORANDUM DISCUSSING EMERGENCY AND REMEDIAL
RESPONSE ACTIVITIES AND AVAILABLE INSURANCE

SEPTEMBER, 2012

1. INTRODUCTION

We have been asked to prepare for the Alliance a plan and memorandum outlining the
applicable environmental insurance products, expected policy terms and conditions, exclusions,
costs and deductibles to support the Alliance’s application to US EPA Region 5 for the necessary
UIC Class VI well injection permit financial responsibility requirements. The analysis presented
in this memo was focused and based on the Emergency and Remedial Response activities for
the FutureGen 2.0 geological sequestration project identified in the Patrick Engineering report
dated September, 2012.

2. COMPANY EXPERIENCE

McGriff has extensive experience with power generation and emissions exposures. As part of
the 6" largest insurance brokerage firm in the U.S., we represent companies with over 300,000
megawatts of installed power generation. As part of our service to the energy industry, we
developed and placed the first insurance policy for Carbon Capture and Sequestration (CCS)
liability, representing American Electric Power on their Mountaineer Project. Additionally, we
are currently engaged with multiple CCS projects on their insurance program development and
management. Please see the Appendix for additional information on our firm.

3. US EPA REGION 5 PERMIT APPLICATION AND INSURABILITY OF EMERGENCY AND
REMEDIAL RESPONSE EVENTS

According to the EPA Guidelines, owners/operators must demonstrate financial responsibility
for four activities: '

Performing corrective action on wells
Well plugging

Post injection site care and site closure
Emergency and Remedial Response

AW

This is to ensure that owners/operators have the financial resources to carry out activities
related to operating, closing and remediating well sites if needed during injection or after wells
are plugged, so that they do not endanger Underground Sources of Drinking Water (USDW), and
will also ensure that the costs of abandoned projects are not borne by the general public.

Financial and Confidential Information
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' There are two approved ways of demonstrating financial res'ponsibility:

1. Independent third-party instruments (such as Trust, LOC, Surety Bond, Escrow or
insurance)
2. Selfinsurance

The Alliance is planning to utilize a Trust to fulfill the financial responsibility requirements for
performing corrective action on wells, well plugging and post injection site care and site closure,
and purchase insurance for the Emergency and Remedial Response activities.

4. Pollution Legal Liability Coverage for Emergency and Remedial Response Activities

It is McGriff's understanding and opinion after surveying the insurance marketplace that there
are no insurance products currently available that meet all of the financial responsibility
requirements outlined in the Regulatory Language for Financial Responsibility for Class VI Wells
— 40 CFR 146.85. However, the purchase of a Pollution Legal Liability (PLL} policy will provide
insurance coverage for clean-up costs if the Alliance becomes legally obligated to remediate
contamination of Underground Sources of Drinking Water.

The PLL policy also provides coverage for legal liability arising out of third party bodily injury and
property damage caused by a pollution condition, and includes coverage for defense costs. The
policy would include a specifically crafted endorsement designed to address the environmental
risk exposures for CCS injection and storage operations. We have included a specimen PLL policy
and CCS endorsement in the Appendix as an example of the insurance coverage currently
available in the marketplace.

Currently the markets offer PLL policy terms of three (3} to five (5) years, depending on the
required limit of liability. The market, at this time, will not guarantee renewal of such a policy,
as market conditions at expiration, loss of reinsurance capacity, or risk appetite for CCS
exposures may limit the ability of the insurers to offer renewal terms.

The policy will contain an aggregate limit of liability for the policy term. It is important to note
that if the limit of liability is exhausted, the Alliance will need to purchase another policy or elect
to reinstate policy limits, subject to an additional premium. There is no guarantee that the
Alliance would be able to purchase another policy because the available market capacity for CCS
projects is relatively limited and could erode if a significant loss were to occur.

Typically a PPL policy may be cancelled by the insurer for the following reasons: material
misrepresentation, failure to comply with policy terms, non-payment of premium, or change in
use or operation. Generally, the insurer will give 90 days written notice of cancellation to the
Named Insured (10 days for non-payment).
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. 5. EVENTS OUTLINED IN THE PATRICK ENGINEERING REPORT

In order to trigger the PLL policy, there must be an event that is caused by a “POLLUTION
CONDITION.” A Pollution Condition is defined in the Carbon Capture and Storage Covered
Operations Endorsement as:

Pollution Condition means the discharge, dispersal, release or escape of Carbon Dioxide and all
other components captured in accordance with the Permit for Injection into or upon land not
considered the Injection Zone, or any structure on land, the atmosphere or any watercourse or
body of water, including ground water.

