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Dear Mr. Nelson:

Pursuant to Section 7 of the Endangered Species Act, (87 Stat. 884, as amended; 16 U.S.
C. 1531 et seq.), the United States Environmental Protection Agency (USEPA) has
reviewed the biological information and analysis related to a Prevention of Significant
Deterioration (PSD) permit for Taylorville Energy Center (TEC) to determine what
impact there may be to any threatened or endangered species in the area around the
proposed facility. The purpose of this letter is to seek concurrence from the United States
Fish and Wildlife Service (USFWS) on our determination that the proposed project is not
likely to adversely affect any federally listed species in relation to the proposed air quality
permit for this facility.

The parties utilized the informal consultation process as specified in the “Endangered
Species Act (ESA) Consultation Handbook, procedures for conducting consultation and
conference activities under Section 7 of the ESA, (March 1998 final)”, by the USFWS
and National Marine Fisheries Service. The USEPA prepared this biological assessment
following the guidance provided in the ESA consultation handbook, as well as the
recommended content suggested in the ESA regulations found in 50 CFR Part 402.12(f).
As part of developing the biological assessment, the designated representative for
USEPA prepared a Recommended Scope of Analysis for TEC, dated August 24, 2006,
describing the general topics of need, species of concern, effects analysis, and literature
search, needed in the biological assessment. TEC then prepared the December 11, 2006,
document entitled, “ESA Screening Analysis, Christian County Generation LLC,
Taylorville Energy Center”.

Project Description

The Christian County Generation, L.L.C. (CCG) is proposing to construct an integrated
gasification combined cycle Integrated Gasification Combined Cycle (IGCC) power plant
in Christian County, Illinois. The TEC plant will combust synthesis gas (syngas), derived
from Illinois coal as the primary fuel source.
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The CCG has submitted an application for an air permit to construct a nominal 630
megawatt electric power plant to be located approximately 1.5 miles northeast of
Taylorville. The proposed power plant will use IGCC technology to generate electric
power. With IGCC technology, a feedstock is first processed by gasification to produce
syngas. The syngas from the proposed plant would be a low Btu fuel gas with a heat
content of approximately 250 Btu/cubic foot. The principal components of the syngas
would be hydrogen and carbon monoxide. This syngas fuel is then burned in separate gas
turbine combustion equipment to generate electric power. Electric power is also
generated from heat energy recovered as steam from the gasification process.

The principal emission units at the proposed plant are the two combustion turbines. The
potential emissions of the turbines are listed below. Potential emissions are based on
continuous operation at the maximum load. Actual emissions will be less to the extent
that the combustion turbines do not operate at their maximum capacity.

Potential Emissions

Pollutant (tons per year)
Particulate Matter (PM) - filterable 161
Total Particulate Matter 412
Sulfur Dioxide (SO,) 299
Nitrogen Oxides (NOx) 629
Carbon Monoxide (CO) 920
Volatile Organic Compounds (VOC) 28
Flourides, as hydrogen fluoride 0.61
Sulfuric Acid Mist 67
Mercury 0.038
Hydrogen Chloride 7.5
Lead, as elemental lead 0.02

Action Area

The TEC site is located in rural Christian County about two miles northeast of
Taylorville. Rather than defining the action area for this project, worst case surface
water, sediment, air and soil concentrations were determined and compared to the
appropriate benchmarks for each species.

List of Species

As listed in the Recommended Scope of Analysis, the impacts of the project on the
following species were addressed:
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Bald Eagle (Haliaeetus leucocephalus) - The Bald Eagle is a threatened species which has
not been documented in Christian County, despite the presence of suitable habitat.

Indiana Bat (Myotis sodalis) - The Indiana Bat is an endangered species with suitable
habitat within the study area. The habitat is the deciduous forest which lies to the
southeast of the project site.

Eastern Fringed Prairie Orchid (Platanthera leucophaea) - The Eastern Fringed Prairie
Orchid is an endangered species which is not known to exist in the study area.

Leafy Prairie Clover (Dalea foliosa) - The Leafy Prairie Clover is an endangered species
which is known to exist in six counties in Illinois. These counties are in North and
Northeast lllinois. This plant is found in prairie remnants along the Des Plaines River in
Illinois, in thin soil over limestone substrate. This type of habitat does not exist in
Christian County. Since suitable habitat for the Leafy Prairie Clover does not exist within
the study area, a quantitative risk assessment was not performed.

Summary of Analysis

The ESA consultation process began in July 2006, with Michael Mclnnis, a
representative of Kentuckiana Engineering Company for TEC, contacting Rachel
Rineheart of USEPA. On August 24, 2006, USEPA provided a draft document titled
“Recommended scope of Analysis for the TEC for Endangered Species” to USFWS and
TEC. USEPA has conducted this analysis in accordance with this scoping document and
the information submitted from TEC in response.

The scoping document provided by USFWS indicated that the modeling for this analysis
should follow the general guidance provided in Chapter 3 of USEPA’s Screening Level
Ecological Risk Assessment protocol for assessing chemical fate and transport, the
modeling should show air concentrations and deposition rates for appropriate pollutants,
and that the total impacts should be evaluated looking at the combined effects of the
vapor phase, particle phase and particle-bound phase of pollutants. The document
indicated that Industrial Source Complex Short Term 3 was an acceptable model for the
analysis.

ESA Effects Analysis

Criteria Pollutants

Criteria Pollutants were not evaluated by Kentuckiana Engineering since the National
Ambient Air Quality Standards (NAAQS) have been promulgated for most of the
constituents that are protective of human health and the environment, including where
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appropriate, impacts to soil and vegetation. The demonstration of compliance with both
the primary and secondary NAAQS, as indicated in the PSD permit application for the
facility, precludes the need for additional analysis. In addition, a supplemental analysis of
the criteria pollutants on soils, vegetation and visibility is conducted. The results of that
analysis indicate that emissions from TEC would not impact solid or vegetation in the
area surrounding the plant.

Hazardous Air Pollutants (HAPs)

A concentration-toxicity screen is used as an initial evaluation of the potential to cause
adverse health effects in ecological receptors to identify the subset of HAPs that are
quantitatively evaluated in the screening analysis.

The emphasis of the ESA screening analysis is on the potential for long-term adverse
effects ta the habitats of interest, constituent transfer through food webs, and chronic
health effect in the species of interest. The volatile HAPs (formaldehyde, benzene,
toluene, xylene, and propylene oxide) tend not to persist in the environment and tend not
to be transferred through food chains. As such, they are not included in the quantitative
analysis and are evaluated qualitatively in the ESA screening analysis.

A concentration-toxicity screening tool is used by TEC to evaluate impacts. The
screening tool uses emissions (tons per year) as a related indicator of concentrations in the
environment and ecological toxicity criteria represented by toxicity reference levels
Toxicity Reference Value (TRVs) available. TRVs are available for soil, surface water,
and sediment. These TRVs are protective of aquatic biota, invertebrates, and terrestrial
vegetation. TRVs are also available for mammals and birds. The individual constituent
scores can be found in Table 5-1 of the ESA screening analysis document and are
calculated by dividing the emission rate by the TRV. The individual constituent scores
are then summed for a total score according to the environmental receptors (e.g. soil
invertebrates). The ratio of the individual constituent scores to the total receptor score
approximates the percent contribution of each individual constituent to the overall
potential for adverse effects for the indicated receptor.

Constituents with percent contributions to the overall potential for adverse effects greater
than or equal to one percent are further evaluated. Constituents with percent
contributions less than one percent are not expected to appreciably contribute to the risk
estimates.

ESA Determination

After reviewing the analysis provided by Kentuckiana Engineering, the pollutants with
the greatest potential for adverse impact would include arsenic, cadmium, chromium,
mercury, selenium and lead. For these pollutants, the increment of change from the
proposed facility falls below benchmark values for soil invertebrates, birds and mammals.
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The increment of change plus the addition of current background data are greater than
the benchmark values. However, the background contaminants have limited
bioavailability and the Bald eagle and Indiana bat do not forage exclusively in the action
area. Therefore, exposure to these contaminants will be diluted and adverse impacts are

not predicted.

Considering this analysis (see enclosure) in its entirety, USEPA concludes that the
proposed construction and operation of this facility may affect, but is not likely to
adversely affect, any of the threatened and endangered species. USEPA respectfully
requests USFWS concurrence on this determination.

incerely yours,

WW@QJLB)&&MMZ/

Pamela Blakley, Chief
Air Permits Section

Enclosure
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RESPONSE TO COMMENTS



COMMENT

1) Page 14, Section 5.0 - Mike was not familiar with the screening method which divides
the emission rate by the TRV. He indicated that this may or may not be 4 legitimate way
to analyze the data and since the method may affect which chemicals/HAPs are
eliminated from the analysis, he would like more information, i.e. did you see this
method somewhere, what was your rationale, etc., etc.

RESPONSE

The qualitative analysis procedure performed in Section 5.0, Table 5-1, was taken from
the “SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT - FINAL” report
submitted by Prairie State Generating Station, dated April 2004. This screening tool is a
concentration-toxicity analysis used as an initial evaluation of the potential of the
COPEC:s to cause adverse health effects in ecological receptors. This tool uses the
emissions from TEC as a related indicator of concentrations in the environment and
ecological toxicity criteria represented by the TRVs available in the USEPA SLERA
Protocol. TRVs are available for the protection of environmental communities in the
form of constituent concentrations (e.g, mg/kg or mg/L) in soil, surface water, and
sediment. These TRVs are protective of aquatic biota, benthic invertebrates, terrestrial
vegetation, and soil invertebrates. TRVs are also available for wildlife (i.e. measurement
receptors) in the form of constituent doses (i.e. mg/kg body weight-day) that are
protective of mammals and birds. Individual constituent scores are calculated by
dividing the emission rate by the TRV. The individual scores are then summed for a
total score according to environmental receptor (e.g. soil invertebrates). The ratio of the
individual constituent scores to the total receptor score approximates the percent
contribution of each individual constituent to the overall potential for adverse effects for
the indicated receptor.

Constituents with percent contributions to the overall potential for adverse effects greater
than or equal to one percent are evaluated quantitatively. While constituents with percent
contributions less than one percent are not expected to appreciably contribute to the risk
estimates, they were nevertheless evaluated qualitatively in the ESA screening analysis,
by description of the potential for adverse health effects in ecological receptors.

COMMENT

2) Page 15, Table 5-1 - There are some HAPs where no TRVs are listed (some of the
organic HAPs). In these cases, an analysis is not performed. Mike suggested that you
instead analyze for total PAHs and use the most sensitive PAH benchmark to analyze.

RESPONSE

Table 5-1 has been revised to show the most sensitive PAH benchmark for those organics
where no TRV had been listed. Additionally, the volatile organic compounds (acrolein,
formaldehyde, benzene, toluene, and xylene) have been removed from the table and are
qualitatively analyzed in Appendix C of the revised report.



COMMENT
3) Page 25, Table 6-8 - Mlke recommends that background concentrations should be

included in exposure estimates for final hazard quotient/screen.

RESPONSE
Table 6-8 has been revised to show the background concentrations added to the CS
values and this total is then compared to the screening values.

COMMENT
4) Page 25, Table 6-8 - For the IN bat, a food chain analysis should be performed for
mercury. Since there is no suitable habitat in the area for the bald eagle, no food chain

analysis is necessary.

RESPONSE

As requested, a food chain analysis has been performed for mercury for the Indiana bat.
In setting up this analysis, it was discovered that the computation of Ds for mercury did
not use the Ds formula for mercury, but rather the Ds formula for all metals except
mercury. By applying the 0.48 factor in the Ds for mercury, Ds value represented in
Table 6-8 was reduced from 1.24E-04 mg/kg-yr to 5.952E-06 mg/kg-yr. This also
resulted in the Cs value for mercury being reduced to 1.01E-04 mg/kg. Table 6-8 has
been revised to show these revised values.

CONCLUSION
The draft report has been revised to show the above changes.
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1.0 INTRODUCTION

Christian County Generation, L.L.C. (“CCG”) is proposing to construct an Integrated

Gasification Combined Cycle (“IGCC”) power plant in Christian County, IL (See Figure

1-1). The Taylorville Energy Center (“TEC” or the ‘“Project”) plant will combust

Synthesis Gas (“Syngas”) derived from Illinois coal as the primary fuel source.

