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This document has been revised in response to comments received during the Department of Energy’s
review. Substantive changes were made in the following areas: (1) the analyses of pipeline accidents
were extended and automated via computer programs to estimate the expected number of individuals
within predicted air dispersion plume areas (for seven meteorological conditions and 16 wind directions)
should an accident occur at points located every 984 feet (300 meters) along the length of the proposed
pipelines; (2) the number of individuals potentially affected was estimated based on the areas of each
predicted plume. Previously this document presented estimates of the number of individuals within a
circular region of concern (i.e., the area of a circle, whose radius equals the maximum possible downwind
distance of dispersion where each threshold air concentration is reached) and labeled this group as
“potentially affected” in the event of a release; and (3) the locations of the injection wells at Jewett and
Tuscola were modified to be consistent with the revised plans. While the plume radii are the same as the
Final EIS, there are small differences in the acreage computed between the EIS and the Risk Assessment
due to unit conversion and round-off. The subsurface modeling of slow releases from the sequestration
reservoir is primarily dependent on the estimated leakage rates (tonnes/year), which did not change. The
EIS provides the estimated CO, plume acreage after 50 years, but these values are not used in the
subsurface modeling of leakage from the sequestration reservoirs.
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1.0 INTRODUCTION

FutureGen represents a technological advancement that integrates advanced coal gasification technology,
the production of hydrogen from coal, electric power generation, and carbon dioxide (CO,) capture and
geologic storage. Carbon capture and sequestration (CCS) technology is an innovative method for
reducing greenhouse gas (GHG) emissions, but the new technology comes with added design and
operational complexities and potential health, safety and environmental (HSE) risks. This document
reports the results of the human health and environmental risk assessment conducted to support the
preparation of an Environmental Impact Statement (EIS) for the FutureGen Project. The Risk Assessment
addresses the potential releases of captured gases at the power plant, during transportation via pipeline to
the geologic storage site, and during subsurface storage.

The approach to risk analysis for CO, sequestration in geologic formations is still evolving. However, a
substantial amount of information exists on the assessment and management of risks associated with the
geologic storage of CO, from natural-gas storage, deep injection of hazardous wastes, and the injection of
either gaseous or supercritical CO, in hydrocarbon reservoirs for enhanced oil recovery (EOR). There are
also numerous projects underway at active CO, injection sites to determine the long-term fate of CO,
injected into deep geological formations. The FutureGen Risk Assessment relies heavily on the technical
approach and findings from these previous and ongoing projects. However, there are a number of special
considerations for the FutureGen Project that translate into guiding principles that influenced the risk
assessment approach:

e TheRisk Assessment Approach isGeneric and Applied to Multiple Sites and Plant
Configurations. Four candidate sites selected by the FutureGen Alliance are evaluated using a
common set of performance characteristics and hazard scenarios. The results of the analysis
provide a basis for comparing the candidate sites.

e Readily Available Analytical Toolswere Utilized in the Risk Assessment. The development of
the risk assessment work plan and the risk assessment analyses were completed over a three-
month period. The methodology was developed and tested using generic data, and the final
analyses were conducted as the site-specific data were made available. Emphasis was placed on
the use of quantitative methods when practicable, but some aspects of the risk assessment were
conducted using qualitative methods. Conservative assumptions regarding the probability of
releases and the magnitude of releases were adopted to minimize the possibility that risks are
underestimated.

¢ The focus of the analysis is on risk aspects that are specific to carbon sequestration and likely to
be encountered in the FutureGen Project. Emissions that occur in commonly designed coal-fueled
power plants are not addressed.

The results of the human health and ecological risk assessment are presented in five parts:

e Conceptual Site Models (CSMs) are presented in Section 2. A central task in the risk assessment
is the development of the CSMs for the proposed site locations. Potential pathways of gas release
during capture, transport and storage are identified. The risk assessment approach is described for
the potential exposure pathways associated with pre- and post-injection of sequestered gases.
Site-specific elements of the four candidate FutureGen Project sites are described in detail.
Information from the Environmental Information Volumes (EIVs) provided by the FutureGen
Alliance (2006) is summarized. These data provide the basis for the parameterization and analysis
of likely human health and ecological exposure routes.
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e Toxicity Data, and Benchmark Concentration Effect L evels were determined for all of the
potentially complete exposure pathways and are presented in Section 3. The toxicity assessment
provides information on the potential for the chemicals of potential concern (COPCs) to cause
adverse human-health and environmental effects. These data provide the basis for the comparison
of estimated exposures and the assessment of potential risks.

e ThePrelnjection Risk Assessment in Section 4 provides the evaluation of the plant and
facilities for separating, compressing and transporting CO, to the injection site. The risk
assessment approach for the pre-injection components is based on qualitative and quantitative
estimates of gas releases under different failure scenarios. Failures of the engineered system
include catastrophic events, leakage, and fugitive releases of captured gases. The transport of the
released gas in the air is estimated through modeling. The predicted concentrations in air of CO,
and hydrogen sulfide (H,S) are used to estimate the potential for exposure and any resulting
impacts on human and ecological receptors.

e ThePost-Injection Risk Assessment in Section 5 presents the analysis of potential impacts from
the release of CO,, and H,S, after the injection of CO, into subsurface reservoirs. A key aspect of
this analysis is the compilation of an analog database that includes the site characteristics and
results from studies performed at other CO, storage locations and from sites with natural CO,
accumulations and releases. The analog database is used to evaluate the feasibility of geologic
containment over the long-term and for characterizing the nature of potential risks associated with
surface leakage through cap-rock seal failures, faults, fractures or wells. CO, leakage from the
FutureGen reservoirs is estimated using a combination of relevant industry experience, natural
analog studies, modeling, and expert judgment. Qualitative risk screening of the four candidate
sites is based upon a systems analysis of the site features and scenarios portrayed in the CSM.
Risks are qualitatively weighted and prioritized using procedures identified in a HSE risk
screening and ranking framework recently developed by Lawrence Berkeley National Laboratory
(LBNL) for geologic CO, storage site selection (Oldenburg, 2005). The atmospheric transport of
potential gas releases is estimated through modeling. The predicted concentrations in air are used
to estimate the potential for exposure and any resulting impacts on human and ecological
receptors.

e TheRisk Screening and Perfor mance Assessment is presented in Section 6. Site comparisons
are presented using the results of both qualitative and quantitative analyses. Uncertainties are
presented and discussed, and recommendations are made to address issues of concern and data

gaps.

The FutureGen Risk Assessment closely adheres to the work plans that were prepared for the analysis of
risks associated with pre- and post injection of captured gases (Tetra Tech, 2006 a, b). These work plans
describe the overall approach and steps in the evaluation of potential human health and environmental
risks. The work plans were reviewed by a panel of CCS and risk assessment experts.
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2.0 CONCEPTUAL SITE MODELS
2.1 Generic Conceptual Model Applicable to All Sites

Figure 2-1 conceptually shows the FutureGen Power Plant, sequestered gas storage approaches, release
pathways, and potential receptors that are being considered in this risk assessment. Potential gas releases
can occur at the plant, during transportation via pipeline, or from subsurface storage. Above ground, the
engineered systems that produce and transport CO, can be sources of released gas, either during normal
operations or when systems fail due to external disruptions. Once injected below ground, sequestered gas
can escape through failure of the injection borehole seal, through known or previously unrecognized
abandoned wells, and through fractures or faults that may transect the reservoir cap rock. The sequestered
gas may also have environmental impacts even without leakage to the atmosphere, either by transport into
aquatic ecosystems or underground sources of drinking water, or by enhancement of radon migration into
indoor air. Receptors of concern from atmospheric emissions include workers in the plant, nearby human
populations, and areas of natural resource value. Besides these groups of individuals, receptors of concern
from surface leaks include aquatic ecosystems, consumers of affected drinking water supplies, and
residents affected by enhanced radon intrusion into indoor air.

Figure 2-1. Conceptualization of FutureGen Project to Capture and Store CO, in Geological
Formations
(Potential pathways of stored gas release and receptors of concern are shown.)

The steps involved in conducting the above-ground (pre-injection) portion of the risk assessment are
shown schematically in Figure 2-2. The primary release mechanisms can either produce direct exposures
to humans or ecological receptors by inhaling atmospherically released gases, or be responsible for
secondary releases, such as discharge to surface water or soil. These secondary releases can then possibly
produce exposures to aquatic receptors in nearby surface waters or plants via uptake from soil. The
potential for possible adverse ecological or human health effects are also examined, should there be direct
releases of gases to surface waters, such as pipeline discharge into a stream or lake. The effects of the
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exposures for both human and ecological receptors are then evaluated and risk estimates provided. The
time frame of the risk assessment includes the entire pilot and operational periods of CO, capture at the
plant to plant closure (estimated to be 50 years).

Figure 2-2. Generic Risk Assessment Approach Prior to Injection of Sequestered Gases

Figure 2-3 identifies the steps in the post-injection component of the risk assessment process. The
primary release mechanisms can be either short-term (catastrophic) or long-term. Within this report, the
term “catastrophic” is defined as a large volume release that most likely is event triggered (well failure,
earthquake, etc.) and is of a limited time duration. It is important to note that the term catastrophic refers
to the release magnitude, and does not necessarily refer to the consequences of the release, which may not
be significant to either human health or the environment. These primary release mechanisms can either
produce direct exposures, be responsible for secondary releases such as discharge to surface waters, or
lead to pressure impacts and land deformation. These secondary releases can then lead to exposures. The
effects of the exposures for both human and ecological receptors are evaluated and risk estimates are
provided.

The time frame of the risk assessment includes the entire pilot and operational periods of CO, capture at
the plant to plant closure (estimated to be 50 years), and a much longer time period for the post-injection
part of the risk assessment [i.e., on the order of 5,000 years, was previously selected as the time horizon at
the Weyburn EOR project] in order to address potential issues associated with slow leakage of the
injected CO,.
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Figure 2-3. Steps in Risk Assessment for Post Injection of Sequestered Gases

2.2  Power Plant and Capture of Carbon Dioxide and Other Gases

The FutureGen Power Plant is planned to operate as a nominal 275 megawatt (MW) facility that produces
hydrogen from coal which is used as fuel for the generation of electricity while removing more than 90
percent of the coal’s carbon and 99 percent of its sulfur. The carbon would be sequestered deep below
ground at 1.1 -2.8 million tons/year (1-2.5 million metric tons per year [MMT/year]) of CO, and the
sulfur converted to a salable byproduct. The total operational period could be at least 30 years. The plant
is expected to be online by the year 2012.

A conceptual schematic of the plant highlighting the aboveground facilities for separating, compressing
and transporting CO, to the injection site has been developed from existing information (shown in Figure
2-4). At the core of the FutureGen Project will be an advanced coal gasifier. Although the specific type of
gasifier has not yet been selected, there are several choices that are commercially proven and available
and others that are in the late stages of development may offer additional operating efficiencies.
FutureGen may offer opportunities to assist in that development. Rather than burning coal directly,
gasification breaks down the coal and converts its constituents into a raw synthesis gas by means of
partial oxidation and other chemical reactions. The raw gas from the gasifier is composed predominantly
of carbon monoxide (CO), hydrogen (H,), CO,, methane (CH,), H,S, water vapor and smaller amounts of
other compounds.
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Figure 2-4. Schematic of FutureGen Project Coal-fueled IGCC Plant with Products and Potential
Releases

The plant will be designed to convert this raw gas to a clean hydrogen-rich turbine fuel by: 1) removing
particulates, 2) increasing hydrogen content by catalytically reacting CO with water vapor to form
additional H, and CO,, 3) removing the H,S and CO, and 4) removing the ammonia, chlorides and
mercury. Although all the specific processes have not yet been selected for these steps, multiple well
proven options exist for each step. Numerous applications exist of coal particulate removal with wet and
dry scrubbers and filters. Physical or chemical solvent processes (such as Selexol, Rectisol and MDEA
(methyl diethanol amine)) have been successfully used for decades to remove H,S and CO,. However,
they come with an efficiency penalty due to the energy required for solvent regeneration and a cost
penalty for separate absorber systems for H,S and CO,. New technologies (such as novel sorbents,
membranes and selective catalytic oxidation of H,S) when fully proven, could increase efficiencies up to
5 percent. Long term, steady state, co-sequestration of CO, and H,S could negate the need for separate
absorbers and a sulfur recovery unit (such as a Claus unit) reducing CO, capture cost by as much as 25
percent. Short term co-sequestration would not reduce capture cost but would improve availability by
allowing the rest of the plant to stay online during a Claus unit outage.

The hydrogen-rich gas will fuel a gas turbine to produce electricity. The energy in the hot turbine exhaust
gas will be recovered to generate steam in a heat recovery boiler. This steam will power a steam turbine
generator to produce additional electricity. The separated CO, gas stream, which will contain small
amounts of H,S and the other gases mentioned above, will be processed for sequestration.

The final step is compression and drying of the CO, gas prior to transport by pipeline to wellhead(s) at an
injection site. This process may involve several compression units and a multi-stage drying process using
glycol and potassium oxide.
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Transport of the captured gas stream to a location for injection underground is assumed to occur via
pipeline, as shown conceptually in . The distance of transport from the plant site to the injection point
varies from 1 to 60 miles (1.6 to 97 kilometers) for the four candidate sites. The number of compressor
facilities may vary among the sites. Based on past experience with CO, pipelines, pipelines away from the
plant would probably be buried to a typical depth of 3.3 feet (1 meter) IPCC, 2005), with releases
primarily occurring to the atmosphere.

At the injection site, CO, will be delivered to the injection wells at a pressure and temperature to achieve
target injection rates (e.g., 1,500 pounds per square inch absolute [psia] through 2,200 psia; 95°F [35°C]).
At these pressure and temperature combinations, the gas is supercritical (i.e., CO,is in a high density state
where gas and liquid are indistinguishable) to facilitate injection into the target reservoir.

2.3  Generic Sequestration Site Description

In general, CO, sequestration in sub-surface formations will most likely occur in one of the following five
scenarios: depleting/depleted oil reservoirs, depleting/depleted gas reservoirs, organically-rich shales,
saline formations, and unmineable coal beds. Once injected into the storage formation, the fraction of CO,
and low levels of other gases retained depends on a combination of physical and geochemical trapping
mechanisms that have different time scales and levels of security (IPCC, 2005). Physical trapping to
block upward leakage of CO, can be provided by an impermeable caprock or capillary forces that retain
CO; in the pore spaces of the formation. In some cases, however, one or more sides of the formation may
remain open and allow for lateral migration of CO, beneath the caprock. Additional mechanisms (such as
geochemical trapping) are especially important in these cases for the long-term entrapment of the injected
CO,. Geochemical trapping occurs as: (1) CO, dissolves in water and (over time scales of hundreds to
thousands of years) the CO,-laden water becomes dense and sinks rather than rises (IPCC, 2005); and (2)
dissolved CO, then reacts with certain rocks (e.g., feldspars) so that a fraction of the injected CO, will be
converted to solid carbonate minerals over millions of years (IPCC, 2005).

Under the right conditions, CO, may remain trapped for long time periods due to a combination of these
physical and geochemical trapping mechanisms. However, these gases may also be accidentally released
through one of the following key mechanisms (IPCC, 2005):

e Upward leakage through the caprock due to either catastrophic failure and quick release or
gradual failure and slow release;

e Release through existing faults or induced faults due to the effects of increased pressure;

e Lateral or vertical leakage into non-target aquifers due to an unknown structural or stratigraphic
connection with the target zone, or due to a lack of geochemical trapping and inadequate retention
time in the target zone; and

e Upward leakage through inadequately constructed wells, abandoned wells, or undocumented
wells.

For example, CO, injection into a partially depleted hydrocarbon reservoir can increase pressure until
there is leakage through the caprock due to exceeding either the capillary entry pressure, the hydraulic
fracture limit, and/or the dynamic fault-slip limit (Zoback, 2004). This can occur on a large scale if the
site is operated too close to these pressure limits or on a small scale if injection wells are inadvertently
overpressured due to a decline in reservoir injectivity. Yet, experience with engineered systems (IPCC,
2005) suggest a small fraction of operational storage sites may release CO, to the atmosphere or shallow
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subsurface, even though storage sites will presumably be designed to confine all injected CO, for
geological time scales.

2.4  Sequestered Chemicals and Processes of Potential Concern

Because FutureGen is designed to be a near-zero emissions power plant, not only is CO, captured and
sequestered, but so are other chemicals. These estimates of capture requirements were given in an early
U.S. Department of Energy (DOE) description of FutureGen (DOE, 2004):

e Sequester at least 90 percent of CO, by weight

e Sequester > 99 percent of sulfur by weight

®  Emit <0.05-pounds (22.7-grams) NOy per million BTUs

¢ Emit less than 0.005 pounds (2.3 grams) of particulates per million BTUs

® Sequester >90 percent mercury by weight

More recently, these estimates of sequestered chemical concentrations in the pipeline have been
generated:

e (CO;: 95 percent mol per mol (FutureGen Alliance, 2006)

e H,S: 0.01 percent-2.0 percent mol per mol (personal communication, Battelle)
e (CHy: 0.34 percent-0.7 percent mol per mol (IPCC, 2005)

e (CO: 0.1 percent mol per mol (IPCC, 2005)

In addition to these chemicals, other secondary processes may be of concern in terms of generating risks
to human health or the environment:

e Radon: Natural radon release might be enhanced if an inadvertent release of CO, diffuses at high
enough rates through the soil and shallow subsurface. The risk pathway would be into a dwelling
space, and by subsequent inhalation of radon and its progeny.

e Decreased pH in small stagnant ponds or lakes should a CO, plume settle over the water, or if
CO, seeps into the pond at high rates from the subsurface.

® Mobilization of metals in ground water should a CO, plume mix with groundwater, lower the pH,
and mobilize metals that would otherwise be insoluble.

2.5 Site Specific Elements for the Four Candidate FutureGen Project
Sites

Figure 2-5 shows the general locations within the United States of the four candidate sites. Two of the
sites are located within 30 miles (48 kilometers) of each other in the State of Illinois, while the other two
sites, Odessa and Jewett, are located in west and east Texas, respectively. In this section, a description of
the four sites is provided. The information has been excerpted and summarized from EIVs provided by
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the FutureGen Alliance (2006). Evaluations of the site conditions by the risk assessment team are
provided in Sections 4 and 5 of this report.

Table 2-1 summarizes information provided in the EIVs for each of the four sites and provides a cross-
reference of features for the four sites. The first part of the table focuses on surface features and the
second focuses on subsurface features. The sites vary in size from the smallest (Tuscola) at 345 acres (140
hectares) to the largest (Odessa) at 600 acres (243 hectares). All the sites are generally flat.

Both of the Texas sites propose to use more than one injection well, while both Illinois sites propose to
use exactly one injection well each. A backup well will likely be proposed for reliability should the
primary well be taken out of service for maintenance or non-performance. The distance from the power
plant to the injection sites is as far as 60 miles (97 kilometers) for the Odessa site to several thousand feet
(injection is close to the power plant) for Mattoon. Depths of injection of the fluids is between 3,000 feet
(914 meters) (Odessa) and nearly 10,000 feet (3048 meters) (Jewett). All target reservoirs have cap rock
seals hundreds of feet in thickness.

Figure 2-5. Locations of Four Candidate FutureGen Sites
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Table 2-1. Summary of Surface and Subsurface Features of Four Candidate Sites
Site Site Name
Characteristic Jewett, TX Odessa, TX Mattoon, IL Tuscola, IL
Location of Between College 15 miles (24 E”r:) ?nr:tlclaersf; 6 Two miles (3.2
Proposed Station and Waco, kilometers) west of northwest of kilometers) west of
FutureGen Project TX Odessa, TX Tuscola, IL
Mattoon, IL

Area of site (acres | 44 (16 600 (243) 444 (180) 345 (140)

[hectares])

Site elevation (feet
[meters] above msl)

426-492 (130-150)

2920-2969 (890-950)

679-718 (207-219)

680-686 (207-209)

Sensitive receptors

Health care
facilities, prisons,
schools, pre-
schools, colleges

Schools, retirement
center, prisons, day
care

Schools, hospitals,
nursing homes

Schools, nursing
homes

Wetlands in areas

Numerous small
wetlands exist on
both power plant

Wetlands exist within
the pipeline corridor
and above

18 small wetland

19 small wetland
areas delineated (6-

investigated and sequestration séfg;:sétrr]atlgcv :rltel;ar:]c; areas delineated 8 acres total)
sites sFi)te P
Variety of loams and Variety of loams with bl?)\r/?r?iglr? ;(:S;C;Iill’ty
Soil types sands underlying clay subsoil glacial Variety of loams
discontinuous caliche y giac
outwash and till
Range of seasonal Ranae of seasonal Range of monthly Range of monthly
daily temperatures : dail gtem eratures: average average
52-71°F (11.1- 49_7%;0,: (54-26 1 oé) temperature: 61.9- temperature: 64.1-
. 21.7°C) ) ) 42.9°F (16.6-6.1°C) | 43.4°F (17.8-6.3°C)
Climate = . I = . I
ange of seasonal ange of seasonal C o
precipitation: 2.9-4 precipitation: 1.1-2.0 Agguza :fgﬁg;pgg%n' A:g] l;ﬁLELiZFE'}%gOZ
inches (7.3-10.2 inches (2.8-5.1 (.:entimeters) ) .centimeters) )
centimeters) centimeters)
Sand and gravel
One major aquifer Groundwater exists aquifers 70 feet
beneath site: . . in shallow sand and | (21.3 meters) to 100
Shallow Carrizo-Wilcox, S:::;?A i?l#;zftui gravel deposits 20 feet (30.5 meters)
roundwater extends from near site. including Pecos (6.1 meters) to 125 below surface;
gresources surface to 500 feet Vallé A uifegand the feet (38.1 meters) sufficient for 10
(152.4 meters); Dc):/ckgm aquifer below surface; very gallons per minute
suitable for potable a sporatic; several (gpm) (37.9
water supply private wells liters/minute)
discharge
Shallow . .
Fresh to slightly saline
gé%ig?\)’:gzrohcg:l 300 mg/l typical waters (approximately 700 mg/l (few data 100-400 mg/I

(TDS)

1900 mg/l)

available)

Small intermittent
creeks; Lake

Ephemeral streams
and pools exist

Small streams near
watershed

Small streams near

Surg:gﬁrz\l:ster L(Iérln g rlllitlgéseglrf)s following heavy boundaries; several bounv(;/z}'?er:h(segveral
wesi of site); Trinit rainfall events; Pecos small lakes and river!s
) y River small rivers
River
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Table 2-1 (continued). Summary of Surface and Subsurface Features of Four Candidate Sites

Site Site Name
Characteristic Jewett, TX Odessa, TX Mattoon, IL Tuscola, IL
Ephemeral streams
and pools are present,
No protected and may provide Several Natural No listed or

Aquatic ecology

aquatic species
known

aquatic habitat; no
federal or state-listed
species occur

Areas; threatened
Eastern Sand Darter

endangered species

Terrestrial ecology

Numerous federally
protected species
frequent the site
environs, such as
the bald eagle

Bald eagle, whooping
crane, and peregrine
falcon migrate through
the area, and their
presence is only
transient

Landscape
dominated by
agriculture;
Endangered Indiana
Bat resides in caves
in Coles County

Landscape
dominated by
agriculture;
Endangered Indiana
Bat resides in caves
in Douglas County

Floodplain

Outside of 500-year
floodplain

Outside of 500-year
floodplain

Outside of 500-year
floodplain

Outside of 500-year
floodplain

Present primary use
of site lands

Operating lignite
mine; woodlands
and savannah

Rangeland

Agriculture

Industry and
agriculture

Fuel sources

Six alternative
sources including
coal, lignite, and
coke

Six alternative
sources including
coal, lignite, and coke

Illinois and Powder
River Basin Coal

Illinois and Powder
River Basin Coal

Groundwater from
Carrizo-Wilcox

Groundwater from
Ogallala, Pecos

Waste water from
Mattoon and

Existing water works

Source of cooling . Valley, Edwards- Charleston plant at the
water ﬁ(ﬂuggg(&ooo gpm) Trinity Plateau, wastewater Lyondell-Equistar
Iiter!s/minute]) Dockum, or Capitan treatment plants chemical facility
Reef Aquifers (WWTPs)
6.2 miles (10

Alternate sources:

kilometers) (to

Distance to source 2000 feet (610 between 28 miles (45 | Mattoon WWTP); 1.5 miles (2.4
of cooling water meters) kilometers) to 54 8.1miles (13 kilometers)
miles (87 kilometers) kilometers) (to
Charleston WWTP)

Target injection
reservoir

Woodbine and
Travis Peak
sandstones

Brine-bearing
Guadalupian
sandstones

Mt. Simon deep
saline formation

Mt. Simon deep
saline formation

Number of injection
wells

Woodbine Site: 2
Travis Peak Site: 1

10 (probable) to
18 (possible)

1, plus 1 backup

1, plus 1 backup

Woodbine Site:
52-59 miles (84-95

58 miles (93

Injection is directly

gltset(z?ce to injection 'IT'Irlg\r/Ti]setF?;?k; Site: kilometers) to site, below FutureGen lli}omlcla?:rg)s
; ) have multiple wells Project Site
52 miles (84
kilometers)

Depth below surface
to top of primary
injection target

4,700 feet (1433
meters) and 9,600
feet (2926 meters)
(two targets)

2,950 feet (899
meters) and 3,600
feet (1097 meters)
(two targets)

7,000 feet (2134
meters)

6,100 feet (1859
meters)

Thickness of
primary injection
target (feet [meters])

500 (152) and 1,500
(457)

300 (91) and 2,000
(610

Over 1,000 (305)

Over 1,000 (305)

Seal thickness (feet
[meters])

380-420 (116-128)
(Eagle Ford shale)

)
700 (213) and 400
(122)

300-500 (91-152)

300-500 (91-152)
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Table 2-1 (continued). Summary of Surface and Subsurface Features of Four Candidate Sites

Site Site Name

Characteristic Jewett, TX Odessa, TX Mattoon, IL Tuscola, IL
Approximate plume .
radius, 5 years; 2.8 0.8 miles (1.3 Ei.iggﬁasrs(;l(gach well: 0.5 miles (0.8 0.5 miles (0.8
million tons/year kilometers) 10 wells) ’ | kilometers) kilometers)
(2.5 MMT/year)
Approximate plume
millon on o C0x | 18I0 | Kiometas)(eachwer | QEMIes (13| 08 mies 1.
per year (2.5MMT- 10 wells)
COy/year)
Approximate plume
radius 50 years; 1 1.7 miles (2.7 1.0 mile (1.6 1.2 miles (1.9 1.1 miles (1.8

million ton per year

kilometers) per well*

kilometers) per well

kilometers) per well

kilometers) per well

(1MMT/year)
Area of plume per
well after 50 years, 5,800 (2,347) 2,024 (819) 2,800 (1,133) 2,430 (983)
(acres [hectares])
Length of post . .
injection modeling Not available 970 years, footprint Not available Not available
A - not available
period and footprint
Nufber of ceeb 01 | 57 (within 55 million
9 tons (50 MMT) 0 0 0
30 year plume lume footprint)
footprint P P
Number of
undocumented deep | 13 2 2 3
wells
Number of 4 0 0 0
production wells
New monitoring Yes Yes Yes Yes

wells proposed?

Major faults that
extend into injection
zone

Faults SE & NW of
site, plus small
faults in Woodbine
formation

No known faults

No known faults

No known faults

*Plume radii shown for Jewett are for a Woodbine formation well. For this well, the maximum plume radius was for the 2.8 million
tons of CO, per year (2.5 MMT-COz/year) injection rate for 20 years followed by 30 years of spreading. The plume radius for the 1.1
million tons (1 MMT) for 50 years of injection was 1.5 miles. Results are from modeling in EIVs.

2.5.1
2.5.1.1

JEWETT, TX
Surface Features

Figure 2-6 shows the location of the proposed Jewett FutureGen Power Plant site, sequestration site, CO,
pipeline, human receptors, major surface water bodies, and topographic variations.

General Description and Climatology

The proposed power plant site is located just north of the town of Jewett. The site sits at the juncture of
Leon, Limestone, and Freestone counties, with centroid coordinates at 31° 25° North by 96° 13° West.
The proposed power plant site is a contiguous 400-acre (81-hectare) parcel of land. The proposed power
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Table 2-1 (continued). Summary of Surface and Subsurface Features of Four Candidate Sites
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Area of plume per
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Figure 2-6 shows the location of the proposed Jewett FutureGen Power Plant site, sequestration site, CO,
pipeline, human receptors, major surface water bodies, and topographic variations.

General Description and Climatology

The proposed power plant site is located just north of the town of Jewett. The site sits at the juncture of
Leon, Limestone, and Freestone counties, with centroid coordinates at 31° 25° North by 96° 13° West.
The proposed power plant site is a contiguous 400-acre (81-hectare) parcel of land. The proposed power
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plant site is a relatively flat area with a maximum ground slope of 0.5 percent. Its elevation ranges
between approximately 426 and 492 feet (130 and 150 meters) above mean sea level (MSL), averaging
approximately 450 feet (137 meters) above MSL (USGS, 1982).

Figure 2-6. Proposed Jewett FutureGen Site, Injection Site, CO, Pipeline, and Surroundings

Sufficient groundwater resources are available onsite from the Simsboro formation of the Carrizo-Wilcox
aquifer to meet all facility water demands. Thus, it is unlikely that there would be a cooling water pipeline
corridor longer than 2,000 feet (610 meters) to the north of the plant site boundary. However, several
other aquifers also exist nearby the proposed site that could supply additional water, if necessary.

The proposed power plant site would be interconnected to the proposed sequestration reservoir by a CO,
pipeline 25 to 45 miles (40 to 72 kilometers) in length. A network of potential corridor options has been
proposed that provides flexibility and extension of the pipeline, as needed. Additionally, several smaller
diameter pipelines would be used to link the wells within the proposed sequestration reservoir to the CO,
spur, if necessary.

