7.0 GENERAL SITE REQUIREMENTS

Site requirements for a CTL facility will vary according to the type of materials
processed, products manufactured and rated capacity. However, in general, a
commercial facility (10,000 — 50,000 barrels per day) will require adequate space to site
the processing units and suitable additional acreage to manage the raw materials,

intermediate and final products. The site must have:

e Sufficient area for key process units such as the gasifier, gas treatment, FT
synthesis and liquid refining, the power block, air separation unit, and hydrogen
separation capacity as well as raw material and product storage, transfer,
preparation;

e Sufficient water resources for processing and cooling;

e Good transportation facilities to efficiently bring in raw materials and distribute
finished products;

e Access to adequate power supply with a path to upload excess power to the grid;

e On-site water treatment, storage and wastewater treatment;

« Sufficient area on site (or proximity to off-site facility) for slag disposal.’

The facility will require a minimum of 200 acres of relatively flat land3 for the primary
process units and ancillary systems. Additional area would be required if on site slag
disposal is contemplated and some buffer space may be necessary to avoid potential
impacts to adjoining properties. Therefore optimal conditions would consist of at least
500 — 1000 acres of developable land near the primary resources and infrastructure
required to operate the facility.

The primary raw material feedstock is coal. Typically, a barrel of liquid fuel is produced
from 0.5 tons of coal.®> Therefore, a commercial CTL facility will require economical
access to approximately 5000 to 25,000 tons per day (tpd) of coal to generate 10,000 to
50,000 bbl/d liquid product. The source of coal may be an adjoining coal mine or coal

brought in by rail or barge.
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The other primary resource required for operations is water. Water is required create a
coal slurry during preparation before gasification. It is also used for cooling, steam
generation and other manufacturing processes. CTL facilities can consume 1500 —
2500 gallons per minute® and, therefore, require a relatively large and consistent supply
of make-up water. For economic reasons, water supply is generally provided by large

water bodies such as rivers, well fields located along rivers and large lakes.
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8.0 ENVIRONMENTAL AUTHORIZATION REQUIREMENTS

This section of the report has been prepared with emphasis upon federal and state
environmental requirements for a generalized or hypothetical coal-to-liquids (CTL)
facility located in Kentucky. Most of the requirements are derived from federal statutes
and regulations that have been adopted or modified for use in Kentucky, which would
be similar to other state requirements. These requirements are presented by general
category of regulatory focus (e.g., site planning and development; air emissions; waste
management; water supply and discharges; and electric service, generation and

transmission).

The CTL facility is presumed to include the following characteristics:

e Construction and operation of a coal gasification plant and F-T liquefaction facility
with capacity of 10,000 to 50,000 bbl/d liquid product;

e Construction and operation of the balance of plant and support facilities;

e Construction of a combustion and steam turbine power generating station with
the ability to upload excess power to the electrical grid;

e 500 - 1000 acres of relatively flat land;

e Access to up to 25,000 tpd coal and 2500 gpm water;

e Access to transportation infrastructure (rail, roads and/or barge).

Appendix 3 provides a summary of potentially applicable permits and approvals with a
brief description of the respective requirements and regulatory agency authority. A
discussion of these requirements and their potential affects upon siting and operating a

CTL facility follows.
8.1 Site Planning and Development
Site planning and development criteria are essential components of the various

environmental permit and authorization requirements for a CTL facility. A discussion of

requirements not directly associated with specific authorizations for air emissions,
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wastewater discharges, waste management or electric generation and transmission is

presented in this section.

8.1.1 National Environmental Policy Act (NEPA)

NEPA requires federal agencies to assess the potential environmental impacts of any
federal action, including permit decisions. The NEPA process requires extensive public
involvement and regulatory agency consultation as well as a thorough analysis of the
project purpose, need and alternatives. It includes evaluation of the geographic, social,
economic and environmental aspects of the project (and alternatives) to determine the
significance of impacts. There are three levels of analysis depending upon the potential
for adverse impact to the environment: categorical exclusion (CE); environmental

assessment (EA); and environmental impact statement (EIS).

If the CTL facility is funded with federal money or if a permit decision is required by a
federal authority, NEPA will apply. Typically in Kentucky, the provisions of NEPA will be
imposed as part of federal permitting by the U.S. Army Corps of Engineers for dredging
or fill within the waters of the U.S. (Section 404 of the Clean Water Act) or for
construction in a navigable water (Section 10 of the Rivers and Harbors Act), such as

building barge loading and unloading facilities or water intake structures.

For a potential CTL facility, the primary effect of NEPA will be the extended time and
resources required to complete the process (easily 1-3 years or more before a decision
to allow construction) and whether a favorable decision can be achieved. Early in the
planning process, it is critical to select a site and design the facility to minimize potential
impacts. Ideally, this may be accomplished to the extent that NEPA will not apply to the
project (i.e., no federal permit decision or funding). This may not be avoidable if the

facility will require a US Army Corps of Engineers permit (discussed below).

If NEPA is applicable, it will be necessary provide strong support for the purpose and

need for the project. If readily supported and superior to potential alternatives in terms
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of potential environmental impacts, there is a greater likelihood that the process will be

resolved as a CE or require an EA, rather than the more extensive EIS.

8.1.1.1 Influence on Plant Siting, Design and Operation

The project should be located on property that avoids or minimizes impacts to the

following:

e Floodplains or wetlands;

e Prime farmland;

e Threatened, endangered or protected species and habitats;

¢ Significant cultural, historic or archaeological properties or structures;

e Wild and scenic rivers or high quality waters;

¢ National, state or local parks or recreation areas;

e Impaired water or air resources;

e Nearby residential property, low income or minority neighborhoods or Native

American property of interest;

The plant should be designed to minimize the following potential impacts relative to

alternative projects and permit requirements:

e Visible and invisible emissions;

e Water quality and consumption;

e Waste generation, toxicity and disposal;

¢ Noise and surrounding scenery or land use;

e Traffic on roadways, rail or navigable waters;

e Site contamination or release of hazardous materials;

e Natural resources, fish and wildlife
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8.1.2 Local Zoning Board or Planning Commission

To avoid potential impacts to densely populated areas and be economically viable,
projects of this nature are often sited in rural areas near large bodies of water and coal
resources. These types of properties may not be zoned for industrial use or the project
may not meet the requirements of a local comprehensive plan for land use in the
community. Planning and zoning criteria and administering bodies vary by county and

local community across Kentucky.

Properties located in urban areas or densely populated areas that were previously
developed for industrial purposes may also present an economic opportunity for
constructing a CTL facility. These communities typically have a local planning

commission or zoning board and have ordinances restricting land use.

8.1.2.1 Influence on Plant Siting, Design and Operation

Prior to selecting and developing a site, it is incumbent upon the project developer to
determine what is the governing entity(ies) for site land use and ensure that the project
meets approved zoning and land uses. If not, it will be necessary to pursue a zoning
change, modify the local comprehensive plan, or both (ideally prior to property

acquisition).