Kentuckiana Engineering Company, Inc. (“KEC”) has prepared, for review by the Illinois

Environmental Protection Agency (“IEPA”) and the Environmental Protection Agency,

Region V (“EPA Region V”’) for consultation with the United States Fish and Wildlife

Service, the following modeling protocol methodology and results to address Class II

impacts as they relate to the protection of endangered species.

Contact information, relating to the TEC, is contained within the table below.

Table 1-1: Contact Information

Applicant
Christian County Generation, L.L.C.

and
Development Contact

Facility Location

Taylorville Energy Center
1630N 1400 E Road
Taylorville, Illinois 62568

Air Permitting Consultant
INC.

Project Technical Information

KENTUCKIJAN ENGINEERING COMPANY,

Air Permit Application Contact

Dispersion Modeling Contact

Mr. Michael McInnis

4350 Brownsboro Road
Suite 110

Louisville, Kentucky 40207
Phone: (502) 357-9901
mmgcinnis@erora.com

Latitude Longitude
39:33:2N 89:16:30 W

Mr. Bryan Handy

311 Townepark Circle
Suite 100

Louisville, Kentucky 40243
Phone: (502) 489-8074
Fax: (502) 489-8078
Email: bhandy@kecco.net
Mr. J. Dwain Kincaid

311 Townepark Circle

Suite 100

Louisville, Kentucky 40243
Phone: (502) 489-8074
Fax: (502) 489-8078
Email: dkincaid @kecco.net

KENTUCKIANA ENGINEERING CO., INC.

Taylorville Energy Center
ESA Screening Analysis
Submitted: December 2006



FIGURE 1-1: THE TEC SITE LOCATION
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During review of CCG’s Prevention of Significant Deterioration (“PSD”) permit
application for the TEC, IEPA requested that CCG contact EPA Region V regarding
potential impacts of the TEC on endangered species. Subsequently, CCG did contact
EPA Region V regarding their role in consultation with the United States Fish and
Wildlife Service regarding PSD applications and potential impacts on endangered
spécies. On August 24, 2006, EPA Region V provided CCG with a “Recommended
Scope of Analysis for Taylorville Energy; Center (“TEC”) for Endangered Species”.
That document is contained in Appendix A to this report. That document and subsequent
communications with EPA Region V indicated that the Bald Eagle, Indiana Bat, Eastern
Fringed Prairie Orchid and the Prairie Clover should be addressed in an endangered

species analysis if suitable habitat exists in proximity to the TEC.

1.1 SPECIES TO BE EVALUATED

As noted above, the species of concern are the Bald Eagle, Indiana Bat, Eastern Fringed
Prairie Orchid, and the Prairie Clover. In accordance with the “Recommended Scope of
Analysis for Taylorville Energy; Center (“TEC”) for Endangered Species”, a study area
within a 3 kilometer radius from the TEC’s Heat Recovery Steam Generator Stack # 1
was reviewed to ascertain the locations of suitable habitat for each of the species

mentioned above.

1.1.1 Bald Eagle

With respect to the Bald Eagle, there are no large bodies of water within the study area.
However there are deciduous forests within the study area that could serve as suitable
habitat for the Bald Eagle to the southeast of the project site. Based on review of data in
the Nature Serve Explorer, the Bald Eagle has not been documented in Christian County,

IL' despite the presence of suitable habitat.

" http://www.natureserve.org/explorer/servlet/NatureServe?searchName=Haliaeetus+leucocephalus
KENTUCKIANA ENGINEERING CO., INC. 3 Taylorville Energy Center
' ESA Screening Analysis
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1.1.2 Indiana Bat
With respect to the Indiana Bat, there is suitable habitat within the study area. Again, this

habitat is the deciduous forest which lies to the southeast of the project site. Based on a
study performed by the US Fish and Wildlife Service, the following map of Illinois*

shows the counties where the Indiana Bat has been found (shaded areas).

The map above indicates that the Indiana Bat has not been documented in Christian

County, IL.

As requested by EPA Region V, a food chain analysis has been performed for the Indiana

Bat and is shown in Appendix F.

1.1.3 Eastern Fringed Prairie Orchid

The eastern prairie fringed orchid occurs in a wide variety of habitats, from mesic prairie
to wetlands such as sedge meadows, marsh edges, even bogs. It requires full sun for
optimum growth and flowering and a grassy habitat with little or no woody
encroachment. A symbiotic relationship between the seed and soil fungi, called

mycorrhizae, is necessary for seedlings to become established. This fungi helps the seeds

* http://www.inhs.uiuc.edu/chf/pub/surveyreports/mar-apr96/bats.html
KENTUCKIANA ENGINEERING CO., INC. 4 Taylorville Energy Center
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assimilate nutrients in the soil. This plant is found in 10 counties in Illinois’ (see

Appendix B), and Christian County is not listed.

In accordance with the directions given by Jennifer Darrow of EPA Region V, a search
was performed looking for non-forested wetlands not associated with any streams within
a 3 km radius of TEC. This search indicated there were no wetlands present within a 3
km radius of TEC. Since suitable habitat does not exist within the study area, a

quantitative ecological risk assessment respecting this species was not performed.

1.1.4 Prairie Clover
The Prairie Clover (Dalea foliosa (gray) Barneby — leafy prairie clover) is known to exist

in six counties in Illinois. These counties are in North and Northeast Illinois. This plant
is found in prairie remnants along the Des Plains River in Illinois, in thin soils over
limestone substrate. This type of habitat has not been found to exist in the Christian
County study area (See Appendix C). ). Since suitable habitat for the Prairie Clover does
not exist within the study area, a quantitative ecological risk assessment respecting this

species was not performed.

? NatureServe. 2006. NatureServe Explorer: An online encyclopedia of life [web
application]. Version 6.0. NatureServe, Arlington, Virginia. Available
http://www.natureserve.org/explorer. (Accessed: October 26, 2006 ).

KENTUCKIANA ENGINEERING CO., INC. 5 Taylorville Energy Center
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2.0 FACILITIES CONSIDERED FOR MODELING

2.1 FACILITIES MODELED

The sources modeled for this analysis were the two heat recovery steam generator

(“HRSG”) stacks and the flare stack.

2.2 FACILITIES NOT MODELED

There are other facilities located at the TEC including an auxiliary boiler, natural gas
fueled fire pump, thermal oxidizer and a cooling tower (cooling system). The natural gas
fired auxiliary boiler was not modeled as it is used only during cold gasifier startup and
does not contribute to steady-state HRSG emissions. Similarly, the fire pump was not
modeled as it operates only for limited testing purposes and during emergency fire
events. The thermal oxidizer was modeled for criteria pollutants but not for Hazardous
Air Pollutants (“HAP”) consistent with its emissions profile as provided by the

gasification process provider, General Electric.

A number of water treatment products are under consideration for the pretreatment of
cooling water and clarification of influent water for the cooling system. No chromium-
based water treatment chemicals will be used. Cooling system make-up water will

consist of clarified influent water.

Potential water treatment products are listed in Appendix D to this analysis. Some
chemical constituents of these products may be present in cooling system water, in dilute
form, and may be present in cooling tower drift emissions. Also included in the listing in

Appendix D is information for the water treatment products that addresses:

¢ Intended Application,
¢ Concentrations used
* Acute oral toxicity to mammals, and

* Acute toxicity to aquatic life.

KENTUCKIANA ENGINEERING CO., INC. 6 Taylorville Energy Center
ESA Screening Analysis
Submitted: December 2006



The mammalian acute oral toxicity data indicates that most of the products are regarded
as only moderately toxic (i.e. the dose that is lethal to 50 percent of the test organisms or
LDsy is between 30 to 8200 mg/kg). The aquatic toxicity data also indicates that most of
the products are regarded as slightly toxic (i.e. the concentration that is lethal to 50
percent of the test organism or LCsg is between 100 and 590 mg/L) or practically non

toxic (i.e. the LCs is greater than 100 mg/L).

Based on the anticipated dilute concentrations of these products in cooling water, the
expected low concentrations of these products, if any, in air emissions (cooling tower
drift) within the study area, and the weight-of-evidence approach regarding the possible
toxicity of these products, constituent emissions from the cooling towers are not expected
to have an adverse impact on ecological receptors in the study area and are not evaluated

further in this analysis.

KENTUCKIANA ENGINEERING CO., INC. 7 Taylorville Energy Center
ESA Screening Analysis
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3.0 ISCST3 MODEL INPUTS

Prior to performing an ecological risk assessment for the subject endangered species,
KEC ran the ISCST3 model in the risk mode to generate the necessary vapor phase,
particle phase, and particle bound phase files required to determine the total deposition
and concentrations of toxic air pollutants within the project domain. In the Class II TEC
modeling submitted on October 4, 2006 to IEPA, the largest significant impact area
(“SIA”) for any criteria pollutant was a 5.24 kilometer radius domain. This is the domain

that was used to set receptors for this analysis.

3.1 STACK PARAMETERS

In the Prevention of Significant Deterioration (“PSD”) permit application submitted to
the IEPA, the Additional Impacts Analysis section addressed air toxics emissions from

the two HRSG units and the Flare.

Table 3-1 depicts the stack parameters for each of these stacks.

Table 3-1: Stack Parameters

Gas Exit
Base | Release | Gas Exit Velocity | Stack
UTM-X* | UTM-Y* Elev Height | Temperature | m/sec Diameter
Facility | m m m m °K m
HRSG1 | 305415.70 | 4383934.0 | 187.0 | 60.66 402.59 22.86 5.64
HRSG2 | 305415.60 | 4383886.80 | 187.0 | 60.66 402.59 22.86 5.64
FLARE | 305313.74 | 4384258.54 | 187.0 | 61.81 1273.0 20.0 0.46

* - UTM Zone 16, NAD27

3.2 TOTAL DEPOSITION INPUTS

Per the guidance in EPA’s Screening Level Ecological Risk Assessment Protocol for
Hazardous Waste Combustion Facilities document® (“EPA Screening Document”), a

unitized emission rate of one (1) gram per second was modeled using the ISCST3 model.

* EPA-530-D-99-001A — Screening Level Ecological Risk Assessment Protocol for Hazardous Waste
Combustion Facilities
KENTUCKIANA ENGINFERING CO., INC. 8 Taylorville Energy Center
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Prior to ISCST3 modeling, in accordance with the EPA Screening Document and the

requirement to model total deposition, the following required information was obtained:

1. particle size data

2. liquid and frozen scavenging coefficients for the vapor phase, particle phase and

particle bound phase modeling.

The particle size data was taken from the EPA Screening Document, Table 3-1 and is

shown in Table 3-2 below.

Table 3-2: Particle Data

Mean Proportion Fraction of
Particle Particle Surface Available Total
Diameter Radius Area/Volume | Fraction of | Surface Surface
(nm) (um) (Jlm'l) Total Mass Area Area

>15 ' 7.5 04 0.128 0.0512 0.0149
12.5 6.25 0.48 0.105 0.0504 0.0146
8.1 4.05 0.741 0.104 0.0771 0.0224
5.5 2.75 1.091 0.073 0.0796 0.0231
3.6 1.80 1.667 0.103 0.1717 0.0499
2.0 1.0 3.0 0.105 0.3150 0.0915
1.1 0.55 3.455 0.082 0.4473 0.1290
0.7 0.40 7.5 0.076 0.5700 0.1656
<0.7 0.40 15 0.224 1.6800 0.4880

The vapor phase scavenging coefficients used were as follows:

Table 3-3: Vapor Phase Scavenging Coefficients*
Scavenging Coef. Scavenging Coef.
Facility Liquid [(s-mm/hr)'l] Frozen [(s-mm/hr)'l]
HRSGI1 0.0001 0.00003
HRSG?2 0.0001 0.00003
FLARE 0.0001 0.00003

*Obtained from EPA Screening Document.
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The Particle Phase data used was as follows:

Table 3-4: Particle Phase Data*

Scavenging Scavenging —l
Particle Mass Particle Coef. Coef.
Diameter Fraction Density Liquid Frozen
FACILITY [microns] [0-1] [g/cm’] [(s-mm/hr)'}* | [(s-mm/hr)"]*