The surface extent of the land area above the proposed sequestration reservoir is located within Freestone
and Anderson Counties, TX, with centroid coordinates at 31° 41° North by 95° 55° West. The area covers
a total land area of approximately 134,000 acres (54,200 hectares) and is minimally developed both for
surface or subsurface uses. The area is characterized by open woodlands and savannah ecological habitats
and is transected by the Trinity River. One small community is located on the land area above the
proposed sequestration reservoir (Figure 2-6). Soils range from a variety of loam, sands, and clays.
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No meteorological data are directly available for the proposed power plant site or nearby communities;
however, average weather information for Jewett, TX is available. The information includes average
temperature, precipitation, humidity, wind speed, snow fall, sunshine, and cloudy days by month. Table
2-2 provides observations derived from that data.

Table 2-2. Weather Information for Jewett, TX

Weather Parameter Spring Summer Fall Winter
Average Daily Temperature, °F (°C) 71 (21.6) 80 (26.6) 59 (15.0) 52 (11.1)
Average Monthly Precipitation, 4.0 (10.1) 2.9(7.3) 4.0 (10.1) 3.3(8.3)
inches (centimeters)
Average Wind Speed, 11.6 (18.6) 9.8 (15.7) 10.2 (116.4) 11.7 (18.8)
miles per hour (kilometers per hour)

Average wind direction is not available for each season, but the wind rose suggests that wind direction in the area is predominantly
south to south-southeast throughout the year.

Water Resources and Wetlands

The State of Texas designates the aquifers in the state as major and minor aquifers. There is one major
aquifer, the Carrizo-Wilcox, beneath and within 1 mile (1.6 kilometers) of the proposed power plant site.
Although the Carrizo-Wilcox is designated as a single aquifer, it is more properly an aquifer system
consisting of many hydraulically distinct and diverse units. Four aquifer units are formally recognized in
the Carrizo-Wilcox aquifer in this portion of Texas. They are: Hooper, Simsboro, and Calvert Bluff
formations of the Eocene Wilcox Group, and Carrizo, the lowermost formation of the Eocene Claiborne
Group. The proposed power plant site is located on the down dip edge of the Calvert Bluff outcrop. The
Carrizo crops out within 1 mile (1.6 kilometers) of the site but exists as caps on hill tops and is unlikely to
yield suitable quantities of groundwater.

Water quality data are available for three Simsboro and one Calvert Bluff well within 1 mile (1.6
kilometers) of the proposed power plant site and indicate that the groundwater is fresh, with all samples
having TDS concentrations of less than 350 milligrams per liter (mg/1). Based on a reporting of Texas
Commission on Environmental Quality (TCEQ) information, there is no documented evidence of
contaminated groundwater within 1 mile (1.6 kilometers) of the proposed power plant site.

The proposed power plant site lies within the eastern portion of the Brazos River Basin near Lake
Limestone. No major surface water bodies are located on the proposed power plant site or within its
region of influence (ROI). The closest significant water body is Lake Limestone, approximately 3 miles
(5 kilometers) west of the site. Four small, intermittent creeks, Lynn Creek, Red Hollow, Lambs Creek,
and Cottonwood Springs Branch Creek, are within the ROI. Several small surface impoundments are also
located within the ROI of the proposed power plant site but do not appear to be hydrologically connected
to the creeks, reservoir, or other surface water bodies.

No existing contamination has been identified in water bodies within the ROI of the proposed power plant
site or in any nearby water bodies. Lake Limestone is the only assessed water body nearby and it has been
determined to fully support or to have no concerns related to all of its designated uses, including contact
recreation, high aquatic life use, and water supply.

The proposed CO, pipeline corridor segments extend from the Brazos River Basin into the Trinity River
Basin. Surface water features are characterized by numerous small creeks and small ponds and reservoirs.
Creeks are typically intermittent within the southern proposed corridor segments and become more
perennial as the northern segments approach and cross the Trinity River. Approximately 37 water bodies
are known to exist along the CO, corridor. The Trinity River above Lake Livingston (TCEQ water quality
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Segment ID 0804) is the only major water body in the area potentially affected by any of the proposed
corridor segments. This portion of the Trinity River fully supports all of its assessed designated uses,
including high aquatic life, recreation, fish consumption, and general use.

An investigation of the proposed power plant site revealed that several areas potentially subject to Section
404 of the Clean Water Act jurisdiction exist on the site. Maps produced by the U.S. Department of the
Interior’s Fish and Wildlife Service (FWS), referred to as National Wetlands Inventory (NWI) maps,
indicate one named creek channel (Red Hollow) coursing along the eastern boundary of the site, several
small herbaceous and forested wetlands associated with the creek, and several stock ponds in the northern
and southern portions of the site. A review of NWI maps for the proposed CO, pipeline corridor revealed
that several areas potentially subject to Section 404 jurisdiction exist within the corridor. An investigation
of NWI maps of the land area above the proposed sequestration reservoir revealed that several areas
potentially subject to Section 404 jurisdiction exist in this area. Several small herbaceous and forested
wetlands associated with the creeks and tributaries, and several on-channel stock ponds exist within the
land area.

Aquatic and Terrestrial Ecology

The proposed power plant site and its ROI lie where Freestone, Leon and Limestone Counties converge.
Hydrologically, the region is divided between two major watersheds. Streams in the eastern portion of the
region are part of the Trinity River Basin, while those in the western portion belong to the Brazos River
Basin. This has ecological implications as some species are geographically restricted and may occur in a
single watershed.

A number of aquatic surveys have been conducted within the three-county area comprising the proposed
power plant site and its ROI. Sampling events occurred in the spring and fall of 1992 and 1996, and in
August of 1999. The only known report or survey regarding aquatic habitat/species that has been
conducted within the past five years on the proposed power plant site is a field reconnaissance performed
in April 2006 to confirm the absence of habitat for threatened or endangered (T/E) species. Aerial
photographs and U.S. Geological Society (USGS) topographic maps indicate that the only surface waters
on the proposed power plant site are three small, intermittent creeks and a few man-made holding ponds.
No major creeks, rivers, or large impoundments are located in the immediate area of the power plant.

Aquatic invertebrates expected to be found in the streams and ponds of the proposed power plant site and
its ROl include a variety of insects, crustaceans, mollusks, and segmented worms. Aquatic crustaceans
common to streams in the Trinity and Brazos River drainage basins include crayfish, freshwater prawns,
and planktonic forms such as water fleas (Cladocera). A total of 70 fish species representing 18 families
are estimated to have geographic ranges that include the ROI. From the field studies, 49 species have
been collected from the site area. Based upon a review of the previous studies, the fish population appears
reasonably diverse and seasonally abundant. Overall, the habitats on the site are relatively small but
diverse.

The potential occurrence of any aquatic federally or state-protected species on the proposed power plant
site and its ROI is negligible. Based on review of T/E species databases generated by the Texas Parks and
Wildlife Department (TPWD) and FWS, there are no protected aquatic species in Freestone, Leon, or
Limestone counties.

The northern portion of the proposed sequestration area has perennial streams and ponds of a larger size
than the southern portion, and contains the Trinity River and its floodplain system throughout its central
portion. Many ephemeral streams occur in this region and fast-growing, opportunistic macrophytes
should be expected when flow is present. Permanent creeks and riverine habitat are also found in the area.
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Because there are no federally listed species known to occur in the land area above the proposed
sequestration reservoir, no critical habitat has been designated by the FWS.

The dominant vegetation types on the proposed power plant site include Post Oak Woods/Forest and Post
Oak Woods/Forest and Grassland Mosaic.

Much of the ROI includes portions of the Westmoreland Coal Company’s Jewett Surface Lignite Mine
(Jewett Mine). Within the mine boundary, recurring vegetation surveys have been conducted in support of
the mine’s permit application to the Railroad Commission of Texas (RCT). The proposed power plant site
and sequestration sites and their ROIs lie within the Texan Biotic Province described by Blair (1950). The
Texan Biotic Province corresponds to open woodland and savannah vegetational types as the landscape
transitions from the wetter forests in the east toward the slightly drier grassland provinces in the west.

Sensitive Receptors

There are 64 sensitive receptors located within the general vicinity of the proposed power plant, pipeline,
and injection points. School properties include 12 elementary schools, four middle and junior high
schools, six high schools, four alternative or special education schools, two private schools, two
preschools, two universities, and three administration offices. Ten child care centers are also located in
the area. Hospital and nursing home facilities include three hospitals, six health care facilities, two
hospices, and two assisted living centers.

The Leon Independent School District campus at 12168 Highway 79 West is located just less than 10
miles (16 kilometers) from the proposed power plant site boundaries. The elementary, middle, and high
schools are all located on this campus. No other sensitive receptors (e.g., nursing homes, hospitals,
prisons) are reported within 10 miles (16 kilometers) of the proposed power plant site. Near the pipeline,
several schools are located not far from the proposed injection sites.

The ROI for sensitive receptors also includes the land area above the proposed sequestration reservoir
plus a 10-mile (16-kilometer) radius. Eleven schools (7 elementary schools, one junior high, 2 high
schools, and one special education school), 4 preschools, one university, one school administration office,
and four health care facilities are located within the ROI for the land area above the proposed
sequestration reservoir (DOE, 2007). Five prison units with approximately 4,115 prisoners are also
located in the ROL

2.5.1.2 Subsurface Features
Saline Formation and Seals

Proposed gas injection is divided between the 500 feet (152 meters) Woodbine sandstone and the
heterogeneous 1800 feet (549 meters) Travis Peak sandstones. Figure 2-7 shows the site lithology,
injection zones, seals, and the proposed well types. There are also two thinner (200-450 feet [60-137
meters]) optional injection carbonate targets: the Rodessa and Pettit grainstones. All lie beneath an
ultimate top seal, the Eagle Ford Shale, which has a thickness of 400 feet (122 meters). The primary
injection zone, the Woodbine sandstone, is directly beneath the Eagle Ford. The Travis Peak, the Rodessa,
and the Pettit are individually sealed by shales and or fine grained limestone. In the case of the Travis
Peak, both low permeability shale-rich intervals at the top of the Formation, and low permeability
carbonates at the base of the Pettit are expected to provide effective barriers to vertical migration of
fluids. Over 2,296 feet (700 meters) of low permeability carbonates and shales above the Eagle Ford
provide additional protection for the shallow drinking water aquifers.
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The top of the Woodbine is 4,800 feet (1,463 m) below ground surface. It is a hydrocarbon reservoir in
other parts of east Texas. The top of the Lower Cretaceous Travis Peak is approximately 9,000 feet (2,743
meters) below ground surface. The Travis Peak Formation consists of as much as 2,000 feet (609 meters)
of stacked fluvial sandstones separated by low-permeability floodplain mudstones at depths down to
11,000 feet (3,353 meters). The Travis Peak at the injection site contains about 350 - 400 feet (107 - 122
meters) of sandstone, with porosity values typically ranging from 5 to 12 percent.

Salinities in both Jewett injection targets are approximately 100,000 mg/l. Temperatures in the Woodbine
at 5,575 feet (1,699 meters) are expected to be 162°F (72°C), and 242°F (117°C) at the base of the Travis
Peak sandstone. Bottom hole hydrostatic pressure is estimated to be 4,763 pounds per square inch (psi), at
a depth of approximately 11,000 feet (3,353 meters).

Figure 2-7. Schematic lllustration of Well Types for Jewett, TX

There are numerous shallow petroleum exploration wells within five miles of the injection wells, and the
projected plumes for the FutureGen injection wells could encounter approximately 16 plugged and
unplugged wells. None of these wells are actively producing hydrocarbons.

Regional Controls on Capacity and Injectivity

The injection rate of the single Travis Peak (Figure 2-8) well is limited by the maximum pressure that can
be safely maintained without causing reservoir fracturing. The most dominant regional controls on
capacity and injectivity in both the Travis Peak and Woodbine are reservoir heterogeneity due to
depositional environment. The two proposed Woodbine wells are well separated to avoid plume
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interference. Neither injection rate nor capacity is expected to be restricted in the Woodbine. The current
well layout plan has two Woodbine injection wells. The second well helps to reduce plume size and
provides backup capacity during well maintenance and monitoring activities.

Tectonic Setting

The Jewett site is located in a seismically stable area within the East Texas Salt Basin, one of the basins
that formed marginal to the Gulf of Mexico during the early Mesozoic. Structural dip on the Travis Peak
is less than one degree. The principal tectonic features of the region include down-to-the coast normal
faults southeast and northwest of the injection sites, and various salt tectonic features. In addition there
are small normal faults that cut the Woodbine within the sequestration site, but that do not off-set the
Eagle Ford caprock seal. Surface faults within 10 miles (16 kilometers) of the proposed injection wells
are local features clustered around salt domes located south and east of the injection wells. Three
dimensional seismic data reveal the presence of a normal fault at the southern margin of the northern
injection zone.

Figure 2-8. Map of Existing Wells that Penetrate the Eagle Ford Shale at the Jewett Injection Site,
and Plume Footprints (FutureGen Alliance, 2006)

The closest earthquake to the proposed sequestration site occurred on April 9, 1932, between Mexia in
Limestone County and Wortham in Freestone County, had a Richter magnitude of 4.0, and was likely
induced by oil production.

Geologic Features of the Seal and Reservoir that Impact Leakage Scenarios

The major sources of leakage of geologically sequestered CO, according to Oldenburg and Unger (2003)
are: 1) slow or sudden failure of the caprock seal, and 2) leakage along well bores.
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Mineralogy and permeability of the seal are main controls on slow permeation that can result in seal
failure. Mineralogy and permeabilities of the seals at the Jewett site indicate strong containment. The two
most important seals at the Jewett site are the primary seal, the Eagle Ford, and a second seal, the Ferry
Lake, located immediately above the Rodessa carbonate and approximately 2,600 feet (792 meters) below
the Woodbine. The ultimate or primary caprock seal for the deep saline formations is the Eagle Ford
Shale. The Eagle Ford is the main seal for some of the largest oilfields in East Texas and is 380- 420 feet
(116-128 meters) thick in the CO, injection area. An excess of 2,296 feet (700 meters) of low
permeability carbonates and shales above the Eagle Ford provide additional protection for the shallow
drinking water aquifers.

The Eagle Ford seal appears to have fairly high capillary entry pressure, as does the Ferry Lake seal and
marine shale lithologies within the top of the Travis Peak and the Woodbine. The Ferry Lake, which will
act as a minor seal for Travis Peak and Pettet (if injected) consists of interbedded anhydrite, and low
permeability carbonates and cemented quartz sandstone. Evidence of the efficacy of these multiple seals
is suggested by the fact that oil and gas reservoirs within the Travis Peak, the Rodessa, and the Pettet
within Freestone and surrounding Counties are contained within the individual units rather than occurring
at the base of the Ferry Lake Anhydrite. Similarly the upper Woodbine sand is overlain by regionally
continuous shale over 20 feet (6 meters) thick that appears to form an effective seal elsewhere for large oil
reservoirs in the Gulf Coast.

The mineralogy and heterogeneity of the sandstones of the Travis Peak are particularly amenable to
slowing upward migration of CO,. The fluvial sandstones are separated by extensive shale layers with
good lateral continuity and with measured permeabilities of 0.0001 millidarcy (mD) or less. In addition,
reactive clays and minerals are expected to enhance mineral trapping of the CO,. The plagioclase
feldspar, carbonates, some of the clays, and the bitumen will be reactive in the presence of CO,.

Sudden, brittle failure of caprock seals, either through reservoir over-pressuring and induced seismicity or
through natural seismicity is considered as a potential leakage hazard of geologically sequestered CO,.
Because of low permeability, injection pressure in the Travis Peak has a higher intrinsic likelihood of
exceeding safe pressures. Two factors are designed to prevent reservoir over-pressuring and brittle failure
of reservoir or seal in the Travis Peak well. The first is the best practices operation of maintaining
injection pressures below 80 percent of the fracture opening pressure. The second reservoir management
tool is the proposed well layout of four water production wells, drilled around the Travis Peak injection
well in the form of a “five spot”, designed to control the long term buildup of reservoir pressures. A third
factor is the 5,000 feet (1.5 kilometers) stratigraphic distance from the top of the Travis Peak to the base
of the Eagle Ford.

For the “five spot” approach to be successful several factors need to be considered in the design. They
include:

e The location of the production wells and injection wells in the same formations needs to be
addressed (see Figure 2-7). Since these four wells provide conduits for sequestered gas
entrainment, and transport out of the storage reservoir the probability of this increasing as
injection continues over 50 years should be considered.

® The volume and disposal of the produced water needs to be addressed. If the water quality of the
produced water is poor, some treatment of the water prior to disposal may be required.

Brittle failure of the Eagle Ford seal due to over-pressuring of the Woodbine is considered highly
unlikely, both because of the much higher permeabilities and injectivity of the Woodbine, and also
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because of the best practices field management of keeping pressures well below fracture opening
pressures.

In contrast to opening new fractures, reopening existing faults and fracture zones requires much less
energy and can be a leakage hazard. In addition to initiating fractures through over- pressuring the
reservoir, changes in pore pressure associated with the injection of CO, can decrease friction on pre-
existing faults, and may cause them to become transmissive in part, or to slip. Induced seismic activity
due to oil production activities may have caused a 4.0 magnitude earthquake between Mexia in Limestone
County and Wortham in Freestone County, in 1932. Decrease of friction on fault surfaces due to CO,
injection is a concern at the Jewett site where the regional stress regime is extensional. While fault
initiation, or fault reactivation through natural seismicity is a scenario for leakage, the Jewett site is in an
area of low natural seismic hazard.

Leakage of CO, along wellbores is considered a hazard for sequestered CO,. Fifty-seven wells are located
within the maximum plume footprint of the two Woodbine wells, as currently outlined, and at least eight
of them penetrate the primary seal. Mitigation techniques at this site may require appropriate plugging to
seal the formation, reworking of deep wells, and using state-of-the-art drilling and completion techniques
on new injection wells.

252 ODESSA, TX
2.5.2.1 Surface Features

Figure 2-9 shows the location of the proposed Odessa FutureGen Power Plant site, sequestration site, CO,
pipeline, human receptors, major surface water features and topographic variations.
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Figure 2-9. Proposed Odessa FutureGen Site, Sequestration Site, CO, Pipeline, and Surroundings

General Description and Climatology

The plant site is located 24 kilometers (15 miles) west of Odessa in Ector County, TX, with centroid
coordinates at 31° 44’ North by 102° 35* West. The plant site is a nearly rectangular, 600-acre (243-
hectare) parcel of land. The proposed power plant site is flat and requires minimal grading for facility
construction. Elevation ranges across the site from 2,920 feet (890 meters) to 2,969 feet (905 meters)
above MSL, with a ground slope of less than 0.5 percent.

More than sufficient groundwater is available within comparatively short distances from the proposed
power plant site for use as a water supply source for the facility. These include the Ogallala (High Plains
aquifer system), Pecos Valley, Edwards-Trinity Plateau, Dockum and Capitan aquifers. Each of these
aquifers or some combination of them can furnish all of the required water supply for the facility. Water
for the power plant could be developed from new well fields in these aquifers or acquired from several
existing or proposed well fields in the area.

The proposed power plant site would be interconnected to the proposed sequestration reservoir by a
network of existing CO, pipelines used for secondary oil recovery in the region. These existing pipelines
have sufficient excess capacity to accommodate the volume of CO, expected from the proposed power
plant. The plant site is approximately 58 miles (92.8 kilometers) from the proposed sequestration
TeServoir.
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The surface extent of the land area above the proposed sequestration reservoir is located within Pecos
County, TX, with centroid coordinates at 30° 51 North by 102° 37° West. The area falls within the
Trans-Pecos Mountains and Basins ecological area of Texas characterized by diverse habitats and
vegetation, varying from desert valleys and plateaus to wooded mountain slopes.

Average weather information for Odessa, TX includes average temperature, precipitation, humidity, wind
speed, snow fall, sunshine, and cloudy days by month. Table 2-3 provides observations derived from that

data:

Table 2-3. Weather Information for Odessa, TX

Weather Parameter Spring Summer Fall Winter
Average Daily Temperature, °F (°C) 72 (22.2) 79 (26.1) 56 (13.3) 49 (9.4)
Precipitation, 1.3 (3.3) 2.0 (5.0) 1.1 (2.7) 0.5(1.2)
inches (centimeters)

Wind Speed, 12.2 (19.6) 9.9 (15.9) 10.3 (16.5) 11.7 (18.8)
miles per hour (kilometers per hour)

Average wind direction is not available for each season, but the wind direction in the area is predominantly south to south-southeast
throughout the year.

Water Resources and Wetlands

The State of Texas designates the aquifers in the state as major and minor aquifers. One major aquifer, the
Pecos Valley (formerly referred to as the Cenozoic Pecos Alluvium), lies beneath and in the near vicinity
of the proposed power plant site, but is estimated to be largely unsaturated (TWDB, 1995), as noted in the
EIV for Odessa. The Dockum and Rustler aquifers, designated minor aquifers in the state, also lie beneath
the site (TWDB, 1995).

The depth to water in the Dockum was measured at 205.6 feet (62.7 meters) below ground level in 1947
in a well located immediately to the south of the proposed power plant site. However, due to groundwater
development in the Dockum, water levels have fallen over the years. Current estimation of the depth to
water in the Dockum beneath the proposed power plant site is on the order of 320 feet (98 meters) below
ground level.

Groundwater quality in the Dockum aquifer in Texas is typically brackish to saline, with TDS generally
less than 5,000 mg/l. Water quality in the Dockum typically decreases in quality (higher mineralization)
with depth.

No surface water bodies are located on the proposed power plant site or within its ROI The closest
significant water body is the Upper Pecos River, more than 30 miles (50 kilometers) south of the site. The
plant site and surrounding area is arid. Some dry, intermittent creek beds appear nearby. No existing
contamination has been identified in water bodies within the ROI of the proposed power plant site or in
any nearby water bodies.

Maps produced by the FWS, referred to as NWI maps, indicate no areas potentially subject to Section 404
jurisdiction existing on the proposed power plant site (FWS, 1994). An on-site investigation of the
proposed power plant site confirmed that.
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NWI maps indicate no areas potentially subject to Section 404 jurisdiction of the Clean Water Act within
the proposed CO, pipeline corridor east or west of the proposed power plant site (FWS, 1994). NWI maps
indicate a tributary of Tunas Creek and a palustrine, unconsolidated bottom, artificial, temporary,
diked/impoundment as areas potentially subject to Section 404 jurisdiction within the proposed corridor
east of the proposed sequestration reservoirs. NWI maps indicate Sixshooter Draw, Monument Draw,
Tunas Creek, and several on-channel impoundments as areas potentially subject to Section 404
jurisdiction within the land area above the proposed sequestration reservoir (FWS, 1994).

Aquatic and Terrestrial Ecology

Aerial photographs and USGS topographic maps indicate that there are no permanent surface waters
within the proposed power plant site boundaries. This was confirmed through a field reconnaissance
performed in April 2006. While man-made stock tanks exist within the surrounding ROI, the ecology of
such artificial tanks is generally determined by landowner management practices and is not indicative of
natural ponds. An aerial photograph of the proposed power plant site and its ROI shows visible drainage
patterns suggesting seasonal run-off associated with heavy rainfall. Ephemeral streams and pools related
to such events may provide habitat to a number of aquatic species.

The NRCS PLANTS Database was searched for common aquatic plants found in Texas (NRCS, 2006), as
reported in the EIV for Odessa. No records were found for aquatic plants in Ector County. Because of the
lack of surface waters on the proposed power plant site, habitat for aquatic macrophytes is not available.

The two transmission line corridors and one CO, pipeline corridor associated with the proposed power
plant site are all located in Ector County and contain no aquatic habitat. The CO, pipeline corridor is
crossed by one unnamed ephemeral draw. The remaining CO, pipeline corridors are associated with the
proposed sequestration reservoir in Pecos County. The corridor proposed to the west of the sequestration
area contains three ephemeral draws, of which two are direct tributaries to Six Shooter Draw. All three
constitute the upstream end of these draws and are approximately 1 to 1.5 miles (1.6 to 2.4 kilometers)
long. The CO, pipeline corridor proposed to the east of the sequestration area contains four crossings by
tributaries of Six Shooter Draw.

Pecos County, which contains the CO, pipeline corridors proposed to the west and east of the proposed
sequestration reservoir, has three fish species of potential occurrence listed by the FWS and TPWD as
endangered, and two species listed by the TPWD as threatened. Both FWS and TPWD list the Comanche
Springs pupfish (Cyprinodon elegans), the Leon Springs pupfish (Cyprinodon bovinus), and the Pecos
Gambusia (Gambusia nobilis) as endangered species. These three species are located well to the north and
west of the proposed CO; pipeline corridors in Pecos County. All require permanent, generally spring-fed
habitat, which does not occur within the vicinity of the proposed corridors. The two state-listed threatened
species, the Pecos pupfish and the proserpine shiner (Cyprinella proserpina) would both be restricted to
the Pecos River and its permanent tributaries, well to the north and west of the proposed corridors. The
CO, pipeline corridors proposed to the east and west of the proposed sequestration reservoir would not be
inhabited by any federally or state-listed fish species.

The proposed power plant site is situated within the High Plains and the Trans-Pecos Mountains and
Basins vegetational areas of Texas (Gould, 1975). The High Plains Vegetational Area occurs on a
relatively level high plateau and receives an average of 15 to 21 inches (38.1 to 53.3 centimeters) per year
of rain. The vegetation is variously classified as mixed-prairie, shortgrass prairie, and in some locations as
tall-grass prairie. The High Plains region characteristically is free from brush, but mesquite and yucca
have invaded some of the area. Sand sage and shinnery oak are common on the sandylands and junipers
have spread out of some of the breaks onto the Plains proper.
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The Trans-Pecos Mountains and Basins Vegetational Area is a region of diverse habitats and vegetation,
varying from desert valleys and plateaus to wooded mountain slopes. Because of the wide range of
ecological sites, many vegetation types exist. The most important of these are creosote-tarbush desert
shrub, grama grass land, yucca and juniper savannahs, pinion pine and oak forest, and a limited amount of
ponderosa pine forest.

No federally protected terrestrial species of plants or animals are listed for Ector County by the FWS. No
federally designated critical habitat for any species is present in Ector County (FWS, 2006). No sensitive
areas for any federally or state-protected terrestrial vegetation or wildlife species are noted for Ector
County.

Sensitive Receptors

Gary Bittick, GIS Coordinator for the city of Odessa, reported in the EIV that two elementary schools,
Murry Fly Elementary and Cavazos Elementary, are each located a little more than 8 miles (13
kilometers) from the proposed power plant site boundary. In addition, Chris’s Country Retirement Center
is also located approximately 7 miles (12 kilometers) from the site. No other sensitive receptors (e.g.
nursing homes, hospitals, schools, prisons) are reported to be within 10 miles of the proposed plant site.

The ROI for sensitive receptors includes the land area above the proposed sequestration reservoir plus a
10-mile (16-kilometer) radius. There are 10 sensitive receptor groups located within the ROI. All of the
sensitive receptors are in the city of Fort Stockton and are located approximately 9 to 10 miles (14 to 15
kilometers) from the land area above the reservoir.

2.5.2.2 Subsurface Features
Saline Formation and Seals

The targeted injection horizons consist of a lower interval of Delaware Mountain Group sandstones and
an upper interval of Queen Formation sandstones (Figure 2-10). Figure 2-10 also shows the proposed well
types for the injection site. These porous sandstone intervals are separated by an intermediate seal that
consists of predominantly non-porous and impermeable carbonates of the Goat Seep Limestone. The
upper injection horizon is overlain by a 700 feet (213 meters) thick primary seal, the Seven Rivers
Formation. The Seven Rivers consists of anhydrite along with minor carbonate and halite. The top, or
secondary, seal is formed by the 500 feet (152 meters) Salado Formation. The Salado is a regionally
extensive evaporite-dominated succession of anhydrite and halite along with minor low permeability
carbonate, mudstone and siltstone. 328 feet (100 meters) of low permeability sandstones and siltstones
further protect the deepest underground sources of drinking water. Groundwater is not produced in the
sequestration area although local aquifers exist in the Cretaceous interval. The water table is
approximately 200 feet (61 meters) below surface. There is no oil or gas production from the
sequestration interval in this area, but regionally both the Delaware Mountain and the lower Queen
sandstones are prolific producers, with well demonstrated seals above each reservoir.

Multiple injection wells are required for this site.
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Figure 2-10. Schematic Illustration of Well Types for Odessa, TX

The proposed primary injection target consists of two intervals of fine-grained sandstones and siltstones
with low to moderate porosity and permeability. The Delaware sandstones are at a depth of about 3,600
feet (1,097 meters), and form a thick (1300-800 feet [396-549 meters]) succession of deep-water
sandstones that increase in thickness from northeast to southwest across the injection field area. This
southwestward increase in thickness parallels the gentle structural dip of the unit, and reflects the
depositional environment of submarine slope deposits adjacent to the Central Basin Platform. These
sandstones are separated from the Queen shallow water sandstones by a thick (450 feet [137 meters])
inter-reservoir seal of low permeability carbonates. The top of the Queen injection interval is about 3,000
feet (914 meters).

Salinities in the Odessa saline formations are around 100,000 parts per million (ppm) TDS. Temperature
at the bottom of the Delaware sandstone interval is expected to be about 107°F (42°C), and bottom hole
hydrostatic pressure is estimated to be 2338 psi at a depth of approximately 5,600 feet (1,707 meters).

The Odessa site is characterized by large storage capacity, but low permeability as is typical of many
saline reservoirs across the United States. Sixteen wells penetrate the Delaware Mountain sandstone
interval, and the maximum plume size of two of the originally proposed wells would intersect petroleum
exploration dry holes. The results of additional numerical modeling indicate that 10 wells rather than 18
wells (as originally proposed) should meet the maximum injectivity and capacity requirements and that
repositioning of the wells will likely avoid having non-program well penetrations intersect any plume.

Regional controls on Capacity and Injectivity

Because of low reservoir permeabilities, the injection rate of each well is limited by the maximum
pressure that can be safely used without causing reservoir fracturing. Numerical modeling results indicate
ten wells will meet the maximum injection rates and capacity required by the FutureGen Project. The
most dominant regional controls on capacity and injectivity are reservoir heterogeneity due to
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depositional environment, and associated abundance of calcite cement. Figure 2-11 illustrates the
approximate sizes of the plume footprint for 10 injection wells.