8.2 Air Emissions

Protection and regulation of air quality is primarily derived from the federal Clean Air Act
(CAA), its amendments and associated regulations found in Title 40 of the Code of
Federal Regulations, Parts 50 - 98. EPA has established nationwide ambient air quality
standards for select “criteria” pollutants that must be achieved throughout the country.
They have also developed mechanisms to control air quality from new sources of these
ambient air quality pollutants as well as additional pollutants, pollutant categories and

specific industrial or manufacturing sectors. Management of air quality is achieved
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through the issuance of air quality permits and standards for control of the types and

amount of regulated pollutants.

The federal program for managing air quality is very extensive and complicated. It is
not the purpose of this document to discuss the program in detail or describe all
potential requirements. A summary of information provided on the EPA’s web site ® of

the most likely requirements is presented below.

Title 1 of the CAA addresses provisions for attaining and maintaining national ambient
air quality standards (NAAQS) for select criteria pollutants: ozone (smog), sulfur dioxide,
nitrogen oxides, carbon monoxide, particulate matter and lead. Areas that do not meet
air standards (nonattainment) are required to implement stricter control of air emission
sources in order to achieve standards (Title I, Part D). The Prevention of Significant
Deterioration (PSD) program (Title I, Part C and 40 CFR 52.21) is triggered if a new
facility is located where NAAQS are maintained (attainment area) and projected
emission levels are greater than the PSD major source thresholds. All areas within
attainment for one or more of the criteria pollutants are designated Class I, Il or Ill.
Class | areas are allowed the smallest incremental pollution increase above baseline

concentrations and Class Il the largest.

Section 169(a) provides special visibility protection for federal Class | areas, which
include national parks and national wilderness areas identified in 40 CFR Part 81,
Subpart D.

Title 1l of the CAA establishes a mechanism for controlling hazardous air pollutants
(HAPS) not specifically covered elsewhere in the Act. EPA has published a list of
specific HAPs and is required to identify sources of these pollutants and issue maximum
achievable control technology (MACT) for each listed source category. MACT must be

implemented by applicable sources within a regulated time frame. Applicable regulatory

8 “Overview — The Clean Air Act Amendments of 1990” United States Environmental Protection

Agency. December 19, 2008. http://www.epa.gov/air/caa/caaa overview.html#titlelll June 25,
2010
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requirements include new source performance standards (NSPS) found in 40 CFR Part
60 and national emission standards for hazardous air pollutants (NESHAPS) found in 40
CFR Part 63.

A Title V of the CAA establishes an air permitting mechanism for major sources of air
pollution. Air pollution sources subject to the program must obtain an operating permit,
states must develop and implement the program, and EPA must issue permit program
regulations, review each state's proposed program, and oversee the state's efforts to
implement any approved program. Major sources are generally defined as those

operating at maximum capacity with the potential to emit (PTE):

e 100 tons or more of a regulated pollutant per year; or
e 10 tons or more of any single specifically identified hazardous air pollutant (HAP)
per year; or

e 25 tons or more of any combination of HAPs per year.

New sources of air pollutants from a CTL facility that do not meet the “major” criteria will
likely be required to obtain an air permit under different federal or state programs.

Section 112(r) of the CAA requires the preparation of a Risk Management Plan (RMP)
under the Chemical Accident Prevention Provisions found in 40 CFR 68 (a.k.a. Risk
Management Plan Rule). The RMP is used to prevent and mitigate accidental releases

of substances that can harm the public and environment from short-term exposures.

Finally, the recent issuance by EPA of the Greenhouse Gas Mandatory Reporting Rule
(40 CFR 98) in October 2009 requires certain sources of greenhouse gas (GHG)

emissions to perform mandatory monitoring and reporting of GHG emissions.

The USEPA has granted authority for implementing most CAA requirements to
Kentucky regulatory authorities. Kentucky requirements are defined in Chapter 224 of
the Kentucky Revised Statutes (KRS 224) and Subchapters 10 and 20. Associated air
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quality regulations are found in Title 401 of the Kentucky Administrative Register (401
KAR), Chapters 50 -53, 55, 57, 59, 60 - 63.

8.2.1 Kentucky Division for Air Quality (DAQ)

EPA has authorized the DAQ to regulate air quality in Kentucky in accordance with the
CAA and the federal approved state implementation plan (SIP) regulations found in 40
CFR 52, Subpart S. The DAQ has direct authority for all Kentucky counties except
Jefferson County. The DAQ has authorized the Louisville Metro Air Pollution Control
District to manage air quality in Jefferson County.

8.2.2 Permitting

All stationary sources emitting air pollutants above minimum thresholds are required to
obtain a construction and operating permit as defined in 401 KAR Chapter 52. If the
CTL facility will have air emissions below the thresholds identified in Title V of the CAA,
a state origin air permit (401 KAR 52:040) will be required. The state thresholds are as
follows:

a) Less than 10 tons per year of a single hazardous air pollutant (HAP);

b) Less than 25 tons per year of combined HAPs; and

c) Greater than or equal to 25 tons per year but less than 100 tons per year of

any other regulated air pollutant.

A facility that meets these requirements is considered a minor source and the resulting
state origin permit is valid for 10 years. Construction for the facility can’t begin until the

permit is issued.

A Title V air permit (401 KAR 52:020) is required if the facility exceeds the major source
thresholds. The resulting Title V permit is valid for 5 years and construction for the
facility can’t begin until the permit is issued.

FINAL REPORT
VSE CORPORATION page 32



Typically, a Title V major source permit will have more onerous monitoring and reporting
requirements than a state origin permit. In order to avoid some of these requirements, a
facility can accept voluntary operating restrictions to reduce emissions below major
source levels. The facility would be permitted as a “conditional major source” under 401
KAR 52:030, federally-enforceable permits for non-major sources. This type of permit is
valid for 5 years. Construction of new conditional major sources may begin after a draft
permit has been issued, but the final permit must be issued before operations can
begin.

8.2.2.1 PSD Requirements

In addition to the Title V air permit, the facility may be subject to additional regulatory
review under PSD and Nonattainment programs. The PSD program is triggered if a
new facility is located where NAAQS are maintained (attainment area) and projected
emission levels are greater than the PSD major source thresholds (401 KAR 51:017
and 40 CFR 51.166). A new CTL facility could be a major stationary source under the
PSD program based on the thresholds listed below.

a) A fuel conversion plant with a PTE of 100 tons/year or more of any regulated
air pollutant;

b) A fossil fuel-fired steam electric plant with more than 250 million BTU/hr of
heat input with a PTE of 100 tons/year or more of any regulated air pollutant;
or A fossil fuel-fired steam electric plant with less than 250 million BTU/hr of
heat input with a PTE of 250 tons/year or more of any regulated air pollutant;

c) A sulfur recovery plant with a PTE of 100 tons/year or more of any regulated
air pollutant;

d) A petroleum refinery with a PTE of 100 tons/year or more of any regulated air
pollutant;

e) A coal cleaning plant utilizing a thermal dryer with a PTE of 100 tons/year or
more of any regulated air pollutant;

f) All other sources with a PTE of 250 tons/year or more of any regulated air

pollutant.
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If the facility is subject to PSD, it will be required to: perform a detailed analysis of
available ambient air quality data (or conduct its own air testing); evaluate and model its
anticipated emissions and determine the potential for incremental increases in ambient
air quality; and implement best available control technology (BACT) for applicable
regulated pollutants. It will also require evaluation of adverse impacts on federal Class |
areas (i.e., national parks and national wilderness areas identified in 40 CFR Part 81,
Subpart D). Any future modification to the facility would need to be reviewed with
respect to increases in regulated pollutants that may trigger additional PSD review. The
facility may only begin construction after the combined Title V/PSD major source permit

has been issued.