' FLARE 0.7 0.3 1 0.00007 0.0000233
\ 1.1 0.082 1 0.00006 0.00002
2 0.105 1 0.00013 0.0000533

3.6 0.103 1 0.00026 0.0000867

5.5 0.073 1 0.00039 0.00013

8.1 0.104 1 0.00052 0.000173

12.5 0.105 1 0.00067 0.000223

15 0.128 1 0.00067 0.000223

 HRSGI 0.7 0.3 1 0.00007 0.0000233
| 1.1 0.082 1 0.00006 0.00002
2 0.105 1 0.00013 0.0000533

3.6 0.103 1 0.00026 0.0000867

5.5 0.073 1 0.00039 0.00013

8.1 0.104 1 0.00052 0.000173

12.5 0.105 1 0.00067 0.000223

15 0.128 1 0.00067 0.000223

HRSG2 0.7 0.3 1 0.00007 0.0000233

1.1 0.082 1 0.00006 0.00002

2 0.105 1 0.00013 0.0000533

3.6 0.103 1 0.00026 0.0000867

55 0.073 1 0.00039 0.00013

8.1 0.104 1 0.00052 0.000173

12.5 0.105 1 0.00067 0.000223

15 0.128 1 0.00067 0.000223

* Data obtained from the EPA Screening Document, Chapter 3, page 3-51.
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The Particle-Bound Phase data was generated by the Lakes Environmental ISC-
AERMOD View model and is shown below.
Table 3-5: Particle-Bound Phase Data

Scavenging Scavenging
Particle Mass Particle Coef. Coef.
Diameter Fraction Density Liquid Frozen
FACILITY [microns] [0-1] [g/em’] [(s-mm/hr)™] [(s-mm/hr)™]
FLARE 0.7 0.6832 1 0.00007 0.0000233
1.1 0.1188 1 0.00006 0.00002
2 0.0837 1 0.00013 0.0000433
3.6 0.0456 1 0.00026 0.0000867
5.5 0.0212 1 0.00039 0.00013
8.1 0.0205 1 0.00052 0.000173
12.5 0.0134 1 0.00067 0.000223
15 0.0136 1 0.00067 0.000223
HRSG1 0.7 0.6832 1 0.00007 0.0000233
1.1 0.1188 1 0.00006 0.00002 |
2 0.0837 1 0.00013 0.0000433 .
3.6 0.0456 1 0.00026 0.0000867
5.5 0.0212 1 0.00039 0.00013
| 8.1 0.0205 1 0.00052 0.000173
12.5 0.0134 1 0.00067 0.000223
15 0.0136 1 0.00067 0.000223
HRSG2 0.7 0.6832 1 0.00007 0.0000233
1.1 0.1188 1 0.00006 0.00002
2 0.0837 1 0.00013 0.0000433 |
3.6 0.0456 1 0.00026 0.0000867
5.5 0.0212 1 0.00039 0.00013
8.1 0.0205 1 0.00052 0.000173
12.5 0.0134 1 0.00067 0.000223
| 15 0.0136 1 0.00067 0.000223

Building downwash was utilized in the model and the regulatory defaults were selected

along with total deposition and wet and dry plume depletion.

The receptor grid used in the ISCST3 model was generated by the Multi-Tiered Risk Grid

generator in the Lakes Environmental ISC-AERMOD View modeling software and

consisted of receptors placed at 100 meter intervals out to 3 kilometers and receptors

placed at 500 meter intervals from 3 kilometers out to 10 kilometers. Digital elevation

maps were used to extract the receptor base elevations.
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3.3 METEOROLOGICAL DATA
The meteorological data (“met”) data used was from the Springfield, IL airport (surface

data) and the Peoria, IL airport (upper air data). The surface data was taken from the

SAMSON database which contains precipitation data which is required for deposition

modeling. In order to use the met data, the data had to be processed through the

RAMMET View software package from Lakes Environmental. To process this data, the

following information was input into RAMMET View.

Anemometer Height — 9.54 meters
Monin-Obukhov Length — 2.0 meters

Surface Roughness for the Airport Site — 1.0
Surface Roughness for the Project Site — 0.04025
Noon Time Albedo —0.29

Bowen Ratio - 0.7

Anthropological Heat Flux — 0.0

Net Radiation — 0.15

This data was used to generate 5 years of met data (1986-1990). The ISCST3 model was

then run in the Risk Mode to generate the necessary vapor phase, particle phase, and

particle bound phase plot files and output files for use in the ecological risk assessment.

KENTUCKIANA ENGINEERING CO., INC. 12 Taylorville Energy Center

ESA Screening Analysis
Submitted: December 2006



4.0 DETERMINATION OF POLLUTANTS TO MODEL
4.1 CRITERIA POLLUTANTS

The criteria pollutants are typically not evaluated in é SLERA since the National
Ambient Air Quality Standards (“NAAQS”’) have been promulgated for most of the
constituents that are protective of human health and the environment, including where
appropriate, impacts to soil and vegetation. The demonstration of compliance with both
the primary and secondary NAAQS, as indicated in the PSD Permit Application for the
facility, precludes the need for additional analysis. In addition, CCG conducted a
supplemental analysis of the criteria pollutants on soils, vegetation, and visibility. The
results of that analysis indicate that emissions from the CCG would not impact soils or

vegetation in the area surrounding the plant.

4.2 HAZARDOUS AIR POLLUTANTS

Hazardous air pollutants (“HAPS”) have the potential to cause adverse health effects in
ecological receptors and are seiected as Constituents of Potential Ecological Concermn
(“COPEC”). However, much of the potential for such effects is associated with a limited
number of these constituents. Therefore, a concentration-toxicity screen was used, as an
initial evaluation of this potential, to identify the subset of these constituents that were

quantitatively evaluated in this analysis.

The emphasis of this analysis is on the potential for long-term adverse effects to the
habitats of interest, constituent transfer through food webs, and chronic health effects in
the species of interest. Radionuclides are not evaluated in this analysis since the USEPA
in their report to Congress (USEPA, 1998) indicated that risks due to exposure to
radionuclides emitted from electric generating stations are substantially lower than the

risks due to natural background radiation.
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5.0 QUALITATIVE ANALYSIS

5.1 HAZARDOUSE AIR POLLUTANTS

HAPs have the potential to cause adverse health effects in ecological receptors and are
selected as COPECs. However, much of the potential for such effects is associated with
just a few of these constituents. Therefore, a concentration-toxicity screen is used, as an
initial evaluation of this potential, to identify the subset of HAPs that is quantitatively

evaluated in this ESA screening analysis.

The emphasis of this ESA screening analysis is on the potential for long-term adverse
effects to the habitats of interest, constituent transfer through food webs, and chronic
health effects in the species of interest. The volatile HAPs (formaldehyde, benzene,
toluene, xylene, and propylene oxide) tend not to persist in the environment and tend not
to be transferred through webs. As such, they are not included in the quantitative

analysis and are evaluated qualitatively in this ESA screening analysis

The concentration-toxicity screen is presented in Table 5-1. The screening tool uses the
TEC emissions (in tons per year) provided by CCG for two HRSG units and the Flare, as
a related indicator of concentrations in the environment and ecological toxicity criteria
represented by toxicity reference levels (“TRV”) available in the EPA Screening
Document. TRVs are available for protection of environmental communities in the form
of constituent concentrations (e.g. mg/kg or mg/L) in soil, surface water, and sediment.
These TR Vs are protective of aquatic biota, benthic invertebrates, terrestrial vegetation,
and soil invertebrates. TRV are also available for wildlife (i.e. measurement receptors)
in the form of constituent doses (i.e. mg/kg body weight-day) that are protective of
mammals and birds. The individual constituent scores in Table 5-1are calculated by
dividing the emission rate by the TRV. The individual constituent scores are then
summed for a total score according to environmental receptors (e.g. soil invertebrates).

The ratio of the individual constituent scores to the total receptor score approximates the

KENTUCKIANA ENGINEERING CO., INC. 14 Taylorville Energy Center
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percent contribution of each individual constituent to the overall potential for adverse

effects for the indicated receptor.

Constituents with percent contributions to the overall potential for adverse effects greater
than or equal to one percent are evaluated quantitatively in this analysis. Constituents
with percent contributions less than one percent are not expected to appreciably
contribute to the risk estimates, based on this qualitative analysis that addresses the
potential for adverse health effects in ecological receptors. Table 5-1 depicts those HAPs
requiring quantitative analysis by highlighting in yellow those instances where a given

HAP has the overall potential for adverse effects greater than or equal to one percent.
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5.3 COPECs REQUIRING FURTHER ANALYSIS

Based upon the analysis in Table 5-1, the following metals are further analyzed in this report:
¢ Arsenic
¢ Cadmium
¢ Chromium
e Jead
¢ Mercury

¢ Selenium
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6.0 COPEC QUANTITATIVE SCREENING ANALYSIS

In determining the effects that metals have on the soil, the deposition concentration of the trace
elements on soils were calculated using the techniques described in the EPA Screening

Document’. The formula for calculating the soil concentration is as follows:

_Ds - [1 —exp(—ks x tD]
i ks

Cs

Where:

Cs = COPEC concentration in soil (mg/kg)

Ds = Deposition Term (mg/kg-yr

Ks = COPEC soil loss constant due to all processes (yr)

tD = Total time period over which deposition occurs (yr — 30)

The deposition term (Ds) and the soil loss constant (Ks) are both calculated using more in-depth

equations which are shown below:

Deposition Term Equation (All Metals except Mercury):

_100xQ
Z xBD

s x [Fv (0.31536 x Vdv x Cyv + Dywv ) + (Dydp + Dywp )x(l—-FvJ

Deposition Term Equation For Mercury:

(1 00 X 048 QToml Mercury )
Ay =
Mercury Zs xB D

X [Fmgh (031536 x Vdv x Cyv + Dywv ) + (Dydp + Dywp )x[l—Fv X ]:l

Soil Loss Constant Due to Al Processes:

KS =Ksg + Kse + Ksr + Ksl + Ksv

§ g -
ibid
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Loss Constant due to abiotic and biotic degradation

Ksg = 0 for all metals

Loss Constant due to soil erosion:

Kse = 0 for all metals

Loss Constant due to Surface Runoff:

RO . 1
5x 2|13 (ka3 )

ksr =

sw

Loss Constant due to Volatilization:

3.1536 x 10" x H D BD
ksv = x| =2 lx|l—-|—|~-18,
Z xKd, xRxT, x BD z P,

5

Loss Constant due to Leaching:
P+1-RO-E,

0, xZ x [1.0 + (BD x X4, H

ksl =

(2

W
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By applying the equations described above using the ground level concentration terms and the
ground level deposition terms that were modeled for the TEC (see Tables 6-5, 6-6 and 6-7 in
Section 6.2 below), soil concentrations can be compared to the acceptable background and
screening levels designated by the EPA, both values in mg/kg. Background concentrations were
obtained from the IEPA document “A Summary of Selected Background Conditions for

S These background concentrations are specific to Illinois and are different

Inorganics in Soils
for metropolitan/non-metropolitan counties. Christian County, where the TEC will be located, is

considered non-metropolitan.

6.1 SCREENING LEVELS
The soil screening levels used were No Observed Adverse Effects Levels (“NOAEL”) and are

specific to different animal species. For this ecological risk assessment, the species of concern
are the Bald Eagle and the Indiana Bat. As NOAEL screening levels are not available for the
Bald Eagle or Indiana Bat, the most similar species (Great Blue Heron) for which screening
levels are available was selected as a proxy species. Screening levels were available for the
proxy spe?ies for all of the metals to be compared. Also shown in Table 6-4 are Eco-Soil
Screening Levels (“EcO-SSL”) which the USEPA has developed. These screening levels are
much higher than the NOAEL values used.

Table 6-4 compares the screening levels to the background concentrations used.

Table 6-4: Comparison of Screening Level to Background Levels in Christian County

POLLUTANT NOAEL EcO-SSL Background Concentrations
Screening Level | Levels (mg/kg)
(mg/kg) (mg/kg)

Arsenic 5.1 18 6.7

Chromium 1.0 26 17.3

Cadmium 1.47 0.36 0.92

Lead 3.85 11 49.2

Mercury 0.45 NA 0.11

Selenium 0.5 ~ NA 0.5

The next step in the analysis involved the calculation of the total metal constituent concentration
in the soil.