Figure 2-11. Map of Existing Wells in the Vicinity of the Odessa Site, and Plume Footprints
(EIV FutureGen Alliance, 2006)

The shallow-water Queen sandstones are interbedded with thin, low permeability carbonates and
anhydrite cemented siltstones. Porous sandstones are likely to increase in abundance in a basinward,
down-dip direction to the southwest. Carbonate cements are more common toward the top of the
Delaware Mountain sandstones, and are common in the Queen sandstones. Carbonate cement increases
up dip, toward the platform margin, providing a regional lateral seal in the Queen, well beyond the edge
of the modeled maximum extent of the CO, plume.

Tectonic Setting

The Odessa site is located in a seismically stable area at the margin of the Central Basin Platform in the
Permian Basin of West Texas-New Mexico. The principal tectonic features of the Odessa site are the deep
Delaware Basin and the uplifted Central Basin Platform. These geologic features originated during the
Pennsylvanian, when northeastward directed tectonic compression folded and faulted the older rock
layers and formed the southern edge of the Central Basin Platform. The area has since undergone minor
east-west extension associated with Tertiary age Basin and Range faulting in New Mexico.

There are no mapped faults or fracture zones within the sequestration area. Deep-seated faults are
common throughout the region, associated with the formation of the Permian Basin and carbonate
platform. Recent three dimensional (3-D) seismic data indicate that none of these faults have penetrated
the Delaware Mountain Group, the Queen, or overlying stratigraphic units.
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Geologic Features of the Seal and Reservoir that Impact Leakage Scenarios

The major sources of leakage of geologically sequestered CO, are thought to be: 1) slow or sudden failure
of the caprock seal, and 2) leakage along well bores (Oldenburg and Unger, 2003).

Three 300+ feet (100+ meters) seals (one intra- reservoir, one primary and one secondary) provide low
risk of CO, escape through permeation. The dominance of thin, permeable reservoir sandstones separated
by low permeability lithologies in both the Delaware Mountain interval and in the lower Queen reservoir
provide effective baffles that slow the vertical migration of CO, within the reservoir, and reduce buildup
of pressure on the seal. The intra-reservoir seal, the Goat Seep limestones, are expected to have very low
porosities (2-3 percent) and permeabilities.

Dominant facies in the Delaware Mountain Group are feldspar bearing sandstones and siltstones.
Sediment texture ranges mainly between coarse silt and very fine-grained sand in the upper beds, with
slightly more coarse fine-grained sand in the lower beds. Intergranular pores contain variable quantities of
cements composed of calcite and authigenic clay minerals. Clays are dominantly illite and chlorite and are
not abundant. Calcite cement is most abundant in the very fine grained levee and overbank deposits, and
is less common in the lower part of the Delaware Mountain Group. Cemented intervals locally form
baffles. Both calcite and chlorite are expected to be reactive in the presence of CO,.

Porosity and reservoir potential are best developed in fine-grained Queen sandstones where feldspar has
been dissolved. Kaolinite, a product of feldspar weathering, is common. To the north, toward the
carbonate platform, anhydrite cements become more common and are expected to provide an updip seal
that will prevent lateral migration of injected CO,.

The lack of hydrocarbon accumulation in the Delaware Mountain Group in the region of the Odessa site
is noteworthy. This may be due to lack of sufficient organic material or sufficient burial of the strata.
Alternatively, hydrocarbons may have been generated within the Delaware Mountain Group and may
have migrated updip to reservoirs on the Central Basin Platform. Thus, the lack of hydrocarbons may
suggest the possibility of lack of a lateral seal between the basin slope sandstones and the carbonate
platform deposits. Porosity in the Delaware Mountain Group presently appears to be occluded updip by
calcite, and high permeability thief zones do not seem likely.

Mineralogy and permeability of the seal are main controls on slow permeation that can result in seal
failure. The primary seal lithologies of the upper Queen and Seven Rivers units are dolomites, limestones
and anhydrites with low permeabilities and high capillary entry pressures. The upper Queen and Seven
Rivers are seals to hydrocarbon accumulations across several counties. These rocks display very little
porosity (typically less than 1 percent) and extremely low permeabilities (below measurement limits of
less than 0.01 md).

The ultimate seal for the Odessa saline formations consists of Salado anhydrites and halite. This
Formation has been extensively studied at the Waste Isolation Pilot Project (WIPP) site in the Delaware
Basin of New Mexico, where it forms the seal for long-term storage of radioactive waste.

Brittle failure of the seals is due to natural or induced seismicity and is considered a hazard for geologic
storage of CO,. Regional stresses indicate the Odessa site is in a somewhat extensional, slightly strike slip
regime. The extensional regime suggests the possibility of fault slip and transmissive fractures. However,
the low differential stress, together with multiple thick seals and a lack of seismically observable faults in
the Delaware Mountain Group or higher units decreases the likelihood of undetected, transmissive
fractures breaching multiple seals. Seismic data from a few miles northwest of the site show no
disruptions in the bedded evaporites of the Salado seal. The preservation of salt layers within the sealing
zones indicates that the seal has not been compromised by fracturing and associated flow of brines.
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Existing faults and fracture zones that open during sequestration operations are a leakage hazard.
Compromise of the seal can be caused by changes in pore pressure associated with the injection of CO,
that can decrease friction on pre-existing ruptures, and may cause them to become transmissive in part, or
to slip. To mitigate this leak hazard, injection pressures can be held to 85 percent of fracture gradient.

Leakage of CO, along wellbores is considered a hazard for sequestered CO,. There are 16 wells that
penetrate the Delaware Mountain Group in the area. Through strategic placement of the injection wells at
the Odessa site, the CO, plumes should not intersect these existing wells. The presence of any
unidentified wells within the projected CO, plumes will present a potential leakage hazard, but site
characterization could include surveys to locate any previously undetected wellbores for remediation.
Anticipated mitigation techniques at this site could include cementing up to 10 wells in the vicinity of the
injection field. Also many different monitoring techniques such as remote sensing, atmospheric
monitoring, and near-surface and subsurface CO, monitoring could be employed.

253 MATTOON, IL
2.5.3.1 Surface Features

Figure 2-12 shows the location of the proposed Mattoon FutureGen Power Plant site, sequestration site,
CO, pipeline, human receptors, small streams and rivers, and topographic variations.

General Description and Climatology

The Mattoon Site (including both the plant and injection sites) consists of 444 acres (180 hectares)
making up most of the eastern three quarters of Section 8 of Mattoon Township, Coles County, in the
State of Illinois. The property is located at latitude 39° 29’ 49” N and longitude 88° 26’ 33” W. Most of
the site is currently used for agricultural purposes. The site is essentially flat with a slope averaging
between 0.5 and 1 percent. A drainage swale crosses the northwest corner of the site. The elevation of the
site varies from 718 feet (219 meters) to 679 feet (207 meters). The CO, injection well sits near the center
of the Mattoon Dole Site. The injection well will be located at approximately latitude 39° 29’ 50” N and
longitude 88°26° 30” W.
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Figure 2-12. Proposed Mattoon FutureGen Site

As the source of cooling water for the Mattoon Site, the City of Mattoon intends to use the combined
effluent from the municipal WWTPs in Mattoon, IL and Charleston, IL.. The Mattoon WWTP is 6.2
piping miles (10 kilometers) from the plant and has a daily average flow of 4.4 million gallons per day
(16.7 million liters per day). The Charleston WWTP is 8.1 piping-miles (13 kilometers) from the
proposed Mattoon piping system and has a daily average flow of 2.6 million gallons per day (9.8 million
liters per day).

The climatological data is derived from local National Climatic Data Center (NCDC) data for Mattoon
and are based on historical norms derived from the past 30 years of weather data (1971-2000). The area
has a humid continental climate, with rainfall heaviest in the summer and at a minimum in winter, totaling
around 40 inches (100 centimeters) for the year. Winters are cold, with average highs just over freezing in
January, while morning lows average in the upper teens. Seven or eight days a year will experience zero
degrees or colder on average during a winter. Average winter snowfall totals only around 20 inches (50
centimeters), and only one snowfall per season on average amounts to 5 inches (13 centimeters) or more.
Transition seasons are more variable in temperature, while in general, precipitation increases through
spring and decreases through the fall. By July, average high temperatures are in the upper 80s (upper 20s
in °C), with lows in the mid 60s (upper 10s in °C). High temperatures frequently reach 90 degrees (upper
30s in °C) or more during the summer months. June and July are the heaviest precipitation months in this
area.
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In the winter, the most frequent wind direction is south through southwest, with a milder spike of
occurrences from the northwest. The most frequent wind speeds are 8 to 19.6 mph (13 to 32 kilometers
per hour); with an average of 11.2 mph (18 kilometers per hour). Winds from the northeast quadrant are
rare. In the spring, the wind directions of south and south-southwest are even more dominant than in
winter, with no apparent secondary maximum from any other direction. Winds from the northeast
quadrant are a little more frequent than during the winter. The most frequent wind speeds are 12.7 to 19.6
mph (20 to 32 kilometers per hour), while the average wind speed in the summer increases to nearly 11.6
mph (19 kilometers per hour).

Water Resources and Wetlands

Groundwater resources for the proposed power plant site are available in limited quantities based on
information obtained from the Illinois State Water Survey’s (ISWS) Private Well Database and presented
in the EIV for Mattoon. According to documents from the ISWS, groundwater in this vicinity is normally
obtained from sand and gravel deposits that are contained in unconsolidated material above bedrock. The
sand and gravel deposits for the vicinity of the proposed power plant site range in depth from about 20 to
125 feet (6 to 38 meters) below ground surface. The sand and gravel deposits are sufficient groundwater
sources when small or large diameter drilled wells are constructed for domestic and farm uses.
Groundwater quality data were not available for the proposed power plant site, but data were available
from the ISWS on samples taken from private wells located in the vicinity of the proposed power plant
site, as reported in the EIV for Mattoon. No data have been discovered that showed existing
contamination present at the proposed power plant site. According to documents obtained from the ISWS,
water obtained from bedrock wells at depths below approximately 175 feet (53 meters) may be highly
mineralized and too salty for most uses.

There were no other groundwater uses discovered for the proposed power plant and injection site besides
the private wells that were present in the vicinity of the proposed site. There was also no specific data
available on the annual amount withdrawn from the sand and gravel deposits in the vicinity of the
proposed power plant and injection site.

The proposed site lies within the Kaskaskia River Watershed west of the Kaskaskia/Wabash/Embarras
River watershed divides. Surface runoff from the site drains to the Kaskaskia River via overland flow, an
existing unnamed tributary running through the site to Whitley Creek, and Whitley Creek itself. Within

1 mile (1.6 kilometers) of the proposed site boundary, the majority of the surface runoff ultimately drains
to the Kaskaskia River. Water quality data are not routinely recorded for surface streams within the
vicinity of the site.

Eighteen jurisdictional wetland areas were identified by means of on-line databases, field investigations,
and consulting standard wetland reference texts and manuals. These eighteen wetlands range in size from
108 square feet to 25 acres (10 square meters to 10 hectares).

Aquatic and Terrestrial Ecology

The Illinois Environmental Protection Agency (IEPA) conducted a fisheries survey of the Kaskaskia
River in summer 2002 approximately 8 miles (13 kilometers) northeast of the proposed plant site. These
data have not been officially published, but were provided by IEPA in the EIV for Mattoon. The survey
resulted in a calculated Index of Biotic Integrity of 50, indicating a low “B” rated stream segment
(moderate aquatic resource). No listed species were found during the survey. In addition, the IEPA also
conducted a macroinvertebrate survey. The calculated Macroinvertebrate Biotic Index (MBI) for this
reach was 5.468, indicating an overall healthy aquatic macroinvertebrate community.
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The terrestrial landscape within the study areas consists predominantly of agricultural land dedicated to
the production of corn and soybean crops. The croplands are typically managed and controlled to
maintain and support a single plant species, and the management of the monoculture precludes the
establishment of non-agricultural native vegetation. Natural terrestrial habitat within the ROI is limited
predominantly to the riparian corridors along Riley Creek, Little Wabash River, and their tributaries. No
biological reports or surveys for terrestrial habitat within the ROI were identified.

The FWS has indicated the potential presence of the endangered Indiana bat (Myotis sodalis) in Coles
County. This species occupies caves and abandoned mines during the winter. During the remainder of the
year, Indiana bats utilize trees with rough or exfoliating bark and/or cavities for roosting. Although
Indiana bats will forage over open areas, they prefer to forage within the canopy of forests. Because the
majority of the study area consists of agricultural cropland, the only potential habitat would be located
within the wooded riparian habitat along the rivers or tributaries. Because there are no proposed impacts
to the riparian areas, the power plant, or the sequestration site, no impacts to the Indiana bat or its
breeding habitat are anticipated during operational activities.

Sensitive Receptors

The IEPA performed a series of queries to determine the proximity of sensitive receptors within a 10-mile
(16-kilometer) radius from potential site boundaries, as reported in the EIV for Mattoon. This analysis
addressed only schools and hospitals. Ten schools and one hospital are located within the 10-mile (16-
kilometer) buffer zone. Data for these receptors were acquired from 2005 ESRI GIS data layers. Due to
data limitations, the IEPA was unable to provide sensitive receptor information for correctional
institutions and nursing homes. A search of an online database of long-term care facilities at
www.carepathways.com identified five nursing homes within a 10-mile (16-kilometer) radius. There are
no known correctional institutions within the area.

2.5.3.2 Subsurface Features
Saline Formation and Seals

The Mattoon Site has one primary saline formation, the Mt. Simon, and one optional saline formation, the
St. Peter. There is a thick regional seal above the primary target and two secondary seals above the
regional seal (see Figure 2-13). Figure 2-13 also shows proposed wells at the injection site, except for the
back-up injection well. Pennsylvanian cyclic shales, limestones, and sandstones provide almost 3,000 feet
(914 meters) of protective barriers between the uppermost secondary seal and the deepest underground
sources of drinking water. There is no oil or gas production from the Mt. Simon in Illinois; but statewide,
there are 38 natural gas storage reservoirs in this formation.

The sequestration target is the Cambrian-age Mt. Simon Sandstone, which is the thickest and most
widespread saline reservoir in the Illinois Basin. The Mt. Simon consists of stacked, thin porous
sandstone units, separated by thin beds of less permeable siltstone and shale. The Mt. Simon is overlain
by a thick (500-700 feet [152-213 meters]) regional seal of low permeability siltstones and shales of the
Eau Claire Formation, and is underlain by Precambrian granitic basement. The St. Peter Sandstone is
proposed as an optional target reservoir, but would require a separate well. It occurs at a depth of 4,700
feet (1,432 meters), which is about 2,200 feet (670 m) above the Mt. Simon.

The Mt. Simon Formation at the Mattoon Site is estimated to be at a depth of 6,500-6,950 feet (1,981-
2,545 meters), with thicknesses of 1300-1400 feet (396-427 meters), and with approximately 585 feet
(178 meters) of effective porosity. Porosity in the Mt. Simon generally ranges from five to 15 percent,
with effective porosity generally restricted to sandstones with greater than 12.6 percent porosity. Effective
porosity occurs in numerous 1-2 feet (0.3-0.6 meters) sandstones, separated by lower permeability rock.
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In situ conditions of the Mt. Simon are expected to be as follows: salinities 130,000 ppm; temperature at
base of the formation (8,350 feet [2,545 meters]), 145°F (62.8°C); and hydrostatic bottom hole pressure,
3,590 psi at 8,400 feet (2,560 meter).

The optional reservoir, the St. Peter Sandstone, is estimated to be over 200 feet (61 meters) thick with
state-wide lateral continuity, average porosity of about 16 percent, and average permeabilities of about

20 md. Both Mt. Simon and St. Peter reservoirs have been successfully used for natural gas storage in
other parts of Illinois. The closest analog well with geophysical porosity logs through the Mt. Simon is 36
miles (57 kilometers) south of the proposed injection well. This introduces some uncertainty into the
thickness and reservoir properties of the Mt. Simon at Mattoon. However, approximately 25 wells have
penetrated the Mt. Simon in southern Illinois, so there are sufficient regional data to suggest low
probability of the Mt. Simon not being present at the Mattoon Site. The regional depositional environment
of the Mt. Simon sandstones is fairly uniform across Illinois, so the rock character is not expected to be
greatly different from the areas that have equivalent depth well data.

Figure 2-13. Schematic lllustration of Well Types for Mattoon, IL
Regional Controls on Capacity and Injectivity

Capacity and injectivity at the Mattoon Site appear adequate to meet the FutureGen sequestration capacity
and injectivity goals. Reservoir modeling indicates that a single well will provide sufficient capacity to
meet maximum FutureGen injection rate requirement (Figure 2-14). A backup well will likely be
proposed for reliability. Sensitivity modeling shows that the injectivity target at Mattoon can be met even
if the number of meters of effective porosity is reduced by 2/3. However, this analysis also is predicated
on an assumption that regional scale outflow boundaries exist that would allow movement of the water
displaced by the injected CO,. Should those boundaries not exist or be more restrictive in allowing water
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to exit the system, additional wells may be required to distribute the CO, over a wider area; alternatively
pressure relief wells (water extraction wells) may be required to control reservoir pressure.

Figure 2-14. Map of Existing Wells that Penetrate the New Albany Shale at the Mattoon Injection
Site, and Plume Footprints

Tectonic Setting

The Mattoon Site is located in a seismically stable area in the northern Illinois Basin. The near-surface
rocks are of Late Pennsylvanian age and lie close to horizontal. There are no mapped faults in the
sequestration area, and there have been no earthquake epicenters located within 10 miles (16 kilometers)
of this site as detected by seismic networks to indicate any recent active faults. The closest network-
located earthquake was 12 miles (19 kilometers) east of the Mattoon in 1990, and the second closest event
was 23 miles (37 kilometers) to the northeast; neither was over magnitude 3.0.

The site lies in a very gentle syncline, immediately east of a series of north-south anticlinal folds that
serves as traps for oil reservoirs above the Mt. Simon. Structural dip across the site is expected to be less
than one degree.

The principal tectonic feature of the Mattoon area is the Charleston Monocline. This step-like fold marks
the western edge of a series of anticlinal folds known as the La Salle Anticlinorium. The Charleston fold
strikes north-northwest and its steep limb dips southwest. Structural relief is as great as 2,500 feet (763
meters) at the level of the Ordovician Galena Dolomite, making this the largest fold in the Illinois. The
Mattoon Site is about 6 miles (9.5 kilometers) west of the lower limb of the Charleston Monocline, as
mapped on the Devonian New Albany Shale seal. The axis of a smaller fold, the Mattoon Anticline,
passes about 2 mile (3 kilometers) east of the Mattoon Site. This anticline trends north-south and provides
structural trapping for the Mattoon oil and gas field (Figure 4.2). It is likely that basement faults
controlled formation of the anticline, but large through-cutting transmissive faults within the Paleozoic
rocks seem unlikely because of the existence of vertically separated oil accumulations within the
anticline.
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The thick primary seal is a mix of relatively low permeability lithologies that serves as a competent
caprock in 38 natural gas storage reservoirs elsewhere in Illinois. Two secondary shale seals at 3,000 feet
(914 meters) and 3,700 feet (1,228 meters), respectively) above the Eau Claire provide backup to the
main seal. The thin, interbedded permeable and low permeability lithologies of the reservoir interval
provide numerous reservoir baffles that slow the vertical migration of CO, within the reservoir. In
addition, the stable tectonic setting and compressive regional stress regime, coupled with apparent high
fracture opening pressures, indicate that any fracture zones or faults that penetrate the seal are most likely
to be sealing, and not transmissive. Finally, no wellbores penetrate the primary seal.

Geologic Features of the Seal and Reservoir that Impact Leakage Scenarios

The major sources of leakage of geologically sequestered CO, are, according to Oldenburg and Unger
(2003): 1) slow or sudden failure of the caprock seal, and 2) leakage along well bores.

Mineralogy and permeability of the seal are the main controls on slow permeation that can result in seal
failure. Both mineralogy and permeabilities of the seals at the Mattoon Site indicate strong potential for
containment from permeation. The primary seal was studied in detail by Peoples Gas Light and Coke
before they installed the Manlove Gas Storage Field, 58 miles (93.3 kilometers) north of the Mattoon Site.
These companies reported that the Eau Claire is a heterogeneous unit that contains K-feldspar, quartz,
dolomite, and detrital clay with lesser amounts of glauconite, plagioclase, calcite, pyrite, and hornblende.
The detrital clays have been largely converted to relatively stable illite, and the siltstones and scattered
thin sandstones are well-cemented by silica. Feldspars have been largely altered to clays, leaving behind
the more stable K-spar.

Lateral changes in mineralogy of the Eau Claire could result in increased permeability of the caprock and
make it susceptible to slow permeation. Regionally there are changes in lithology, but not great changes
in permeability. There are only 25 penetrations of the Eau Claire in southern Illinois, so there are few data
on changes in lithology at the sequestration site.

Both secondary seals, the Maqouketa and New Albany, are predominantly marine shales with vertical
permeabilities to water of 0.001 or less. The New Albany shale, in particular, is characterized by vertical
permeabilities of less than 0.0001, and is a regional seal to hydrocarbon accumulations.

The mineralogy and heterogeneity of the sandstones of the Mt. Simon are favorable for slowing buoyancy
driven, upward migration of CO,. The Mt. Simon consists primarily of medium to coarse quartz
sandstone with local granule-rich sandstone beds. Thin beds of red, green, or gray micaceous shale are
sparsely interbedded with the sandstone, especially toward the top of the Mt. Simon. Also interbedded are
thin beds of fine to medium feldspar bearing sandstone. The Mt. Simon is present throughout most of
[llinois, ranging in thickness from less than 500 feet (150 meters) in southwestern Illinois to over 2,600
feet (780 meters) in the east-central part of the state. In some areas of west-central Illinois, the Mt. Simon
is very thin or absent. Porosity generally decreases with depth as the rock is subjected to compaction and
cementation. The thin, interbedded permeable and low permeability lithologies provide numerous
reservoir baffles to vertical migration, and the presence of feldspar is expected to enhance mineral
trapping of the CO,.

Sudden, brittle failure of caprock seals, either through reservoir over-pressuring and induced seismicity or
through natural seismicity is considered as a major potential leakage hazard of geologically sequestered
CO,. Because of high permeabilities of the Mt. Simon in gas storage fields north of the proposed
sequestration site, and because Illinois regulatory field practices operation requires injection pressures
below 80 percent of the regional fracture opening pressure, reservoir over-pressuring is not considered to
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be a major leakage hazard at Mattoon. The compressive nature of the regional stress regime suggests that
faults should not easily rupture or become transmissive in the event of natural or induced seismicity.

Existing faults and fracture zones that open during sequestration operations are a leakage hazard.
Compromise of the seal can be caused by changes in pore pressure associated with the injection of CO,
that can decrease friction on pre-existing ruptures, and may cause them to become transmissive in part, or
to slip. Again, the compressive nature of the regional stress suggests that fractures and faults will not tend
to open due to normal field operations.

Leakage of CO, along wellbores is considered a hazard for sequestered CO,. There are five oil fields with
anticlinal closure within a 10-mile radius surrounding the Mattoon Site. The Mattoon field to the east of
the injection site produces from Devonian and Mississippian strata at depths of 1,700-3,200 feet (518 —
975 meters). Three petroleum exploration wells are located above the maximum plume footprint projected
for the Mattoon injection well; one well was drilled to the Mississippian, one to the Devonian and one to
the Silurian. None penetrates the primary seal of the Eau Claire.

254 TUSCOLA, IL
2.5.41 Surface Features

Figure 2-15 shows the location of the proposed Tuscola FutureGen Power Plant site, sequestration site,
pipeline, human receptors, wetlands, major surface water features, and topographic variation.
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the injection site produces from Devonian and Mississippian strata at depths of 1,700-3,200 feet (518 —
975 meters). Three petroleum exploration wells are located above the maximum plume footprint projected
for the Mattoon injection well; one well was drilled to the Mississippian, one to the Devonian and one to
the Silurian. None penetrates the primary seal of the Eau Claire.

254 TUSCOLA, IL
2.5.41 Surface Features

Figure 2-15 shows the location of the proposed Tuscola FutureGen Power Plant site, sequestration site,
pipeline, human receptors, wetlands, major surface water features, and topographic variation.
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Figure 2-15. Proposed Tuscola FutureGen Site
General Description and Climatology

The proposed site consists of 345.4 acres (140 hectares) located in Tuscola Township, Douglas County, in
the State of Illinois. The precise geographic location is latitude 39° 48° 9.46” N, longitude 88° 19” 8.57”
W. The general topography of the site is flat. There are slight natural drainage swales that exist along the
southwestern section of the site. The elevation of the site varies from 686 to 679 feet (209 to 207 meters).
The area of the proposed power plant site consists entirely of agriculture land (soybean and corn).

Cooling water for plant operation would be provided by Equistar Chemicals LP (Lyondell). A water line
would be installed from the pump station at Lyondell’s 150 MG reservoir to the plant site. This
arrangement would provide water to the plant site at a flow rate of 2,500 gpm (9,464 million liters per
minute) or 3.6 million gallons per day (mgd) (14 million liters per day).

The proposed CO, pipeline is approximately 11 miles (18 kilometers) long. It will be constructed across
State of Illinois, Douglas County, and Township rights-of-way and will occupy new rights-of-way where
needed. The proposed sequestration site is located on a land trust known as Land Trust number L-745.
The site is a 10-acre (4-hectare) portion of a larger parcel of 80 acres (32.4 hectares). The proposed
sequestration site is located in Arcola Township, Douglas County, in the state of Illinois. The precise
geographic location is Latitude 39° 39’ 7.16” N, longitude 88° 19* 57.05” W.
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The proposed area has a humid continental climate, with rainfall heaviest in the summer and at a
minimum in winter, totaling around 40 inches (100 centimeters) for the year. Winters are cold, with
average highs just over freezing in January, while morning lows average in the upper teens. Seven or
eight days a year temperatures will drop to zero degrees or colder. Average winter snowfall totals only
around 20 inches (50 centimeters), and only one snowfall per season on average amounts to 5 inches (13
centimeters) or more. Transition seasons are more variable in temperature, while in general, precipitation
increases through spring and decreases through the fall. By July, average high temperatures are in the
upper 80s (upper 20s in °C), with lows in the mid 60s (upper 10s in °C). High temperatures frequently
reach 90 degrees (upper 30s in °C) or more during the summer months. June and July are the heaviest
precipitation months in this area.

In the winter, the most frequent wind direction is south through southwest, with a milder spike of
occurrences from the northwest. The most frequent wind speeds are 8 to 19.6 mph (13 to 31.5 kilometers
per hour) with an average of 11.2 mph (18 kilometers per hour). Winds from the northeast quadrant are
rare. In the spring, the wind directions of south and south-southwest are even more dominant than in
winter, with no apparent secondary maximum from any other direction. Winds from the northeast
quadrant are a little more frequent than during the winter. The most frequent wind speeds are 12.7 to 19.6
mph (20.4 to 31.5 kilometers per hour), while the average wind speed in the spring increases to nearly
11.6 mph (18.7 kilometers per hour). In the summer, wind directions from south through southwest are
still dominant, but the resulting wind directions are evenly distributed through the other sectors. Summer
wind speeds drop off dramatically, with calms on more than 6 percent of the hours, and an average wind
speed of only around 8 mph (13 kilometers per hour). The fall season is characterized most frequently by
winds from the south or south-southwest, with a minor peak from the west-northwest. Winds blowing
from the northeast quadrant are very unusual during this season. With an average speed of 10.3 mph (16.6
kilometers per hour), fall winds increase some in intensity from summer, but do not reach the speeds that
occur during winter and spring, on average.

Water Resources and Wetlands

Groundwater resources for the proposed power plant site are available in limited quantities from the sand
and gravel deposits that are contained in the unconsolidated glacial material above the bedrock surface
and from some shallow bedrock aquifers. According to the private well logs obtained, the sand and gravel
deposits in the vicinity of the proposed power plant site range in depth from approximately 70 to 100 feet
(20 to 30 meters) below ground surface. These sand and gravel deposits are sufficient groundwater
resources for domestic and farm uses with an average withdrawal rate of 10 gpm (38 liters per minute) or
less. Several private and commercial/industrial wells utilize the shallow Pennsylvanian and Mississippian
bedrock as a source of groundwater. These units consist primarily of thin, interbedded sandstones and
limestones, which provide a limited source of groundwater (approximately 10 gpm).

No other groundwater uses were discovered near the proposed power plant site except the private wells
that were present in the vicinity of the site. There were also no specific data available on the annual
amount withdrawn from either the sand and gravel or the bedrock aquifers in the vicinity of the proposed
power plant site. The off-site groundwater wells within 1 mile (1.6 kilometers) of the proposed power
plant site boundaries are all private wells. These wells are all classified as domestic and farm use wells.
There is one well used as a commercial well at the Tuscola Airport and one private-use well.

Surface runoff from the site drains to the Embarras River via overland flow, roadside ditches, and the
Scattering Fork Creek, which is located less than 1 mile (1.6 kilometers) east of the proposed site. Within
1 mile of the proposed site boundary, the majority of the surface runoff ultimately drains to the Embarras
River, with the exception of a small portion. Water quality data is not routinely recorded for surface
streams mentioned above.
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The study area was investigated for wetlands on August 23, 2006, through August 25, 2006, generally
using procedures outlined in the 1987 Corps of Engineers’ (Corps) Wetland Delineation Manual (ACE,
1987). The study area included the land for the proposed power plant, a 350-foot (107-meter) wide
corridor along the proposed 345-kV line, a 300-foot (90-meter) wide corridor along the proposed water
line, a 300-foot wide corridor along the proposed CO, line, and a 1.1-mile (1.7-kilometer radius above the
proposed sequestration reservoir.

All areas were inspected, with areas of mapped wetlands or hydric soils prioritized for investigation. If
inspection revealed that wetland plant species comprised more than 50 percent of the plant cover, the
suspected wetland was further examined for field indicators of hydric soil and hydrology. The Corps
approved field indicators of hydrology include visual observation or photographic evidence of soil
inundation or saturation during the growing season, oxidized channels associated with living roots and
rhizomes, water marks, drift lines, waterborne sediment deposits, waterstained leaves, surface scoured
areas, and drainage patterns. Hydrologic criteria were met in all areas delineated as wetland or Waters of
the United States. Dominant vegetation and habitat features were documented. A total of 19 areas were
identified in the project area.