A facility that is a major source under Title V and subject to PSD may accept voluntary
operating restrictions that limit emissions to below the PSD or non-attainment
thresholds. This permit is considered a Title V Synthetic Minor permit (401 KAR
52:020). The permit is valid for 5 years and the facility can begin construction after the

permit has been issued.

8.2.2.2 Nonattainment Area Requirements

The Nonattainment program would be triggered if the facility were a major source of
NAAQS regulated pollutants (particulates, sulfur dioxide, carbon monoxide, ozone,
nitrogen oxides, and lead) in an area that does not already meet NAAQS for the
regulated pollutants emitted (401 KAR 51:052 and 40 CFR 51.165). Attainment status
for each county and regulated pollutant is identified in 401 KAR 51:010. According to
the most recent version of the state regulations, Boyd County does not meet the primary
or secondary standard for sulfur dioxide. Muhlenberg County is listed as not attaining
the secondary standard for sulfur dioxide. Any new facility located in these counties will
need to determine the lowest achievable emission rate (LAER) in accordance with 401

KAR 51:052. This will need to be considered for the design and operation of the facility.
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Additionally, Boone County, Kenton County, Campbell County and Jefferson County are
identified as moderate for ozone as well as portions of Bullitt and Oldham County. Any
new facility located in these counties will need to evaluate Reasonably Available Control
Technology (RACT) required by 401 KAR 50:012 and determine the LAER.

The facility may only begin construction after the combined Title V/Nonattainment major

source permit has been issued.

A facility may avoid the requirements of the Nonattainment program by not locating in a
nonattainment area or by accepting voluntary operating restrictions that limit emissions
below applicable major source thresholds. If the facility accepts operating restrictions, it
will be permitted as a Title V “synthetic minor source”. The permit is valid for 5 years

and the facility can begin construction after the permit has been issued.

8.2.2.3 Federal Class | Areas

Mammoth Cave National Park, located near Bowling Green in Edmonson County is the
only federal Class | Area in Kentucky. The closest federal Class | Area outside of
Kentucky is the Great Smoky Mountains National Park, southeast of Knoxuville,
Tennessee. Requirements for pollution control technologies will be more stringent for
CTL facilities that may affect visibility in these areas. The primary pollutants that
contribute to reduced visibility at these Class | Areas are sulfur dioxide, nitrogen oxides
and organic carbon particles (KDOW, June 2008). Each of these pollutants are
associated with industrial processes that occur in a typical coal gasification operation.

8.2.2.4 NSPS and NESHAPS Requirements
Regardless of the applicable air permit, a new CTL facility may be subject to both NSPS

and NESHAPs requirements, if it meets certain affected facility definitions and

processing or throughput limits. These requirements will be incorporated into the
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permit, if applicable. Possible NSPS standards (40 CFR 60) that may apply to the

facility depending upon design and final configuration include:

a) Subpart Da, Electric Utility Steam Generating Units;

b) Subpart KKKK, Stationary Combustion Turbines;

c) Subpart Y, Coal Preparation and Processing Plants

d) Subpart KKK, Onshore Natural Gas Processing: Equipment Leaks
e) Subpart Ja, Petroleum Refineries

Depending on the potential electric output capacity of the facility, the plant will be
subject to the NSPS standards found in 40 CFR 60 Subpart Da (Electric Utility Steam
Generating Units) or Subpart KKKK (Stationary Combustion Turbines). Subpart Da is
applicable if more than one-third of the potential electric output of the facility and more
than 25 MW of net electrical output is supplied for sale to any utility power distribution
system. If Subpart Da is not applicable, then Subpart KKKK may apply. Each of these
standards have requirements for preconstruction review, training, emission and
operating limitations, performance testing, monitoring (including continuous emissions

monitoring systems), recordkeeping and reporting.

The plant could also be subject to NSPS Subpart Y (Coal Preparation and Processing
Plants), Subpart KKK (Onshore Natural Gas Processing: Equipment Leaks) and
Subpart Ja (Petroleum Refineries). The coal gasification plant may be subject to NSPS
Subpart Y for Coal Preparation Plants since it will process more than 200 tons/day of
coal. Subpart Y contains emission and control requirements for thermal dryers; coal
cleaning, conveying, storage, transfer, and loading; monitoring (including continuous

emissions monitoring devices); testing; reporting; and recordkeeping.

Subpart KKK defines additional requirements for inspections and maintenance,
emission limitations, recordkeeping and reporting that need to be met by the plant to

limit emissions from equipment leaks, if applicable.
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Subpart Ja may apply if the facility will contain fuel gas combustion devices and sulfur
recovery plants. This subpart defines specific limitations for particulate matter, carbon
monoxide, and sulfur oxides, along with monitoring (including continuous emissions

monitoring systems), testing, recordkeeping, and reporting requirements.

The coal gasification facility may also be required to meet the NESHAPs requirements
found in 40 CFR 63 Subpart HH (Oil and Natural Gas Production) and Subpart YYYY
(Stationary Combustion Turbines), if the facility’s combined emissions for HAPs are
greater than the major source thresholds of over 10 tons/year for any single HAP and
25 tons/year for all HAPs. The facility must meet certain emission standards reflecting
maximum achievable control technology (MACT), work practices, monitoring and

performance testing requirements to maintain compliance.

8.2.2.5 GHG Emissions Requirements

The Greenhouse Gas Mandatory Reporting Rule requires affected sources to perform
mandatory monitoring and reporting of greenhouse gas (GHG) emissions. GHGs are
defined as carbon dioxide, methane, nitrous oxide, sulfur hexafluoride,
hydrofluorocarbons, perfluorochemicals and other fluorinated gases. Carbon dioxide is
commonly generated during the combustion of fossil fuel sources and is also created
during coal gasification. The rule identifies several particular source categories that

must report and defines how they are required to monitor GHGs.

It is likely that a CTL facility will be subject to this rule, possibly qualifying as one of the
specific source categories: electricity generation, petroleum refinery (CTL refining),
boiler, combustion turbine or other stationary fuel combustion equipment. If so, the
facility will need to establish mechanisms for monitoring GHGs in accordance with the
methods described in the applicable standards (some for specific source categories)
and annually report greenhouse gas emissions to the EPA. This could entail adding
additional monitoring devices, calibrating them on a routine basis and maintaining the

devices.
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If CO, capture and sequestration is not contemplated in the facility design, they may
need to be considered at a later date as the EPA reviews GHG reporting data and
promulgates regulations designed to control GHG emissions. EPA has recently
announced that large emitters of GHGs will be required to be permitted and implement
best available control technology, possibly as early as 2011. At the time of this writing,
EPA had not identified specific sources or GHG emission thresholds requiring a permit,

nor permit requirements as of September 2010.