® JEPA, 1994
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6.2 DETERMINATION OF COPEC CONCENTRATION IN SOIL (Cs in
mg/kg)

Using the equations described above the Cs term was calculated. However, prior to performing

these calculations, the following terms were needed:

Cyv — Unitized yearly average concentration from vapor phase
Dywp — Unitized yearly average wet deposition from particle phase
Dydp — Unitized yeatly average dry deposition from particle phase
Dywv — Unitized yearly average wet deposition from vapor phase

The values for Cyv, Dywp, Dydp, and Dywv were taken from the output modeling files
generated by the Risk Generator (attached as Appendix E). The output files use the following
naming convention:

XXX-YY__.out

Where:

XXX represents the facility modeled:
001 — HRSG1
002 - HRSG2
003 — FLARE

YY represents the year modeled

__ - represents the phase modeled:
B - Particle Bound Phase
P — Particle Phase
V — Vapor Phase

Based upon EPA guidance, for all inorganics except mercury, the Cyv, Dydp, Dywp come from
the Vapor phase and Particle Phase output files. For mercury, the Cyv, Dydp, Dywp come from
the Mercury Vapor Phase and the Particle Bound Phase output files.

The following table summarizes the modeling outputs for these variables:
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Table 6-5: Unitized Yearly Average Concentration from Vapor Phase (“Cyv”)
Modeling Output Summary For Inorganics Except Mercury (XXX_YYV.out)

HRSG1 HRSG2 FLARE TOTAL
Year Cyv Cyv Cyv Cyv
ug/m’ ug/m’ ug/m3 ug/m’
1986 0.28055 0.34024 0.1012 0.72199
1987 0.20948 | 0.25911 0.0912 0.55979
1988 0.27013 0.32718 0.09591 0.69322
1989 T 0.1963 0.24233 0.08241 0.52104
1990 0.41847 0.41789 0.11384 0.9502
MAX 0.9502

The sum of the data from the year with the highest modeled output (1990) was used for Cyv
(0.9502) except mercury and the sum of the data from the year with the highest modeled output
(1990) was used for mercury Cyv (0.6594, see Table 6-5A below).

Table 6-5A: Unitized Yearly Average Concentration from Vapor Phase (“Cyv”)
Modeling Output Summary For Mercury (XXX _YYM.out)

HRSG1 HRSG2 TOTAL
Year Cyv Cyv Cyv
ug/m’ ug/m’ ug/m’

1986 0.24119 0.29351 0.5347
1987 | 0.1772 0.21986 0.39706
1988 0.23094 0.2807 0.51164
1989 0.16886 0.20914 0.378
1990 0.29649 0.36291 0.6594

MAX 0.6594
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Table 6-6: Unitized Yearly Average Wet Deposition from Vapor Phase (“Dywv’’) Modeling

Output Summary for Inorganics Except Mercury (XXX_YYV.out)

HRSG1 HRSG2 FLARE | TOTAL
Year Dywv Dywv Dywv Dywv
g/m’-yr g/m’-yr_ g/m’-yr g/m’-yr
1986 0 o| o] 0
1987 | Of 0 0 0
1988 B o] 0 of . 0
1989 0 0 0 0
1990 0 0 0 0
MAX 0

For all metals except mercury, 0.0 is used since the Fv term is 0.0 for all metals.

Table 6-6A: Unitized Yearly Average Wet Deposition from Vapor Phase (“Dywv”) Modeling

Output Summary for Mercury (XXX-YYM.out)

HRSG1 HRSG2 TOTAL
Year Dywyv Dywv Dywv
g/mz_y r g/ mz_y r dmz'y r
1986 0 0 0
1987 0 0 0
1988 0 0 0
1989 0 0 0
1990 0 0 0
MAX 0
For Mercury, 0.0 was also used.
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Table 6-7: Unitized Yearly Average Wet Deposition from Particle Phase (“Dywp”’) + Unitized
Yearly Average Dry Deposition from Particle Phase (“Dydp”’) Modeling Summary for all
Inorganics Except Mercury (XXX-YYP.out)

HRSG1 HRSG2 FLARE TOTAL -
Year Dywp + Dydp || Dywp + Dydp | Dywp + Dydp | Dywp + Dydp
_g/m’-yr g/m’-yr g/m’-yr g/m’-yr

1986 1.14622 0.53066 (0.78372 2.4606
1987 0.40455 0.22048 0.06836 0.69339
1988 0.27231 0.28677 0.14154 0.70062
1989 0.43853 0.19878 0.20572 0.84303
1990 1.50164 0.72938 1.0385 3.26952

MAX 3.26952

The sum of the data from the year with the highest modeled output (1990) was used for Dywp +
Dydp (3.27) except mercury and the sum of the data from the year with the highest modeled
output (1990) was used for mercury Dywp + Dydp (0.83, see Table 6-7A below).

Table 6-7A: Unitized Yearly Average Wet Deposition from Particle Phase (“Dywp”) +
Unitized Yearly Average Dry Deposition from Particle Phase (“Dydp’’) Modeling Summary for
Mercury (XXX-YYB.out)

HRSG1 HRSG2 TOTAL
Year Dywp + Dydp | Dywp + Dydp | Dywp + Dydp
g/m’-yr _g/m’yr g/m’-yr
1986 0.42523 0.15322 0.57845
1987 0.40868 0.17402 0.5827
1988 0.27509 0.07817 0.35326
1989 0.443 0.12888 0.57188
1990 0.55536 0.27715 0.83251
MAX 0.83251

Using the data from Tables 6-5, 6-5A, 6-6, 6-6A, 6-7, and 6-7A, Cs was calculated. The results
of these calculations are contained in Table 6-8. Table 6-8 also compares the Cs values to the
Background Concentration, NOAEL Screening Level and the Eco-SSL Level where applicable
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6.3 QUANTITATIVE ANALYSIS RESULTS

The following table summarizes the results in Table 6-8 above, showing the soil concentrations
as a percent of the NOAEL Screening Level, percent of the Background Concentration and

percent of the EcCO-SSL level where applicable.

Table 6-9: Summary of Quantitative Analysis

Percent of

Percent of NOAEL Background
POLLUTANT Screening Level Concentration Percent of ECO-SSL. |
Arsenic 0.32% 0.32% 0.12% |
Cadmium 5.21% 7.90% 21.28%
Chromium 84.12% 4.86% 3.24%
Total Mercury* 7.30% 29.87% NA
Mercury (methyl)** 5.80% NA NA
Selenium 17.6% 17.6% NA
Lead 6.24% 0.49% 2.18%

*TOTAL MERCURY

The modeled maximum deposition composition for mercury represents total mercury and not what is
bioavailable, but the bioavailable portion is less than the total. Based upon the ECORISK View Model Mercury
wizard, the elemental mercury is 3.88E-6 g/sec of the total mercury modeled of 1.94E-3 g/sec modeled. The
concentration of elemental mercury contributed from the project is 29.87% of the current estimated background
so the risk analysis will not realistically be able to provide a meaningful number for a hazard estimate.

#MERCURY (METHYL)
The total modeled mercury (methyl) concentrations in the soil are 7.30% of the NOAEL screening level, and if it
is assumed that the background concentration of Mercury (methyl) is equal to the elemental mercury
concentration (0.11) then the modeled concentration is 41.4% of the Background level.
Based on comparison of the total modeled pollutant (including mercury (methyl)) concentrations
in the soil to the NOAFEL, EcO-SSL and the Background concentrations, there is no predicted

adverse impact on the bald eagle or the Indiana bat from TEC emissions of these pollutants.

6.4 INDIANA BAT FOOD CHAIN ANALYSIS

A food chain analysis has been prepared under the direction of the National Forest Service. This
analysis is in Appendix F. One analysis was prepared showing that the Indiana Bat consumed
100% of its daily diet of terrestrial insects inside the study area. This results in a NOAEL
Hazard Quotient of 1.78 and a LOAEL Hazard Quotient of 0.22. The NOAEL Hazard quotient
is mitigated by the fact that the LOAEL Hazard Quotient is low and the fact that the habitat for

the Indiana Bat is located on the perimeter of the study area and the calculation of Cs was based
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on the maximum impacts inside the study area which were near to the proposed project site and

not within the potential habitat.

Another food chain analysis was performed assuming that the Indiana Bat consumed 50% of the
terrestrial insects inside the study area and 50% of the Infaunal aquatic insects outside the study
area (since there were no identified aquatic receptors inside the study area). This resulted in a

NOAEL Hazard quotient of 0.89 and a LOAEL Hazard quotient of 0.11.
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7.0 CONCLUSION

Based upon the modeling results, calculations, and comparisons to (i) the NOAEL screening
level, (i1)) EcO-SSL, and (iii) soil background concentrations delineated above, emissions of
HAPs from the TEC are not expected to have a material adverse impact on potential endangered

species of concern (Bald Eagle and Indiana Bat) that could occur in proximity to the Project.
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APPENDIX A

“Recommended Scope of Analysis for Taylorville Energy Center (“TEC”) for
Endangered Species”



Recommended Scope of Analysis for Taylorville Energy; Center (TEC)
for Endangered Species August 24, 2006

Purpose of analysis:

The analysis is intended to determine whether the proposed construction of the Taylorville
Energy Center (TEC) is likely to directly or indirectly adversely affect federally listed species.
This recommended scope of analysis or roadmap recommends using USEPA’s ecological risk
assessment process to inform the decision points in section 7 of the Endangered Species Act.
Portions of the USEPA’s draft Screening Level Ecological Risk Assessment Protocol for
Hazardous Waste Combustion Facilities (EPA 530-D-99-001A) provides useful guidance for this
analysis. Although this guidance was designed specifically to assess the impact of hazardous
waste combustion facilities, it offers general approaches for assessing the fate of chemicals
released to the air that can be applied to all types of industrial facilities.

Overall, the evaluation should focus on emissions from the facility. To complete this analysis
we need an understanding of the background concentrations and deposition patterns. The
anticipated emissions from permitted but not yet operational facilities should be included in
background. The anticipated concentration in air or deposition at sites supporting listed species
should be compared against NOEL (No observed effects level) benchmarks thought to be
protective of the appropriate group (e.g., plants). The evaluation should look at the incremental
addition in the context of background concentrations.

Benchmarks:

For these analyses, commonly accepted NOEL (no observed effects levels) benchmarks should
be used. Where more than one benchmark can be found, the most conservative value should be
used, unless an explanation is given to justify a less conservative benchmark. When there is no
commonly accepted benchmark, there should be a search of the scientific literature for relevant
toxicity information to provide a basis for risk assessment for the species of concern.

Modeling protocol:

Modeling should follow the general guidance provided in Chapter 3 of USEPA’s SLERA
protocol for assessing chemical fate and transport. The modeling should show air concentrations
and deposition rates for all pollutants (where appropriate). The air emissions resulting from the
project should be modeled at the facility level, not on a unit basis. Total impacts should be
evaluated looking at the combined effects of the vapor phase, particle phase and particle-bound
phase of pollutants. ISCST3 is an acceptable model for this analysis. For chemicals amenable to
deposition, models in the SLERA guidance should be used to estimate concentrations in soil,
surface water, and sediment in conjunction with relevant fate and transport parameters.



Background Levels:

Site specific background concentrations in air, soil, water and sediment should be considered in
the effects analysis.

Suite of pollutants to consider:

The assessment should cover all air pollutants emitted from the facility including ozone, sulfur
compounds, oxides of nitrogen, carbon monoxide, particulates, and hazardous air pollutants.
USEPA will provide the analysis for ozone for this project.

Types of impact to consider:

1) Long term, depending upon pollutant. Compare the worst year of concentrations in
air or deposition on soil (over the last 5 years) with appropriate bench marks for chronic

effects.
2 ) Direct effects to listed plants and animals from exposure to the vapor phase, particle

phase and particle-bound phase of pollutants.
3) The indirect effects to animals from ingestion of plants, fish, and invertebrates that

have accumulated these pollutants.

Listed Species:

The species that should be evaluated for impacts from the project are the Bald Eagle and Indiana
Bat.
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NatureServe :
@ EXPLORE R ¢ An Online Encyclopedia of Life

Search | Aboutthe Data | AboutUs | ContactUs

<< Previous | Next >>  View Glossary

Platanthera leucophaea - (Nutt.) Lindl. Goggk:“’

Eastern Prairie White-fringed Orchid Search for Images on Google
Other Related Names: Habenaria leucophaea (Nutt.) Gray

Unique Identifier: ELEMENT_GLOBAL.2.134537

Element Code: PMORC1YOF0

Informal Taxonomy: Plants, Vascular - Flowering Plants - Orchid Family

Kingdom Phylum Class Order Family Genus
Plantae Anthophyta Monocotyledoneae Orchidales Orchidaceae Platanthera

Check this box to expand all report sections: [V

Concept Reference @)

Concept Reference: Kartesz, J.T. 1994. A synonymized checklist of the vascular flora of the United States, Canada, and Greenland.
2nd edition. 2 vols. Timber Press, Portland, OR.