Aquatic and Terrestrial Ecology

Discussions with Illinois Department of Natural Resources (IDNR), as reported in the EIV for Tuscola,
revealed one potential listed species issue with respect to the Tuscola site; that issue concerned mussel
beds in the Chicken Bristle segment of the Kaskaskia River, approximately two miles upstream from the
proposed water intake point. Interest in this segment of the river stems from the fact that the Kaskaskia
River will provide the water source for Tuscola FutureGen via the Lyondell water reservoir west of
Tuscola. The IEPA conducted a fisheries survey of the Kaskaskia River in summer 2002, as described in
the EIV for Tuscola. No contamination of aquatic plant or animal species was observed.

The only aquatic macarophytes that were observed were in the industrial ponds and segment of the
Kaskaskia River. These species included coontail (Ceratophyllum demersum) and milfoil (Myriophyllum
sp.). The relatively turbid conditions of the river limit the number of aquatic plants that can be supported
in the project area. For the Embarras River, land cover is characterized by pasture, large estate residential,
wooded area, and row crops. No aquatic plants were observed within the project area. No contamination
of aquatic plant or animal species was observed or is known for the project area. Despite seasonal low
flows and the fact that overall land use in the watershed is dominated by agriculture, the entire length of
the Embarras River was identified as a Resource Rich Area (RRA). The river has rich species diversity
and a high species count and offers a variety of habitats in its better sections, including gravel bars, gravel
and sand raceways, sandbars, riffles and deep pools.

Above the sequestration site, no federal or state-listed species are known. Also, no areas of sensitive or
critical habitat for any listed species are known for this area. Aquatic habitat above the sequestration
reservoir is limited to a small section of the Kaskaskia River, the adjacent floodplain, and several
intermittent drainage ways.

The terrestrial landscape within the study areas consists predominantly of agricultural land dedicated to
the production of corn and soybean crops. The croplands are typically managed and controlled to
maintain and support a single plant species, and the management of the monoculture precludes the
establishment of non-agricultural native vegetation. Natural terrestrial habitat within the ROI is limited
predominantly to the riparian corridors along the Kaskaskia River, the Embarras River, and the tributaries
that were addressed in the previous section. No biological reports or surveys for terrestrial habitat within
the ROI were identified as part of this study.
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The FWS indicated the potential presence of the endangered Indiana bat (Myotis sodalis) in Douglas
County. This species occupies caves and abandoned mines during the winter. During the remainder of the
year, Indiana bats utilize trees with rough or exfoliating bark and/or cavities for roosting. Although
Indiana bats will forage over open areas, they prefer to forage within the canopy of forests. Since the
majority of the study area consists of agricultural cropland, the only potential habitat would be located
within the wooded riparian habitat along the rivers or tributaries.

Sensitive Receptors

The IEPA performed a series of queries, as reported in the EIV for Tuscola to determine the proximity of
sensitive receptors within a 10-mile (16-kilometer) radius from potential power plant, pipeline, and
sequestration boundaries. These sensitive receptors represent only schools and hospitals. Due to data
limitations, the IEPA was unable to provide additional sensitive receptor information (correctional
institutions and nursing homes). Twenty-six schools and one hospital are located within the 10-mile
radius of the proposed power plant, pipeline, and sequestration site. A total of 16 schools were located
within the 10-mile radius of the proposed power plant and 12 schools were located within the 10-mile
radius of the sequestration site. Searching the online database of long term care facilities at
www.carepathways.com identified three nursing homes within the 10-mile radius of the power plant and
three nursing homes with the 10-mile radius of the sequestration site.

2.5.4.2 Subsurface Features
Saline Formation and Seals

The Tuscola site has one primary target deep saline formation, the Mt. Simon, and one optional saline
formation, the St. Peter () for CO; injection. There is a thick regional seal above the primary target and
two secondary seals above the regional seal. Pennsylvanian cyclic shales, limestones, and sandstones
provide almost 3,000 feet (900 meters) of protective barriers between the uppermost secondary seal and
the deepest underground sources of drinking water. Figure 2-16 also shows the proposed wells at the
injection site. However, the shallow back-up injection well is not shown. There is no oil or gas production
from the Mt Simon in Illinois; but statewide, there are 38 natural gas storage reservoirs in this formation.
The top of the Mt Simon at the Tuscola Site is estimated to be between 5,500 — 6,250 feet (1,676- 1,905
meters) below ground surface; thickness is estimated to be between 1,500 -1,700 feet (457- 518 meters),
and net effective porosity was estimated by the offeror to be between 600-675 feet (183-205 meters). The
base of the Mt. Simon at Tuscola is estimated to be at a depth of about 7,750 feet (2,362 meters). The
Tuscola site references the Weaber-Horn #1 as the closest analog, although that well is about 56 miles (90
kilometers) south of the Tuscola site.

The Tuscola sequestration target is the Cambrian-age Mt. Simon Sandstone, which is the thickest and
most widespread saline reservoir in the Illinois Basin. The Mt. Simon consists of stacked, thin porous
sandstone units, separated by thin beds of less permeable siltstone and shale. The Mt. Simon is overlain
by a thick (500-700 feet [152-213 meters]) regional seal of low permeability siltstones and shales of the
Eau Claire Formation, and is underlain by Precambrian granitic basement. The St. Peter Sandstone is
proposed as an optional target reservoir, but would require a separate well. It occurs at a depth of 4,700
feet (1,432 meters), which is about 2,200 feet (670 meters) above the Mt. Simon.
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Figure 2-16. Schematic lllustration of Well Types for Tuscola, IL

Porosity in the Mt. Simon generally ranges from five to 15 percent, with effective porosity generally
restricted to sandstones with greater than 12.6 percent porosity. Effective porosity occurs in numerous 1-2
feet (0.3-0.6 meters) sandstones, separated by lower permeability rock. The lower part of the Mt. Simon is
arkosic, and in to the north where it occurs at more shallow depths, the basal part of the Formation has
increased porosity and permeability.

The optional reservoir, the St. Peter Sandstone, is estimated to be over 200 feet (61 meters) thick with
state-wide lateral continuity, average porosity of about 16 percent, and average permeabilities of about 20
millidarcies. Both Mt. Simon and St. Peter reservoirs have been successfully used for natural gas storage
in other parts of Illinois. In particular, the Mt. Simon supports 38 natural gas storage reservoirs in Illinois.

Salinities in the Mt. Simon and the St. Peter are expected to exceed 125,000 mg/L. TDS. Bottom hole
temperature at the base of the Mt Simon (8,350 feet [2,545 meters]) is estimated to be 145°F (62.8°C).
Bottom hole pressure is estimated to be 3,590 psi at the same depth.

The closest analog well with geophysical porosity logs through the Mt. Simon is 56 miles (90 kilometers)
south of the proposed injection well. This introduces considerable uncertainty into the thickness and
reservoir properties of the Mt. Simon at Tuscola especially because the Mt. Simon is transgressive onto a
high relief Pre-Cambrian surface and thins to zero thickness in some areas. However, approximately 25
wells have penetrated the Mt. Simon in southern Illinois, so there are sufficient regional data to suggest
low probability of the Mt. Simon not being present at the Tuscola site. The regional depositional
environment of the Mt. Simon sandstones is fairly uniform across Illinois, so the rock character is not
expected to be greatly different from the areas that have equivalent depth well data.
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Regional Controls on Capacity and Injectivity

Injectivity and reservoir capacity are a function of the formation depth, thickness, effective porosity,
temperature, and salinity of the formation water. At Tuscola, there is some uncertainty associated with
reservoir depth, and even greater uncertainty with thickness and porosity. Reservoir properties of the
primary saline formation at the Tuscola site, based on the analogs, appear adequate to meet the FutureGen
sequestration capacity and injectivity goals. Depth may exert some control over preservation of porosity
and permeability in the Mt. Simon, and that, in turn, could strongly influence capacity and injectivity.
There is regional evidence that porosity in the Mt. Simon becomes more occluded with mineral cement at
depths below 7,000 feet (2,134 meters). The Mt. Simon reservoir analog parameters are from
underground gas storage facilities, which are at depths much shallower than the depth at the Tuscola site,
and thus are expected to be less affected by compaction and mineral cements. Reservoir modeling
indicates that a single well will provide sufficient capacity to meet the 2.8 million tons per year

(2.5 MMT/year) injection rate requirement, even if permeabilities are an order of magnitude less than
those of the gas storage reservoirs (Figure 2-17). In addition, sensitivity modeling shows that the
injectivity target can be met even if the number of meters of effective porosity is also reduced by 2/3. This
analysis is predicated on an assumption that regional scale outflow boundaries exist that will allow
movement of the water displaced by the injected CO,. Should those boundaries not exist or are more
restrictive in allowing water to exit the system, additional injection wells might be required to distribute
the CO, over a wider area at Tuscola, or pressure relief wells (water extraction wells) might be required to
control reservoir pressure.

Tectonic Setting

The proposed Tuscola site is in an area of low seismicity. There is no recorded earthquake activity, and no
known faults have been mapped at the site. The closest network-located earthquake was 4 miles (6
kilometers) east of the Tuscola site in 1978, and the second closest event was 17 miles (27 kilometers) to
the south, neither over magnitude 3.0.

Tuscola is in the central part of the Illinois Basin, where near-surface rocks are of Virgilian-age (Late
Pennsylvanian) and locally, are nearly horizontal. For older rocks, the deepest part of the basin is shifted
southward, and the New Albany Shale (a regional marker and important secondary seal) dips
southeastward in the Tuscola area at an average rate of less than one degree. The site lies immediately
east of a series of north-south anticlinal folds that serves as traps for oil reservoirs above the Mt. Simon in
the Cooks Mills Consolidated oilfield; dip across the injection site is expected to be less than one degree.

The dominant structural feature of Douglas County is the Tuscola Anticline. This fold, which extends into
southern Champaign County, is 25 miles by 10 miles (40 kilometers by 16 kilometers) wide and has more
than 700 feet (213 meters) of structural closure. The fold axis trends slightly west of North and the
western flank is much steeper than the eastern.
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Figure 2-17. Map of Existing Wells that Penetrate the New Albany Shale at the Tuscola Injection
Site, and Plume Footprints

Geologic Features of the Seal and Reservoir that Impact Leakage Scenarios

The thick primary seal is a mix of relatively low permeability lithologies that serves as a competent
caprock in 38 natural gas storage reservoirs elsewhere in Illinois. Two secondary shale seals at 3,000 feet
(914 meters) and 3,700 feet (1,228 meters), respectively) above the Eau Claire provide backup to the
main seal. The thin, interbedded permeable and low permeability lithologies of the reservoir interval
provide numerous reservoir baffles that slow the vertical migration of CO, within the reservoir, and the
cyclic Pennsylvanian deposits provide additional protection above the two secondary seals. In addition,
the stable tectonic setting and compressive regional stress regime, that any through-going fracture zones
or faults that penetrate the seal are most likely to be sealing, and not transmissive. Finally, no wellbores
penetrate the primary seal at Tuscola.

The most likely sources of leakage of geologically sequestered CO, are considered to be: 1) slow or
sudden failure of the caprock seal, and 2) leakage along well bores (Oldenburg and Unger, 2003).
Changes in mineralogy and permeability of the seal are the main factors that can result in seal failure.
Both mineralogy and permeabilities of the seals at the Tuscola site indicate strong potential for
containment from permeation. The Eau Claire was examined in detail by Peoples Gas Light and Coke
before installation of the Manlove Gas Storage Field. They reported that the primary seal, the Eau Claire,
is a heterogeneous unit that contains K-feldspar, quartz, dolomite, and detrital clay with lesser amounts of
glauconite, plagioclase, calcite, pyrite, and hornblende. The detrital clays have been largely converted to
relatively stable illite, and the siltstones and scattered thin sandstones are well-cemented by silica.
Feldspars have been largely altered to clays, leaving behind the more stable K-spar. The Eau Claire at the
Manlove field has porosities that range from less than 1 to as much as 10 percent, with corresponding
vertical permeabilities that range from about 0.00004 to 0.0006 md. Capillary entry pressures required to
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force fluids into the Eau Claire seal are generally high. Statewide, Eau Claire median permeability and
porosity are 0.000026 md and 4.7 percent, with corresponding threshold entry pressures of 110 to 1200
psi. At the Manlove field, the Eau Claire separates the Mt. Simon from the overlying porous Galesville
Sandstone; a comparison of salinities in the two rocks indicates a lack of fluid communication across the
Eau Claire caprock. Lateral changes in mineralogy of the Eau Claire could result in greater permeability
of the caprock and make it susceptible to slow permeation. Regionally there are changes in lithology, but
no reported large scale changes in permeability. There are only 25 penetrations of the Eau Claire in
southern Illinois, and there are no data on changes in lithology in the sequestration area.

Both secondary seals, the Maqouketa and New Albany are dominantly marine shales with vertical
permeabilities to water of 0.001 or less. The New Albany shale, in particular, is characterized by vertical
permeabilities of less than 0.0001, and is a seal to petroleum accumulations regionally.

The mineralogy and heterogeneity of the sandstones of the Mt. Simon are favorable for slowing buoyancy
driven, upward migration of CO,, although there is some uncertainty associated with the thickness of the
Formation at the Tuscola site. The Mt. Simon primarily consists of medium to coarse quartz sandstone,
local granule-rich sandstone beds, and thin layers of micaceous shale toward the top of the unit. Feldspar-
bearing sandstones are also present. The Mt. Simon is present throughout most of Illinois, ranging in
thickness from less than 500 feet (150 meters) in southwestern Illinois to over 2,600 feet (780 meters) in
the east-central part of the state. In some areas of west-central Illinois, the Mt. Simon is very thin or
absent. Porosity generally decreases with depth as the rock is subjected to compaction and cementation.
The thin, interbedded permeable and low permeability lithologies provide numerous reservoir baffles to
vertical migration, and the presence of feldspar is expected to enhance mineral trapping of the CO,.

Sudden, brittle failure of caprock seals, either through reservoir over-pressuring and induced or natural
seismicity is considered as a potential leakage hazard of geologically sequestered CO,. Because of high
permeabilities of the Mt. Simon in gas storage fields north of the proposed sequestration site, and because
[linois regulatory injection field operations require injection pressures below 80 percent of the fracture
opening pressure, reservoir over-pressuring and caprock rupture through fracture initiation is not
considered to be a major leakage hazard at Tuscola, provided reservoir quality is not greatly decreased at
the Tuscola site.

In addition to initiating fractures through over-pressuring the reservoir, changes in pore pressure
associated with the injection of CO, can decrease friction on pre-existing faults, and may cause them to
become transmissive in part, or to slip. The general compressive tectonic regime of the Tuscola site
suggests that existing faults are not likely to slip as a result of normal field operations. However, the local
stresses at Tuscola are likely to be complex and geomechanical characterization of the site is critical.

Improperly plugged wellbores is considered a major hazard for leakage of sequestered CO,. The Tuscola
site is surrounded by mature and abandoned petroleum exploration and production wells; one of which
penetrates the New Albany secondary seal above the Tuscola plume footprint. None of the known wells
penetrates the Eau Claire. There are a number of wells whose status is not known in the area, and there is
a likelihood of improperly plugged oil wells existing near the Tuscola site. However, as extensive
monitoring effort is proposed for the site that include remote sensing, atmospheric monitoring, surface
and near surface monitoring, and subsurface monitoring, such monitoring could help detect and mitigate
leaks.
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2.6 Delineation of Exposure Pathways for Human and Ecological
Receptors

Figure 2-18 shows the CSM used to guide evaluations of human and biological risks for each of the 4
sites under consideration for the FutureGen Project. This figure shows the potential exposure pathways
linking the sources of releases, the release mechanisms, chemical migration pathways, and the
environmental media impacted by releases that humans and biological receptors may be exposed to at
each site. This general guide is used in characterizing potential pre- and post-sequestration exposures and
identifying the appropriate toxicity criteria (Section 3) for characterizing risks associated with each type
of exposure. For some of the sites, not all the exposure pathways or receptors may be relevant. The site-
specific risk assessments for the pre- and post-sequestration releases are addressed in Sections 4 and 5,
respectively.

Figure 2-18. CSM for Human and Biological Receptors
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3.0

TOXICITY DATA, BENCHMARK CONCENTRATION EFFECT
LEVELS

The toxicity assessment provides information on the potential for the COPCs to cause adverse health
effects. The main focus of this project is the separation and sequestration of CO, produced as a result of
the coal gasification process. Understandably, CO; is the main COPC for which toxicity data were
compiled. As discussed in Section 2, a number of other chemicals may also be present at trace
concentrations in the captured gases, including CH, and H,S. The full list of COPCs is provided in Table
3-1. Each of these COPCs may cause adverse health effects to human and biological receptors, depending
on the concentration, exposure pathway, and exposure duration.

Table 3-1. Chemicals of Potential Concern (COPCs)

CO, Gas after Separation

Other Compounds in Gas

H.S
SOx
NOx
Cco
CH4

Mercury

Cyanide

Other Potential Concerns
Radon
Change in pH of groundwater and surface water

Benchmark toxicity data (toxicity criteria) were determined for all of the potentially complete exposure
pathways, including the catastrophic and fugitive releases of captured gases described in Section 2 and
shown in Figure 2-18. Accordingly, toxicity criteria were identified for the following types of exposure:

3.1

Inhalation of airborne gas/vapor

Dermal contact with vapor

Inhalation of indoor vapor

Potable water use, including ingestion (consumption) of water
Immersion (direct contact) in surface water

Direct exposure to soil gas (vapor)

Sources of Toxicity Criteria

The potential for the COPCs to cause adverse health impacts to human and biological receptors was
assessed by compiling peer-reviewed chemical concentration effect levels published by the U.S. EPA,
Health Canada, and other regulatory agencies. The sources reviewed to identify potentially applicable
chemical concentration effect levels are shown in Table 3-2.
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Table 3-2. Sources of Human Health and Biota Toxicity Criteria

Inhalation exposures

Short-term exposures

. ATSDR acute MRLs
. Cal EPA acute RELs
e | U.S. EPA AEGLs

¢ | AIHA ERPGs

¢ | U.S. DOE TEELs

. Saripalli et al. (2003) recommended exposure limits for CO»

. U.S. EPA (2000) Carbon Dioxide as a Fire Suppressant: Examining the Risks

. Health Canada Exposure Guidelines for Residential Indoor Air Quality

. NIOSH recommended exposure limits

e | OSHA PELs

. ACGIH Threshold Limit Values and Biological Exposure Indices

Long-term exposures

. ATSDR intermediate and chronic MRLs
. Cal EPA chronic RELs

o U.S. EPA reference concentrations (RfCs)

. Saripalli et al. (2003) recommended exposure limits for CO»

. U.S. EPA (2000) Carbon Dioxide as a Fire Suppressant: Examining the Risks
. National Ambient Air Quality Standards (NAAQS)

. Health Canada Exposure Guidelines for Residential Indoor Air Quality

o NIOSH recommended exposure limits

e | OSHA PELs

. ACGIH Threshold Limit Values and Biological Exposure Indices

o Heart of Brazos EIV (December 1, 2006)

Note: Acronyms are defined in Table 3-3.
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Table 3-2 (continued). Sources of Human Health and Biota Toxicity Criteria

Groundwater/surface water exposures

Short-term exposures

U.S. EPA drinking water health advisories

U.S. EPA ambient water quality criteria

o Quality Criteria for Water, July 1976

o Quality Criteria for Water, May 1986

o 1995 Updates: Water Quality Criteria Documents for the Protection of Aquatic Life in Ambient Water

Saripalli et al. (2003) recommended exposure limits for CO»

Long-term exposures

U.S. EPA ambient water quality criteria

U.S. EPA primary and secondary maximum contaminant levels (MCLs)

U.S. EPA drinking water health advisories

Saripalli et al. (2003) recommended exposure limits for CO»

Soil exposures

Saripalli et al. (2003) recommended exposure limits for CO»

Pearce and West (2006). Study of potential impacts of leaks from onshore CO- storage projects on terrestrial
ecosystems. British Geological Survey.

Heart of Brazos EIV (December 1, 2006)

Note: Definitions are provided in Table 3-3.

In addition to developing toxicity criteria for the COPCs, criteria were also identified for assessing
physical effects, such as changes in water pH on aquatic receptors and the potential levels of concern for
changes in TDS.

All of the identified toxicity criteria were compiled in a database (see Appendices A-1-A-4). This
database was then used to identify the toxicity criteria most applicable for the exposure scenarios
characterized for this report. The terms used to describe toxicity criteria are listed in Table 3-3.
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Table 3-3. Definition of Acronyms Used in the Toxicity Assessment

ACRONYM DEFINITION

ACGIH American Conference of Governmental Industrial Hygienists

AEGLs Acute Exposure Guideline Levels, U.S. EPA

AEGL-1 The maximum concentration in air below which it is believed nearly all individuals could be
exposed for up to one hour without experiencing other than mild transient adverse health effects or
perceiving a clearly defined objectionable odor.

AEGL-2 The maximum concentration in air below which it is believed nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health
effects or symptoms that could impair their abilities to take protective action.

AEGL-3 The maximum concentration in air below which it is believed nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

AIHA American Industrial Hygiene Association

ALTER Acceptable Long-term Exposure Range, Health Canada
A level of exposure below which there are no apparent detrimental effects. This so-called
“threshold level” is closely related to the lowest level at which minimal, or reversible, effects can be
observed the “lowest-observable-adverse-effect level” (LOAEL). A safety factor may be
incorporated into the derivation of a regulatory standard or guideline depending upon the number
and quality of studies upon which the LOAEL is based.

AMCL Alternative Maximum Contaminant Level; a higher alternative maximum contaminant level (AMCL)
accompanied by a multimedia mitigation (MMM) program to address radon risks in indoor air. This
framework reflects the unique characteristics of radon: in most cases, radon released to indoor air
from soil under homes and buildings is the main source of exposure and radon released from tap
water is a much smaller source of radon in indoor air.

Radon from tap water is a smaller source of radon in indoor air. Only about 1-2 percent of radon in
indoor air comes from drinking water. However breathing radon released to air from household
water uses increases the risk of lung cancer over the course of your lifetime.

Ingestion of drinking water containing radon also presents a risk of internal organ cancers,
primarily stomach cancer.

ASTER Acceptable Short-term Exposure Range, Health Canada
Because of the wide variation in individual susceptibility to irritants, notably aldehydes, short-term
exposure guidelines have been derived by applying a factor of five to the lowest value reported to
cause a significant increase in symptoms of irritation.

ATSDR Agency for Toxic Substances and Disease Registry

AWQC Ambient water quality criteria

Cal EPA State of California, Environmental Protection Agency

CCC Criterion Continuous Concentration; an estimate of the highest concentration of a material in
surface water to which an aquatic community can be exposed indefinitely without resulting in an
unacceptable effect.

CH4 Methane

CMC The Criteria Maximum Concentration; an estimate of the highest concentration of a material in
surface water to which an aquatic community can be exposed briefly without resulting in an
unacceptable effect.

CO Carbon monoxide

COz Carbon dioxide
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Table 3-3 (continued). Definition of Acronyms Used in the Toxicity Assessment

ACRONYM DEFINITION

DWEL Drinking Water Equivalent Level. A lifetime exposure concentration protective of
adverse, non-cancer health effects, that assumes all of the exposure to a contaminant is from
drinking water.

EIV Environmental Information Volume

ERPGs Emergency Response Planning Guidelines, AIHA

ERPG-1 The maximum concentration in air below which it is believed nearly all individuals could be
exposed for up to one hour without experiencing other than mild transient adverse health effects or
perceiving a clearly defined objectionable odor.

ERPG-2 The maximum concentration in air below which it is believed nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health
effects or symptoms that could impair their abilities to take protective action.

ERPG-3 The maximum concentration in air below which it is believed nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

HA Health Advisory. A nonregulatory concentration of a contaminant in water that is likely to be
without adverse effects on health and aesthetics.

HA, One- The concentration of a chemical in drinking water that is not expected to

day cause any adverse noncarcinogenic effects for up to one day of exposure. The One-Day HA is
normally designed to protect a 10-kilogram child consuming 1 liter of water per day.

HA, Ten-day | The concentration of a chemical in drinking water that is not expected to
cause any adverse noncarcinogenic effects for up to ten days of exposure. The Ten-Day HA is
also normally designed to protect a 10-kilogram child consuming 1 liter of water per day.

HA, Lifetime | The concentration of a chemical in drinking water that is not expected to
cause any adverse noncarcinogenic effects for a lifetime of exposure. The Lifetime HA is based on
exposure of a 70-kilogram adult consuming 2 liters of water per day. The Lifetime HA for Group C
carcinogens includes an adjustment for possible carcinogenicity.

Hg Mercury

H.S Hydrogen sulfide

MCL Maximum contaminant level. The highest level of a contaminant that is allowed in
drinking water. MCLs are set as close to the MCLG as feasible using the best available analytical
and treatment technologies and taking cost into consideration. MCLs are enforceable standards.

MCLG Maximum contaminant level goal. A non-enforceable health goal which is set at a
level at which no known or anticipated adverse effect on the health of persons occurs and which
allows an adequate margin of safety.

MRLs Minimal Risk Levels
Acute MRL 1-14 days
Intermediate MRL >14-364 days
Chronic MRL 365 days and longer

NA Not appropriate

NAAQS National Ambient Air Quality Standards. Primary standards set limits to protect public health,
including the health of "sensitive" populations such as asthmatics, children, and the elderly.
Secondary standards set limits to protect public welfare, including protection against decreased
visibility, damage to animals, crops, vegetation, and buildings.

NIOSH National Institute for Occupational Safety and Health, Reference Exposure Levels

RELs
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Table 3-3 (continued). Definition of Acronyms Used in the Toxicity Assessment

ACRONYM DEFINITION

TWA-REL Time-weighted average concentration for up to a 10-hour workday during a 40-hour workweek.

ST-REL Short-term exposure limit (STEL), a 15-minute TWA exposure that should not be exceeded at
any time during a workday.

C-REL A ceiling REL, unless noted otherwise, the ceiling value should not be exceeded at any time.

IDLH Airborne concentration from which a worker could escape without injury or irreversible health
effects from an IDLH exposure in the event of the failure of respiratory protection equipment.
The IDLH was considered a maximum concentration above which only a highly reliable
breathing apparatus providing maximum worker protection should be permitted. In determining
IDLH values, NIOSH considered the ability of a worker to escape without loss of life or
irreversible health effects along with certain transient effects, such as severe eye or respiratory
irritation, disorientation, and incoordination, which could prevent escape. As a safety margin,
IDLH values are based on effects that might occur as a consequence of a 30-minute exposure.

NR Not recommended due to insufficient data

OSHA PELs Occupational Safety and Health Administration, Permissible Exposure Limit

TWA-PEL TWA concentration must not be exceeded during any 8-hour workshift of a 40-hour workweek.

ST-PEL STEL is measured over a 15-minute period unless noted otherwise.

C-PEL Ceiling concentration must not be exceeded during any part of the workday; if instantaneous
monitoring is not feasible, the ceiling must be assessed as a 15-minute TWA exposure.

OEHHA State of California, Office of Environmental Health Hazard Assessment

REL Reference Exposure Level

Acute REL Cal EPA. Exposure averaged over 1 hour, unless otherwise specified.

Chronic REL Cal EPA; an airborne level that would pose no significant health risk to individuals indefinitely
exposed to that level.

RfC Reference Concentration, Chronic (USEPA IRIS)

RfD Reference Dose. An estimate (with uncertainty spanning perhaps an order of magnitude) of a
daily oral exposure to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime.

Saripalli et al.

(2003), criteria:

Severe Air - lethal, habitat loss (>10 percent)
Building: Injury, evacuation (> 5 percent)
Moderate: Air - Injuries (> 5 percent)
Building - Irritation, discomfort (> 2 percent)
Low: Air -Discomfort (> 1 percent)
Building -Noticeable, no harm (> 1 percent)
SCAPA Subcommittee on Consequence Assessment and Protective Actions, Office of Emergency
Management, Department of Energy/National Nuclear Security Administration (DOE/NNSA)
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Table 3-3 (continued). Definition of Acronyms Used in the Toxicity Assessment
ACRONYM DEFINITION

Secondary MCL | National secondary drinking water regulation, controls contaminants in drinking water that
primarily affect the aesthetic qualities relating to the public acceptance of drinking water.

SOz sulfur dioxide

SO3 sulfur trioxide
TDS total dissolved solids
TEELs Temporary Emergency Exposure Limits, SCAPA

The application of TEELs should be a comparison with the concentration at the receptor point of
interest, calculated as the peak fifteen-minute time-weighted average concentration.

TEELs are intended for use until Acute Exposure Guideline Levels (AEGLs), Emergency
Response Planning Guidelines (ERPGs) are adopted for chemicals. With the exception of the
recommended averaging time, TEELs 1, 2, and 3 have the same definitions as the equivalent
ERPG.

TEEL-0 The threshold concentration below which most people will experience no appreciable risk of
health effects.

TEEL-1 The maximum concentration in air below which it is believed nearly all individuals could be
exposed without experiencing other than mild transient adverse health effects or perceiving a
clearly defined objectionable odor.

TEEL-2 The maximum concentration in air below which it is believed nearly all individuals could be
exposed without experiencing or developing irreversible or other serious health effects or
symptoms that could impair their abilities to take protective action.

TEEL-3 The maximum concentration in air below which it is believed nearly all individuals could be
exposed without experiencing or developing life-threatening health effects.

TLV Threshold Limit Value

TWA Time-weighted average

U.S. DOE United States Department of Energy

U.S. EPA United States Environmental Protection Agency

3.2  Toxicity Criteria Selection Process

All toxicity criteria were reviewed to develop a single streamlined set for use in assessing potential health
effects associated with COPC releases associated with the carbon separation and sequestration processes.
The toxicity criteria used in the risk assessment were selected for protection of human and ecological
receptors, assuming that there may be either catastrophic, short-term releases or chronic, long-term
releases of COPCs to the environmental media identified for each of the evaluated exposure scenarios.
Each criterion was selected to be the most health protective criteria available for the evaluated receptors
and exposure scenarios. It should be noted that although toxicity criteria were identified for all the
COPCs and various exposure scenarios, quantitative risk evaluations were conducted only for exposures
to CO, and H,S.