8.2.2.6 Risk Management Plan

Section 112(r) of the CAA requires the preparation of a Risk Management Plan (RMP)
under the Chemical Accident Prevention Provisions found in 40 CFR 68 (a.k.a. Risk
Management Plan Rule). The RMP is used to prevent and mitigate accidental releases
of substances that can harm the public and environment from short-term exposures. A
CTL facility may be required to prepare, implement and submit an RMP to EPA if the
facility stores any of the listed toxic and flammable substances above the threshold
quantities found in 40 CFR 868.130. Substances that could trigger this requirement and
may be present at a CTL facility include: ammonia, hydrogen sulfide and sulfuric acid

(fuming).

8.2.2.7 Influence on Plant Siting, Design and Operation

Application of the myriad of air pollution control and permitting requirements is largely
dependent upon the location of the CTL facility, specific process equipment that will be
used and associated operating capacities. A thorough economic cost/benefit analysis is
necessary during the planning process to compare CTL production plans having
sufficient economic return with corresponding costs required to comply with more
stringent requirements as production capacity increases. Additionally, consideration of
the project schedule impacts will be required, since the permitting timeframe will

increase as more stringent requirements become applicable and are incorporated into
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the process. Some of the more stringent requirements may be avoided if the facility can
be designed and operated profitably under restricted operating scenarios that reduce air

emissions to below regulatory thresholds.

A summary of items to consider for planning and operation are identified below.

e Where possible, the facility should not be located within or near a nonattainment
area for any NAAQS pollutant. Currently in Kentucky this would be Boyd County
(sulfur dioxide), Muhlenberg County (sulfur dioxide); Boone, Kenton, Campbell,
Jefferson and portions of Bullitt and Oldham Counties (ozone). If unavoidable,
the facility may consider operating restrictions to lower emissions below the
major source threshold and not be subject to Nonattainment requirements.
Subsequent plans to increase production or change operations that may affect
air emissions will also need to be evaluated with respect to applicability of more
stringent requirements under this program. Barring that, the facility will need to

design and operate the facility to meet LAER and RACT requirements.

e A major source under the PSD program should not be located where it may
affect a federal Class | area (i.e., national parks and wilderness areas).
Mammoth Cave National Park near Bowling Green, Kentucky and Smokey
Mountain National Park near Knoxville Tennessee are the two areas that would
be closest to any CTL facility in Kentucky. Any CTL facility that may affect these
sites will need to evaluate potential impacts and consider additional control
equipment, as well as anticipate additional time for the permit process. The
facility may consider operating restrictions to lower emissions below the major
source threshold and not be subject to PSD requirements. Subsequent plans to
increase production or change operations that may affect air emissions will also
need to be evaluated with respect to applicability of more stringent requirements

under this program.

¢ A major source under the PSD program that is located in an attainment area will
need to evaluate incremental pollutant capacity and may be required to perform
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ambient air quality monitoring and modeling to complete this evaluation. Aside
from the added cost, this will increase the permit process time frame.
Additionally, the facility will need to incorporate Best Available Control
Technology (BACT) into the facility design and operate the facility with
appropriate BACT (401 KAR 51:017). The facility may consider operating
restrictions to lower emissions below the major source threshold and not be
subject to PSD requirements. Subsequent plans to increase production or
change operations that may affect air emissions will also need to be evaluated

with respect to applicability of more stringent requirements under this program.

e During the initial planning and design, process equipment and operating
scenarios will need to be evaluated with respect to specific NSPS and NESHAPS
standard applicability. If the facility cannot be operated at levels that may
preclude these standards, then it may be necessary to incorporate Maximum
Achievable Control Technology (MACT) into the design and operate the facility in
accordance with standard specific operating, monitoring and reporting

requirements.

e With respect to greenhouse gases, the facility will likely be required to track and
report GHG emissions. Depending upon the processes and equipment used,
there may be specific monitoring equipment and processes that will need to be
incorporated into the design and operation of the facility. At present, these are
not considered to be too substantial. However, as the EPA evaluates permitting
requirements and associated restrictions, it is likely that the facility will need to
incorporate CO, capture and sequestration technologies into the design of the
facility. Since these are emerging technologies, an ideal solution is difficult to
develop, but a strategy should be developed in the planning process that
considers several leading technologies. Included should be consideration of a
location that has suitable infrastructure and subsurface formations that are

capable of being used for sequestration.
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e If the facility is able to accept operating restrictions that avoid some of the more
onerous permitting and pollution control requirements, the facility must ensure
that it can stay below permit limits. Any excursion or change in equipment that
affects operating capacity and increases air emissions may not only result in a
penalty, but may also require modifying the permit, essentially nullifying the
advantage of negotiated operating restrictions. An added disadvantage of this
scenario is the time it would take to obtain the new permit during which the

facility could only operate under the limits of the original permit.

e Regardless of the type of permit, the facility will need to adhere to permit limits
and control requirements. Periodic monitoring, inspection, maintenance and
reporting will also be required to ensure compliance. Additionally, any deviations
from the requirements, including those attributed to upset conditions, must be
promptly reported and corrective or preventative measures promptly

implemented.

8.3 Waste Management

Waste management requirements for new and operating facilities are primarily derived
from the federal Resource, Conservation and Recovery Act (RCRA) and associated
amendments and regulations implemented by the USEPA. Since improper
management of any waste can have adverse impacts to human health and the
environment, aspects of waste generation, storage, treatment, transportation, disposal,
recycling and remediation of spills or releases are strictly regulated. Specific
requirements are related to the degree of toxicity or hazard a waste may possess.
“Hazardous” wastes are more strictly regulated and defined as being on one of four
specific hazardous waste lists (F-list, K-List, P-List and U-List) or exhibiting at least one
of four hazardous characteristics (i.e., ignitable, corrosive, reactive or toxic). Wastes
not meeting these criteria are less strictly regulated and often referred to as “Non-

Hazardous”.
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Land use activities occurring prior to the implementation of RCRA that have caused site
contamination or are associated with past waste practices are often addressed through
the requirements of the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA), also referred to as Superfund. This statute and associated
amendments and regulations prescribe how contaminated sites will be evaluated and
remediated. Contemporary activities that have caused the impact of properties, but
were not associated with “Hazardous” waste activities (i.e., not managed under RCRA)
can also be addressed through CERCLA and associated amendments and regulations.

The USEPA has granted authority for implementing most RCRA and CERCLA
requirements to Kentucky regulatory authorities. Kentucky requirements largely mirror
federal requirements. They are defined in Chapter 224 of the Kentucky Revised
Statutes (KRS 224) and Subchapters 1, 10, 40, 43, 46, 50, 60 and 80. Associated
regulations are primarily found in Title 401 of the Kentucky Administrative Register (401
KAR), Chapters 30 — 49.

8.3.1 Kentucky Division of Waste Management (DWM)

The DWM is the regulatory agency responsible for waste management in Kentucky.
Any developer and operator of a CTL facility will likely interact with two Branches of the
DWM. The Solid Waste Branch (SWB) is responsible for the review and issuance or
denial of permits for solid waste and special waste landfills, land farming and
composting facilities and registrations for permit-by-rule facilities — all “Non-Hazardous”
wastes.