Concept Reference Code: B94KAR0O1HQUS

Name Used in Concept Reference: Platanthera leucophaea

Taxonomic Comments: The western prairie white-fringed orchid (Platanthera praeclara) is now distinguished from P. leucophaea. In the
currently accepted sense (e.g., Kartesz, 1999 checklist), P. leucophaea is primarily east of the Mississippi River, and P. praeclara is

essentially west of that river.
Conservation Status @

NatureServe Status

Global Status: G3

Global Status Last Reviewed: 110ct2004

Global Status Last Changed: 110ct2004

Rounded Global Status: G3 - Vulnerable

Reasons:

Extirpated in much of its large historic range and is very rare throughout its current range. Most of this species’ wet prairie habitat has
been destroyed due to drainage and conversion to agriculture, fire suppression, and intensive mowing. Because of the destruction of
most of the natural grasslands east of the Mississippi River, large populations no longer occur anywhere in the United States (the only
population with more than 2000 individuals is in Ontario, Canada). The mostly small, isolated populations that remain are not
representative of populations supported by the once-vast prairie habitat, and many are only infrequently visited by appropriate
pollinators.

Nation: United States

National Status: N3

Nation: Canada

National Status:N2
[U.S. & Canada State/Province Status

United llinois (S1), Indiana (S1), lowa (S1), Maine (S1), Michigan (S1), Missouri (SH), New York (SH), Ohio (S2), Oklahoma
States (SH), Pennsylvania (SX), Virginia (S1), Wisconsin (S2S3)
M | 1
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I|Canada ||Ontario (S2) ||

Other Statuses

U.S. Endangered Species Act: LT: Listed threatened (28Sep1989)
U.S. Fish & Wildlife Service Lead Region: R3 - North Central
Committee on the Status of Endangered Wildlife in Canada (COSEWIC): Endangered (01May2003)

NatureServe Conservation Status Factors

Global Short Term Trend Comments: Declining throughout its range.

Threats: Loss of habitat from draining and ditching for crop production, and commercial and residential development. Populations along
the shores of the Great Lakes are threatened by high water levels and invasion of purple loosestrife. Grazing by cattle and deer. Cutting
hay in midsummer prevents populations from dispersing seed. Fire exclusion allows woody shrubs to invade prairie sites. Collection by

orchid fanciers and wildflower gardeners.

Distribution @
U.S. States and Canadian Provinces

State/Province
Conservation

Status

. Presumed
. sX: Extirpated
Possibly

SH: Eirpated

. Critically
" Imperiled

: Imperiled

: Vulnerable

. Apparently
" Secure

. Secure

Not
Ranked/Under
Review (SNR/SL)

LN

Conservation
Status
Not Applicable {SNA)

D Exotic

Hybrid without
Consefvation
~ Value

|U.S. & Canada State/Province Distribution
|United States |IA, IL, IN, ME, M|, MO, NY, OH, OK, PAF, VA, Wi
[canada |ON ]
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Range Map
No map available.

U.S. Distribution by County (based on available natural heritage records) @
State|County Name (FIPS Code)
IA |Decatur (19053), Jackson (19097), Johnson (19103), Jones (19105)

IL Cook (17031), DuPage (17043), Grundy (17063), Hancock (17067), Henry (17073), Iroquois (17075),
Kane (17089), Lake (17097), Mchenry (17111), Will {(17197)

IN  |White (18181)
ME |Aroostook (23003)

Ml |Bay (26017), Huron (26063), Livingston (26093), Monroe (26115), Saginaw (26145) St. Clair (26147), St.
Joseph (26149), Tuscola (26157), Washtenaw (26161), Wayne (26163)

OH |Clark (39023), Holmes (39075), Lucas (39095), Ottawa (39123), Sandusky (39143), Wayne {39169)
VA |Augusta (51015)

|WI  |Dane (55025), Jefferson (55055), Kenosha (55059), Ozaukee (55089), Rock {55105), Walworth (55127),
Waukesha (565133), Winnebago (55139)

U.S. Distribution by Watershed (based on available natural heritage records) (3)

Watershed
Region (3) Watershed Name (Watershed Code)
01 Mattawamkeag (01020003)
02 South Fork Shenandoah (02070005)
04 Upper Fox (04030201), Wolf (04030202), Pike-Root (04040002), Milwaukee (04040003), St.
Joseph (04050001), Pigeon-Wiscoggin (04080103), Saginaw (04080206), Lake Huron.(04080300), Lake
St. Clair (04090002), Detroit (04090004), Huron (04090005), Ottawa-Stony (04100001), Cedar-
Portage (04100010), Sandusky (04100011), Lake Erie (04120200)
05 Walhonding (05040003), Upper Great Miami (05080001), Tippecanoe (05120106}
07 Maquoketa (07060006), Lower Wapsipinicon (070801 03), Flint-Henderson (07080104), Middle
lowa (07080208), Upper Rock (07090001), Crawfish (07090002), Pecatonica (07090003),
Sugar (07090004), Green (07090007), Bear-Wyaconda (07110001), Kankakee (07120001),
Iroquois (07120002), Chicago (07120003), Des Plaines (07120004), Upper lllinois (07120005), Upper
Fox (07120006), Lower Fox (07120007)
10 Thompson (10280102)
Ecology & Life History Not yet assessed
Economic Attributes Not yet assessed
Management Summary Not yet assessed

Population/Occurrence Delineation

Alternate Separation Procedure: Use the Habitat-based Plant Element Occurrence Delimitation Guidance (2004).
Date: 010Oct2004

Population/Occurrence Viability Not yet assessed

U.S. Invasive Species Impact Rank (I-Rank) Not yet assessed

Authors/Contributors

NatureServe Conservation Status Factors Edition Date: 21Jul1992

NatureServe Conservation Status Factors Author: S. Gottlieb (1992), EO specs and rank specs by Mike Penskar (1995), rev. L.
Morse (1995), rev. Maybury/Penskar (1996)

Botanical data developed by NatureServe and its netwerk of natural heritage programs (see Local Programs), The North Carolina
Botanical Garden, and other contributors and cooperators (see Sources).
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Endangered Species Facts - pdf version

Leafy Prairie-Clover
(Dalea foliosa)

Status: Endangered

Habitat: This plant is found in prairie remnants along the Des Plains River in
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Illinois, in thin soils over limestone substrate. In Alabama and Tennessee it
lives in prairie-like areas on the edges of cedar glades. It favors sites with a wet
spring and fall and a dry summer.

Why It's Threatened: Surviving today at only 14 sites, this clover and its
habitat are threatened by land development. Leafy prairie-clover is especially
vulnerable to commercial and residential development and to road construction.
Other threats include off-road vehicle use and grazing by rabbits and deer.

Fire suppression practices have eliminated the wildfires which once regularly
cleared prairie grassiands of the encroaching woods. Now the expansion of
shrubs and trees threatens this clover, which needs hot, sunny sites to survive.

Phone: 612/713-5360
V/TTY: 800-657-3775

Disclaimer

Region 3 Endangered Species Home Page
National Endangered Species Home Page
Region 3 Home Page USFWS Home Page

U.S. Fish and Wildlife Service
Division of Endangered Species
BHW Federal Building
1 Federal Drive
Fort Snelling, Minnesota 55111-4056
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U.S. FISH AND WILDLIFE SERVICE
DIVISION OF ENDANGERED SPECIES

SPECIES ACCOUNTS

Source: Endangered and Threatened Species of the Southeastern United States (The Red Book) FWS
Region 4 -- As of 2/92

LEAFY PRAIRIE-CLOVER

(Dalea (=Petalostemum) foliosa)

FAMILY: Fabaceae
STATUS: Endangered, Federal Register, May 1, 1991

DESCRIPTION: Leafy prairie-clover is a perennial with erect 0.5-meter (1.5-foot-) tall stems that arise
from a hardened root crown. The plant's pinnately compound alternate leaves are 3.5 to 4.5 centimeters
(1.4 to 1.8 inches) long and are composed of 20 to 30 leaflets. The small purple flowers are borne in
dense spikes at the end of the stems (Smith and Wofford 1980). Flowering begins in late July and
continues through August. Seeds ripen by early October and the above-ground portion of the plant dies
soon afterward. The dead stems remain erect and disperse ripened seeds from late fall to early spring
(Baskin and Baskin 1973).

RANGE AND POPULATION LEVEL: This species is known from three states: Alabama, Tennessee,
and Illinois. There are four known locations for leafy prairie-clover in Alabama. At the present time two
of these are believed to be extant and two extirpated (Scott Gunn, Alabama Natural Heritage Program,
personal communication, 1990).

In Illinois, leafy prairie-clover was originally known from six counties in the northeastern portion of the
State (Kurz and Bowles 1981). Currently there are three known populations. All are in prairie remnants
along the Des Plaines River in Will County. Historically, the species was also found in Boone, Ogle,
Kane, La Salle, and Kankakee Counties.

The U.S. Fish and Wildlife Service believes that there are currently only nine viable leafy prairie-clover
populations in Tennessee. Most of these populations are small and contain fewer than 50 individual
plants.

HABITAT: Leafy prairie-clover is typically found growing in close association with the cedar glades of
central Tennessee and northern Alabama. However, it seems to prefer the deeper soil of the prairie-like
areas along the boundaries of and within the rocky cedar glades (Smith and Wofford 1980). In Illinois,
the species is now found only along the Des Plaines River, growing in prairie remnants that occur on
thin-soil areas overlying dolomite (Kurz and Bowles 1981).

REASONS FOR CURRENT STATUS: Most of the known populations of this plant are threatened
with destruction or adverse modification of their habitat. The leafy prairie-clover is best protected in
Illinois, where two of the three known extant sites are being managed to protect the species. A fourth
Ilinois population was recently destroyed; it is not known if the site can be acquired and the leafy
prairie-clover restored (De Mauro in [itt., Kurz and Bowles 1981).
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An extirpated population in Franklin County, Alabama, was apparently destroyed by a series of
construction activities which included road-widening and associated construction and, later, installation
of an underground pipeline (Cary Norquist, U.S. Fish and Wildlife Service, personal communication,
1989). The small Morgan County, Alabama, population is vulnerable to loss or alteration by residential
construction or conversion to livestock pasture (Smith and Wofford 1980). Two of Tennessee's nine
currently confirmed viable populations are partially protected. Most of the Williamson County
population was acquired by The Nature Conservancy through donation and is protected from outright
destruction. Another portion of this population is still privately owned and is thereby vulnerable to loss
in the future.

The best and largest Tennessee population is located on land owned by the Tennessee Valley Authority
(TVA) in Maury County. This site was acquired as a part of the proposed Columbia Dam project area.
Completion of this project has been delayed while TVA has been pursuing a mussel conservation plan
aimed at avoiding jeopardy to federally-listed endangered mussels that inhabit the project impact area.
Several alternatives to the original project are currently being evaluated by the TVA (Tennessee Valley
Authority 1988). These alternatives could involve lower floodpool levels than originally proposed.
Should they be chosen, the altered project would have no impact on the Leafy prairie-clover population.
If the full-pool alternative is implemented, approximately 50 percent of this Maury County population
would be inundated.

An additional factor which threatens Leafy prairie-clover is the extended drought condition which the
species has faced during the past few years. The extremely dry summer of 1988 is probably responsible
for the low survival rate of plants reintroduced to one of the Kankakee County, Illinois, locations. Only
6 of 105 plants transplanted to the site survived to the end of the summer. These conditions can be
expected to be causing higher than normal mortality of seedlings in the natural populations and could, if
they continue over an extended period of time, have an adverse effect on the survival of the plant.
MANAGEMENT AND PROTECTION: The Illinois Department of Conservation recently attempted
to reestablish the species at one of the historic Kankakee County sites. The results of this effort are
addressed above. Williamson County Tennessee, supports one population of the species, and most of
this site was donated to The Nature Conservancy and is protected.
Recovery actions needed for the species include:

(1) Determination of the relative importance of all known populations;

(2) Provision of the protection needed to ensure survival of populations determined to be essential
to recovery of the species;

(3) Provision of the management needed to ensure survival of species;

(4) Enforcement of laws prohibiting inappropriate trade and taking; and,

(5) Protection of genetic material through cultivation and seed banks.
Research needed to ascertain the protection requirements of the species:

(1) Determination of the habitat requirements of the species;

(2) Determination of the biology and life history of the species;
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(3) Determination of the appropriate means of maintaining the species habitat in a manner
conducive to its survival; and,

(4) Development of the techniques needed to reestablish the species at sites from which it has
been extirpated.