Listed in the following table we have noted which PLL coverage sections should be purchased in
order to respond to the Emergency and Remedial Response events indentified in the Patrick

Engineering report:

Consequences

Response Actions

Insurance
Coverage

Availability *

Acidification due to Decrease in pH by 1 to 2 1) Hydrogeological study to delineate Coverage
migration of CO, units, mobilization of trace 3-D extent and nature of impact to B;D; EF
and alkali metals, other USDW. 2) Groundwater extraction
geochemical changes to with treatment of groundwater or
groundwater that result in extraction coupled with injection of
USDW exceeding applicable ‘clean’ water, if possible. 3) Significant
standards impact to USDW could require
supplying municipal water to affected
properties.
Toxic metal dissolution | Concentrations of toxic 1) Hydrogeological study to delineate Coverage
and mobhilization metals in USDW greater than | 3-D extent and nature of impact to B,D,E,F
applicable standards USDW. 2) Groundwater extraction
with treatment of groundwater or
extraction coupled with injection of
'clean’ water, if possible. 3) Significant
impact to USDW could require
supplying municipal water to affected
properties.
Displacement of Concentrations of 1) Hydrogeological study to delineate Coverage
groundwater with brine | anions/cations in USDW 3-D extent and nature of impact to B,D,EF
due to CO, injection greater than applicable USDW. 2) Groundwater extraction
drinking water standards. with treatment of groundwater or
extraction coupled with injection of
‘clean’ water, if possible. 3) Significant
impact to USDW could require
supplying municipal water to affected
properties.

dh-12/G50
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Consequences Response Actions Insurance
Coverage

Availability *

Upward leakage
through CO, injection
well

Groundwater contamination | 1) Stop injection, 2) Pull and replace Coverage
the tubing or the packer, 3) Repairthe | B,D,E,F
well by plugging it with cement, 4}
Create a hydraulic barrier by
increasing reservoir pressure
upstream of the leak, 5) Install
chemical sealant barrier to block leaks,
and 6) Remediate groundwater.

Upward leakage
through deep oil and
gas wells

Groundwater contamination | 1) Stop injection, 2) Pull and replace Coverage
the tubing or the packer, 3} Repairthe | B,D,E, F
well by plugging it with cement, 4)
Create a hydraulic barrier by
increasing reservoir pressure
upstream of the leak, 5) Install
chemical sealant barrier to block leaks,
and 6) Remediate groundwater.

Upward leakage
through
undocumented,
abandoned, or poorly
constructed wells

Groundwater contamination | 1) Stop injection, 2) Pull and replace Coverage
the tubing or the packer, 3) Repairthe | B,D,E, F
well by plugging it with cement, 4)
Create a hydraulic barrier by
increasing reservoir pressure
upstream of the leak, 5) Install
chemical sealant barrier to block leaks,
and 6) Remediate groundwater.

3. Post-Injection Fai
Groundwater contamination | 1) Stop injection, 2) Remediate Coverage

Upward leakage

through caprock and groundwater. B,D,EF
seals through gradual

failure

Release through Groundwater contamination | 1) Stop injection, 2) Remediate Coverage
existing faults due to groundwater. B,D,EF
effects of increased

pressure

Release through Groundwater contamination | 1) Stop injection, 2) Remediate Coverage
induced faults due to groundwater. B,D,EF

effects of increased
pressure

Upward leakage
through CO; injection
well

Groundwater contamination | 1) Stop injection, 2) Repair the well by | Coverage
plugging it with cement, 3) Create a B,D,EF
hydraulic barrier by increasing
reservoir pressure upstream of the
leak, 4) Install chemical sealant barrier
to block leaks, and 5) Remediate
groundwater.
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Consequences

Response Actions

Insurance

Coverage

Upward leakage
through deep oil and
gas wells

1) Stop injection, 2) Pull and replace
the tubing or the packer, 3) Repair the
well by plugging it with cement, 4)
Create a hydraulic barrier by
increasing reservoir pressure
upstream of the leak, 5) Install
chemical sealant barrier to block leaks,
and 6) Remediate groundwater.

Availability *
Coverage
B,D,E,F

Upward leakage
through
undocumented,
abandoned, cr poorly
constructed deep wells

Catastrophic failure of
caprock and seals

Groundwater contamination

1) Stop injection, 2) Pull and replace
the tubing or the packer, 3) Repair the
well by plugging it with cement, 4)
Create a hydraulic barrier by
increasing reservoir pressure
upstream of the leak, 5) Install
chemical sealant barrier to block leaks,
and 6) Remediate groundwater.