3.3  Human Health Toxicity Criteria

Two main groups of human receptors could potentially be exposed to CO, and trace gas releases
associated with the carbon separation and sequestration processes. One group consists of the workers at
the power plant, during the power generation stage of the project. The other group consists of the general
populace, including nearby residents and sensitive receptors, such as school children, surrounding the
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power plant and the injection site(s), including the sequestration plume area. Separate sets of health
protective toxicity criteria were developed for each of these groups of receptors.

3.3.1 PLANT WORKERS

Industrial hygiene criteria have been developed to protect workers potentially exposed to released gases.
Based on the potential release scenarios identified with the pre- and post-injection components of this
project, two sets of toxicity criteria were identified for evaluating potential CO, and trace gas exposures
of plant workers. One set of toxicity criteria was identified for short-term release scenarios consisting of
the rupture of a carbon separation unit, gas compression unit, a pipeline or possibly wellhead equipment
that could result in a rapid release of gases lasting in the range of minutes or hours (see Figure 2-18). The
other set of toxicity criteria was identified for release scenarios where long-term releases could occur as a
result of fugitive emissions from the carbon separation unit, gas compression unit, valves on plant units,
pipeline corrosion, or from wellhead structures. Plant workers were not considered likely to be exposed to
releases under post-injection conditions, since the plant is only anticipated to be in operation for 50 years.

Short-term inhalation exposures can be compared to three types of industrial hygiene criteria, including:

e Short-term exposure limits (STELs), a 15-minute time-weighted exposure that should not be
exceeded at any time during a workday;

e (Ceiling values that should not be exceeded at any time; and

¢ Immediately Dangerous to Life or Health (IDLH) air concentrations from which a worker could
escape without injury or irreversible health effects in the event of the failure of respiratory
protection equipment.

The short-term industrial hygiene criteria available for each of the COPCs are provided in Table 3-4. Also
shown are the types of health effects that could occur when these criteria are exceeded.

Industrial hygiene criteria for evaluating long-term inhalation exposures are expressed as time-weighted
daily average (TWA) concentrations (i.e., an average concentration that should not be exceeded during
any 8-hour workshift of a 40-hour workweek). These criteria are variously described as reference
exposure levels (RELs), permissible exposure limits (PELs), and threshold limit values (TLVs) as
established by the National Institute for Occupational Safety and Health (NIOSH), the Occupational
Safety and Health Administration (OSHA), and the American Conference of Governmental Industrial
Hygienists (ACGIH). The most health protective of these long-term worker-protective criteria that have
been established, regardless of source, for each COPC are shown in Table 3-4.
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Table 3-4. Plant Worker Acute and Chronic Toxicity Criteria

Criteria
Type

Agency Exposure

Time

Chemical

Units (parts per million
by volume [ppmv])

Notes

Acute

NIOSH IDLH 30 minutes

40,000

Immediately dangerous to life or health

NIOSH NIOSH REL ST | 15 minutes

30,000

Asphyxiation, frostbite; Short-term exposure level

NIOSH NIOSH IDLH Maximum 30 minutes

1,200

Immediately dangerous to life or health; frostbite

NIOSH NIOSH REL C | Ceiling

200

Ceiling

NIOSH IDLH 30 minutes

100

Immediately dangerous to life or health; based on
acute inhalation toxicity data on lethal concentrations
for humans [Henderson and Haggard 1943; Poda
1966; Yant 1930] and animals [Back et al. 1972;
MacEwen and Vernot 1972; Tansey et al. 1981]

NIOSH NIOSH REL C | 10 minutes

H>S

10

Ceiling

ACGIH STEL

H>S

15

Short-term exposure level

NIOSH NIOSH IDLH 30 minutes maximum

SO;

100

Immediately dangerous to life and health

NIOSH NIOSH REL ST | 15 minutes

SO;

Irritation; Short-term exposure level

NIOSH IDLH 30 minutes

Cyanide, hydrogen

50

Immediately dangerous to life or health, inhalation.
Central nervous system (CNS), cardiovascular
system (CVS), thyroid [asphyxia, lassitude,
headache, confusion, nausea, vomiting, increased
rate and depth of respiration or respiration slow and
gasping; thyroid, blood changes

NIOSH NIOSH REL ST | 15 minutes

Cyanide, hydrogen

4.7

Short-term exposure level, skin. CNS, cardiovascular
system, thyroid [asphyxia, lassitude, headache,
confusion, nausea, vomiting, increased rate and
depth of respiration or respiration slow and gasping;
thyroid, blood changes

NIOSH IDLH 30 minutes

Nitrogen dioxide

20

Immediately dangerous to life or health. Eyes,
respiratory system, cardiovascular system (irritation
eyes, nose, throat; cough, mucoid frothy sputum,
decreased pulmonary function, chronic bronchitis,
dyspnea; chest pain; pulmonary edema, cyanosis,
tachypnea, tachycardia

NIOSH NIOSH REL ST | 15 minutes

Nitrogen dioxide

Short-term exposure level. Eyes, respiratory system,
cardiovascular system (irritation eyes, nose, throat;
cough, mucoid frothy sputum, decreased pulmonary
function, chronic bronchitis, dyspnea; chest pain;
pulmonary edema, cyanosis, tachypnea, tachycardia
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Table 3-4 (continued). Plant Worker Acute and Chronic Toxicity Criteria

Agency

Criteria
Type

Exposure
Time

Chemical

Units- ppmv

Notes

OSHA

OSHAPELC

Nitrogen dioxide

Ceiling. Eyes, respiratory system, cardiovascular system (irritation eyes,
nose, throat; cough, mucoid frothy sputum, decreased pulmonary function,
chronic bronchitis, dyspnea; chest pain; pulmonary edema, cyanosis,
tachypnea, tachycardia

Chronic

OSHA

OSHA PEL TWA

8 hr

CO2

5,000

Time-weighted average. Headache, dizziness, restlessness, paresthesia;
dyspnea (breathing difficulty); sweating, malaise (vague feeling of
discomfort); increased heart rate, cardiac output, blood pressure; coma;
asphynxia; convulsions; frostbite (liquid, dry ice)

ACGIH

TWA

8 hr

CO

25

Time-weighted average; BEI; anoxia, CVS, CNS, reproductive effects

NIOSH Time-weighted average: Headache, tachypnea, nausea, lassitude
(weakness, exhaustion), dizziness, confusion, hallucinations; cyanosis;
depressed S-T segment of electrocardiogram, angina, syncope

ACGIH

TWA

8 hr

H>S

10

Time-weighted average; irritation eyes, respiratory system; apnea, coma,
convulsions; conjunctivitis, eye pain, lacrimation (discharge of tears),
photophobia (abnormal visual intolerance to light), corneal vesiculation;
dizziness, headache, lassitude (weakness, exhaustion), irritability,
insomnia; gastrointestinal disturbance; liquid: frostbite

OSHA

OSHA PEL TWA

8 hr

SO;

NIOSH Time-weighted average: Irritation eyes, nose, throat; rhinorrhea
(discharge of thin mucus); choking, cough; reflex bronchoconstriction;
liquid: frostbite

ACGIH

TWA

8 hr

CH4

1,000

Time-weighted average (as aliphatic hydrocarbon [alkane, C1-C4] gases);
CNS, depression, cardiac sensitization

OSHA

OSHA PEL TWA

8 hr

Cyanide, hydrogen

10

Time-weighted average, skin. CNS, cardiovascular system, thyroid
[asphyxia, lassitude, headache, confusion, nausea, vomiting, increased
rate and depth of respiration or respiration slow and gasping; thyroid, blood
changes

ACGIH

TWA

8 hr

Nitrogen dioxide

Time-weighted average; irritation eyes, nose, throat; cough, mucoid frothy
sputum, decreased pulmonary function, chronic bronchitis, dyspnea
(breathing difficulty); chest pain; pulmonary edema, cyanosis, tachypnea,
tachycardia
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3.3.2 GENERAL POPULACE

The general population surrounding the power plant, CO, pipeline, injection site(s), and potentially
located within the plume area could contain receptor groups more sensitive to CO, and trace gas releases
than the power plant workers. In addition to a wide-range of age groups, from children to the elderly, the
general population could contain hospitalized or otherwise medically challenged groups. For these
reasons and to be health protective, the toxicity criteria established for the general populace are typically
lower than those for industrial workers. The following describes the toxicity criteria used to characterize
potential health effects due to releases of CO, and trace gas prior to and after geological post-
sequestration.

3.3.2.1  Short-term Inhalation Exposures

As discussed above, short-term release scenarios during plant operations could consist of the rupture of a
carbon separation unit, gas compression unit, a pipeline, or possibly wellhead equipment. These scenarios
are likely to result in rapid releases of gases, lasting in the range of minutes to at most hours (see Table
3-3). Based on the available toxicity criteria, two sets of toxicity values were identified for evaluating
potential CO, and trace gas exposures for either end of the range (i.e., minutes compared to a few hours).
The toxicity criteria considered applicable for evaluating the potential health effects of these types of
releases on the general populace are shown in Table 3-5 and Table 3-6.

In addition to identifying toxicity criteria appropriate for two separate short-term exposure durations,
three levels of potential health effects were identified for each set of exposure durations. This approach
follows the methodology used previously for evaluating CO, exposures from carbon sequestration sites
(e.g., Saripalli et al., 2003), with effects levels classified as Low, Moderate, and Severe.

The three levels of effects are also generally consistent with acute exposure guideline levels (AEGLSs)
developed by the U.S. EPA and are used by US DOE and other agencies for evaluating emergency
releases. Accordingly, regulatory-derived criteria, where available, were used to define concentrations for
evaluating three levels of potential health effects from predicted gas exposures:

e Adverse - Maximum concentration without mild transient adverse health effects or possible
perception of an objectionable odor;

e TIrreversible Adverse - Maximum concentration without irreversible or other serious health effects
or symptoms impairing taking protective action; and

e Life Threatening - Maximum concentration without life-threatening health effects.

Each of these three criteria is used to evaluate the severity of each short-term release that could
potentially impact the general populace.
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Table 3-5. Acute Toxicity Criteria 15-minute Exposure Duration

Criteria Exposure Units-
Agency Type Time Chemical | ppmv Notes

US DOE - ESH | TEEL-1 15 minutes CO2 30,000 | Maximum concentration without mild transient adverse health effects or
possible perception of an objectionable odor.

USEPA (2000) | Maximum 20 minutes CO; 30,000 | 3 percent; for healthy males under exercising conditions

Exposure Limit

USEPA (2000) 1 hour CO; 30,000 | Mild headache, sweating, and dyspnea at rest; respiratory stimulant (i.e.,
increasing pulmonary ventilation, cardiac output, etc.)

US DOE - ESH | TEEL-2 15 minutes CO2 30,000 | Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 15 minutes CO2 40,000 | Maximum concentration without life-threatening health effects

USEPA (2000) | Maximum Less than 3 COz 70,000 | Unconsciousness; longer time or higher concentration (e.g., >100,000 ppmv)

Exposure Limit minutes. = death

US DOE - ESH | TEEL-1 15 minutes CO 83 Mild transient adverse health effects or possible perception of an
objectionable odor

US DOE - ESH | TEEL-2 15 minutes CO 83 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 15 minutes CO 330 Maximum concentration without life-threatening health effects

US DOE - ESH | TEEL-1 15 minutes Ho.S 0.51 Mild transient adverse health effects or possible perception of an
objectionable odor

US DOE - ESH | TEEL-2 15 minutes H.S 27 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 15 minutes H.S 50 Maximum concentration without life-threatening health effects

US DOE - ESH | TEEL-1 15 minutes SOz 0.20 Maximum concentration without mild transient adverse health effects or
possible perception of an objectionable odor

US DOE - ESH | TEEL-2 15 minutes SOz 0.75 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 15 minutes SOz 27 Maximum concentration without life-threatening health effects

US DOE - ESH | TEEL-1 15 minutes SO3 0.60 Maximum concentration without mild transient adverse health effects or

possible perception of an objectionable odor
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Table 3-5 (continued). Acute Toxicity Criteria 15-minute Exposure Duration

Agency Criteria | Exposure Chemical Units- Notes
Type Time ppmv

USEPA AEGL 1 | 10 minutes SO3 0.06 Maximum concentration without mild transient adverse health effects or possible
perception of an objectionable odor

US DOE - ESH | TEEL-2 | 15 minutes SO3 2.98 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 | 15 minutes SOs3 8.93 Maximum concentration without life-threatening health effects

US DOE - ESH | TEEL-1 15 minutes CH4 2,000 Maximum concentration without mild transient adverse health effects or possible
perception of an objectionable odor

US DOE - ESH | TEEL-2 15 minutes CHg4 5,000 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 15 minutes CHq4 25,000 | Maximum concentration without life-threatening health effects

US DOE - ESH | TEEL-1 15 minutes Cyanide, hydrogen | 2 Maximum concentration without mild transient adverse health effects or possible
perception of an objectionable odor

US DOE - ESH | TEEL-2 | 15 minutes Cyanide, hydrogen | 7.1 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 | 15 minutes Cyanide, hydrogen | 15 Maximum concentration without life-threatening health effects

US DOE - ESH | TEEL-1 15 minutes Nitrogen dioxide 0.5 Maximum concentration without mild transient adverse health effects or possible
perception of an objectionable odor

US DOE - ESH | TEEL-2 | 15 minutes Nitrogen dioxide 12.5 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

US DOE - ESH | TEEL-3 | 15 minutes Nitrogen dioxide 20 Maximum concentration without life-threatening health effects

AlIHA ERPG-1 | 1 hour Mercury vapor NA Maximum concentration without mild transient adverse health effects or possible
perception of an objectionable odor

AlHA ERPG-2 | 1 hour Mercury vapor 0.25 Maximum concentration without irreversible or other serious health effects or
symptoms impairing taking protective action

AlIHA ERPG-3 | 1 hour Mercury vapor 0.5 Maximum concentration without life-threatening health effects

Health Canada | ASTER | 1 hr average | Nitrogen dioxide <0.25 | The results of clinical studies indicate that both normal and asthmatic subjects can
experience detrimental respiratory effects when exposed for brief periods to
concentrations of approximately 960 ug/m3 (0.5 ppm). Applied a safety factor of 2.
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Table 3-6. Acute Toxicity Criteria >3 hour Exposure Duration

Agency Criteria Timeframe Exposure | Chemical | Units- Notes
Type Time ppmv

USEPA Maximum 480 minutes | CO; 15,000 | 1.5 percent; for healthy males under exercising conditions
(2000) Exposure

Limit
USEPA Headache, | Acute Several CO; 20,000 | Headache, dyspnea upon mild exertion; possible respiratory stimulant
(2000) etc. hours
USEPA Tremors Acute Several CO2 60,000 | Tremors
(2000) hours
USEPA Maximum Acute Less than 3 CO2 70,000 | Unconsciousness; longer time or higher concentration (e.g., >100,000
(2000) Exposure minutes. ppmv) = death;

Limit AIHA [1971] reported that 100,000 ppm of CO; is 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

USEPA NAAQS Primary 8 hr average | CO 9 Not to be exceeded more than once per year
USEPA AEGL 2 Acute 8 hr CoO 27 Interim AEGL (6/11/01)
USEPA AEGL 3 Acute 8 hr CO 130 Interim AEGL (6/11/01)
ATSDR MRL - inh. Acute 1-14 days H2S 0.2 Respiratory effect
Acute
USEPA AEGL 1 Acute 8 hr H2S 0.33 Interim AEGL (9/10/02)
USEPA AEGL 2 Acute 8 hr H2S 17 Interim AEGL (9/10/02)
USEPA AEGL 3 Acute 8 hr H2S 31 Interim AEGL (9/10/02)
USEPA NAAQS Acute/Secondary | 3-hour Sulfur oxides | 0.5 Not to be exceeded more than once per year
USEPA NAAQS Primary 24-hour Sulfur oxides | 0.14 Not to be exceeded more than once per year
USEPA AEGL 1 Acute 8 hr SOz 0.2 Interim AEGL (10/25/04)
USEPA AEGL 2 Acute 8 hr SO; 0.75 Interim AEGL (10/25/04)
USEPA AEGL 3 Acute 8 hr SO, 16 Interim AEGL (10/25/04)
USEPA AEGL 1 Acute 8 hr SO3 0.06 Proposed AEGL
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Table 3-6 (continued). Acute Toxicity Criteria >3 hour Exposure Duration

Agency Criteria Timeframe Exposure Chemical Units- Notes
Type Time ppmv
USEPA AEGL 2 Acute 8 hr SO3 2.6 Proposed AEGL
USEPA AEGL 3 Acute 8 hr SO3 27.7 Proposed AEGL
USEPA AEGL 1 Acute 8 hr Cyanide, hydrogen 1 Final (2002) (nondisabling)
U EPA AEGL 2 Acute 8 hr Cyanide, hydrogen 2.5 Final (2002) (disabling)
USEPA AEGL 3 Acute 8 hr Cyanide, hydrogen 6.6 Final (2002) (lethal)
USEPA AEGL 1 Acute 8 hr Nitrogen dioxide 0.5 Interim (12/13/04) (nondisabling)
USEPA AEGL 2 Acute 8 hr Nitrogen dioxide 6.7 Interim (12/13/04) (disabling)
USEPA AEGL 3 Acute 8 hr Nitrogen dioxide 11 Interim (12/13/04) (lethal)
REVISED APRIL 2007 3-15



FINAL RISK ASSESSMENT FUTUREGEN PROJECT

3.3.2.2 Long-term (chronic) Inhalation Exposures

Long-term, low levels of CO, and trace gas releases may occur during plant operations and from the
sequestered gas reservoir. During pre-injection operations, long-term releases could occur as a result of
fugitive emissions from the carbon separation unit, gas compression unit, valves on plant units, pipeline
corrosion, or from a wellhead structure (see Figure 2-18). Long-term releases are the primary concern for
post-injection conditions, including upward leakage through the caprock, release through faults or
abandoned wells, and lateral or vertical leakage into non-target aquifers with eventual releases to the
surface (Figure 2-18). In order to characterize the potential for adverse health effects from these long-term
releases, toxicity values were identified for levels where there would be no health effects over a lifetime
of exposure. These toxicity criteria are shown in Table 3-7 and include:

e National ambient air quality standards;
e Chronic effects levels developed by the U.S. EPA; and
e Indoor air quality criteria developed by Health Canada.

In addition to these criteria, for CO, exposures, toxicity criteria were identified that could be used to
differentiate potentially low, moderate, or severe health effects (as done for previous carbon sequestration
evaluations).

3.3.3 SURFACE WATER AND GROUNDWATER EXPOSURES

CO; and trace gas releases could potentially affect surface waters during pre- or post-injection conditions,
as indicated in Figure 2-18. Groundwater may also be impacted during post-injection conditions due to
lateral or vertical leakage into non-target aquifers. Consequently, toxicity criteria were also compiled in
order to determine the potential human health effects from releases potentially affecting surface or ground
waters. Water quality criteria were primarily obtained from U.S. EPA sources that have developed
chronic water quality criteria and regulatory levels protective of human uses of water. In addition to direct
health effects, criteria were also identified for determining potential aesthetic (e.g., taste and odors),
acidity (i.e., pH), salinity (i.e., TDS), or corrosion effects that could reduce the value of waters used for
potable, industrial, or irrigation purposes. Further, to address the potential for CO, or trace gases to
displace or otherwise affect radon gas levels in groundwater, criteria were also identified for acceptable
radon levels in groundwater. All of the potentially applicable water quality criteria are listed in Table 3-7.
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Table 3-7. Chronic Toxicity Criteria Inhalation and Water Exposures

Agency Criteria Exposure Chemical Units Notes
Type Time
Air/Inhalation Exposure PPMV
Health Canada ALTER Long-term CO: 3,500 Indoor air guideline
Health Canada Long-term CO; 7,000 The lowest concentration at which adverse health effects have
been observed in humans is 12,600 mg/m? (7,000 ppm), at which
level increased blood acidity has been observed after several
weeks of continuous exposure
USEPA (2000) Maximum Indefinite CO; 5,000 0.5 percent; for healthy males under exercising conditions
Exposure Limit
USEPA (2000) Maximum Indefinite CO; 10,000 1 percent; for healthy males under exercising conditions
Exposure Limit
USEPA (2000) Few minutes CO2 70,000 to 100,000 Unconsciousness
USEPA (2000) 1 to several CO2 >100,000 to 150,000 | dizziness, drowsiness, severe muscle twitching, unconsciousness
minutes
USEPA (2000) 1to 2 minutes | CO; 60,000 Headache, dyspnea; Hearing and visual disturbances
USEPA (2000) Several hours CO2 60,000 Tremors
USEPA (2000) Headache, Within a few CO2 40,000 to 50,000 Headache, dizziness, increased blood pressure, uncomfortable
dizziness, etc minutes dyspnea; possible respiratory stimulant
Saripalli et al. 2003 | Low Human CO2 10,000 human, discomfort
Saripalli et al. 2003 | Moderate Human CO2 50,000 human, injury
Saripalli et al. 2003 | Severe Human CO2 100,000 human, lethal
USEPA NAAQS 8 hr average (6]0) 9 Not to be exceeded more than once per year
ATSDR MRL - inh. Int >14-365 days H>S 0.02 Respiratory effect
USEPA IRIS RfC H2S 0.0014 Nasal lesions of the olfactory mucosa (7/28/2003)
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Table 3-7 (continued). Chronic Toxicity Criteria Inhalation and Water Exposures

Agency Criteria Exposure Chemical Units Notes
Type Time

LEL 10 percent Explosive Limit H.S 4,000

Health Canada ALTER 8 hr average SOz <0.019 Increased prevalence of acute and chronic respiratory
symptoms and impaired pulmonary function

USEPA NAAQS Annual (Arith. Mean) | Sulfur oxides 0.03

USEPA NAAQS 24-hour Sulfur oxides 0.14 Not to be exceeded more than once per year

ACGIH TWA 8 hr CH4 1000 (as aliphatic hydrocarbon [alkane, C4-C4] gases); CNS,
depression, cardiac sensitization

USEPA IRIS RfC Cyanide, hydrogen | 0.0027 CNS symptoms and thyroid effects

LEL 10 percent Explosive Limit Cyanide 5,600 5.60 percent

AIHA ERPG-2 1 hour Mercury vapor 0.25

USEPA NAAQS Annual (Arith. Mean) | Nitrogen dioxide 0.053 ppm (100 pg/m®)

NAS (1999) Action Level Radon 4 pico Curies per The USEPA has set 4 pCi/L as the Action Level, the level at

liter (pCi/L) which residents should take steps to reduce radon levels.

(NAS) National Academy of Sciences. Health Effects of
Exposure to Radon: BEIR VI

Water Exposure mg/L

Saripalli et al. 2003 | Severe CO; >6 percent Groundwater; acidity, well corrosion, irrigation loss

Saripalli et al. 2003 | Moderate CO; >2 percent Groundwater; mild acidity and corrosion

Saripalli et al. 2003 | Low CO; >0.2 percent Groundwater; elevated, low acidity without significant impacts

Saripalli et al. 2003 | Normal COz 10-4M or 0.2 percent | Groundwater
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Table 3-7 (continued). Chronic Toxicity Criteria Inhalation and Water Exposures

Agency Criteria Exposure Chemical Units Notes
Type Time
Saripalli et al.
2003 Severe CO:2 >2 percent Surface water; acidity, CO2 explosion, fish kills
Saripalli et al. Surface water; higher acidity, mild toxicity effect on
2003 Moderate CO:2 >1 percent irrigation
Saripalli et al. Surface water; elevated, low acidity with no significant
2003 Low CO; >0.022 percent | impacts
Saripalli et al. 10-5M or 0.022
2003 Normal CO; percent Surface water
USEPA Secondary MCL H2S 0.000029 Taste and Odor Threshold (National AWQC). Water-
dilution odor threshold calculated from air odor
threshold using equilibrium distributions
USEPA MCL Lifetime Cyanide (as free 0.2 Nerve damage or thyroid problems
cyanide)
USEPA MCL Lifetime Mercury 0.002 Final 1987; kidney damage
(inorganic)
USEPA Health Advisory Lifetime Mercury 0.04 Final 1987
(inorganic)
Mercury
USEPA Health Advisory DWEL (inorganic) 0.01 Final 1987
USEPA Human health consumption | Lifetime pH 5t09 Human health consumption of water + organism
USEPA Secondary MCL Lifetime pH 6.5t08.5 Gold Book 1986; USEPA 2006
USEPA Human health consumption | Lifetime TDS 250 Human health consumption of water + organism; for
solids dissolved and salinity (originally in Red Book;
same criterion in Gold Book, USEPA 1986)
USEPA Secondary MCL TDS 500 Final; 2006
USEPA MCLG Radon 300 pCi/L 300 pico Curies per liter
USEPA AMCL Radon 4,000 pCi/L Alternative Maximum Contaminant Level
Drinking Water Health
USEPA Advisory Radon 150 pCi/L at cancer risk of 1 x 10 (one in a million)
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3.4  Ecological Reference Toxicity Values

Biological receptors present in the environment around the plant, pipeline, and sequestered gas plume
sites may also be exposed to CO, and trace gases released during plant operation and under post-injection
conditions. Effects on biota could occur as a result of gaseous releases to the atmosphere, to surface
waters, and through upward leakage of sequestered gases to surface soils. Accordingly, reference toxicity
values (TRVs) were also identified to aid in determining potential effects to biota from atmospheric,
surface water, and soil exposures (Table 3-8).

Criteria protective of biota exposures to airborne gases were identified for both physiological and
behavioral effects. Levels were identified for respiratory effects of atmospherically dispersed gases on
animals, including insects, and plants. For plants, the effects also include levels at which there could be
increased growth and biomass. Behavioral effects were identified for olfactory sensation leading to
changes in insect locomotion, social and prey location, and searching behavior. The criteria for these
effects are shown in Table 3-8.

Biological receptors, such as fish, could be exposed to gas releases into surface waters, either directly
through a pipeline rupture or discharge of groundwater from a non-target aquifer affected by leakage from
sequestered gases. The impacts to biota in these surface waters could include both toxic and physical
effects. The criteria identified for evaluating these effects are shown in Table 3-8 and include continuous
concentration criteria protective of aquatic biota as well as the range of CO, effects identified by Saripalli
et al. (2003) on aquatic biota. The normal levels of CO, in water are also shown for comparison purposes.

The upward leakage of sequestered gases could eventually reach the surface. As a consequence, biota
could be exposed to gases in soils prior to release to the atmosphere. The effects of gases on animals and
plants in soils, including the effects of changes in soil acidity on plants are shown in Table 3-8.
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Table 3-8. Chronic Toxicity Criteria Biota- Surface Water and Soil Exposures

Criteria Timeframe | Chemical Units- Units- Notes
Type ppmv other
Threshold, CO; >1,000 All animals, respiratory stimulation
animals
Threshold, CO; >50,000 All animals, respiratory poisoning
animals
Threshold, CO; >10,000 Abnormal growth and reduced reproductive
fungi fitness
Threshold, CO; >700 Variable increases and decreases in plant
plants respiration
Threshold, CO2 >380 Increased growth, biomass, reduced
plants carbon to nitrogen ratios in biomass
Threshold, CO; >10,000 Regulation of spiracle aperture
insects
Behavioral, CO; 10 to 500 Olfactory sensation/activation (mosquitoes,
insects ticks, fire bugs, tsetse flies); changes in
COz; result in signaling of responses
including locomotion, social location, prey
location, and flight or searching behavior
Behavioral, CO; 1,000 Olfactory sensation/locomotion
insects (mosquitoes, ticks, fire bugs, tsetse flies)
Behavioral, CO; 5,000 Olfactory sensation (ants, bees, termites)
insects
Behavioral, CO2 5,000 Olfactory sensation (beetles, nematodes)
insects
Behavioral, CO; 0.5 to 300 Olfactory sensation (moths, butterflies)
insects
Severe Chronic- CO: >4 Aquatic biota, O» depletion, lethal
Biota percent
Moderate Chronic- CO; >2 Aquatic biota, Injure life functions
Biota percent
Low Chronic- CO; >0.5 Aquatic biota, Mild toxicity
Biota percent
Normal Normal, COz 0.022 Normal for aquatic biota (10-5M)
biota percent
Freshwater Chronic Cyanide 5.2¢ g free cyanide (as CN/L) (EPA-820-B-96-
CCC (CN)/L 001, September 1996). Does not account
for uptake via the food chain
Freshwater Chronic H>S 0.002 Unassociated H,S for fish and other
CCC aquatic life
Freshwater Chronic Mercury 0.000012 EPA 440/5-84-026, January 1985;
CCC protective of bioaccumulative impacts
Freshwater Chronic pH 6.5t09 U.S. EPA "Gold Book" 1986
CCC
>8
Severe Chronic CO2 percent Low pH, tree kills, animal deaths
>3
Moderate Chronic CO; percent Moderate acidity, tree/crop/soil cover loss
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Table 3-8 (continued).

Chronic Toxicity Criteria Biota- Surface Water and Soil Exposures

Criteria Timeframe | Chemical Units Units- Notes
Type ppmv other
Mild suppression in pH with no significant
Low Chronic CO; >2 percent | impacts
1-2

Normal Normal CO2 percent Normal concentration
Harmful, >5 Root asphyxiation in the root zone
plants CO; percent
Phytotoxic > 20 Root asphyxiation in the root zone

CO; percent
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4.0 PRE-INJECTION RISK ASSESSMENT

4.1 Conceptual Plant Design and Assumptions
4.1.1 OVERVIEW OF FUTUREGEN PLANT

A conceptualization of the plant and aboveground facilities for separating, compressing and transporting
CO; to the injection site was used to determine where releases could occur. For each possible type of
release, estimates were developed for release probabilities, volumes, and the chemical concentrations of
the released substances for the aboveground engineered system. In the absence of a specific preliminary
design at this stage, a schematic of the major process units of the FutureGen Project has been developed
from existing information (Figure 4-1). This served as a starting point for estimating types of releases.