REFERENCES:
Barneby, Rupert C. 1977. Daleae Imagines, An Illustrated Revision of Errazurizia Phillippi,
Psorothamnus Rydberg, Marina Liebmann, and Dalea LLucanus emend. Barneby, including all species

of Leguminosae tribe Amorpheae Borissova ever referred to Dalea--Dalea foliosa, Mem. New York
Bot. Garden 27:244-245, 702-703.

Baskin, J.M., and C. Caudle. 1967. Petalostemon Foliosus in Alabama. Rhodora 69:383-384.

Baskin, J.M., and C. Baskin. 1973. The Past and Present Geographical Distribution of Petalostemon
Foliosus and Notes on Its Ecology. Rhodora 75:132-140.

Gray, Asa. 1868. Proceedings Amer. Acad. 7:336 (type description).

Kral, Robert. 1983. A Report on Some Rare, Threatened, or Endangered Forest-related Vascular Plants
of the South. USDA, Forest Service Tech. Pub. R§-TP2 Vol. 1. 718 pp.

Kurz, D.R., and M.L. Bowles. 1981. Report on the Status of Illinois Vascular Plants Potentially
Endangered or Threatened in the United States. Unpublished report, Natural Land Institute, Rockford,
Ilinois. 7 pp.

Smith, D.K,, and B.E. Wofford. 1980. Status Report - Petalostemum Foliosum Gray (Dalea foliosa
[Gray] Barneby). Unpublished report for the USDI, Fish and Wildlife Service, Southeast Region,
Atlanta, Georgia. 31 pp.

Tennessee Valley Authority. 1988. Biological Assessment of Columbia Dam Alternatives, Duck River,
Tennessee. Unpublished report, Knoxville, Tennessee. 28 pp., plus 3 appendices.

For more information please contact:
US Fish and Wildlife Service

330 Ridgefield Court

Asheville, North Carolina 28806

Telephone 704/665-1195, ext. 224
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APPENDIX D
COOLING TOWER CHEMICALS



POTENTIAL CHEMICALS FOR USE IN THE COOLING TOWERS AT TEC

COOLING WATER CHEMICALS NOTES MAMMAL|AQUATIC
LDs, LCs
Corrosion inhibitors
Zinc 4.0 to 6.0 ppm dose rate ND ND
Sodium 2 mercaptobenzothiazole with||50 to 150 ppm dose rate
olyacrylamides ND ND
Polydiol ND ND
Polystyrene ND ND
Benzotriazole with a combination of 1|50 to 150 ppm dose rate
polyamines, phosphoramides,
phosphonium compounds 560 ND
1 hydroxyethlidene-1, 1-diphophonic |[3.1 ppm per | ppm alkalinity dose rate
acid , 2400 ND
Organo-phosphate > 10 ppm active ND ND
Polyphosphate 1 to 3 ppm dose rate >2000 >101
Scale Control
Oxydiacetates Chelating agent 2440 ND
Iminodiacetates Chelating agent 8070 ND
Oxydisuccinates Chelating agent ND ND
Polyphosphonates Chelating agent >2000 >101
Phosphate esters Chelating agent 500 ND
Polyacrylates Chelating agent >5000 590
Iminodiacetates Chelating agent 8070 ND
Nitilotriacetic acid Chelating agent 1100 ND
Sulfuric Acid Alkalinity Control 1 ppm Acid per 1 ppm Calcium
bicarbonate 2140 100
Fouling Control
Polyacrylate 5000 ND
Polyacrylamides >8200 ND
Lignosuphonates >5000 ND
Biocides
Bromine Oxidizing, 0.2 to 0.5 ppm residual, Shock 25 ppm two
times per week 2600 ND
Ozone Oxidizing, typically not used for cooling towers ND ND
Sodium Hypochlorite14.7 % solution ||Oxidizing, 1ppm free Chlorine residual for 2 hours for
shock biological control, 0.42 1b/1000 gal ND ND
Alkyl dimethyl benzyl ammonium Non-oxidizing biocide, 0.83 LB/1000 gal
chloride, 15 % solution, with
Bis(tributyltin) oxide, 3.2 % solution ND ND
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APPENDIX F
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APPENDIX G
QUALITATIVE ASSESSMENT OF OTHER COPECs
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This attachment provides a qualitative assessment of the potential for adverse effects from the

emissions of those constituents of potential ecological concern (COPECsSs) not evaluated

quantitatively in this ESA Screening Analysis.

C.1 VOLATILE ORGANIC COMPOUNDS

Brief profiles summarizing information in the readily available scientific literature on sources,

environmental fate, and ecological effects are presented for the following volatile organic

compounds: formaldehyde, benzene, toluene, xylene, and propylene oxide.

The following emissions for the TEC plant are used in this analysis:

COPEC EMISSIONS EMISSIONS
TONS/YR G/S
Formaldehyde 0.434 0.01248
Benzene 0.511 0.01467
Toluene 0.0843 0.002425
Xylene ' 0.895 0.0257
Propylene Oxide 0.406 0.01168

To evaluate the potential for adverse effects on these COPECs, the emission (g/s) are multiplied

by the following unitized (i.e. ug/m3 per 1 g/s) maximum short term and annual average

concentration impacts for the IGCC units combined from the ISCST3 modeling to predict

maximum average concentrations of each COPEC in air.

MAXIMUM UNITIZED IMPACT
IN STUDY AREA
AVERAGING TIME (ug/m3 per g/s)
1-HOUR 32.97135
3-HOUR 21.01314
8-HOUR 13.1634
24-HOUR 8.7595
ANNUAL 0.63655
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C.1.1 Formaldehyde

Sources and Environmental Fate Characteristics

Formaldehyde enters the environment from natural and anthropogenic sources. Secondary
formation also occurs, by the oxidation of natural and anthropogenic organic compounds present
in air. Formaldehyde does not persist in the environment, but its continuous release and

formation can result in chronic exposure of biota near sources of release and formation. .

Formaldehyde emitted to air primarily reacts with photochemically generated hydroxyl radicals
in the troposphere or undergoes direct photolysis. The atmospheric half-life of formaldehyde,
based on hydroxyl radical reaction rate constants, is calculated to be between 7 and 70 hours.
Small amounts of formaldehyde may also transfer into rain, fog, and clouds or be removed by
dry deposition. Formaldehyde is not expected to absorb to soil particles to a great degree and

would be considered mobile in soil.
Potential Ecological Effects

Formaldehyde in air does not cause significant effects in terrestrial plants at low concentrations.
The most sensitive effect found for plants was an increase in the growth of shoots, but not roots,
in a study on the common bean plant. Other effects on plants include reduction of pollen tube
length in lily and reductions in leaf area, leaf dry weight, stem dry weight, flower number, and
number of mature seed pods that produce seed in winter wheat, aspen, rapeseed (Brassica rapa)

when exposed to formaldehyde in fog water.

Formaldehyde is known to be an effective disinfectant, killing bacteria, viruses, fungi, and
parasites at relatively high concentrations. Sensitive effects for terrestrial invertebrates include
mortality of nematodes in peat fumigation applications and destruction of eggs and largae of

cattle parasites using formaldehyde solutions.

No acute chronic toxicity data are available for wild animals, birds, reptiles, or terrestrial
invertebrates. However, laboratory animals experienced histopathological effects and an
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increase in cell proliferation in the nasal and respiratory tracts when exposed repeatedly to
formaldehyde by inhalation for up to 13 weeks. Most short term and subchronic studies have
been conducted on rats and have determined that histopathological and sustained proliferative

response occurred in the nasal cavity at concentrations of 3,700 ug/m3 and above.

Qualitative Evaluation

Formaldehyde concentrations in air within the study area were predicted from the ISCST3
modeling described in Section 3. The predicted maximum 1-hour, 3-hour, 8-hour, 24-hour, and
annual average concentrations within the study area are represented in Table C-1. Effect levels
reported in scientific literature for exposure of plants and laboratory animals (mammals) to
formaldehyde in air are also presented. Effect levels for birds were not found in the readily
available literature. As indicated in Table C-1, the predicted maximum average formaldehyde
concentrations, at all averaging times, are orders of magnitude less than the exposure levels

associated with adverse effects in plants and mammals.

References
Environment Canada and Health Canada. 2001. Priority Substances List Assessment Report.

Formaldehyde. Canadian Environmental Protection Act, 1999. (February 2001)

Prairie State Screening Level Ecological Risk Assessment, 2004. Prepared by Malcolm Pirnie,
Inc. (April 2004)
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-C.1.2 Benzene

Sources and Environmental Fate Characteristics

Benzene is commonly found in the environment. Industrial processes are the main sources of
benzene in the environment. Benzene levels in the air can increase from emissions from burning
coal and oil, benzene waste and storage operations, motor vehicle exhaust, evaporation from
gasoline service stations, and use of industrial solvents. Since tobacco contains high levels of
benzene, tobacco smoke is another source of benzene in air. Industrial discharge, disposal of
products containing benzene, and gasoline leaks from underground storage tanks can release

benzene into water and soil.

If benzene is released to soil, it will be subject to rapid volatilization near the surface and that
which does not evaporate will be highly to very highly mobile in the soil and may leach to
groundwater. It may be subject to biodegradation based on reported biodegradation of 24% and
47% of the initial 20 ppm benzene in a base-rich para-brownish soil in 1 and 10 weeks,
respectively. It may be subject to biodegradation in shallow, aerobic groundwaters, but probably

not under anaerobic conditions.

If benzene is released to water, it will be subject to rapid volatilization; the half-life for
evaporation in a wind-wave tank with a moderate wind speed of 7.09 m/sec was 5.23 hrs; the
estimated half-life for volatilization of benzene from a model river one meter deep flowing 1
m/sec with a wind velocity of 3 m/sec is estimated to be 2.7 hrs at 20 deg C. It will not be

expected to significantly adsorb to sediment, bioconcentrate in aquatic organisms or hydrolyze.

It may be subject to biodegradation based on a reported biodegradation half-life of 16 days in an
aerobic river die-away test. In a marine ecosystem biodegradation occurred in 2 days after an
acclimation period of 2 days and 2 weeks in the summer and spring, respectively, whereas no
degradation occurred in winter. According to one experiment, benzene has a half-life of 17 days
due to photodegradation which could contribute to benzene's removal in situations of cold water,

poor nutrients, or other conditions less conductive to microbial degradation.
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If benzene is released to the atmosphere, it will exist predominantly in the vapor phase. Gas-
phase benzene will not be subject to direct photolysis but it will react with photochemically
produced hydroxyl radicals with a half-life of 13.4 days calculated using an experimental rate
constant for the reaction. The reaction time in polluted atmospheres which contain nitrogen
oxides or sulfur dioxide is accelerated with the half-life being reported as 4-6 hours. Products of

photooxidation include phenol, nitrophenols, nitrobenzene, formic acid, and peroxyacetyl nitrate.

Benzene is fairly soluble in water and is removed from the atmosphere in rain. The primary
routes of exposure are inhalation of contaminated air, especially in areas with high traffic, and in

the vicinity of gasoline service stations and consumption of contaminated drinking water.

Potential Ecological Effects
Acute toxic effects may include the death of animals, birds, or fish, and death or low growth rate
in plants. Acute effects are seen two to four days after animals or plants come in contact with

a toxic chemical substance.

Benzene has high acute toxicity to aquatic life. It can cause death in plants and roots and
membrane damage in leaves of various agricultural crops. No data are available on the short-

term effects of benzene on birds or land animals.

Chronic toxic effects may include shortened lifespan, reproductive problems, lower fertility, and
changes in appearance or behavior. Chronic effects can be seen long after first exposure(s) to a

toxic chemical.

Benzene has high chronic toxicity to aquatic life. No data are available on the long-term effects

of benzene on plants, birds, or land animals.

Qualitative Evaluation

Benzene concentrations in air within the study area were predicted from the ISCST3 modeling
described in Section 3. The predicted maximum 1-hour, 3-hour, 8-hour, 24-hour, and annual
average concentrations within the study area are represented in Table C-2. Effect levels reported
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in scientific literature for exposure of plants and laboratory animals (mammals) to benzene in air
are also presented. Effect levels for birds were not found in the readily available literature. As
indicated in Table C-2, the predicted maximum average benzene concentrations, at all averaging
times, are orders of magnitude less than the exposure levels associated with adverse effects in

plants and mammals.