The Hazardous Waste Branch (HWB) is responsible for regulating the generation,
storage, treatment, transportation and disposal of hazardous waste. During
construction, start-up and operation of a CTL facility, various wastes will be generated
that may be classified as hazardous wastes. The facility will need to manage these

materials in compliance with applicable requirements.
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8.3.2 Special Waste Permit

The largest solid waste stream produced by a CTL facility is slag from the gasifier. This
material is a black, glassy, sand-like material that is potentially a marketable byproduct.
Laboratory data for various gasifier slags indicate they would not be classified as a

hazardous waste.’

As stated above, this material can be marketed for beneficial reuse as an aggregate in
asphalt or as blasting grit and roofing granules. If there is no market available, the CTL
facility will need to develop plans for disposal. Due to the volume of material, off-site
disposal at a conventional landfill may not be as feasible as disposal on site within an
appropriately designed, permitted and managed landfill. Coal gasification waste is
classified as a special waste in Kentucky (KRS 224.50-760(1)(a)). Waste disposal
facilities are required to have a permit (KRS 224.40). Requirements for a special waste

landfill are found in regulations contained in 401 KAR Chapters 45, 47 and 48.

Landfills are designed to contain the waste, prevent water from contacting the waste
and prevent any liquids contained within to leach out and affect local water resources

(i.e., surface and ground water). This is generally accomplished by:

e Minimizing any liquids contained in the waste using a waste drying mechanism;

e Covering the waste with an impermeable clay barrier to minimize contact with
precipitation;

e Designing and constructing surface water control measures to prevent flowing
water from contacting the waste (i.e., diverting waters around the waste);

e Constructing the landfill with a bottom liner and leachate collection system.

A simplified, conceptual diagram portraying these characteristics is presented in Figure
2.
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8.3.2.1 Influence on Plant Siting, Design and Operation
To optimize the siting of a landfill and meet the general criteria above, it is important to
have sufficient area to contain the amount of slag anticipated to be generated over the
life of the project. Ideally, this will be relatively flat land, isolated from any streams or
lakes and with seasonal groundwater levels well below the designed bottom of the

landfill. Proximity of suitable clay material for cover is also important.

Specific criteria identified by Kentucky regulations are also provided below:

Buffer Zone. Wastes shall not be placed:
e Within 250 feet of an intermittent or perennial stream, unless a
water quality certification has been issued allowing the variance;
e Within the zone of collapse of underground mine works or the angle
of draw of such works;
e Within 250 feet of a sinkhole or other karst feature;

e Within 100 feet of the property line.

Floodplain. Wastes shall not be placed within the 100-year floodplain,
unless the applicant demonstrates that the placement will not impede base flow,

water storage capacity and there will be no waste wash out.

Site Suitability. For the landfill location the applicant must demonstrate
that:
e The uppermost aquifer can be monitored to detect and release of
hazardous substances or pollutants;
e If a groundwater release is detected, corrective action can be
performed within the aquifer;

Protected Resources. Similar to NEPA requirements, landfill
construction and operation cannot adversely impact the following

resources:
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e Threatened, endangered or protected species and habitats;

e Significant cultural, historic or archaeological properties or
structures;

e National, state or local parks or recreation areas; or

e Wetlands.

Design and operation of the landfill must meet the environmental performance criteria
contained in 401 KAR 30:031, which includes avoiding impact to the above referenced
protected resources as well as no adverse impact to surface water, groundwater, air
quality or food crops. Additionally, the waste site can not pose a safety or public health
threat or be a public nuisance. Design and operation must also meet the financial,

technical and operating requirements identified at 401 KAR Chapter 45.

Approval of the design for the landfill requires that the design demonstrates that it meets
the siting and environmental performance criteria presented above. This must be

demonstrated through consideration of at least the following aspects:

e Physical and chemical characteristics of the waste, the hazard that it presents to
water or air resources and its compatibility with the liner and cover;

e Suitability of the liner and cover for ensuring the waste will not impact surface
water and groundwater,

e Waste volume;

e Climatic conditions;

e Soil properties under the landfill;

e Hydrogeologic characteristics of the site, including quality, quantity, current use
and direction of groundwater flow;

e Design of the leachate control system, surface water run-on and run-off control
and gas migration control, if needed; and

e Proximity to surface water and groundwater.
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An approximate time frame for completing the application and obtaining approval for this

permitis 1 — 1.5 years.

Operating criteria include developing costs for an independent party to close the facility
and maintaining financial assurance to pay an independent party for closure in the event
that the permittee is unable to do so. They also include maintaining the facility,
monitoring surface and groundwater to ensure compliance with environmental
performance standards and taking corrective action if there is a failure to comply with

environmental performance standards.

8.3.3 Hazardous Waste Management

Although available data does not indicate that the slag would be classified as a
hazardous waste, there are likely to be several types of wastes generated routinely or
on a non-routine basis (equipment startup/shutdown, equipment failure,

equipment/facility maintenance) that may be classified as hazardous.

Materials generated from syngas cleaning may be classified as a waste if they are
discarded, rather than being reused in the process or sold as a commercial product.
Potential hazardous wastes identified at a potential CTL facility in Alaska ° include:

e Spent filter elements and media, including spent carbon containing mercury;
e Spent catalyst wastes;

e Metals, salts and sludge from wastewater treatment.

These wastes may be characterized as hazardous due to the presence and
concentration of toxic metals. EPA in its evaluation of steam electric power generating

facilities reported that solids generated from wastewater treatment at the Wabash River

° Alaska Coal Gasification Feasibility Studies — Healy Coal-to-Liquids Plant. Final Report
prepared for the U.S. Department of Energy, National Energy Technology Laboratory,
DOE/NETL-2007/1251, July 2007.
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IGCC facility were characterized as a hazardous waste due to selenium and arsenic

concentrations.*°

Additional types of byproducts or waste materials that may be considered to be a

hazardous waste include:

e Spent acids or caustics used for cleaning or generated during acid gas removal
and sulfur recovery;

e Sludge or liquids discarded from the FT reactions and refining that may be
ignitable or contain toxic impurities above hazardous waste threshold
concentrations; and

e Waste paints and clean up solvents.

8.3.3.1 Influence on Plant Siting, Design and Operation

It is essential to confirm whether any waste generated (both routine and non-routine) is
classified as hazardous or not to ensure appropriate management and disposal
practices. State hazardous management requirements are found at 401 KAR, Chapters
31 -40.

All hazardous waste management activities require prior notice to the state. Kentucky
requires facilities to identify all hazardous wastes generated, register those wastes with
the state and obtain an EPA ID number for the site (401 KAR 32:010), consistent with
federal requirements. Registration must be obtained before any hazardous waste can

be shipped off site for disposal.

There are specific requirements for storage, transportation and disposal of hazardous
wastes to minimize the potential for accidental or uncontrolled releases to the

environment as well as ensure that they do not accumulate on site. Wastes may be

1 Steam Electric Power Generating Point Source Category: Final Detailed Study Report. U.S.
Environmental Protection Agency, EPA 821-R-09-008, October 2009.
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stored in containers near the point of generation (drums, tanks, totes) or moved to a
central storage area or building prior to disposal. Containers and storage areas need to
be compatible with the chemical and physical properties of the wastes. Unless a facility
generates a substantial volume of hazardous waste, it is generally more practical and
feasible to dispose the waste off site at an appropriately permitted and managed facility.
Therefore, the primary consideration for on site management is appropriate waste
characterization, container management and storage to minimize the potential for spills
or releases. It is also necessary to have the appropriate plans, resources and

personnel to promptly respond to any emergency.