Figure 4-1. Schematic of FutureGen Project Coal-fueled IGCC Plant with Products and Potential

Releases
(Based on U.S. DOE, Office of Fossil Energy, 2004 and updated in 2006). Process elements that are screened out will not
be considered in this risk assessment. Locations of accidental releases are shown with the orange triangles.

At the core of the FutureGen Project will be an advanced coal gasifier, although the specific type of
gasifier has not yet been selected. Rather than burning coal directly, gasification breaks down coal into its
basic chemical constituents. The raw gas from the gasifier is composed of predominantly CO, hydrogen
(Hy), CO,, water vapor, and CH,. The next step is to enrich the concentration of hydrogen gas using a
catalyzed shift gas reaction which produces H, from CO and steam. Next, H,S and CO, are removed
using glycol adsorption. The H,S is then converted to elemental sulfur in a Claus furnace. The furnace
oxidizes 1/3 of the H,S to SO,. The SO, then reacts with the remaining H,S in downstream catalytic
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converters to produce elemental sulfur. The CO, is compressed and sent to injection well(s) by pipeline
for subsurface injection and sequestration. The overall process yields CO, with traces of other gases (e.g.,
H,S) and hydrogen-rich gas for use in gas turbines to produce electricity or to serve as hydrogen fuel for
transportation. Excess heat will be converted to steam to generate additional electricity. The separated
CO, may contain other compounds besides H,S (see Section 2.4).

412 CARBON SEPARATION AND COMPRESSION UNITS

Fugitive emissions from the carbon separation unit and the CO, compressor at the plant have not been
provided in the preliminary design information provided for use by the FutureGen team. The compressor
unit is planned to be located at the plant site based on the available information.

4.1.3 PIPELINE CHARACTERISTICS

Transport of the captured gas stream to a location for injection underground is planned to occur via
pipeline, as shown conceptually in Figure 4-1. The distance of transport, the size of the pipeline, and the
belowground placement of the pipeline is based on information available from the final EIV. The distance
of transport from the plant site to the injection point varies from less than 1 to 61.5 miles (1.6 to 99
kilometers) for the four candidate sites as shown in Table 4-1. The pipelines from the plant to the
injection site(s) are expected to be buried to a typical depth of 3.3 feet (1 meter) (IPCC, 2005). Any
pipeline releases are expected to discharge to the atmosphere. Maps showing the location of the plant and
injection sites are provided in Section 2.

Table 4-1. Pipeline Dimensions and Conditions

Parameter Jewett Odessa | Mattoon | Tuscola
Pipeline Inner Diameter, inches (centimeters) 19.3 (49) 12.8 (32.5) | 19.3 (49) | 16 (41)
Pipeline Temperature, °F (°C) 95 (35) 95 (35) 95 (35) 95 (35)
Pipeline Pressure, psi 2,200 2,200 2,200 2,200
Distance to Injection Wells, miles (kilometers) Woo.dbine 52-59 (84-95); 61.5 (99) 05 (0.8) 11(18)
Travis Peak 52 (84)

The above information is from the final EIV.

41.4 CAPTURED GAS FROM PLANT: VOLUME AND COMPOSITION

The composition of the captured gas was provided in the EIV for use by the FutureGen team. As shown
in Table 4-2, the percent of CO,, H,S, and nitrogen in the captured gas were provided.

Risks were estimated for assumed releases of CO, and H,S at the concentration ratio shown above in
Table 4-2. The composition of the gas at the Odessa Site may differ, since the gas may be delivered to an
existing commercial CO, pipeline that serves EOR projects. No specific information on the expected
composition was available, although it may have a H,S concentration of less than100 ppmv. A co-
sequestration experiment is being evaluated for the FutureGen plant configuration where the H,S and CO,
are removed together and injected for seven days. For this case, the H,S content of the gas has been
assumed to be 2 percent by weight. Information on other compounds that may be present in the gas such
as CH,, CO, mercury, cyanide, SOx, and NOx (see Section 2.4) are addressed in the EIS. At another
carbon sequestration site, CH, in the captured gas was 0.3 to 0.7 percent and CO was 0.1 percent (IPCC,
2005).
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Table 4-2. Captured Gas Characteristics and Composition

Parameter Captured Gas
Pressure, psi 2,200
Temperature, °F (°C) | 95 (35)

CO, percent 95

HzS, percent 0.01

Nitrogen, percent <0.5

Moisture, ppmv 100 (maximum)

4.2  Overview of Risk Assessment Approach

The risk assessment approach for the pre-injection components is based on qualitative and quantitative
estimates of gas releases from aboveground sources under different failure scenarios. Failures of the
engineered system can include catastrophic events, leakage, and fugitive releases of captured gases. The
transport of the released gas in the air was estimated through modeling, as explained in Section 4.4. The
predicted concentrations in air were used to estimate the potential for exposure and any resulting impacts
on human receptors, which were considered to also be protective of ecological receptors. The steps
involved in conducting the risk assessment are shown schematically in Figure 2-3. The primary release
mechanisms, such as releases to air, can lead to direct exposures to humans or ecological receptors
inhaling the released gases, or can be responsible for secondary releases to other media, such as discharge
to surface water or soil. These secondary releases can then produce exposures of aquatic receptors in
nearby surface waters or plants via uptake from soil. The potential for possible adverse ecological or
human health effects is also examined for the case of direct releases of gases to surface waters, such as
pipeline discharge into a stream. The effects of exposures for both human and ecological receptors are
then evaluated and risk estimates provided. The time frame of the pre-injection risk assessment includes
the entire pilot and operational periods of CO, capture at the plant to plant closure (estimated to be 50
years).

4.21 RELEASE SCENARIOS

Releases may occur from the FutureGen Power Plant itself (if any of its proposed components related to
gas capture shown in Figure 4-1 fail), from the pipeline, and from the injection wellhead(s). Areas of
potential releases in the plant are indicated on the facility conceptual diagram in Figure 4-1 using orange
triangles for failures and green arrows for fugitive emissions. Only releases related to CO, sequestration
are considered in this risk assessment; the other plant components are evaluated in the EIS.

Potential releases from the FutureGen Project and associated pipelines considered in the pre-injection risk
assessment are listed in Table 4-3. For each release scenario included in this table, information is
provided on the release mechanism, estimated duration of the release, initial exposed media and receptors,
and secondary media that could be affected by migration of gases from the initial release to another
location or to a different media. Receptors that could be affected by these secondary releases are also
listed in the table. The types of releases considered include:

e Fugitive emissions from the carbon separation and compressor units
e Rupture of the carbon separation and compressor units

e Rupture of the captured gas pipeline within the plant boundary or between the boundary and the
injection site
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e [.eakage of captured gas from the pipeline within the plant boundary or between the boundary
and the injection site

e Failure of wellhead injection equipment causing release of gas in wellbore
¢ Fugitive emissions from wellhead injection equipment

For each release scenario, the volume and mass of gas released has been estimated as discussed in Section
4.4. The accidental rupture of the carbon sequestration and compressor unit is addressed in the plant risk
assessment (Quest, 2006). Fugitive emissions and leaks from this unit are considerably less than the
pipeline rupture case based on using 1 percent of the CO, volume released during a trip event of this unit
(Battelle, 2006), so releases from this unit are not reported separately in the risk result tables discussed in
Section 4.5. Pipeline length, distance between emergency shutdown valves, diameter, and temperature
and pressure of gas present in the pipeline have been used to compute the volume of captured gas that
may be accidentally released. Information on the diameter and length of the injection wells was provided
in the EIV and used to estimate the volumes of gas released from the aboveground injection equipment.
The estimated volumes of key release scenarios were used as input to models to predict concentrations in
air from these releases, as discussed in Section 4.4. The results of the modeling effort are discussed in
Section 4.5.

422 FREQUENCY OF FAILURE OF ABOVEGROUND ENGINEERED SYSTEMS

Failure rates for the key release scenarios that were simulated were estimated from historical operational
data where available from existing operating sites and data on pipeline transport of captured gases.

The CO, pipeline failure frequency was calculated based on data contained in the on-line library of the
Office of Pipeline Safety (http://ops.dot.gov/stats/TA98.htm). Accident data from 1994-2006 indicated
that 31 accidents occurred during this time period. DOE chose to categorize the two accidents with the
largest CO, releases (4000 barrels and 7408 barrels) as rupture type releases, and the next four highest
releases (772 barrels to 3600 barrels) as puncture type releases. For comparison, five miles of FutureGen
pipeline contains about 6500 barrels, depending on the pipeline diameter. Assuming the total length of
pipeline involved was approximately 1,616 miles (2,600 kilometers) based on data in Gale and Davison
(2004), the rupture and puncture failure frequencies were calculated to be 9.55 x 10”/miles-year (5.92 x
10”%/[kilometer-year]) and 1.9 x 10”/miles-year (1.18 x 10*/[kilometer-year]), respectively.

The failure rate of an injection well during operation is estimated as 2.02 x 107 per well per year based on
experience with natural gas injection wells from an IEA GHG Study (Papanikolau et al., 2006). The
estimated incidence of failure at each site based on the length of pipeline at each site and the number of
injection wells and the possible number of incidents over the estimated 50-year operational period are
shown in Table 4-4.
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Table 4-3. Release Scenarios for Pre-Injection Risk Assessment

Initial Initial Secondary
Release Mechanism Exposure Duration Exposed Potential Exposure Later Potential
and Location Media Receptors Media Receptors

Fugitive emissions from Low release rate due to small leaks Air Plant None None

carbon separation unit workers

Rupture of carbon separation Few minutes for unit to empty Air Nearby plant | Floor of plant | None, unless air control system fails

unit workers building*

Fugitive emissions from gas Low release rate due to small leaks Air Plant None None

compression unit workers

Rupture of gas compression Few minutes for unit to empty Air Nearby plant | Floor of plant | None, unless air control system fails

unit workers building*

Fugitive emissions from valves | Low release rate due to small leaks Air Plant None None

on plant units workers

Pipeline failure after Continuous until gas is shut-off, or Air Nearby plant | Soil Off-site residents depending on air

compression unit, but still on few minutes needed for pipeline workers modeling results

plant site section to empty

Pipeline failure between plant Few minutes needed for pipeline Air and Saoil Offsite Air and Ecological exposure route in surface

site and injection site section to empty in-between safety people, if Surface water, if nearby

shutoff values located every 5 miles present; Water Plant workers and off-site residents

Ecological depending on air modeling results
exposure
route in soil

Pipeline puncture between Few hours for gas to escape out of Air and Saoil Offsite Air and Ecological exposure route in surface

plant site and injection site small leak people, if Surface water, if nearby
present; Water Plant workers and off-site residents
Ecological depending on air modeling results
exposure
route in soil

REVISED APRIL 2007

4-5



FINAL RISK ASSESSMENT

FUTUREGEN PROJECT

Table 4-3 (continued). Release Scenarios for Pre-Injection Risk Assessment

Initial Initial Secondary
Release Mechanism Exposure Duration Exposed Potential Exposure Later Potential
and Location Media Receptors Media Receptors
Pipeline puncture of buried Few hours for gas to escape Air and Soil Offsite people, if Air and Plant workers and off-site
section between plant site and | out of small leak present; Ecological Groundwater residents depending on air
injection site when ground is exposure route in soil modeling results
frozen or upward gas Offsite residents if drink
migration is inhibited (may not groundwater
be possible or likely at all . )
sites) Ecological exposure route in
surface water, if groundwater
discharges to surface water
Pipeline puncture in section Few hours for gas to escape Surface Offsite people, if Surface Water Ecological exposure route in
under or near surface water out of small leak Water and present; Ecological and surface water
(may not be possible or likely Air exposure route in Groundwater Human users of surface water:
at all sites) surface water recreational and/or potable
If recharge to groundwater,
then human users if potable
Rupture of aboveground Few minutes needed for Air and Saoil Nearby plant workers, | Air Plant workers and off-site
equipment at wellhead wellbore and aboveground if present residents depending on air
injection site equipment to empty modeling results
Ecological exposure route in
soil
Fugitive emissions from Low release rate due to small Air Nearby plant workers, None None

aboveground equipment at
wellhead injection site

leaks

if present

*Plant units are proposed to be contained inside a structure; details of construction are not known at this time.
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Table 4-4. Failure Rate Frequencies for Pipelines and Injection Wells

Jewett
Travis
Parameter Woodbine Peak Odessa | Mattoon | Tuscola
Pipeline Length, miles (kilometers) 59 (95) 52 (84) 61.5 (99) 0.5(0.8) 11 (18)
Frequency of Failure by Rupture
per year* 0.0056 0.0050 0.0059 0.00005 0.0011
Probability of at least one failure by rupture over lifetime | 0.24 0.22 0.25 0.002 0.05
Frequency of Failure by Puncture
per year* 0.0112 0.0099 0.0117 0.00009 0.0021
Probability of at least one failure by puncture over
lifetime 0.43 0.39 0.48 0.005 0.10
Number of Injection Wells 2 1 10 1 1
Frequency of Failure per year*™* 4.04E-05 2.02E-05 2.02E-04 2.02E-05 2.02E-05
Probability of at least one failure by puncture over
lifetime 2.02E-03 1.01E-03 | 1.01E-02 | 1.01E-03 | 1.01E-03

*Based on estimated pipeline rupture rate of 5.92 x 10 and puncture rate of 1.18 x 10 failures per kilometer of pipe
per year from the Office of Pipeline Safety on-line library (http://ops.dot.gov/stats/|IA98.htm).

**Based on estimated injection well failure rate of 2.02 x10° per well per year (Papanikolau et al., 2006).

The estimated probabilities that key release scenarios could occur at each site are discussed in Section 6

of this report.

4.3  Exposure Analysis

Potential human receptor groups that could be affected by releases from the FutureGen plant include plant

workers, railroad workers, other onsite workers such as administrative staff, material or equipment
suppliers, plant visitors, and offsite residents or other members of the general populace.

4.3.1

4311 Onsite Workers

HUMAN RECEPTOR GROUPS LIKELY TO BE EXPOSED

The FutureGen plant will occupy a 62-acre (25-hectare) or 75-acre (30-hectare) footprint (Quest, 2006).
There is expected to be a buffer of about 600 feet around the plant footprint out to the property boundary,

which encompasses at least 200 acres (81 hectares). The actual area of the plant sites is provided in

Section 2. The total number of workers at the plant under operating conditions is estimated to be 200
people, although since there are work shifts all the workers would not be present at the same time (DOE

EIS, 2007).

4.3.1.2 Offsite Populations

Offsite populations may be affected by releases to the atmosphere from fugitive emissions from the

process units, pipeline punctures or ruptures, and leaks or rupture of the aboveground equipment at the
injection site. Maps showing the nearest towns and population density are presented and discussed in
Section 2. Sensitive human receptors such as schools, hospitals, and prisons are also shown on these
maps. Except for the Mattoon Site, the injection site is located away from the plant site, as listed in Table
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4-1. Thus, more offsite populations could potentially be affected at those other sites, since there is more
than one area.

The Jewett plant site is located north of the town of Jewett at the juncture of Leon, Limestone, and
Freestone counties There are eight small towns located in the vicinity of the proposed pipeline route and
sequestration sites, including Turlington, Lanely, Plum Creek, Red Lake, Butler, Sand Hill, Massey Lake,
and Harmony. There are two possible injection sites, located 52 and 59 miles (84 and 95 kilometers) away
from the plant site. One injection site (52 miles (84 kilometers) away) would have two injection wells that
would inject into different formations, the Woodbine and the Travis Peak (see Section 2). Because the
Travis Peak Formation is deeper, a recompressor pump would be needed at the injection well being used
to inject captured gas into this formation. Four water production wells would also need to be installed
around the injection well to extract water from the Travis Peak formation. The furthest injection well to
the Woodbine Formation and part of the pipeline to this well are located within the Coffield State Prison
Farm; the well is near one of the prisons. Five prison units with approximately 4,115 prisoners are also
located in the vicinity of the injection sites (DOE, 2007). There is one school next to the pipeline and
several additional schools within 5 miles (8 kilometers) of the CO, pipeline corridor. Interstate Highway
45 and several state highways cross the pipeline corridor, while one of the state highways crosses a corner
of one of the injection sites. There are a large number of oil and gas production and exploration wells in
the vicinity of the sequestration plume footprint, as shown in Figure 2-8.

The Odessa plant site is located about 15 miles (24 kilometers) west of the city of Odessa, TX. A
populated area around West Odessa is located about 5 miles (8 kilometers) east of the plant site. There are
two schools about 9 miles (14 kilometers) from the plant site. The injection site area is located about 58
miles (93 kilometers) south of the plant site, but the pipeline to the 10 injection wells would be longer.
Fort Stockton is about 8 miles (13 kilometers) west of the injection site, although there may be a shorter
distance between the nearest of the 10 injection wells and the town, depending on the exact location of the
wells. There are existing oil and gas wells in the vicinity if the injection wells, as shown in Figure 2-11.
The town of Imperial and a school are located about 6 miles (10 kilometers) from the CO, pipeline
corridor. Interstate Highways 10 and 20 and several state highways cross the pipeline corridor. Interstate
Highway 10 and two state highways also cross the estimated 50-year sequestration plume footprint.

The Mattoon plant site is about one mile northwest from the town of Mattoon, IL. The injection site is
planned to be located in the center of the 444-acre (180-hectare) property. The edge of the estimated 50-
year sequestration plume is about 0.5 miles (0.8 kilometers) from the edge of the populated land around
the site. The land surrounding the plant site is farmland; there are isolated farm houses within the
estimated 50-year sequestration plume footprint. Highway 121 crosses the estimated plume footprint. A
school and nursing home are located about 2 miles (3 kilometers) southeast of the plant site.

The Tuscola plant site is about 2 miles (3 kilometers) west from the town of Tuscola, IL. A total of 16
schools and three nursing homes are located within a 10-mile (16-kilometer) radius of the plant site and
pipeline. The injection site is located 11 miles (18 kilometers) away from the plant site. The estimated 50-
year sequestration plume footprint is about 1 mile (1.6 kilometers) from the town of Arcola. A nursing
home and school are located a little more than one mile (1.6 kilometers) away from the edge of the
estimated plume. A total of 12 schools and two nursing homes are located within a (10-mile) 16-kilometer
radius of the sequestration site. Interstate Highway 57 is located about 2 miles (3.2 kilometers) east of the
CO, pipeline corridor and runs in an approximately parallel north-south direction.

4.3.2 ECOLOGICAL RECEPTOR GROUPS LIKELY TO BE EXPOSED

Ecological receptor groups have been considered that could be affected by releases to the atmosphere,
soil, and at some sites to surface water and ground water.
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4321 Plant Site

The plant site will become an industrial area after construction of the FutureGen Project. As discussed in
Section 4.2.1, the plant facilities will extend over about 62 to 75 acres (25 to 30 hectares), which will be
enclosed by a railroad track loop (Quest, 2006). Soil inside this loop will likely be disturbed during
construction. Small mammals, soil invertebrates, and insects may be present after construction. The coal
pile for a 15-day supply is expected to be stored outside the loop inside an enclosed structure somewhere
on the plant property. While the specific species of biota may be different among the sites, because of
differences in soil type and vegetation, the general types of biota are likely to be similar on the developed
plant site.

4.3.2.2 Pipeline Corridors and Injection Sites

The potential ecological receptor groups near the pipeline and injection sites are discussed separately for
each site. A summary of the land use and environmental setting for each of the sites is presented in
Section 2 along with maps of each site.

The Jewett plant site has an operating lignite mine on the property. The area surrounding the Jewett plant
has four intermittent creeks with small wetlands. Lake Limestone is located about 3 miles (5 kilometers)
west of the plant site, and Fairfield Lake is located about 4 miles (6 kilometers) west of the northern part
of the pipeline. The CO, pipeline corridor crosses several creeks, and the pipeline to the furthest injection
site crosses the Trinity River. No endangered aquatic species are known to be present in the pipeline
corridor or the injection site. However, there are federally protected terrestrial species such as bald eagles
that frequent this general area. The land overlying the 50-year sequestration plume footprint at Jewett
(TX) is characterized by open woodlands and savannah ecological habitats and is transected by the
Trinity River. The northern portion of the proposed sequestration area has perennial streams and ponds,
and is traversed by the Trinity River and its floodplain. Many ephemeral streams occur in this region and
fast-growing, opportunistic macrophytes should be expected when flow is present. Permanent creeks,
small wetlands, and riverine habitat are also found in the area. Because there are no federally listed
species known to occur in the land area above the proposed sequestration reservoir, no critical habitat has
been designated by the FWS (see Section 2.5.1).

Most of the land surrounding the Odessa plant site is primarily rangeland with habitat ranging from desert
valleys and plateaus to wooded mountain slopes. The Odessa plant site has no wetlands, but both the
pipeline corridor and the injection site have wetlands. Some of these wetlands are ephemeral, and form
pools following heavy rains. The CO, pipeline also crosses the Pecos River, located about 30 miles

(48 kilometers) south of the plant site. The land overlying the 50-year sequestration plume footprint at
Odessa (TX) is characterized by diverse habitats and vegetation. National Wetland Inventory maps
indicate Sixshooter Draw, Monument Draw, Tunas Creek, and several on-channel impoundments as
wetland areas potentially subject to Section 404 jurisdiction within the land area above the proposed
sequestration reservoir. No known federal or state-listed species are known to be present in the pipeline
corridor or the injection site. The endangered pupfish in spring-fed habitats exists well to the north of the
planned pipeline. Endangered birds such as bald eagles, peregrine falcons, and whooping cranes may visit
the area on a transient basis (see Section 2.5.2).

The land surrounding the Mattoon plant site and overlying the 50-year sequestration plume footprint is
mostly farmland where corn and soybeans are grown. About 18 small wetlands have been identified, and
several small streams and lakes are present. Healthy aquatic macroinvertebrates and biotic communities
are expected in these waterbodies and wetlands. The threatened Eastern Sand Darter may be present, in
addition to an endangered Indiana Bat, which lives in caves and mines in the winter in Coles County and
in trees in the summer (see Section 2.5.3).
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The land surrounding the Tuscola plant site is part industrial and part agricultural. Crops grown are
mostly corn and soybeans. About 19 small wetland areas have been identified near the plant and pipeline
corridor, comprising a total of 6 to 8 acres (2 to 3 hectares). Scattering Fork Creek is located about 1 mile
(1.6 kilometers) east of the plant, which drains into the Embarras River. There are no listed aquatic
endangered species. The land overlying the 50-year sequestration plume footprint at Tuscola (IL) is
mostly agricultural. Above the sequestration site, no federal or state-listed species are known for those
areas. Also, no areas of sensitive or critical habitat for any listed species are known for this area. Aquatic
habitat above the sequestration reservoir is limited to a small section of the Kaskaskia River, the adjacent
floodplain, and several intermittent drainage ways. The endangered Indiana bat (Myotis sodalis) may also
be present within the wooded riparian habitat along the rivers or tributaries. This species occupies caves
and abandoned mines during the winter. During the remainder of the year, Indiana bats utilize trees with
rough or exfoliating bark and/or cavities for roosting (see Section 2.5.4).

4.3.3 EXPOSURE Scenarios
4.3.3.1 Exposure Media

The release scenarios for the pre-injection cases are described in Table 4-3. For most pre-injection
scenarios, the primary exposure medium that humans can be exposed to is air. Prior to injection, gas
releases could occur from plant equipment, including compression units, or pipelines transporting gases to
injection locations, or equipment at the injection sites (e.g., wellheads). The gases will primarily be
released to the atmosphere prior to injection. The released gas is likely to be heavier than air.

Gases released to the atmosphere can be transported by wind. These gases in the air may then be inhaled
by nearby populations, such as residents or other sensitive receptors, and workers at the plant. It is
assumed that for the case of releases to the atmosphere, assessing the potential adverse health effects for
human inhalation exposures will be protective of other biota. Therefore, the potential impacts of
atmospheric releases focus primarily on human exposures in this report.

Punctures or rupture of the captured gas pipeline would also cause the gas to enter the soil matrix where it
would displace the ambient soil gas. If a pipeline puncture or break occurs in a section under a stream or
river crossing, then gas could also discharge into surface water. Depending on the relationship between
the surface water and groundwater, the contaminated surface water could infiltrate into the groundwater.

4.3.3.2 Exposure Parameters

The durations of the possible releases are included in the description of the release scenarios (see Table
4-3). Estimation of the release volumes are discussed in Section 4.4.1 for pipelines and in Section 4.4.2.2
for wellhead ruptures. These release volumes and durations are then entered into air transport models to
estimate the potential levels of gases that workers or offsite residents could be exposed to. The use of air
models is discussed in Section 4.4. Toxicity criteria for short-term exposures (e.g., 15 minutes and 8-
hours) and long-term, chronic exposure, described in Section 3, were compared to the release-related
concentrations of CO, and H,S.

4.4 Exposure Models

A variety of tools can be used to predict the range of atmospheric transport of a given mass or volume of
released gas from the plant, pipeline, or wellhead. This includes relatively simple spreadsheet calculations
as well as detailed mechanistic models of air dispersion. The preference is to use standard detailed
mechanistic models for air dispersion that are used by federal regulatory agencies to estimate the transport
distances and resulting concentration of released gases under different meteorological conditions. When
appropriate, the models of interest must be able to simulate the three transport phases for denser-than-air
gas releases. These models should simulate the physics due to the initial phase of high momentum and air
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entrainment release processes occurring during the jetting from a puncture or rupture, then the second
phase dominated by gravity spreading and reduced turbulent mixing effects acting on the resultant plume,
and the final stage of transport governed by the passive effects of atmospheric advection and turbulent
diffusion processes (i.e., Gaussian dispersion). Simple cases will also be considered in which gas releases
are small enough that only the third phase of passive dispersion needs to be simulated.

The SLAB model was developed by the Lawrence Livermore National Laboratory, and is designed to
simulate denser-than-air gas releases for both horizontal jet and vertically elevated jet scenarios. SLAB is
approved by U.S. EPA as a hazardous air dispersion model. AERMOD is another model that deserves
mention because it was approved for use at the end of 2005 by the U.S. EPA for dispersion modeling,
although it cannot allow for denser-than-air gas releases, and for the given problem, can only be applied
under certain limiting conditions (i.e., small releases). Its corresponding screening model, called
AERScreen, is still in beta testing. Use of this U.S. EPA-approved model for air dispersion is desired but
may not be generally applicable to the problem being modeled. It was also not used due to its increased
data requirements. Instead, U.S. EPA’s existing screening model, called SCREEN3, is used.

The state of the contained captured gas prior to release is important with respect to temperature, pressure,
and the presence of other constituents. Release of CO, under pressure would likely cause rapid expansion
and then reduction in temperature and pressure, which can result in formation of solid-phase CO,, as
explained in Appendix C-III. The estimated quantity of solid-phase formed is 26 percent of the volume
released; therefore 74 percent of the volume released from a pipeline rupture or puncture was used as
input to the SLAB model for computing atmospheric releases of CO, and H,S. CO, is heavier than air and
subsequent atmospheric transport and dispersion can be substantially affected by the temperature and
density state of the initially released CO,. The meteorological conditions at the time of the release would
also affect the behavior and potential hazard of such a release. Conditions of low wind speed and ground-
based inversion conditions at night with fog would be especially hazardous. In areas with significant
terrain, cold air drainage at night under such conditions would add to the severity of these conditions
under which release of significant CO, experiencing rapid expansion would lead to heavier-than-air
flows, acidified by the presence of water vapor and droplets in the surrounding air. This meteorological
condition is labeled F2, where F is the Pasquill stability class for stable atmospheric conditions with light
winds of 2 meters per second (Turner, 1994). On the other hand, meteorological conditions associated
with unstable atmospheric conditions and higher wind speeds coupled with smaller CO, releases would
likely lead to more rapid mixing and dispersion of the release, thus reducing its potential hazards. This
meteorological condition is labeled D5, where D is the Pasquill neutral stability condition with winds of 5
meters per second. The D5 and F2 meteorological conditions represent cases for which air concentrations
predicted by either SLAB or SCREEN3 remain elevated for much greater distances for ground level
receptors. It is also interesting to point out that the UK Health & Safety Executive recommends using the
D5 & F2 categories for generic assessments where site specific weather conditions are either not
appropriate or not available (DTI, 2003).

Extensive wind speed, wind direction, temperature, and humidity records were found for the four
FutureGen sites at nearby airport weather stations, and additional data on Pasquill stability, Monin-
Obukhov surface roughness, and other surface meteorological conditions was obtained from the EIV. The
SLAB model was run for all seven stability classes to estimate the transport of releases from pipeline
ruptures and punctures, as described in Section 4.4.1. The SLAB and SCREEN3 air transport models
were run with the D5 and F2 conditions to represent typical and worst-case meteorological conditions in
order to develop a range of estimates for transport of released gases for wellhead ruptures as described in
Section 4.4.2.2 into areas surrounding the FutureGen Project. Additional simulations using various
wind/stability conditions by the models demonstrated that the D5 and F2 conditions reflect the upper end
of meteorological extremes. The D5 and F2 conditions were used in estimating airborne gas
concentrations and human health and ecological exposures for wellhead releases.
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4.4 RELEASE RATES FROM PIPELINES

Pressurized gas will flow out of a pressurized portion of the pipeline at the speed of sound (i.e., Mach 1)
as long as the pressure within the pipeline remains above a critical pressure value. Gas moving at the
speed of sound is called choked or critical flow. The speed of sound of a particular gas depends upon the
temperature and pressure of the remaining pressurized gas. Hence, the speed and the emission rate of the
gas decreases as the internal pressure decreases in the pipeline, as shown in Appendix C-I.

The formula describing gas emission rate through an orifice in the pipeline is evaluated in Appendix C-1
for both choked and non-choked flow conditions using the formulas of Hanna & Drivas (1987, page 20).
It is found that CO, will flow out from an orifice in the pipeline at its sonic velocity as the pipeline
pressure decreases with time until the absolute pipeline pressure drops below 1.88 atms or 27 psi. The

mass flow rate Q, .., of CO,also steadily decreases with time as the pressure Ppip in the pipeline

decreases. The following tables list the mass of CO,, the choked flow rate of mass and the release
duration of CO, from a 5 mile (8 kilometer) length of pipeline for the different pipe diameters (Table 4-5)
and for a hole in the pipeline (Table 4-6).