References
Toxicological Profile for Benzene August 1995 Update, Agency for Toxic Substances and
Disease Registry, United States Public Health Service

http://www.epa.gov/safewater/dwh/t-voc/benzene.html

http://rais.ornl.gov/tox/profiles/benzene.shtml
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C.1.3 Toluene

Sources and Environmental Fate Characteristics
Toluene enters the environment when you use materials that contain it, such as paints, paint

thinners, adhesives, fingernail polish, and gasoline or combust fuel such as coal based on AP-42
emission factors for coal combustion. As you work with these materials, the toluene evaporates
and becomes mixed with the air you breathe. Toluene enters surface water and groundwater
(wells) from spills of solvents and petroleum products as well as from leaking underground
storage tanks at gasoline stations and other facilities. Leaking underground storage tanks also

contaminate the soil with toluene and other petroleum-product components.

When toluene-containing products are placed in landfills or waste disposal sites, the toluene can
enter the soil and water near the waste site. Toluene does not usually stay in the environment; it
is readily broken down to other chemicals by microorganisms in soil and evaporates from surface
water and surface soils. Toluene dissolved in well water does not break down quickly while the
water is under the ground because there are few microorganisms in underground water. Once the
water is brought to the surface, the toluene will evaporate into the air. Windows and doors in
rooms where toluene-containing products are used should be opened to allow the toluene gas to
escape. The toluene in the air will combine with oxygen and form benzaldehyde and cresol.

These compounds can be harmful to humans.

Toluene can be taken up into fish and shellfish, plants, and animals living in water containing
toluene, but it does not concentrate or build up to high levels because most animal species can

make the toluene into other compounds that are excreted.

Because of its relatively high vapour pressure and moderate solubility in water, the atmosphere
plays an important role in the distribution and ultimate fate of toluene (SRI, 1980; Mackay et al.,
1992). Based on various modelling simulations, it has been predicted that about 99% of toluene
released into the environment should be present in the atmosphere (Slooff and Blokzijl, 1988;
Nielsen and Howe, 1991; Mackay et al., 1992). Once released to the atmosphere, either directly
or by volatilization from other media, toluene photooxidizes relatively quickly in a reaction with
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hydroxyl radicals to yield cresols, benzaldehyde, and a number of other products that are
themselves degraded further (NRC, 1980; Finlayson-Pitts and Pitts, 1986; Atkinson, 1990). The
minimum tropospheric lifetime for toluene has been calculated to be 4.5 hours (Finlayson-Pitts
and Pitts, 1986), but half-lives as long as 10 days have been calculated for northern latitudes in
winter [Syracuse Research Corporation, 1983]. Toluene is not associated with depletion of
stratospheric ozone or with global warming because of its relatively short atmospheric lifetime

and because it does not absorb ultraviolet radiation (NRC, 1980).

Gilbert et al. (1983) calculated a half-life of 9 seconds for volatilization of toluene from the soil
surface. For the top centimetres of soil, the half-lives were calculated to be less than 1 hour for
volatilization from dry soil and less than 1 day from wet soil; for the top 10 cm of soil, half-lives

were less than 3 days for dry soil and less than 1 month for wet soil (SRI, 1980).

Potential Ecological Effects
In animals, the main effect of toluene is on the nervous system. Animals exposed to moderate or

high levels of toluene may also show slightly adverse effects in their liver, kidneys, and lungs.

Several studies have shown that unborn animals were harmed when high levels of toluene were

breathed in by their mothers.
No data could be found on the ecological effects of toluene on plants.

Qualitative Evaluation

Toluene concentrations in air within the study area were predicted from the ISCST3 modeling
described in Section 3. The predicted maximum 1-hour, 3-hour, 8-hour, 24-hour, and annual
average concentrations within the study area are represented in Table C-3. Effect levels reported
in scientific literature for exposure of laboratory animals (mammals) to toluene in air are also
presented. Effect levels for birds were not found in the readily available literature. As indicated

in Table C-3, the predicted maximum average toluene concentrations, at all averaging times, are
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orders of magnitude less than the exposure levels associated with adverse effects in plants and

mammals.

References

http://www.eco-usa.net/toxics/toluene.shtml

Canadian Environmental Protection Act, Priority Substances List, Assessment Report No.4

http://rais.ornl.gov/tox/profiles/toluene f V1.shtml#t32
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C.1.\4 Xylene

Sources and Environmental Fate Characteristics
Xylene isomers are highly volatile and have been found to disappear rapidly from solution

(WHO, 1997); for example, the half-life of o-xylene has been estimated to be 39 minutes in

2
agitated water, 1 meter deep and with a 1 m surface for evaporation. Both m-xylene and p-
xylene are readily biodegradable; however, in soil and water, o-xylene has been observed to be
more persistent. Bioaccumulation of all three xylene isomers has been reported to be low. Based

on experimental K __ values, xylene is expected to have moderate to high mobility in soils, and
based on measured K __ values, xylene is expected to adsorb somewhat to sediment or particulate

matter in water (HSBD, 2005).

The EFED Science Chapter reports the following: “The most important fate property for
xylenes applied to a drainage ditch is volatilization. Xylenes are also susceptible to
biodegradation under aerobic conditions, but the rate of volatilization (half-life of about 2 days
in a shallow water body; 1.2 days in typical river and 6.0 days in a pond
http://www.epa.gov/OGWDW/dwh/t-voc/xylenes.html) is significantly greater than the rate of
degradation (half-life on the order of 20 days) (API 1994). Abiotic degradation mechanisms,
such as hydrolysis and photolysis, are not important for aromatic petroleum solvents. Although
xylenes have high to moderate mobility in soils when applied directly to water, leaching to
groundwater is considered unlikely.” In addition, additional information is presented indicating
that photolysis and hydrolysis are not important environmental fate pathways because the
xylene isomers do not absorb photons of light with a wavelength greater than 290 nm, nor do
they possess functional groups that are susceptible to hydrolysis under environmental

conditions.

: 3
Mean background levels of the xylene isomers are around 1 pg/m and 0.1 pg/L in ambient air
and in surface waters, respectively (WHO, 1997). Higher values have been measured in
industrial areas, particularly around oil industries associated with discharge pipes. High levels

of xylenes have been reported in groundwater associated with underground tanks and pipes.

KENTUCKIANA ENGINEERING CO., INC. G-15 Taylorville Energy Center
Draft ESA Screening Analysis
Submitted: December 2006



Potential Ecological Effects
WHO (1997) has described xylene as having moderate to low acute toxicity for aquatic
organisms. The variation between each isomer with regard to aquatic toxicity is small. The

lowest LC,, value, 1 mg/L, is based on a 24-hour eprsure with Daphnia magna. This value is
much higher (close to 10,000 times higher) than the mean background concentrations in surface
water, as reported in the WHO (0.1 pg/L). In the WHO (1997) review, the lowest 96-hour LCq,
value for any fish species was 1.7 mg/L, to the striped bass, a marine species, and the lowest 96-

hour LC, value to a freshwater species was 2.6 mg/L to the rainbow trout. Studies on terrestrial

organisms (e.g., Japanese quail) have reported no overt toxicity at concentrations as high as

5000 mg/kg and LC,,'s of greater than 20,000 mg/kg. No studies on terrestrial plants

invertebrates or field effects have been reported. Limited information is available on the chronic
exposure of aquatic organisms and none of the effect levels were lower than those observed in
the acute studies. The overall risk to the aquatic environment has been determined to be low,
considering the rapid volatilization and degradation of xylenes and their low to moderate

toxicity to organisms (WHO, 1997).

The EFED Science Chapter characterizes the ecotoxicity data as follows: “In general,
results of acute toxicity studies indicate that mixed xylenes and xylene isomers are
moderately to highly toxic to aquatic species. The acute toxicity values used to estimate

risks to aquatic organisms are as follows:

freshwater fish: 96-hour LC,, value of 2.6 mg/L for p-xylene in rainbow trout (Salmo
gairdneri);

freshwater invertebrates: 24-hour LC, value of 1.0 mg/L for m-xylene in water flea
(Daphnia magna);

estuarine/marine fish: 24-hour LC,, value of 2.0 mg/L for p-xylene in striped bass

(Morone saxatilis);

estuarine/marine invertebrates: 96-hour LC, value of 1.3 mg/L for o-xylene in bay

shrimp (Crago francisocrum),
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algae: 72-hour LC,, value of 3.2 mg/L for p-xylene in green algae (Selenastrum

capricornutum).”

In addition, due to the rapid volatilization of xylenes from water (half-lives range from less
than 2 days in a shallow flowing water body to 6 days in a pond), chronic exposure of
aquatic and terrestrial ecosystems is not expected. Thus, chronic toxicity studies were not

assessed, and there are no requirements for additional chronic toxicity testing.

No data could be found on the ecological effects of toluene on plants.

Qualitative Evaluation

Xylene concentrations in air within the study area were predicted from the ISCST3 modeling
described in Section 3. The predicted maximum 1-hour, 3-hour, 8-hour, 24-hour, and annual
average concentrations within the study area are represented in Table C-4. Effect levels reported
in scientific literature for exposure of laboratory animals (mammals) to toluene in air are also
presented. Effect levels for birds were not found in the readily available literature. As indicated
in Table C-4, the predicted maximum average toluene concentrations, at all averaging times, are
orders of magnitude less than the exposure levels associated with adverse effects in plants and

mammmals.

References

Re-registration Eligibility Decision for Xylene, List C, Case No. 3020, September 26, 2005
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Table C-4: Qualitative Assessment for Xylene

Predicted Maximum Average Concentrations in Study

Are a
k]
(ug/m’) (ppm)
1-Hour 0.847364 0.00019519
3-Hour 0.540038 0.000124397
8-Hour 0.338299 7.79269E-05
24-Hour 0.225119 5.1856E-05
FAnnual 0.016359 3.76828E-06
MOAEL: 250 merkg-day
NTP Chronic 2-year Rats £, 250, or 00 LOAFL: 500 mgke-day
sudy (1686) mgikg-dwy Mixed xylenes (63% m- (tased on decreased body weight and
xylene, 13.6% p-xylene, deceawd sunival)
9.1% o-xylene, 17.0% L 500
TP Chrosic 2-year ice o, 500 e 1060 etiylbenzene LOREL: 1000 mevke toy
udy | 1986) ong/kg-Giy .
(tased cn. hyperactivieyy
- NOAEL: 500 mgkp-day
NTP 1 3week study Rals e :i‘:f'u‘:]icozgu LOAEL: 100D mgykg-day
£1986) N k-G {based co decreased body weightin
g Nixed xylenes (0% m- male mtswithout isse ke sons)
xylene, 13 6% paykne,
17.0% ethybemene, 9.1% NOAEL: 1600 my'ke-day
0, 125,250, 500, o-xylena) LOAEL 2000 mg'kg-day
NTP 1 2-week
{19867 sy Mice 1000, snd 2000 fbamd cn tomsant signs of PeIVOIS
mgkg-doy system depression it mice without
o Jesions)
e . MNOAEL: 200 mgke-doy
Wtk 19""’*“]‘ ) 90-day Rats ;luﬁé&;fh:; vl (95 purieg LOAEL: S00 mgkg-day
{bamd oo decrensed body weighty
NOAFL: 200 ma'kg-day
[walke ( b 3 . LOABL: 800 mg'kg-day
o sy ooy | g, ro0 oty | Fteme 9% peent | (based o eatly morhity in make mis
- = that showed signs of ®st matanal
aspiration inte the lungsy
dylones (17.6% NOAEL: 158 myykp-dny
Mined xylenes (17, o .
Condie (1988) 00-day rars @ 150,750, o1 | xviene, 52 3% oy ens and LOAEL: 70 my/kgday
a 1500 mg'kg-day | p-xylene (which coelned), (b“ﬁ ‘:::;‘;;:d hd“zyrgm@“
0% 2thy| 4 nephropathy in £ ruals sts)
NIP 285 studv;
Shrogic Zooeae gudy
. Target orgarisms;
. SOomak and 50 femake Fischer 343 ras
- 5Cymak and 50 femak BECAF] mioe
. DosesTength of study :
. Mixed Xylenes (B0% mAYRE, 13.6% payieme. 9.1% o-xyviene, 17 0% cthybenzens)
. Adminiseered by gavage in oo oil
. Rats: O, 2550, oo 500 mgykp-day
. Mice @ 500, or 1000 mpky-day
- 5 daysmveek for 103 weaks
> Results:
. Rats: LOAEL is 500 mkg-day snd the NOAEL is 250 mgykg-day for decoansad body weight and decreased sunival
. Mice Th21LOAEL ig 1020 maykg-day and the NOAEL is 500 mgkp-day for by pemctivity
24
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Gor 100 ppm for MOAFL: not identitied
Korsketa (1992) | o Smonthsce | toluens, mexykne, ora LOAEL 100 ppm
f-month study 1000 ppm for 3 1:1 mixture (hased on cecreused rotard
months perfonmance snd decramd
spoatanaous motor activity)
NOWEL: 5¢ ppm
LOAEL: 100 ppm
Korsak et al. {1994) Ras 0, 50, or 100 m-xykne or n-butyl {based on cecreased rotand
Fmonth gudy Fpm aleobol ova 11 mixte® | porformunce and decreased lakency
in the paw-lick response in the hol-
plate tesfy
. NOAEL: Not identifiec]
ﬁ‘;;g‘fnf;;}’ Rats 0, 100, or 1002 "pum_ : m—xyhne‘(axa:l LOAEL: 100 pplin
study ppm pusity et providad) {besed on deficits in Tadial muzs
) performance)
Gralew joz and ¢ NOAEL: Not identifind
Wiadema (X01)4- Rats Dex 100 ppm m-xylene LOARL: 100 ppm
waek stody {bazed on neurobehavionl effzcts)
K Li1002%
> Target organisms=
. 12 mak Wistar rats
» Doses/Length of study:
. wluene, mxykne, ora 1:1 mixture
. 6 hours per day, 5 days per week
. Concentration of 0 or 100 ppm for 6 months or 1000 ppm for 3 months
- Results:
- The LDAEL is 100 ppm, based on decreased mtarod performance and decreased spontancous motor
activity. No NOAEL was identified.
Korssk ot al (19844
> Target arganisms
. 12 male Wistar rats
> Dosca'Longth of study:
. 0, 50, or 100 ppm
. omx ylene or n-buty! alcohol ara 1:1 mixture (purity of chemicals not provided})
* 6 hours per day, 3 days per week, for 3 months
> Results:
. The LOAEL is 100 ppm, based on decreassd rotarod performance and decreased latency in the paw-lick