In the event that the facility generates a large enough volume of hazardous waste that is
uneconomical to dispose off-site (reviewed literature does not indicate this is likely) or
the facility plans to treat hazardous wastes on site to reduce off-site disposal costs, the
facility will need to apply for and receive approval for on-site treatment and disposal
activities. Permit requirements are similar to those presented for the Special Waste
Disposal facility above, albeit far more comprehensive, costly and time consuming.

8.3.4 Brownfield Developments

Brownfield sites are identified as properties that have been previously developed for
industrial or manufacturing purposes. They typically have most of the site
characteristics suitable for development of a CTL facility and can provide an economic
alternative for site development. However, historic activities may have resulted in site
contamination or other environmental impacts that need to be fully characterized and

addressed during the site planning process.

8.3.4.1 Influence on Plant Siting, Design and Operation

If choosing to locate on a Brownfields property, it is incumbent upon the developer to

confirm whether the site is contaminated and to what extent. It is also important to
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determine the source of contamination and whether any mandated or desired corrective
action will be driven by RCRA or CERCLA.

To avoid acquiring contaminated sites and assuming liability for their clean-up, a Phase
| Environmental Site Assessment (Phase | ESA) is generally conducted. In order to
legally qualify as an innocent or bona fide purchaser and avoid CERCLA liability, it is
necessary to complete the ESA in a manner that conforms with regulations published by
the EPA and contained at 40 CFR Part 312 (All Appropriate Inquiry Rule). This involves
performing a detailed evaluation of the historical activities on the property (and nearby
properties) as well as current operations through: a review of publically available
records; a review of regulatory agency permits and files; interviews with past and
current operators and occupants; and a thorough site inspection by a qualified

environmental professional.

Following completion of the ESA, additional investigation may be conducted that
includes site sampling or other methods to identify and delineate the presence of site
contamination. This information can then be used to determine whether the site is
suitable for project development. If so, the information can be used to develop the
property in areas that aren’t impacted or incorporate site cleanup into the design and
layout of the facility.

8.4  Water Supply and Discharges

Management of water quality is primarily administered by the USEPA under the Clean
Water Act (CWA) and associated amendments and regulations. The CWA address
wastewater treatment requirements and discharge limits for process wastewaters and
sanitary wastewater as well as stormwater impacted by construction and industrial
activities. Portions of the CWA also control the quantity and quality of surface waters,
groundwater and drinking water. EPA manages these programs through a series of
permits, best technology control practices, permit restrictions, monitoring and reporting

programs.
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The USEPA has granted authority for implementing most CWA requirements to
Kentucky regulatory authorities. Kentucky requirements largely mirror federal
requirements. They are defined in Chapter 224 of the Kentucky Revised Statutes (KRS
224) and Subchapters 1, 10 and 70 - 73. Associated regulations are primarily found in
Title 401 of the Kentucky Administrative Register (401 KAR), Chapters 4 - 11.

8.4.1 U.S. Army Corps of Engineers (USACE)

The USACE is the federal agency responsible for regulating construction within
navigable waters of the United States and the discharge of dredged or fill material into
“jurisdictional” waters of the United States, including special aquatic sites such as
wetlands. The USACE has authority granted under Section 10 of the Rivers and
Harbors Act for managing construction within navigable waters. The USACE also has
authority (with EPA oversight) for controlling impacts to jurisdictional waters regulated
under Section 404 of the CWA. The USACE can authorize activities by a specific
individual permit, a general nationwide permit (NWP) or regional permit, and a letter-of-
permission. A letter-of-permission or NWP are generally limited to small disturbances of
jurisdictional waters, typically < 0.5 acre and likely would not be suitable for a CTL
facility.

A CTL facility in Kentucky will fall within one of four USACE districts: Huntington, WV
(eastern Kentucky); Louisville, KY (most of KY); Nashville, TN (southeastern and
southwestern portions of KY including the Cumberland and Tennessee River basins);
and Memphis, TN (far southwestern Kentucky along the Mississippi River).

Areas where a CTL facility may require USACE authorization for construction and

operation include:

e constructing or modifying a barge facility on a navigable water;
e constructing a water intake or discharge structure on a navigable water;

e plant site construction affecting rivers, streams, lakes and wetlands; and
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e road construction for crossing streams and wetlands.

8.4.1.1 Influence on Plant Siting, Designh and Operation

Authorization of any of these types of construction requires the facility to first identify
jurisdictional waters on the property to be developed. The USACE requires that a
project be designed to avoid or minimize impacts. If the impacts cannot be avoided or
minimized, the facility will need to develop a plan to mitigate any impacts. This plan
may include new construction projects designed to enhance the quality and quantity of
similar water resources within the same general watershed. These types of projects
also require long term monitoring and reporting to demonstrate the success of the
project. Alternatively, the facility may be able to assess the extent of impact and pay a
mitigation fee to an approved group or fund that uses mitigation fees to finance

alternative projects to enhance water resources.

If pursuing an individual permit, the project will also need to be reviewed under
provisions of the NEPA, as described above. The project will need to have a well
substantiated purpose and need statement to justify the identified impacts and review of
reasonable, competitive alternatives that show the project to be the preferred alternative

with the least impact.

Ideally, a proposed project will be designed and located on property that has no
jurisdictional water impacts to avoid permit requirements. However, due to the water
requirements (and feasibility of fuel supplied by barge) of these types of projects, this is
an unlikely scenario. Depending upon the significance and extent of impact, the
permitting process may well take several years (2 - 5), which can be extended if there is
considerable public opposition and litigation. Therefore, it is prudent to evaluate any
project site early to identify jurisdictional waters and any other protected resources (e.g.,
threatened & endangered species; cultural and historic resources; minority and low
income populations) and design the project to avoid these resources to the greatest
extent practical and feasible.

FINAL REPORT
VSE CORPORATION page 51



8.4.2 Kentucky Division of Water (DOW)

The DOW is the regulatory agency responsible for managing, protecting and enhancing
the quality and quantity of Kentucky waters. It provides authorizations for construction
within floodplains and in flowing waters. DOW has requirements for obtaining a permit
for water withdrawal as well as wastewater discharges directly to streams. Wastewater
discharge permits for process wastewaters and stormwater are managed under the
Kentucky Pollutant Discharge Elimination System (KPDES) program. DOW also

regulates drinking water supplies.

8.4.3 Stream and Floodplain Construction

The DOW Floodplain Management Section is responsible for approving or denying
construction and other activities within the 100-year floodplain of any river or stream in
Kentucky, as required by Chapter 151 of the Kentucky Revised Statutes and associated
regulations. Construction of CTL processing equipment, buildings, road crossings,
barge unloading facilities, water intake and discharge structures or a solid waste landfill

within the 100-year floodplain requires a Floodplain Construction Permit.