Table 4-5. Choked Flow Conditions for CO, Released from Severed Sections of Pipeline

Pipeline Absolute CO, . | Release
ID & Orifice Temperature | Pressure Mass Qchoked—coz Duration
Site Area Length °F (°C) (psi) (kg) (kg/sec) (sec)
14.438 inch
Mattoon, IL | (30.673 o). 8558?219) 95 (35) 2,200 72,310 4,444 16
(0.106 m?)
14.438 inch
Tuscola, IL (?61'%3](:;‘2' (%";;'ne) 95 (35) 2,200 723,100 4,444 162
(0.106 m?)
19.312 inch
Jewett, TX (39 002 ey (%T:]'f) 95 (35) 2200 | 1,290,000 | 7,950 162
(0.189 m?
12.812 inch
Odessa, TX Ségﬁggg (%";;'ne) 95 (35) 2,200 568,000 3,500 162
(0.0832 m?)

Supercritical density = 850 kg/m° at 35°C and 2,200 psi.

*Choked flow Qc,wked_co2 is based on COz properties.

Modeling assumes internal pipeline temperature, pressure, and emission rates remain constant during release.
ID=inner diameter; m — meter; cm — centimeter; km — kilometer; kg — kilogram; sec — second.
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Table 4-6. Simulation Conditions for CO, Released from a 3x1 Square Inch Puncture (an Area of
0.00194 m?) in a Section of Pipeline

Pipeline Absolute CO, . | Release
Temperature | Pressure Mass Qchvked—coz Duration
Site Pipeline ID | Length °F (°C) (psi) (kg) (kg/sec) (sec)
Mattoon, IL 14.438 inch 0.5 mile
(36.673cm) | (0.8 km)
1141 feet? 95 (35) 2,200 72,310 81.4 888
(0.106 m?)
Tuscola, IL 14.438 inch 5 mile
(36.673cm) | (8 km)
1141 feet? 95 (35) 2,200 723,100 81.4 8880
(0.106 m?
Jewett, TX 19.312 inch 5 mile
(49.052 cm) (8 km)
2 034 feet? 95 (35) 2,200 1,290,000 81.4 15,800
(0.189 m?)
Odessa, TX | 12.812inch 5 mile
(32.542 cm (8 km)
0.8956 feetl 95 (35) 2,200 568,000 81.4 6980
(0.0832 m?)

*Choked flow deked_coo is based on COz properties.

Modeling assumes internal pipeline temperature, pressure, and emission rates remain constant during release.
ID=inner diameter; m — meter; cm — centimeter; km — kilometer; kg — kilogram; sec — second.

The corresponding mass flow rate of H,S or any other trace gas mixed with the supercritical CO, gas is
assumed to be proportional to the mass of H,S compared to the mass of CO, in the pipeline. For example,
if the H,S is assumed to be 0.01 percent of the CO, mass, the resultant estimates of mass emissions of
H,S are listed for the different pipeline diameters in Table 4-7 and for a 3”x1” puncture in Table 4-8.
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Table 4-7. Choked Flow Conditions for Hydrogen Sulfide (H,S) Released from Severed Sections of

Pipeline
Pipeline Absolute H.S . | Release
ID & Orifice Temperature Pressure | Mass Qchoked—HzS Duration
Site Area Length °F (°C) (psi) (kg) (kg/sec) (sec)

14.438 inch

Mattoon, (36.673 cm) 0.5 mile

IL 1.141 feet? (0.8 km) 95 (35) 2,200 7.2 0.44 16
(0.106 m?)
14.438 inch

Tuscola, (36.673 cm) 5 mile

IL 1141 feet? (8 km) 95 (35) 2,200 72 0.44 162
(0.106 m?)
19.312 inch

Jewett, (49.052 cm) 5 mile

X 2 034 feet? (8 km) 95 (35) 2,200 129 0.79 162
(0.189 m?)
12.812 inch

Odessa, (32.542 cm 5 mile

X 0.8956 feetg (8 km) 95 (35) 2,200 56.8 0.35 162
(0.0832 m?)

Supercritical density = 850 Kg/m® at 35°C and 2,200 psi.

*Choked flow Q. pieq-p1,s = 0-0001% Q14— co, is based on CO properties.

Modeling assumes internal pipeline temperature, pressure, and emission rates remain constant during release.
ID=inner diameter; m — meter; cm — centimeter; km — kilometer; kg — kilogram; sec — second.

Table 4-8. Simulation Conditions for Hydrogen Sulfide (H,S) Released from a 3x1 Square Inch
Puncture (an Area of 0.00194 m?) in a Section of Pipeline

Pipeline Absolute H.S . | Release
Pipeline Temperature Pressure | Mass Qchoked—HzS Duration
Site ID Length °F (°C) (psi) (kg) (kg/sec) (sec)
Mattoon, | 14.438 inch 0.5 mile
IL (36.673 cm) (0.8 km) 95 (35) 2,200 7.2 0.00814 888
Tuscola, 14.438 inch 5 mile
IL (36.673 cm) (8 km) 95 (35) 2,200 72.3 0.00814 8,880
Jewett, 19.312 inch 5 mile
T (49.052 cm) (8 km) 95 (35) 2,200 129 0.00814 15,800
Odessa, 12.812 inch 5 mile
X (32.542 cm) (8 km) 95 (35) 2,200 56.8 0.00814 6,980
*Choked flow Q. ieq-p1,s = 0-0001%Q, 1.s_co, is based on CO properties.
Modeling assumes internal pipeline temperature, pressure, and emission rates remain constant during release.
ID=inner diameter; cm - centimeter; km — kilometer; kg — kilogram; sec — second.
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442 MODELS FOR RELEASES TO OUTDOOR AIR FROM RAPID
RELEASES-SLAB

4.4.2.1 Estimating Pipeline Emission Rates During Catastrophic Failure

Catastrophic simulations involve hypothetical releases from either the pipeline transmission line or
directly from the well head during underground injection. Only emissions of CO, and H,S were
considered since approximately 95 percent of the sequestrated gas is CO, and H,S is considered likely to
be the most potent component in the remaining 5 percent of the sequestrated gases. The pipeline pressure
of the CO; in the transmission lines is assumed to be approximately 2,200 psi and at approximately 95°F
(35°C) (from the EIV). This means the CO, will move in the transmission pipeline as a gas in a
supercritical state (IPCC, 2005). Supercritical CO, has a very low viscosity but is also heavier than air.
The CO, will escape through an open orifice in the pipeline as a gas moving with the speed of sound,
which is called choked or critical flow (Bird et al., 2002). Choked flow is the maximum rate as which a
gas can escape through an orifice without being accelerated by an explosion. The fact that the
supercritical CO; is a heavier-than-air gas means that the CO, will not immediately diffuse upwards into
the atmosphere if vented from the pipeline but instead will sink to the ground, and part of it can freeze or
become a liquid. The dispersal of the supercritical CO, will be initially governed by equations based on
gravity flow. The discharged CO, will eventually mix with the atmosphere and henceforth move as a
neutrally buoyant gas. The SLAB air dispersion model (Ermak, 1990) is used to simulate the emission of
CO, for various release scenarios involving the pipeline and injection well head when the gas is in a
supercritical gas state.

Pipeline release simulations were evaluated for a “hole-puncture” and a complete severing of the pipeline.
A hole-puncture, specifically a 3 inch by 1 inch (8 by 3 centimeter) hole, is used to represent an
accidental cut into the CO, transmission pipeline by a 30-60 ton (27-54 metric ton) excavator. The blades
or teeth of a 30-60 ton (27-54 metric ton) excavator are typically 4 inches (10 centimeters) wide by 1 inch
(3 centimeters) thick. The transmission pipeline diameter was assumed to range from 12.8 inches (32.5
centimeters) to 19.3 inches (49 centimeters) inside diameter and with pipe wall thicknesses of
approximately one-half inches of steel (Battelle, 2006). Hence, a 3 inch by 1 inch (8 by 3 centimeter) hole
is assumed to represent what happens if a 30-60 ton (27-54 metric ton) excavator bucket is either thrust or
clamped against the pipeline. The complete severing of the pipeline scenario is used to represent an
incident in which a heavy piece of equipment such as a bulldozer runs into the transmission pipe. The
complete severing scenario could also represent a rail derailment incident in which a portion of a derailed
train plows into the buried pipe. In all cases, the escaping gas from the transmission line is assumed to
escape as a horizontal jet at ground level. A ground release as a horizontal jet is typically the worst case
event for heavier-than-air gases (Hanna and Drivas, 1987).

An automated “pipeline-walk” approach was developed to evaluate the effects of thermodynamically
determined gas-phase releases along the entire length of the pipeline at each site. The five main steps in
this approach are described below. A detailed description of the analyses, atmospheric input data, and the
simulation results is presented in Appendix C-IV.

Step 1. Summarize Meteorological Conditionsthat Affect Plume Transport. The meteorological data
from the EIVs were used to characterize atmospheric conditions at each site. The proportion of time over
a year in each of 112 atmospheric states (combinations of 16 wind directions and 7 stability conditions)
was defined. The information for the Jewett Site is provided in Table 4-9. The meteorological data for the
other sites are presented in Appendix C-IV.

Step 2. Smulate the Area Potentially Affected by a Pipeline Release. The SLAB model was run to
determine the area of the potential impact zone for each of the 112 defined atmospheric states. This step
was repeated every 984 feet (300 meter) along the length of the pipeline for the release conditions
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corresponding to both a pipeline puncture and pipeline rupture. For each simulated pipeline release type,
the gaseous impact zone or footprint was determined for five concentration levels corresponding to
selected health-effect levels for 15-minute exposure durations: 0.51 ppmv H,S, 27 ppmv H,S, 50 ppmv
H,S, 30,000 ppmv CO,, and 40,000 ppmv CO,. For a pipeline puncture, the gaseous impact zone or
footprint was determined for five concentration levels corresponding to selected health-effect levels for 8-
hour exposure durations: 0.33 ppmv H,S, 17 ppmv H,S, 31 ppmv H,S, 20,000 ppmv CO,, and 40,000
ppmv CO,.

Step 3. Estimate Population Affected for Each Atmospheric State. The digital image of each predicted
exposure zone defined in Step 2 for each of the 112 atmospheric states was superimposed onto a map
containing the digitized census-tract data. The exposure zone was then subdivided into areas having
uniform population density. The total affected population in each exposure zone (p;) was estimated as the
sum of the products of the area of each unique sub-portion of the exposure zone (Ay) and the
corresponding population density (px), where k = the index for the census blocks within the area of the
plume.

p- Z DA (Equation 4.1)

where: m= total number of distinct census tracts in impact zone
j = number of defined atmospheric states
=112

Step 4. Determine the Expected Number of I ndividuals Potentially Affected at the Specified Release
Points. The affected population in each exposure zone (p;) was next multiplied by the proportion of the
time (relative importance) in each atmospheric state (atm;). Since atm; for all j = 112 sums to 1, the sum
of these products provides the expected number of affected individuals at any selected point (i) along the
pipeline (P)):

_ Equation 4.2
P, ;p,atm, (Eq )

or combining Equations 1 and 2:

112

. n Equation 4.3
P, _Z:l: atm, ;pkAk (Equation 4.3)

Step 5. Characterize the Potential Exposure Along the Entire Pipeline. Tabular and graphical
summaries of the expected number of affected individuals (P;) at all points along the pipeline provide a
comprehensive summary of potential health effects from a pipeline release and, as described below, a
basis for comparisons between sites. For example, Figure 4-2 shows the results of the analysis of the
estimated population exposed to H,S concentrations (0.51 ppmv) that can result in adverse effects at the
Jewett Site. Along much of the pipeline (37 miles [59 kilometer]), near zero or less than 10 individuals
would be expected to be exposed to H,S above 0.51 ppmv from a pipeline rupture. At about 39 miles (62
kilometers) along the pipeline, the potentially exposed population increases to greater than 30 and up to
52 individuals.

The wind rose for Jewett, TX site is based on combined data from Waco/Huntsville Regional Airports
from Jan 1, 2005 through Dec 31, 2005. Table 4-9 shows the percent of time per year that wind blows
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from one of sixteen directions and with one of seven wind speed categories. Pasquill stability category is
shown along the top line of the table. Its value is based on the corresponding wind speed and the
assumption of moderate insolation (Turner, 1994, page 2-7). For example, category BO3 means a 3
meter/second wind with a Pasquill stability class B, etc.

Table 4-9. Wind Rose for Jewett, TX

F02 A01 A02 B03 B04 Co06 D08
. 2.6t03.09 | 3.09t05.14 | 5.14t08.23 | 8.23t010.8 | 10.8to 15 >=15mph
From Elm mph (4.2to | mph (4.97 mph (8.27 | mph (13.24 | mph (17.38 (24kmph)
(%) | 4.97 kmph) to 8.27 to 13.24 to17.4 to 24 (%)
(%) kmph) (%) | kmph) (%) | kmph) (%) | kmph) (%)
S 1.3 1.125 1.3125 5.625 4.875 4.875 3.375
SSW 1.3 0.5625 0.5625 2.25 0.75 0.75 0.375
SwW 1.3 0.1875 0.375 0.5625 0.5625 0.375 0
WSwW 1.3 0.0375 0.1125 0.75 0.075 0.15 0
w 1.3 0.1875 0.375 1.125 0.1875 0.1875 0
WNW 1.3 0 0.1875 0.5625 0.375 0.375 0.375
NW 1.3 0.1875 0.375 1.3125 0.375 0.375 0
NNW 1.3 0.375 0.375 1.5 0.75 0.75 0.75
N 1.3 0.75 0.5625 2.625 1.5 1.5 1.3125
NNE 1.3 0.1875 0.1875 1.125 0.375 0.375 0.1875
NE 1.3 0.075 0.375 1.125 0.1875 0.225 0
ENE 1.3 0.5625 0.75 1.3125 0.15 0.225 0
E 1.3 1.3125 1.3125 1.3125 0.375 0 0
ESE 1.3 0.1875 0.375 1.125 0.375 0.375 0
SE 1.3 0 0.75 1.875 0.75 0.5625 0.1875
SSE 1.3 0.75 0.75 2.625 2.25 1.875

kmph — kilometers per hour

4.4.2.2 Predicting Air Concentrations for Wellhead Rupture Scenarios

The rupture of the aboveground equipment at an injection well was also simulated using SLAB as a well-
head blowout scenario. The well-bore diameters and depths varied among sites. The mass of CO, from a
rupture of wellhead equipment at each site is listed in Table 4-10 and the H,S mass is given in Table 4-11.
These cases were simulated with SLAB, since they act as vertical jet releases upon rupture.
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Figure 4-2. Expected Population Impact to 0.51 ppmv H,S from Pipeline Rupture at Jewett, X'

Table 4-10. Choked Flow Conditions for CO, Released from Injection Wellheads

Tubing Total Well Mass CO,
Tubing ID, Depth, Depth, Volume*, (tonne) Mass
Injection inches feet feet feet® @2200 Rate |Duration
Site Zone | (centimeters) | (meters) | (meters) (meterss) psi, 95°F | (Kg/sec)| (sec)
Mattoon, IL | Mt. Simon |  3.83 (9.73) (g’??g) (g’ggg) 681.6(19.3) | 16.4 313 52
Tuscola, IL | Mt Simon |  4.89 (12.42) (?’ggg) (;’;gg) 939.4 (26.6) | 22.6 510 44
Woodbine |  3.83 (9.73) (?’jgg) (‘:”ggg) 469.7 (13.3) 11.3 313 36
Jewett, TX : :
Travis 9,200 11,000
Poak 3.83(9.73) (2804) (3.353) 939.4 (26.6) 22.6 313 72
Odessa, TX | Mountain | 1.9 (5.05) (f’sg% (?’38% 1201 (3.4) 2.9 84.8 35

*Wellbore volume is based on the total depth of hole. ID=inner diameter

CO: density = 850 kg/ m® @2200 psi & 95°F.

1 ton = 1 metric ton = 1000 kg.

! Expected population impact at every (984-foot) 300-meter location along the pipeline. Each point on the graph
represents the results of a complete simulation of H,S release from the pipeline described in Steps 1 — 5 of the revised

assessment methodology.
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Table 4-11. Choked Flow Conditions for Hydrogen Sulfide (H,S) Released from Injection

Wellheads
Tubing | Total Well |Mass H.S
Tubing ID, Depth, | Depth, | Volume*, | (tonne) | mass
Injection inches feet feet feet® @2200 Rate |Duration
Site Zone (centimeters) | (meters) | (meters) (meterss) psi, 95°F | Kg/sec | sec
Mattoon, IL | Mt. Simon |  3.83 (9.73) (g’?‘:’g) (g’ggg) ?18; '36) 0.00164 | 0.0313 | 52
Tuscola, IL | Mt. Simon |  4.89 (12.42) (?’ggg) (;’;gg) ?236964) 0.00226 | 0.0510 | 44
. 4,800 5,500 469.7
Woodbine 3.83 (9.73) (1.463) (1.676) (13.3) 0.00113 0.0313 36
Jewett, TX
Travis 9,200 11,000 939.4
Peak 3.83 (9.73) (2.804) (3,353) (26.6) 0.00226 0.0313 72
Odessa, TX Mountain 1.99 (5.05) (?’388) (?’388) 120.1 (3.4) 0.00029 |0.00848 35

*Wellbore volume is based on the total depth of hole. ID=inner diameter

4.4.2.3 Predicting Air Concentrations for Post-Sequestration Release Scenarios

Post-sequestration scenarios of diffusive releases were performed using U.S. EPA’s screening model
SCREEN3 (U.S. EPA, 1995b). The dimensions of eight area sources being simulated for potential
emitters of CO, in post-sequestration leakage were determined. Two wind speeds & Pasquill stability
classes were selected (F2 and D5). A total of sixteen SCREEN3 runs were made with the different area
sources (8 areas X 2 wind categories). The emission flux rate of each area source was simulated with a
unit flux rate of 1 gram/square-meter/second value for ground-level releases. Air concentrations were
predicted by SCREEN3 at a receptor elevation of 4.9 feet (1.5 meters) above ground every 820 feet (250
meters) down-wind of a source out to 6 miles (10,000 meters). The model simulates only one source at a
time so each emission scenario requires a separate run. Air concentrations were also predicted for
emissions from abandoned wells. Two SCREEN3 runs were made using point sources (1 well emitter for
2 wind categories) with an emission rate of 1 gram/second. Predictions were also generated for every 820-
feet (250-meter) increment down-wind of the well emitter. The final predicted air concentrations were
determined by multiplying the unit emission results by the estimated emission rates for each area and
point source. Results of the post-sequestration release scenarios are presented in Section 5.

4.5  Consequence Analyses

Human health and ecological effects were evaluated by examining the routes by which people or
biological receptors may be exposed to captured gas releases into the atmosphere, surface water,
groundwater, or in surface soils. The key exposure routes that have been evaluated for the pre-injection
scenarios are inhalation of gases released to the atmosphere and transported by the wind to nearby
residential populations and workers at the plant. Humans may also potentially be exposed to released
gases if impacted surface water is used as a potable water source, or for recreation or irrigation of crops.
These secondary exposure pathways have not been evaluated, as they are less likely to be important than
the atmospheric pathway for the short-term releases of concern from the pipelines and wellheads at each
site.
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Aquatic organisms may be exposed to gases eventually released into the surface water bodies in which
they live (e.g., via surface discharge into a stream or lake, contact of the gases with aquatic plants or
sediment, deposition of gases on surface water). Changes in surface water quality can occur if releases of
captured gases are sufficient to significantly modify the pH of affected surface waters and the TDS can
increase. Potential effects on aquatic organisms are evaluated in a qualitative manner. Lastly, gases
migrating through the soil column may adversely impact trees and plants by lowering the amount of
oxygen available to root systems. The potential for these terrestrial exposure routes is discussed
qualitatively.

4.51 JEWETT, TX
45.1.1 Key Factors Affecting Risk Assessment

A description of the nearby towns and environmental setting and maps are presented in Section 2. Key
factors that affect the potential for risks at the Jewett Site include the following:

e Long pipelines to the injection wells;
e Populated areas near one of the injection sites next to the Trinity River;

e Pipeline crossing of the Trinity River for one of the injection sites and multiple tributaries for all
injection sites;

® Schools and five prisons near the pipeline corridor; and

e Use of three injection wells and 4 water extraction wells.

451.2 Risk Results

The predicted atmospheric concentrations of CO, and H,S that plant workers could be exposed to, should
a release event occur, are presented in a series of tables for short-term and long-term exposure scenarios
at each site. These risk tables include the gas concentrations that workers may be exposed to at two
distances (i.e., 66 feet [20 meters] and 820 feet [250 meters]) from a pipeline rupture, pipeline puncture,
or wellhead rupture. These concentrations are, in turn, compared to health-protective industrial hygiene
criteria, with ratios greater than 1 representing potential health concerns for workers. In contrast,
evaluations of nearby residents are described in terms of the distances at which different levels of
exposures could occur due to pipeline or wellhead ruptures or punctures. Most importantly, the tables and
accompanying figures show the distances that represent levels with only mild or transient health effects
for potentially exposed individuals. The risk tables and figures showing areas potentially affected by any
releases are provided in Appendix B.

At the Jewett Site, the predicted atmospheric concentrations of CO, potentially resulting from a worst-
case pipeline rupture and puncture would exceed life-protective criteria for workers (i.e., the IDLH)
within a short distance (66 feet [20 meters]) of the release point. However, within a distance of 820 feet
(250 meters), predicted concentrations would not cause irreversible or other serious health effects (i.e.,
would not exceed 30,000 ppmv). CO, concentrations that could cause serious health effects would occur
only close to the pipeline rupture, about 663 feet (202 meters) from the pipe. For a pipeline puncture, the
CO, concentrations would decrease to 20,000 ppmv by a distance of 551 feet (168 meters). For a
wellhead failure at either a Woodbine or Travis Peak injection well, CO, concentrations would be below
levels that cause serious health effects, even near the equipment (about 66 feet [20 meters]). A somewhat
different pattern of exposures is predicted for H,S releases. For both the pipeline rupture, life-protective
criteria for H,S (i.e., the Ceiling or maximum concentration allowable at any time [i.e., 10 ppmv] would
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be exceeded both at a distance of 66 feet [20 meters] and 820 feet [250 meters]). For a pipeline puncture,
the H,S Ceiling concentration would be exceeded at 66 feet (20 meters), but not at 820 feet (250 meters).
For a wellhead rupture, the life-protective criteria would not be exceeded by predicted H,S concentrations
at a distance of 820 feet (250 meters). Thus, these results suggest that health effects for workers outside of
the immediate vicinity of a release would primarily be related to H,S exposures should a pipeline rupture
or be punctured.

Potential health effects to offsite populations from the CO, concentrations predicted for a pipeline rupture
or puncture at the plant site are unlikely, since the CO, concentrations more than 250 m from the release
points are less than a level (30,000 ppmv) below which there would be only mild or transient health
effects. If a pipeline rupture occurred near the furthest injection wells, the impact zone with predicted H,S
concentrations at a level (TEEL-2 of 27 ppmv) where there could be more than transient health effects,
could extend to a distance of 1,946 feet (593 meters), while the zone with H,S concentrations causing
mild transient effects (TEEL-1 of 0.51 ppmv) could extend out to a distance of 22,589 feet (6,885
meters), which extends into the populated area north of the Trinity River as shown in the series of maps
included in Appendix B.

If a pipeline puncture occurred near the injection site, the impact zone with predicted H,S concentrations
causing more than transient health effects (i.e., AEGL-1 of 0.33 ppmv) could extend out to a distance of
7,730 feet (2,356 meters). However, the impact zone would not be as large as for the rupture case.

If a wellhead rupture occurred, the impact zone where predicted H,S concentrations could cause more
than transient health effects (i.e., above the TEEL-1 criteria of 0.51 ppmv) would extend to a distance of
2,585 feet (788 meters) for a Woodbine well and 1,752 feet (534 meters) for the Travis Peak well. These
results, therefore, indicate that there is greater likelihood of health effects for offsite populations from H,S
than CO, releases from a pipeline or wellhead rupture or pipeline puncture. The impact zone represents
the area where individuals could possibly be affected, depending on wind direction and other
meteorological conditions at the time of the release. The number of individuals who could actually be
affected by any given release is determined by the size, shape, and location of the dispersion plume,
which could occupy only a very small portion of the zone of possible impacts. For example, the estimated
size of the plume from a wellhead rupture is only 1.2 percent of the entire circular area defined by a
radius equal to the maximum downwind distance at which the AEGL-1 is exceeded. Thus the number of
individuals that could be exposed to adverse effects of H,S (i.e., 0.51 ppmv) or CO; (30,000 ppmv) is
much less than the number of people in the zone of possible impacts. Based on the population density,
the estimated number of individuals potentially affected by H,S from a wellhead rupture is 4. In addition,
prisoners and staff located at the prison next to the Woodbine well north of the Trinity River could also be
affected. No individuals are expected are expected to be affected by CO,, since the impact zone is within
33 feet (10 meters) of the injection well.

Tabular and graphical summaries of the expected number of affected individuals (P;) at all points along
the pipeline provide a comprehensive summary of potential health effects from a pipeline release and a
basis for comparisons between sites. For a pipeline rupture, Figure 4-2 shows the results for a pipeline
rupture of the analysis of the estimated population exposed to H,S concentrations (0.51 ppmv) that can
result in adverse effects at the Jewett Site. Along much of the pipeline (59 miles [95 kilometers]), near
zero or less than 10 individuals would be expected to be exposed to H,S above 0.51 ppmv from a pipeline
rupture. At about 45 miles (72 kilometers), the potentially exposed population increases to greater than 30
and up to 52 individuals. The length of pipeline along which specified numbers of individuals could be
affected is shown in Table 4-12. For Jewett, the greatest number of individuals affected could occur along
a 1.7 miles (2.7 kilometers) segment of the pipeline located along the pipeline segment north of the
Trinity River. The length of pipeline with greater than 10 individuals potentially affected was 13 miles
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(21 kilometers) out of the total length of 59 miles (95 kilometers). Additional mitigation methods could
be considered for these portions of the pipeline to reduce the potential for effects on offsite populations.

Table 4-12. Pipeline Lengths (miles [kilometers]) Corresponding to Expected Number of
Individuals in Offsite Population Potentially Exposed to 0.51 ppmv Concentrations of H,S
(Adverse Effects) by Pipeline Rupture

Length of Pipeline Effect (miles [kilometers])
Number of Individuals Potentially Affected Mattoon Tuscola Jewett Odessa
<1 0.5 (0.8) 2.6 (4.2) 0 (0) 61.5 (99)
1-10 8.4 (13.5) 46 (74)
11-20 1.5 (2.4)
21-30 0.7 (1.2)
31-40 3.2 (5.1)
41 -50 6.0 (9.6)
51- 60 1.7 (2.7)
Total Pipeline Length (miles [kilometers]) 0.5(0.8) 11 (17.7) 59 (95) 61.5 (99)

A similar analysis was conducted for the pipeline puncture scenario. Results are presented in tabular
format in Table 4-13. At Jewett, the expected number of individuals potentially exposed to H,S above
0.33 ppmv from a pipeline rupture was less than 1 individual for 47.1 miles (76.4 kilometers) of the total
pipeline (59 miles [95 kilometers]). The expected number of individuals that would be expected to be
exposed to adverse effects from H,S (i.e., 0.33 ppmv) from a pipeline puncture was less than 10
individuals along 11.6 miles (18.6 kilometers) of the pipeline.

Table 4-13. Pipeline Lengths (miles [kilometers]) Corresponding to Expected Number of
Individuals in Offsite Population Potentially Exposed to 0.33 ppmv Concentrations of H,S
(Adverse Effects) by Pipeline Puncture

Length of Pipeline Effect (miles [kilometers])

Number of Individuals Potentially Affected Mattoon Tuscola Jewett Odessa
<1 0.5 (0.8) 8.9 (14.4) 47.5 (76.4) 61.5 (99)
1-10 2.1 (3.3) 11.6 (18.6)
11-20
21-30
31-40
41 -50
51-60
Total Pipeline Length (miles [kilometers]) 0.5(0.8) 11 (17.7) 59 (95) 61.5 (99)

4.5.1.3 Ecological Risk Results

Because the pipeline to the injection sites crosses streams and the Trinity River, there is a potential for the
captured gas to be released into surface water. The volume of released gas would first displace ambient
soil gas and then be released into the surface water. Both CO, and H,S would dissolve in the water up to
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their respective solubilities, given the pH, salinity, and temperature of the water at the time of the leak.
The solubility of H,S is greater in alkaline waters than below a pH of 5. For example, at a pH of 8 the H,S
concentration in the water would be 3.4 x 10™® mg/L. H,S concentrations in the water are predicted to be
less than the criterion protective of freshwater aquatic biota (0.002 mg/L). When CO, gas dissolves in the
water, the pH is decreased due to the formation of carbonic acid and the subsequent production of
bicarbonate ions. As the TDS of the water increases, the amount of CO, that can dissolve decreases.
Depending on the relative flux rate of the release to the volume of water in the reach where the event
occurs and the flow rate, some of the gases may bubble up through the water into the atmosphere. The
CO,; concentration in the water is unlikely to reach 2 percent (i.e., when injuries to aquatic life can occur;
see the risk table for biota in Appendix B), since the solubility of CO, at typical atmospheric conditions
would keep the concentration less than about 0.2 percent.

The pipeline is expected to be buried to a depth of about 1 meter. Thus, if a leak or rupture occurred, the
released gas would first migrate into the soil gas and displace the ambient air. Respiratory effects to biota
due to atmospheric CO, concentrations are unlikely to occur, except immediately in the vicinity of the
pipeline where the rupture or leak occurred, since the predicted airborne concentrations are less than 1
percent. Soil gas concentrations can be higher depending on soil type, so effects on soil invertebrates or
plant roots could occur close to the segment where the pipe failed or leaked.