responze in the hot-plate test, and the NDAEL is 50 ppm.
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C.1.5 Propylene Oxide

Sources and Environmental Fate Characteristics

Source of propylene oxide can be from the combustion of coal. The emissions stated herein are

based on emission factors contained within AP-42.

The environmental fate of propylene oxide is summarized in table below'.

Table 2-3 Envirommental Faw of Propylene Oxide (hased on Versehoeren, 280 Toxpet,
2001 Gendun, 19992 TARC, 1994; Haward, 1989)
Svstem Fate ' Haalfiife
Wakr Hyxtro bysis with formastion o f propylene ghweaol: hvdrolysis is Hydrofysis: 1] .6 days
acceleratod e the presende of chloride icns {reaction with (pH=7-9) and 6.6 days
chioride produoss |- Boro-2-pr opanel amnd 2-chloso- - {pH=5); 4.5 days {pH=7-9)
mopanol); loss by velatllization; adsctption 1o sodiment or and 1.5 days (pH=%)
suspended pasticulate matter, bicconomtration in agustic Vodatilration: = 3 o | ¥ days
organsms and reactivns with hivdrox W radicals in water are
wegligihde
Seoil Rapid volatilization f1om dry saila: significant hywdrelysis and
some volatilization from moist soils: negligible adsorption to
sy hizh mobility in seil; potental for Teaching
Ajr Degradation by reaction with hydrox W radicals: no significan  »  Phodachemical reose fons
reaction with ceone; photoexidation may fead to the wirh Rvlroxy? rocdicsts: V4 1o
formation of acetylformyloxide, formaldehyde, formandelydse 31 days
and methylglyonan; physical removal is negligible: some »  Atmosphere: kaelflife: 3 1o
rexmoval by raintall 20 days
Asaassment Report on Propylene Oxide tor Developing an Amblent Air Guality Guideline ]

" ASSESSMENT REPORT ON PROPYLENE OXIDE FOR DEVELOPING AN AMBIENT
AIR QUALITY GUIDELINE ,Alberta Environment, March 2002

KENTUCKIANA ENGINEERING CO., INC. G -20 Taylorville Energy Center
Draft ESA Screening Analysis

Submitted: December 2006



Due to its high vapour pressure and its tendency to hydrolyze, propylene oxide does not persist
in soil or water (Howard, 1989; EC, 1985). The suggested values for the organic carbon partition
coefficient and bioconcentration factor also indicate that partitioning to soil or sediment or
bioaccumulation will be negligible. If propylene oxide is released to the atmosphere, it will react
photochemically with hydroxyl radicals. Due to its relatively high water solubility, propylene
oxide may be removed from air by rainfall (Ontario MOE, 2000).

Potential Ecological Effects

No published literature could be found on the effects of propylene oxide on terrestrial
vegetation,although structural derivatives of this compound have been used as herbicides. The
primary route of propylene oxide exposure in humans would be through inhalation, although
there may be some exposure through residues in food after sterilization and fumigation. It is
unlikely that significant exposure to propylene oxide would occur in the absence of an industrial

source or hazardous waste facility emitting this substance.

The literature reports fhat acute (short-term) exposure of animals to propylene oxide causes a
number of adverse responses. These include tearing of the eyes, salivation, respiratory irritation
(lung, nasal passages), vomiting, central nervous system depression, and death. These types of
responses have been observed in controlled animal studies at concentrations ranging from 48 to

38,000 mg/m3 (20 to 16,000 ppm) over exposure durations ranging from 30 minutes to 7 hours.

Qualitative Evaluation

Propylene Oxide concentrations in air within the study area were predicted from the ISCST3
modeling described in Section 3. The predicted maximum 1-hour, 3-hour, 8-hour, 24-hour, and
annual average concentrations within the study area are represented in Table C-5. Effect levels
reported in scientific literature for exposure of laboratory animals (mammals) to propylene oxide
in air are also presented. Effect levels for birds were not found in the readily available literature.
As indicated in Table C-5 and the tables (Table 4-1 and Table 4-2) from the Assessment Report
on Propylene Oxide from Alberta Environment, the predicted maximum average propylene oxide
concentrations, at all averaging times, are orders of magnitude less than the exposure levels
associated with adverse effects in plants and mammals.
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Table C-5: Qualitative Assessment for Propylene Oxide

Predicted Maximum Average Concentrations in Study Area
(ug/m’) (ppm)
1-Hour 0.385105 0.000162144
3-Hour 0.245433 0.000103337
8-Hour 0.153749 6.47342E-05
24-Hour 0.102311 4.30768E-05
Annual 0.007435 3.13042E-06

Table 4-1

Animal Species

Examples of NO AELs and LOAELR Associated with Acote Exposures in

E » A Adr (-»..'... th : 3 " o
Effects Reporied - Period e’ ¥ Spacies Referenees
1.C ay, with Jabotred broathring N
and ONS depression. 9500 ¢1.008) R
1% movality level. 5350 2.215) s
100%% mortality. 17,0007, 173
1.C o with lsbowred treathing ] )
and CONS depression. 4100141,230) Mice
135 mortality kevel. P00 (38
L% montality. LT (T, 1 T3)
facryvination, salivation, sasal
dhinchar e mwd vomiting. 3,230 (1,363)
LOABL 4h Jacobson e &l 1956
Coitgeston i Jungs and
waches oadeirg of paxl‘qnmwy
tissee, ntaerasis of bronchiclsr 4750 Q2.004)
epithelimn
MOAEL Dogs
Congestion in lungs and
traches oedema of pulinenary 4,.810{2.030) &
tisane, pecrosis of hronchiclar SRR (2 A%1)
epithelitan
LOAEL
Dreraddy, 4750 (2004
o iy 6.5k S ARG (3.0600)
N AELs Zh 3,740 {2.000)
h 2,376 {1.600) Rats Rowe atal, 1956
A of 10 simals dind. 4h SARD {4.000) i
190% swertality. Jmvin 32000 (160340
10076 mormlity. Th 2500 {4008
Lamg host defonses By i . <
NOAEL 3h 48.2{2¢) Mice Arvzayyi etal, 1986
ONS depression i e B
{increases with level and (W_S"‘*-.'ﬁ igh Rats & Mice Rowe et al., 1956
- ; specifiod dase)
length of exposare

*Conversion factor: 1ppm=237 mg'm’, airat 25°C and 101.3 XPa {7

" Citedt In: TRCS {1985).

S Hg) (IPCS, 1985).
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Table 42 Exammptes of NOAEL'Ss and LOAEL’s Associated with Chronle Exposares in
Animals
Alr Conventratien ]
Effects Reparted oo tme Spaches Reference
No clinical migrs. 300 {237} Rats Lymch o ol 1934a.
NOAFL i (11 Sdoake v feow o ol 1982
Tiroms or Basopathoingacal effects 143441 a0y Fass N
NOAELs 48 ¢ 140} Mice: LS NP, 294,
Decoean body weight 2O ATy KoM B et al, 1984,
NOAEL Mice 118 NP, 1985
100 (87) Rass Kipee et al, 1988; Lynch & ol 15640
Diecreass body weight T Keperetal, 1955,
LOAELs RardMice Ropee nl 3985
410 9453 Mice US NTP, 1985; 1984
Crecazal bmké:, bembemx;zy mym.
bay logy, gross fision A T2y Rarg Rzl arad Kezgper, 1984,
NOAEL
Vienesal haath, biochendsey, wrratwis, Rz
Paamacology, g7o6s Ricpaiology 456 €3 060) Ny =d Howe stal, 1936,
LOAEL Mkeys
Jr—— - i,
W@wcmmmhgndml O Koss Tiomod and Knper, T
LOAFL 2 ATA) Ramd\bi Repme ol 1954,
100 21T} [T Reperetal, 1955
458 ¢10Rty Cednwa Pigs Rowe ol 1984
Texmeased moratiy rae ﬁ ‘4?4,} Mice Reeze sal 1984
NOARLs 48} Yoy
4 Rate 105 NTP, 1985,
I EF) Famale Ra Kupersial, 1985
4346 {1 o0 Rots & Godnen Pigs Howe ctal, 1958,
400 4%} Mice US NIP 1988
Imcreaued moemlity nwe 300 Rats Lamch o ol 35840,
LOAEL s 40 B8} Mice Rerme ol 196K,
Tjiw gﬂ: Fa m“k Hats Kepereral, 1966
NOAEL (oo , 1007313 Sawreial, 196
Nensoiogica] . Aoy
LOARL Lesioes & due medalh oblocgas of Se bak 10D 1Ty Spemz e al 195
and axonial dproply in the ockeus gmc il
Repoodative ] 0 20 Mice Fandin & ol 1982
NOAELs fspesn bead obe armafivies) W2 T Mockevs Tamch o o, 1984,
Reprodacove R .
MOARLS T Iy Rax Hayemetal, 1955
Cradian awcpiy
NOAEL 198 @io} Mice LS NTP, 15%4.
LOAEL 39T 40}
TOAEL gesiodin aimghyy 198 (d70F Tan
TOARL {(devonsed el festis Wil 0 £EET} Fass Tymch & al, 19ida.
Camimopenic NOARL{Nagal} {98 {40} Rax 1S NTE, 1984
I ; 02 Q47 Kerwod and Fuper, 1954,
Curdnopmic NOAPL (amenaey) 400 453 TanbEe Wemme ol 1906
397 G40y Bats 1S NTP, 1064,
Camimogesic LOWEL (Nasl) WDBE Mice oo aal, 1965
400 843 Hass LIS NTP, 5988,
Mice
. . p 300{711} Hats Lynch of i, 1984a.
Cacingeaic LOAPLs (Mammary) 3 990 Rom () TS NIP, 1954,
. ; . 100 2375 etal, JORR
Caminogeric LOAELS {Adreral) T Tats Tt o aT584s
S Whm miydﬂmdewbe oomcirzitionn 2 mapk' asdiar ppen the following fartor and prions weare waad 1 pormE 1Y
mpen’, akrae 24°C and 1013 kP P60z Fg) (PCS, 1565
Assessment Report on Propylene Oxide tor Developing an Amblent Alr Quaiky Guideline 12

KENTUCKIANA ENGINEERING CO., INC.

C 24

Taylorville Energy Center
Draft ESA Screening Analysis
Submitted: December 2006