The applicant needs to perform hydraulic analysis to determine pre-construction and
post-construction affects upon the floodway and floodplain. The applicant must
demonstrate that the proposed construction will not impede the floodway or affect
floodplain capacity to the extent that floodwaters are backed up or diverted to cause
flooding in other areas. In order to perform this demonstration, the applicant will need to
work with the local floodplain coordinator (usually county or city based) as well as the
state DOW. The applicant may need to develop surveyed stream cross-sections and
hydraulic models based upon data available from the DOW, USACE and the Federal
Emergency Management Agency (FEMA) flood insurance program or generate and

support their own data.
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8.4.3.1 Influence on Plant Siting, Design and Operation

In general, development of any structures within the regulatory floodplain should be
avoided. Preconstruction site planning should include a thorough review of floodplain
boundaries identified on available FEMA Flood Insurance Rate Maps (FIRMs). It is also
important to note how current is the available floodplain information and whether the
documented floodplain may be revised to reflect more accurate and current site
information. Since substantial amounts of water are required for a CTL facility, it may
not be possible to entirely avoid a floodplain. In that case, it will be necessary to work

through the permitting process.

In addition to obtaining a floodplain construction permit, the applicant will also need to
design facility structures and equipment to be above the base flood elevation or work
with FEMA to flood proof any structures constructed in the floodplain. This can be
accomplished in a variety of ways, but this will influence the design of the plant
facilities.**

e Impacted facilities within the floodplain may be constructed on areas built up with
fill materials to artificially raise the ground surface above the 100-year flood water
surface elevation. Additionally, a floodwall may be constructed around the facility
to prevent flooding. Fill structures located in the floodplain and floodwalls will
require additional permitting and approval through the U.S. Army Corps of
Engineers and the state.

¢ Facilities below the 100-year water surface elevation can be designed with flood
proofing techniques to prevent flood water from entering buildings or interacting
with equipment. Wet flood proofing can be implemented to allow floodwaters to

pass through the structure without causing substantial damage. Any

! Non-Residential Floodproofing — Requirements and Certification for Buildings located in
Special Flood Hazard Areas in accordance with the National Flood Insurance Program. Federal
Emergency Management Agency, Federal Insurance Administration, Technical Bulletin 3-93,
April 1993.
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infrastructure or equipment inside wet flood proofed buildings must be designed

and constructed to avoid damage from floodwaters.

8.4.4 Water Quality Certification

Projects involving construction, dredging or discharge of materials into waters of the
U.S. (including wetlands) require permits through the USACE under Section 404 of the
CWA and a floodplain construction permit as described above. Section 401 of the CWA
specifies that any applicant for a federal permit that will involve discharge of pollutants
to certain U.S. waters must obtain a certification from the state or regional authority that
the activity will not adversely impact water quality. The applicant must supply the
certification to obtain the federal permit. In Kentucky, the applicant must obtain the
“Section 401 Water Quality Certification” from the DOW and meet any additional
conditions that may be imposed to assure that water quality standards contained in
Chapter 5, Title 401 of the Kentucky Administrative Register are maintained. Kentucky
program requirements are contained in 401 KAR Chapter °.

The process is coordinated with USACE permitting and conducted simultaneously with
the Kentucky floodplain construction permit. It involves completing a “Combined
Application for Permit to Construct Across or Along a Stream and/or Water Quality
Certification”. Typically the applicant must demonstrate that they will incorporate best
management practices to control erosion and introduction of sediment or other
pollutants into the waters of Kentucky. If wetlands are involved, the applicant will need
to work with the USACE and DOW to demonstrate alternatives that emphasized
avoidance of wetland impact and appropriate mitigation for any impact to wetlands.

General conditions that apply to water quality certifications are:

» Measures shall be taken to prevent or control spills of fuels, lubricants or other
toxic materials used in construction from entering the watercourse.
o All dredged material shall be removed to an upland location and/or graded on

adjacent areas (so long as such areas are not regulated wetlands) to obtain
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original streamside elevation and prevent artificial obstruction of overbank
flooding.

e In areas not riprapped or otherwise stabilized, revegetation of stream banks and
riparian zones shall occur concurrently with project progression. At a minimum,
revegetation will approximate conditions prior to the disturbance.

 To the maximum extent practicable, all in-stream work under this certification
shall be performed during low flow.

 Heavy equipment such as bulldozers, backhoes and draglines should not be
used or operated within the stream channel. In cases where in-stream work is
unavoidable, it should be performed in a manner and duration that minimizes
resuspension of sediments and disturbance to substrates and bank or riparian
vegetation.

e Fill or riprap, including refuse fill, shall be of such composition that it will not
adversely affect the biological, chemical or physical properties of the receiving
waters and/or cause violations of water quality standards. Riprap should be of a
size and weight that will not cause bank stress or slump conditions.

o If water supply intakes located downstream may be affected by increased
turbidity and suspended solids, the permittee shall notify the operator when work
will be done.

« Removal of existing riparian vegetation should be restricted to the minimum
necessary for project construction.

o Evidence of stream pollution or jurisdictional wetland impairment and/or
violations of water quality standards occurring as a result of the activity (either
from a spill or other forms of water pollution) should be reported immediately to
the Kentucky Division of Water at 502-564-3410.

8.4.4.1 Influence on Plant Siting, Design and Operation

Similar to the floodplain construction and USACE permit requirements, it is best to
design, build and operate a CTL facility at a location that does not involve construction

or discharge in any water body. However, due to process and cooling water

FINAL REPORT
VSE CORPORATION page 55



requirements as well as access to fuel markets, this may not be practical or feasible.
Therefore, minimizing any impact should be a primary consideration along with

developing appropriate mitigation measures for any unavoidable impacts.

8.4.5 Water Withdrawal Permit

A CTL facility will require a substantial water supply ranging from 1500 — 2500 gpm (> 2
MGD). Typically this will be obtained from a river or lake, but may also be supplied by
groundwater wells. Therefore, it is essential to locate a water supply with sufficient
capacity to provide this amount of water without substantially diminishing the supply for
other current and future users. Water withdrawals greater than 10,000 gallons per day
from any surface, spring or groundwater source are regulated under KRS 8151.140-150
and 401 KAR 4:010. Water withdrawals required for use in a steam-powered electrical
generating plant with retail power rates regulated by the Public Service Commission are

subject to separate PSC requirements.

A standard permit must be obtained from the DOW to authorize the withdrawal and use
of water in excess of the regulatory threshold. Applications should be made 3 — 6
months prior to start-up. The DOW will determine if the source of water has sufficient
capacity for the anticipated withdrawal amounts. If approved, the facility will need to
notify the agency when operations begin and report actual water withdrawal amounts on

a monthly basis.

8.4.5.1 Influence on Plant Siting, Design and Operation

A CTL facility will require a substantial water supply and will therefore need to be
located near a sizeable source of water, such as a river or lake. The facility will need to
confirm water supply requirements, determine how much water can be feasibly recycled
and what make-up supply will be needed. Prior to siting, the facility will also need to
confirm that the anticipated water supply has sufficient capacity to supply the facility

without diminishing capacity for existing users of the source. After siting, the facility will
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need to obtain a permit to withdraw the required amount of water and report water

consumed to the state.

8.4.6 Potable Water

Potable water for on-site use may be provided by installing a drinking water treatment

system or it may be provided by a local municipal supply.