45.2 ODESSA, TX
45.2.1 Key Factors Affecting Risk Assessment

A description of the nearby towns and environmental setting and maps are presented in Section 2. Key
factors that affect the potential for risks at the Odessa Site include the following:

® One injection site with a long pipeline (i.e., 60 miles [97 kilometers]);
® Populated areas within 8 miles (13 kilometers) of the injection site;

e Pipeline crossing of the Pecos River;

® Pipeline crossing of Interstate Highway 10; and

e Use of multiple injection wells.

The composition of the gas injected at the Odessa Site may differ from the other sites, if the gas is
delivered to an existing commercial CO, pipeline that serves EOR projects. The pipeline company would
be responsible for the pipeline crossings of the river and highways.

4522 Risk Results

The predicted atmospheric concentrations of CO, and H,S that plant workers could be exposed to, should
a release event occur, are presented in a series of tables for short-term and long-term exposure scenarios
at each site. These risk tables include the gas concentrations that workers may be exposed to at two
distances (i.e., 66 feet [20 meters] and 820 feet [250 meters]) from a pipeline rupture, puncture, or
wellhead rupture. These concentrations are, in turn, compared to health-protective industrial hygiene
criteria, with ratios greater than 1 representing potential health concerns for workers. In contrast,
evaluations of nearby residents are described in terms of the distances at which different levels of
exposures could occur due to pipeline or wellhead ruptures or punctures. Most importantly, the tables and
accompanying figures show the distances that represent levels with only mild or transient health effects
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for potentially exposed individuals. The risk tables and figures showing areas potentially affected by any
releases are provided in Appendix B.

At the Odessa Site, the predicted atmospheric concentrations of CO, potentially resulting from a worst-
case pipeline rupture or puncture would exceed life-protective criteria for workers (i.e., the IDLH) within
a short distance (20 m) of the release point. However, within a distance of 250 m, predicted
concentrations would not cause irreversible or other serious health effects (i.e., would not exceed 30,000
ppmv). CO, concentrations that could cause serious health effects would occur only close to the pipeline
rupture, about 397 feet (121 meters) from the pipe. For a pipeline puncture, the CO, concentrations would
decrease to 20,000 ppmv by a distance of 627 feet (191 meters). For a wellhead failure, CO,
concentrations would be below 30,000 ppmv even near the equipment (about 66 feet [20 meters]). A
somewhat different pattern of exposures is predicted for H,S releases. For both the pipeline rupture and
puncture, life-protective criteria for H,S (i.e., the Ceiling or maximum concentration allowable at any
time) would be exceeded at a distance of 66 feet (20 meters), but the concentration would exceed the
criteria at 820 feet (250 meters) only for a pipeline rupture. For a wellhead rupture, the H,S
concentrations are predicted to be about 22 ppmv (i.e., exceeding the Ceiling criterion of 10 ppmv) at a
distance of 66 feet (20 meters) from the wellhead equipment, while the life-protective criteria would not
be exceeded by predicted H,S concentrations at a distance of 820 feet (250 meters). Thus, these results
suggest that health effects for workers outside of the immediate vicinity of a release would primarily be
related to H,S exposures should a pipeline rupture or be punctured.

Potential health effects to the offsite populations from the CO, concentrations predicted for the three
types of pipeline or wellhead failures are unlikely, since the CO, concentrations outside the plant site (i.e.,
more than 820 feet [250 meters]) from the release points are less than a level (30,000 ppmv) below which
there would be only mild or transient health effects. In contrast, if a pipeline rupture occurred, the impact
zone with predicted H,S concentrations at a level above which there could be serious, life-threatening
effects (TEEL-2 of 27 ppmv) could extend to about 269 feet (82 meters). The nearest population center to
the plant is outside the area where there could be mild transient health effects (above the TEEL-1 criterion
of 0.51 ppmv) at a distance of 2,585 feet (788 meters), as shown in the maps in Appendix B. The nearest
population center is about 8 miles (13 kilometers) away from the injection site, which is also outside the
zone with H,S concentrations where mild transient health effects could occur from a pipeline rupture.
Nevertheless, if a pipeline puncture occurred near the injection site, the impact zone with predicted H,S
concentrations above the level at which serious, life-threatening effects could occur (i.e., the AEGL-3
criterion of 31 ppmv) could extend to about 381 feet (116 meters). If a wellhead rupture occurred, the
impact zone with predicted H,S concentrations that could result in mild transient health effects would be
close to the wellhead (e.g., 951 feet [290 meters] away). The distance of the impact zone represents the
area where individuals could potentially be affected, depending on wind direction and other
meteorological conditions at the time of the release. The number of individuals who could actually be
affected by any given release is determined by the size, shape, and location of the dispersion plume,
which could occupy only a very small portion of the zone of possible impacts. For example, the estimated
size of the plume from a wellhead rupture is only 1.2 percent of the entire circular area defined by a
radius equal to the maximum downwind distance at which the AEGL-1 is exceeded. Thus. the number of
individuals that could be exposed to adverse effects of H,S (i.e., 0.51 ppmv) or CO, (30,000 ppmv) is
much less than the number of people in the zone of possible impacts. Based on the population density, the
estimated number of individuals potentially affected by H,S from a wellhead rupture is none for both H,S
or CO, exposure. These results, therefore, indicate that there is greater likelihood of health effects for
nearby populations from H,S than CO, releases from a pipeline or wellhead rupture or pipeline puncture.

Tabular and graphical summaries of the expected number of affected individuals (P;) at all points along
the pipeline provide a comprehensive summary of potential health effects from a pipeline release and a
basis for comparisons between sites. Figure 4-3 shows the results of the analysis for a pipeline rupture of
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the estimated population exposed to H,S concentrations (0.51 ppmv) that can result in adverse effects at
the Odessa Site. Along the entire pipeline (61.5 miles [99 kilometers]), near zero or less than 1 individual
would be expected to be exposed to H,S above 0.51 ppmv from a pipeline rupture.

Figure 4-3. Expected Population Impact to 0.51 ppmv H,S from Pipeline Rupture at Odessa, TX?

The length of pipeline along which specified numbers of individuals could be affected is shown in Table
4-12. For Odessa, the greatest number of individuals affected is less than one individual for the entire
length of the pipeline. A similar analysis of the pipeline puncture scenario showed that for Odessa, there
were less than one individual potentially exposed to H,S concentrations above the levels that can result in
adverse effects (0.33 ppmv) along the entire pipeline (see Table 4-13).

45.2.3 Ecological Risk Results

Because the pipeline to the injection sites crosses the Pecos River, there is a potential for the captured gas
to be released into surface water. The commercial pipeline company accepting the captured gas would
have the responsibility for the pipeline, and could take additional measures in this area to protect the
pipeline. There are also wetlands overlying the injection site. Any released gas volume would first
displace ambient soil gas and then be released into the surface water. Both CO, and H,S would dissolve in
the water up to their respective solubilities, given the pH, salinity, and temperature of the water at the
time of the leak. When CO, gas dissolves in the water, the pH is decreased due to the formation of
carbonic acid and the subsequent production of bicarbonate ions. As the TDS of the water increases, the
amount of CO, that can dissolve decreases. Depending on the relative flux rate of the release to the
volume of water in the reach where the event occurs and the flow rate, some of the gases may bubble up
through the water into the atmosphere. The CO, concentration in the water is unlikely to reach 2 percent

2 Expected population impact at every 984-foot (300-meter) location along the pipeline. Each point on the graph
represents the results of a complete simulation of H,S release from the pipeline described in Steps 1 — 5 of the revised
assessment methodology.
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(i.e., when injuries to aquatic life can occur), since the solubility of CO, at typical atmospheric conditions
would keep the concentration less than about 0.2 percent. H,S concentrations in the water are predicted to
be less than the criterion (0.002 mg/L) protective of freshwater aquatic biota.

The pipeline is expected to be buried to a depth of about 1 meter. Thus, if a leak or rupture occurred, the
released gas would first migrate into the soil gas and displace the ambient air. Respiratory effects to biota
due to atmospheric CO, concentrations are unlikely to occur, except immediately in the vicinity of the
pipeline where the rupture or leak occurred, since the predicted concentrations are less than 1 percent.
Soil gas concentrations can be higher depending on soil type, so effects on soil invertebrates or plant roots
could occur close to the segment where the pipe failed or leaked. The primary biota of concern at the
injection site are endangered birds, which may visit the wetlands overlying the plume for short periods of
time. No effects on the birds would be expected, since they would not be directly exposed to the soil gas.

4.5.3 MATTOON, IL
45.3.1 Key Factors Affecting Risk Assessment

A description of the nearby towns and environmental setting and maps are presented in Section 2. Key
factors that affect the potential for risks at the Mattoon Site include the following:

® Injection site below the plant site; and
e Populated areas within 1 mile of the estimated injection plume.

453.2 Risk Results

The predicted atmospheric concentrations of CO, and H,S that plant workers could be exposed to, should
a release event occur, are presented in a series of tables for short-term and long-term exposure scenarios
at each site. These risk tables include the gas concentrations that workers may be exposed to at two
distances (i.e., 66 feet [20 meters] and 820 feet [250 meters]) from a pipeline rupture, puncture, or
wellhead rupture. These concentrations are, in turn, compared to health-protective industrial hygiene
criteria, with ratios greater than 1 representing potential health concerns for workers. In contrast,
evaluations of nearby populations are described in terms of the distances at which different levels of
exposures could occur due to pipeline or wellhead ruptures or punctures. Most importantly, the tables and
accompanying figures show the distances that represent levels with only mild or transient health effects
for potentially exposed individuals. The risk tables and figures showing areas potentially affected by any
releases are provided in Appendix B.

At the Mattoon Site, the predicted atmospheric concentrations of CO, potentially resulting from a worst-
case pipeline rupture would not exceed life-protective criteria for workers (i.e., the IDLH of 30,000
ppmv) within a distance of 66 feet (20 meters) or 820 feet (250 meters). CO, concentrations that could
cause serious health effects (i.e., exceed 30,000 ppmv) would occur only close to the pipeline puncture,
but not 820 feet (250 meters) from the pipeline. The duration of the release for a pipeline rupture is less
than for a puncture. For a short pipeline such as for Mattoon, the duration of a rupture is about 16 seconds
(see Table 4-5), which is less than the duration of a puncture, which is about 15 minutes (see Table 4-6).
Thus, the estimated CO, concentration at a distance of 66 feet (20 meters) from a pipeline rupture is
considerably less than from a pipeline puncture, as shown in the tables in Appendix B-1. For a wellhead
failure, CO, concentrations that could cause serious health effects are predicted only around the
equipment (e.g., about 16 feet [5 meters]). A similar pattern of exposures is predicted for H,S releases.
For the pipeline rupture, puncture, and wellhead blowout, life-protective criteria for H,S (i.e., the Ceiling
or maximum concentration allowable at any time) would be exceeded at a distance of 66 feet (20 meters),
but would not be at 820 feet (250 meters). Thus, these results suggest that health effects for workers
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outside of the immediate vicinity of a release would primarily be related to H,S exposures should a
pipeline or wellhead rupture or a pipeline be punctured.

Potential health effects to offsite populations from the CO, concentrations predicted for the three types of
pipeline or wellhead failures are unlikely, since the CO, concentrations outside the plant site are likely to
be less than the level where mild transient effects could occur. Similarly, if a pipeline rupture occurred,
the impact zone with predicted H,S concentrations above the criterion (0.51 ppmv) where mild transient
health effects could occur would extend to 4,170 feet (1,271 meters). Because the pipeline length is short
between the plant and the injection well, the probability of a rupture or failure is less at this site than those
with long pipelines. The impact zone for a pipeline puncture that could release H,S and cause mild
transient effects (0.33 ppmv) could extend to a distance of 5,341 feet (1,628 meters). These distances do
not extend to the populated area east of the plant or to the school located to the southeast near the plant
(see maps in Appendix B).

However, if a wellhead rupture occurred, the impact zone for H,S would extend out to 2,257 feet (688
meters) from the wellhead. The impact zone represents the area where individuals could possibly be
affected, depending on wind direction and other meteorological conditions at the time of the release. The
number of individuals who could actually be affected by any given release is determined by the size,
shape, and location of the dispersion plume, which could occupy only a very small portion of the zone of
possible impacts. For example, the estimated size of the plume from a wellhead rupture is only 1.2
percent of the entire circular area defined by a radius equal to the maximum downwind distance at which
the AEGL-1 is exceeded. Thus, the number of individuals that could be exposed to adverse effects of H,S
(i.e., 0.51 ppmv) or CO, (30,000 ppmv) is much less than the number of people in the zone of possible
impacts. Based on the population density, less than 1 individual is estimated to be potentially exposed to
levels of H,S that can cause adverse effects (0.051 ppmv) from a wellhead rupture, but none for CO..
Thus, these results indicate that although there is greater likelihood of health effects for nearby
populations from H,S than CO, releases, these may only be mild transient effects.

Tabular and graphical summaries of the expected number of affected individuals (P;) at all points along
the pipeline provide a comprehensive summary of potential health effects from a pipeline release and a
basis for comparisons between sites. Figure 4-4 shows the results of the analysis of a pipeline rupture of
the estimated population exposed to H,S concentrations (0.51 ppmv) that can result in adverse effects at
the Mattoon Site. Along the entire pipeline (0.5 miles [0.8 kilometers]), near zero or less than 1 individual
would be expected to be exposed to H,S above 0.51 ppmv from a pipeline rupture, as shown in Table
4-12.
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Figure 4-4. Expected Population Impact to 0.51 ppmv H,S from Pipeline Rupture at Mattoon, IL®

A similar analysis was conducted for the pipeline puncture scenario. The results are provided for all four
sites in tabular format in Table 4-13. Along the entire pipeline (0.5 miles [0.8 kilometers]), less than 1
individual would be expected to be exposed to H,S above 0.33 ppmv from a pipeline puncture, as shown
in Table 4-13.

4.5.3.3 Ecological Risk Results

About 18 small wetlands have been identified, and several small streams and lakes are present in the
vicinity of the 50-year sequestered gas plume footprint. The threatened Eastern Sand Darter may be
present, which is a fish that prefers waterbodies with sandy substrates. The endangered Indiana Bat may
frequent wooded riparian habitat along the waterbodies. There is only a short pipeline from the plant to
the injection well. Thus, a pipeline rupture or leak is unlikely to affect biota outside of the plant property.

There is a low potential for the captured gas to be released into surface water, because the pipeline is short
and the injection site is located on the plant property. If the gas discharged into surface water, the CO,
concentration in the water is unlikely to reach 2 percent (when injuries to aquatic life can occur) since the
solubility of CO, at typical atmospheric conditions would keep the concentration less than about 0.2
percent. H,S concentrations in the water are predicted to be less than the criterion (0.002 mg/L) protective
of freshwater aquatic biota.

The pipeline is expected to be buried to a depth of about 3.3 feet (1 meter). Thus, if a leak or rupture
occurred, the released gas would first migrate into the soil gas and displace the ambient air. Respiratory

3 Expected population impact at every 984-foot (300-meter) location along the pipeline. Each point on the graph
represents the results of a complete simulation of H,S release from the pipeline described in Steps 1 — 5 of the revised
assessment methodology.
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effects to biota due to atmospheric CO, concentrations are unlikely to occur, except along the pipeline
where the rupture or leak occurred, since the predicted offsite concentrations are less than 1 percent. Soil
gas concentrations can be higher depending on soil type, so effects on soil invertebrates or plant roots
could occur close to the segment where the pipe failed or leaked. One of the primary biota of concern at
the injection site is an endangered bat, which may visit the streams and wetlands for short periods of time.
No effects on the bats would be expected, since they would not be directly exposed to the soil gas.

454 TUSCOLA, IL
4541 Key Factors Affecting Risk Assessment

A description of the nearby towns and environmental setting and maps are presented in Section 2. Key
factors that affect the potential for risks at the Tuscola Site include the following:

® Pipeline to injection site is about 11 miles (18 kilometers) long
e Populated areas near the plant and injection site

e  Wetlands and a small section of the Kaskaskia River overly part of the sequestered gas plume
site.

4542 Risk Results

The predicted atmospheric concentrations of CO, and H,S that plant workers could be exposed to, should
a release event occur, are presented in a series of tables for short-term and long-term exposure scenarios
at each site. These risk tables include the gas concentrations that workers may be exposed to at two
distances (i.e., 66 feet [20 meters] and 820 feet [250 meters]) from a pipeline rupture, puncture, or
wellhead rupture. These concentrations are, in turn, compared to health-protective industrial hygiene
criteria, with ratios greater than 1 representing potential health concerns for workers. In contrast,
evaluations of nearby residents are described in terms of the distances at which different levels of
exposures could occur due to pipeline or wellhead ruptures or punctures. Most importantly, the tables and
accompanying figures show the distances that represent levels with only mild or transient health effects
for potentially exposed individuals. The risk tables and figures showing areas potentially affected by any
releases are provided in Appendix B.

At the Tuscola Site, the predicted atmospheric concentrations of CO, potentially resulting from a worst-
case pipeline rupture or puncture would exceed life-protective criteria for workers (i.e., the IDLH) within
a short distance (66 feet [20 meters]) of the release point. However, within a distance of 820 feet (250
meters), predicted concentrations from a pipeline rupture or puncture would not cause irreversible or
other serious health effects (i.e., would not exceed 30,000 ppmv). For a wellhead failure, CO,
concentrations causing serious health effects are predicted only near the equipment (e.g., about 16 feet [5
meters]). A somewhat different pattern of exposures is predicted for H,S releases. For both the pipeline
rupture, life-protective criteria for H,S (i.e., the Ceiling or maximum concentration allowable at any time)
would be exceeded at a distance of 66 feet (20 meters) but not at 820 feet (250 meters). For a pipeline
puncture, life-protective criteria for H,S (i.e., the Ceiling or maximum concentration allowable at any
time) would be exceeded at both a distance of 66 feet (20 meters) and 820 feet (250 meters). For a
wellhead rupture, the life-protective criteria would be exceeded by predicted H,S concentrations at a
distance of 66 feet (20 meters) but not at 820 feet (250 meters). Thus, these results suggest that health
effects for workers outside of the immediate vicinity of a release would primarily be related to H,S
exposures should a pipeline rupture or be punctured.
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Potential health effects to offsite populations from the CO, concentrations predicted for a pipeline rupture
or puncture at the plant site are unlikely, since the CO, concentrations more than 820 feet (250 meters)
from the release points are less than a level (30,000 ppmv) below which there would be only mild or
transient health effects. If a pipeline rupture occurs, the impact zone with predicted H,S concentrations
that could cause serious health effects (i.e., above the TEEL-3 criterion of 50 ppmv) could extend to a
distance of about 873 feet (266 meters). This distance would extend into the less densely-populated area
around the injection site (see maps in Appendix B.) If a pipeline puncture occurred near the injection site,
the impact zone with predicted H,S concentrations that could cause serious health effects (i.e., above the
AEGL-3 criterion of 31 ppmv) could extend to about 381 feet (116 meters). Thus, nearby offsite
populations could possibly be affected. If the pipeline rupture or puncture occurs closer to the plant site,
the predicted H,S concentrations causing serious health effects would not extend to the populated area
around the town of Tuscola.

If a wellhead rupture occurred, the impact zone with predicted H,S concentrations that could cause
serious health effects (i.e., above the TEEL-3 criterion of 50 ppmv) would be close to the wellhead (e.g,
164 feet [50 meters] away). The distance at which H,S releases from a wellhead rupture are predicted to
cause only mild transient effects (i.e., above the TEEL-1 criteria of 0.51 ppmv) would occur at a distance
of about 2,034 feet (620 meters), and thus effects could occur in a populated area, as shown in the maps in
Appendix B. The impact zone represents the area where individuals could potentially be affected,
depending on wind direction and other meteorological conditions at the time of the release. The number
of individuals who could actually be affected by any given release is determined by the size, shape, and
location of the dispersion plume, which could occupy only a very small portion of the zone of possible
impacts. For example, the estimated size of the plume from a wellhead rupture is only 1.2 percent of the
entire circular area defined by a radius equal to the maximum downwind distance at which the AEGL-1 is
exceeded. Thus, the number of individuals that could be exposed to adverse effects of H,S (i.e., 0.51
ppmv) or CO, (30,000 ppmv) is much less than the number of people in the zone of possible impacts.
Based on the population density, no individuals are estimated to be potentially affected by CO, from a
wellhead rupture, and less than one individual could be exposed to adverse effects of H,S (i.e., 0.51
ppmv). These results, therefore, indicate that there is greater likelihood of health effects for nearby
populations from H,S than CO, releases from a pipeline or wellhead rupture or pipeline puncture.

Tabular and graphical summaries of the expected number of affected individuals (P;) at all points along
the pipeline provide a comprehensive summary of potential health effects from a pipeline release and a
basis for comparisons between sites. Figure 4-5 shows the results of the analysis of a pipeline rupture of
the estimated population exposed to H,S concentrations (0.51 ppmv) that can result in adverse effects at
the Tuscola Site. For the section of the pipeline beginning at the plant and extending to about 7.5 miles
(12 kilometers) less than 3 individuals would be expected to be exposed to H,S above 0.51 ppmv from a
pipeline rupture. Between the pipeline segments from about 7.5 to 9.3 miles (12 to 15 kilometers), the
number of individuals that would be expected to be exposed to H,S above 0.51 ppmv from a pipeline
rupture increases to about 7 individuals. The portion of the pipeline where between one and ten
individuals could be affected by a pipeline rupture due to H,S above 0.51 ppmv is 8.4 miles (13.5
kilometers) out of the 11-mile (17.7-kilometer) long pipeline, as shown in Table 4-12. This pipeline
segment is near the town of Arcola as shown in the maps in Appendix B. Additional mitigation measures
for the pipeline could be implemented along this segment to reduce the potential for effects to offsite
populations. A similar analysis was conducted for the pipeline puncture scenario. The results are provided
for all four sites in tabular format in Table 4-12. A shorter length of pipeline could have between one and
ten individuals affected by a pipeline puncture due to H,S exposure at levels above 0.33 ppmv (2.1-mile
(3.3-kilometer) out of the 11-mile (17.7-kilometer) long pipeline), as shown in Table 4-12.
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Figure 4-5. Expected Population Impact to 0.51 ppmv H,S from Pipeline Rupture at Tuscola, Lt
4.5.4.3 Ecological Risk Results

Both aquatic biota in the wetlands and Kaskaskia River and the endangered Indiana bat that lives in the
wooded riparian habitat are a potential concern. A series of wetlands is located about 2 miles away from
the plant site. The Kaskaskia River is located about one mile away from both the plant and injection site,
and follows a generally north-south route from 1 to 3 miles (1.6 to 4.8 kilometers) west of the pipeline
corridor.

There is a low potential for the captured gas to be released into surface water, because the pipeline does
not cross a river, although there could be small ponds or wetlands in the vicinity. The CO, concentration
in the water is unlikely to reach 2 percent (when injuries to aquatic life can occur; see the risk table for
biota), since the solubility of CO, at typical atmospheric conditions would keep the concentration less
than about 0.2 percent. H,S concentrations in the water are predicted to be less than the criterion (0.002
mg/L) protective of freshwater aquatic biota.

The pipeline is expected to be buried to a depth of about 3.2 feet (1 meter). Thus, if a leak or rupture
occurred, the released gas would first migrate into the soil gas and displace the ambient air. Respiratory
effects to biota due to atmospheric CO, concentrations are unlikely to occur, except along the pipeline
where the rupture or leak occurred, since the predicted offsite concentrations are less than 1 percent. Soil
gas concentrations can be higher depending on soil type, so effects on soil invertebrates or plant roots
could occur close to the segment where the pipe failed or leaked. One of the primary biota of concern at
the injection site is the endangered Indiana bat, which may visit the streams and wetlands for short

4 Expected population impact at every 984-foot (300-meter) location along the pipeline. Each point on the graph
represents the results of a complete simulation of H,S release from the pipeline described in Steps 1 — 5 of the revised
assessment methodology.
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periods of time. No effects on the bats would be expected, since they would not be directly exposed to the
soil gas.

4.5.5 RISK RESULTS FOR CO-SEQUESTRATION EXPERIMENT

A co-sequestration experiment is planned for the selected site that involves injection of gas for a period of
seven days and where the H,S has not been removed. This gas is estimated to contain 95 percent CO, and
2 percent H,S. The starting H,S concentration would be 20,000 ppmv, compared to the previous scenarios
that have a starting H,S concentration of 100 ppmv. During the time that it would take for the co-
sequestered gas to be produced and to be transported to the injection wells, a pipeline rupture or leak
could occur at the higher H,S concentration of 20,000 ppmv. Thus, the predicted concentrations of H,S
from a release could be 200 times higher than the standard scenarios where H,S was a maximum of 100
ppmv. During co-sequestration the H,S concentrations would be greater than the NIOSH’s IDLH criterion
of 100 ppmv for 30-minute exposures. Workers could be exposed to much higher concentrations and the
distances to the no effects level would be further from the plant site, thus potentially affecting more
offsite residents. At the distance of the no effects level (0.5 ppmv H,S) for the standard case, the H,S for
the co-sequestration case could be 102 ppmv if a pipeline failure occurred. Populated areas are present
near the plant and injection sites at Jewett, Mattoon, and Tuscola. There are currently populated areas
near the plant site at the Odessa Site, but not near the injection site.

If a wellhead equipment failure occurs at an injection well while the co-sequestered gas is being injected,
the H,S concentration could be 20,000 ppmv. Wellhead ruptures after the actual co-sequestration was
completed would have lower H,S concentrations. If a wellhead failure occurs at an injection well
sometime after a co-sequestration experiment, the co-sequestered gases could flow from the geologic
reservoir back into the well where it would then escape to the atmosphere through the damaged wellhead.
However, subsurface modeling conducted for the Final EIV shows that the H,S concentrations would
gradually decrease over a 2-year period to less than 100 ppmv. During this interim two-year period, the
H,S concentrations in the co-sequestrated gas close to the well would vary between 100 ppmv and 20,000
ppmv. Wellhead ruptures after two years would be predicted to have similar effects as the standard case.
During the interim period, higher concentrations could be released, which increases the distance to the no
effects level. This could potentially impact larger populations at the Jewett, Mattoon, and Tuscola Sites,
and could reach the populated areas west of the Odessa injection wells, depending on the location of the
specific well used.
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5.0 POST-INJECTION RISK ASSESSMENT

5.1 Introduction

This chapter evaluates the potential impacts from CO,, and H,S, after the injection of CO, into subsurface
reservoirs. Under the right conditions, CO, may remain trapped for extremely long time periods in
subsurface reservoirs. However, sequestered gases may also be accidentally released through one of the
following key mechanisms (Section 2.3) (IPCC, 2005):

e Upward leakage through the caprock due to either catastrophic failure and quick release or
gradual failure and slow release;

e Release through existing faults or induced faults due to the effects of increased pressure;

e Lateral or vertical leakage into non-target aquifers due to an unknown structural or stratigraphic
connection with the target zone, or due to a lack of geochemical trapping and inadequate retention
time in the target zone; and

e Upward leakage through inadequately constructed wells, abandoned wells, or undocumented
wells.

The analysis of releases from the geological storage of CO, is a new field and there are no well-
established methodologies for modeling these releases (IPCC, 2005) or guidance from USEPA. Further,
many studies have concluded that it is impossible to confidently quantify the likelihood and magnitude of
accidental releases of sequestered CO, (Vendrig et al., 2003). Therefore, data from natural and engineered
analogs were used to provide a range of emissions estimates for sequestered gases. The available data for
natural and engineered analogs are reviewed in Section 5.2. These data are then used to estimate emission
rates in Section 5.3.

Following the determination of potential release rates in Section 5.3, this chapter will examine the
receptors that could be exposed to potential releases (Section 5.4), estimate the concentrations in
environmental media to which receptors may be exposed (Section 5.5), and determine the potential
consequences of those exposures (Section 5.6).

5.2  Analog Site Database

The role of the Analog Site Database and ancillary databases in the overall approach for conducting the
HSE risk assessment (Risk Assessment) is shown in Figure 5-1. The central task in risk assessment is the
development of the CSMs for the proposed site locations. Four key elements of the CSMs are described
above in Section 2. A System Model, divided into the biosphere, upper geosphere, site wells and the
lower geosphere, is used as the basis for the CSMs. A detailed geological description of the primary and
secondary containment provided by the target formation, as well as critical information on the potential
attenuation and dispersion in the near-surface and surface environment, was developed. The primary
source of information for the System Model was the Geohydrologic Conceptual Model for each site from
the EIVs. The System Model utilized the release scenario data base to ensure model completeness. The
System Model also includes plant and pipeline design information available in the EIVs and developed by
Tetra Tech through their participation in the FutureGen design meetings.

REVISED APRIL 2007 5-1



FINAL RISK ASSESSMENT REPORT

5.0 POST-INJECTION RISK ASSESSMENT

5.1 Introduction

This chapter evaluates the potential impacts from CO,, and H,S, after the injection of CO, into subsurface
reservoirs. Under the right conditions, CO, may remain trapped for extremely long time periods in
subsurface reservoirs. However, sequestered gases may also be accidentally released through one of the
following key mechanisms (Section 2.3) (IPCC, 2005):

e Upward leakage through the caprock due to either catastrophic failure and quick release or
gradual failure and slow release;

e Release through existing faults or induced faults due to the effects of increased pressure;

e Lateral or vertical leakage into non-target aquifers due to an unknown structural or stratigraphic
connection with the target zone, or due to a lack of geochemical trapping and inadequate retention
time in the target zone; and

e Upward leakage through inadequately constructed wells, abandoned wells, or undocumented
wells.

The analysis of releases from the geological storage of CO, is a new field and there are no well-
established methodologies for modeling these releases (IPCC, 2005) or guidance from USEPA. Further,
many studies have concluded that it is impossible to confidently quantify the likelihood and magnitude of
accidental releases of sequestered CO, (Vendrig et al., 2003). Therefore, data from natural and engineered
analogs were used to provide a range of emissions estimates for sequestered gases. The available data for
natural and engineered analogs are reviewed in Section 5.2. These data are then used to estimate emission
rates in Section 5.3.

Following the determination of potential release rates in Section 5.3, this chapter will examine the
receptors that could be exposed to potential releases (Section 5.4), estimate 