1) Stop injection, 2) Remediate
groundwater.

Coverage
B,D,EF

Coverage
B,D,EF

Failure of caprock/seals
or well integrity due to
seismic event

Groundwater contamination

1) Stop injection, 2) Remediate
groundwater.

Coverage
B,D,EF

PLL Coverage Sections:

Coverage B - On-Site Clean-Up of New Conditions

Coverage D - Third-Party Claims for Off-Site Clean-Up Resulting from New Conditions

Coverage E - Third-Party Claims for Bodily Injury and Property Damage

Coverage F - Emergency Response Costs
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' Notes:

* In order for the policy to respond to the first party Response Actions listed above, the action must
fall within the definition of Clean-Up Costs and be required by Environmental Law. The policy
definition of Clean-Up Costs is:

Clean-Up Costs means reasonable and necessary expenses, including legal expenses incurred with the
Company’s written consent which consent shall not be unreasonably withheld or delayed, for the
investigation, removal, treatment including in-situ treatment, remediation including associated
monitoring, or disposal of soil, surface water, groundwater, Microbial Matter, Legionella
pneumophila, or other contamination:

7. To the extent required by Environmental Laws or required to satisfy a Voluntary Cleanup
Program;
2 With respect to Microbial Matter, in the absence of any applicable Environmental Laws, to

the extent recommended in writing by a Certified Industrial Hygienist; or

3 With respect to Legionella pneumophila, in the absence of any applicable Environmental
Laws, to the extent required in writing by the Center for Disease Control or local health
department; or

4 That have been actually incurred by the government or any political subdivision of the United
States of America or any state thereof or Canada or any province thereof, or by third parties.

Clean-up Costs also include Restoration Costs.
The definition of Environmental Law is:
Environmental Law means any federal, state, provincial or local laws (including, but not limited to,
statutes, rules, regulations, ordinances, guidance documents, and governmental, judicial or

administrative orders and directives) that are applicable to the Pollution Condition.

Ongoing maintenance and other non-fortuitous events are not covered by a PLL insurance policy,
so it would not respond to all potential activities.

Please refer to the specimen policy in the Appendix for additional Definitions and Exclusions.

6. RECOMMENDED LIMITS

We have reviewed the Patrick Engineering report with a focus on the Emergency and Remedial
Response events listed and the related expected costs. The greatest exposure identified by
Patrick Engineering is a catastrophic failure of the caprock. This event has an estimated cost of
$6,100,000 for remediation of USDWs. While that cost is not disputed, we believe the actual
claim amount could be significantly higher. The Patrick Engineering cost estimate is an
engineering estimate which does not take into account other costs such as third party bodily
injury or property damage, expenses associated with defending third party liability claims, or
potential subsequent lawsuits. Legal defense costs, which could be one of the most significant
expenses related to a third party liability claim, were not included in the report.
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' Determining limits is a balance between purchasing adequate coverage for the project and

weighing premium costs and deductible requirements. While there have been relatively few
policies placed, other peer CCS projects purchase or plan to purchase between $25MM and
$200MM in total PLL policy limits. The difference in purchased limits is related to the size of the
projects, and the balance sheet of the owner/operator. Small test projects injecting 100,000 to
200,000 tons of CO, annually have purchased limits on the lower side, whereas large
commercial projects have purchased or plan to purchase much higher limits. Based on the size
and scope of the FutureGen project which is expected to inject approximately 1.1 million metric
tons of CO, annually, we recommend that the Alliance consider purchasing PLL coverage with
limits of $50,000,000 to $100,000,000.

Premium and deductible cost estimates for PLL coverage (Sections B, D, E, and F) with a CCS
endorsement are provided in the following table. These are estimates only and actual

premiums will be determined based on the underwriting information provided by the Alliance at
the time, prior to quoting.

Limit Deductible Annual Premium
$ 25,000,000 $250,000 $225,000-$350,000
S 50,000,000 $250,000 $375,000-$575,000
$100,000,000 $250,000 $625,000-5825,000

Financial and Confidential Information

dh-12/G50 D9 8



@ FutureGen

ALLIANCE
MSW

] APPENDIX

e Specimen Policy Form
e Sample CCS Endorsement

o McGriff Overview

Financial and Confidential Infermation
dh-12/G50 D.10 9