If the CTL facility plans to construct and operate a water treatment and distribution
system for drinking water supply that serves at least 25 individuals daily (public water
system, 40 CFR 141), then the facility will need to comply with the public water system
requirements contained in 401 KAR, Chapter 8. These include: submitting design plans
and obtaining approval for the system prior to construction; operating and maintaining
the system by a certified operator; monitoring the system to insure drinking water
standards are maintained; providing monthly monitoring reports to the DOW; notifying
users and the state when standards are not met; and taking appropriate action to

correct any noncompliance with applicable drinking water standards.

If @ municipal potable water system is located nearby, then the CTL facility will need to
evaluate the feasibility of obtaining potable water from an outside source. This will
require confirmation of facility needs and confirming utility capacity. It will also require
an assessment of the costs required for connection to the utility, which will be
dependent upon proximity and access. It may entail obtaining property easements or
right-of-ways, which can delay the process.

8.4.6.1 Influence on Plant Siting, Design and Operation

Potable water supply may be provided from on-site sources or an off-site municipal or
regional source. If off site, the CTL facility will need to confirm whether there is an off-
site source with adequate capacity to meet the facility needs that is close enough to

feasibly supply the potable supply. The cost and time required to obtain this connection

FINAL REPORT
VSE CORPORATION page 57



will be dependent upon the proximity of the main line for the potable water supply.
Following connection, operation and maintenance costs will be limited to monthly water

use charges.

If an off-site supply is not nearby or feasible, the facility will need to design and operate
an appropriate a water treatment facility on site. The facility will need to locate a source
of raw water (likely the same as process water) and design an appropriate water
treatment system. Prior to construction and operation, a permit will need to be obtained
from the Kentucky Division of Water. After obtaining the permit and constructing the
treatment plant, a state certified operator will be required to maintain the plant. Periodic
water testing and reporting will also be required to ensure the plant is providing a safe
drinking water supply. Prompt corrective action will be required if testing indicates that

applicable standards are not being met.

8.4.7 Kentucky Pollution Discharge Elimination System (KPDES)

Consistent with the requirements of the CWA, associated federal regulations and the
authority granted by EPA, the Kentucky Pollutant Discharge Elimination System
(KPDES) applies to any discharge of a pollutant from a point source into the waters of
Kentucky. KPDES requirements are found at 401 KAR, Chapters 5 and 10. The DOW
manages this program and issues permits for several types of point source discharges
that may occur at a CTL facility. These include stormwater discharges associated with
construction activities or in contact with industrial activities; process wastewater

discharges; and sanitary wastewater discharges.

8.4.7.1 Construction Activity Stormwater Discharges

Construction activities that disturb one or more acres require a permit to discharge any
pollutant (including sediment) into Kentucky waters. For most construction activities,
the applicant will need to complete and submit a “Notice of Intent for Storm Water

Construction Activities” (NOI-SWCA) prior to construction (at least 7 days electronically
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or 30 days by mail) to receive authorization under the state general permit general
stormwater permit. The applicant will need to identify the location of the project, extent
of surface disturbance, receiving water body(ies), anticipated start and end of

construction.

Under the terms of the permit, the applicant will need to implement best management
practices to control stormwater runoff and erosion. They will also need to develop and
implement a Stormwater Pollution Prevention Plan to ensure that management
practices are implemented and effective. General management practices contained in

the permit include:

e A requirement to minimize disturbance;

e A requirement to maintain a 25 — 50 feet buffer between the edge of the receiving
waters and any disturbance for all projects; and

e A requirement to conduct immediate stabilization practices in critical areas near
receiving waters for all projects;

e A requirement to initiate final stabilization practices within 14 days after
construction has ceased.

It should be noted that this general permit does not apply to construction activities that
will discharge to waters categorized as outstanding national or state resources, cold
water aquatic habitat or impaired under 401 KAR Chapter 10. Any construction activity
located near these types of waters will require an individual KPDES permit and undergo
the longer and arduous individual permit process, which may take as much as 6 — 12

months to complete.
8.4.7.1.1 Influence on Plant Siting, Design and Operation
Prior to disturbing land for construction of a CTL facility, a stormwater permit authorizing

the construction activities will be required. In general, stormwater permits for

construction activities can be obtained relatively easily with a preconstruction notice (7 —
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30 days prior to construction). During construction, best management practices will
need to be used to minimize erosion, control runoff and avoid impact to nearby streams.
These practices will need to be documented in a Stormwater Pollution Prevention Plan
that will require periodic inspections to ensure practices are maintained. Following
completion of construction the facility will need to file a notice of termination to cancel

the permit.

One exception to this general scenario is if the construction will affect outstanding
national or state resources, cold water aquatic habitat or impaired waters identified in
401 KAR Chapter 10. Any construction activity located near these types of waters will
require an individual KPDES permit and undergo the longer and arduous individual
permit process, which may take as much as 6 — 12 months to complete. Therefore, it
would be prudent during the site evaluation phase to determine if any of these
categories of waters will be impacted and design the facility to avoid their impact, where

possible.

8.4.7.2 Process Wastewater and Stormwater Discharges

Wastewater generated during the operation of a CTL facility that will be discharged
directly to a Kentucky water body will require a separate KPDES permit. This presumes
that the volume of wastewater that is not recycled and reused from gasification, CTL
and cooling processes cannot be feasibly sent to an off-site municipal or regional
treatment facility. Applications must be completed and submitted to the DOW 6 — 12
months prior to construction of the facility. The applicant will need to provide a
complete: description of all processes generating wastewaters; description of
wastewater treatment methods; and list of all pollutants and their respective
concentrations in each wastewater stream. The applicant will also need to identify the
volume of wastewater at each discharge and the water bodies that will receive the
wastewater discharges. A base fee of $7000 (for discharges exceeding 50,000 gpd) is
required for review of the application and issuance of the permit. Additional fees may

be incurred if the permit is contested.

FINAL REPORT
VSE CORPORATION page 60



Permit limits are developed to maintain regulated water quality standards in the
receiving water body as well as other specific process or industry standards. Larger
receiving water bodies generally have greater capacity to meet water quality standards
for wastewater discharges; however, permit limits are based on the designated use and
existing water quality or category of the receiving water body. Kentucky has six
designated water uses identified in 401 KAR 10:026: warm water aquatic habitat; cold
water aquatic habitat; primary contact recreation; secondary contact recreation;
domestic water supply; and outstanding resource water. Water quality standards begin
with basic in stream requirements that become stricter as the designated use changes
from warm water aquatic habitat to outstanding resource water. Additionally,
Kentucky’'s antidegradation regulation (401 KAR 10:030) establishes four categories of
waters: impaired, high quality, exceptional and outstanding. The goals of the program
are to ensure that existing water quality is maintained, additional water pollution is
prevented and polluted or impaired waters are abated. To meet these goals, pollutant
discharge limits will generally be stricter for outstanding waters and impaired waters.

Additional standards that could apply to a CTL facility are defined in Sections 316 (a)
and (b) of the CWA and imposed as part of the KPDES permit process. Due to the
large amount of water required for cooling at power plants, Section 316 addresses
concerns for potential impact to fish and wildlife at the discharge and intake from these
systems. Elevated discharge temperatures from cooling systems can adversely affect
the growth rate, feeding habits and habitat preference of fish, shellfish and other aquatic
life. Section 316(a) addresses these potential impacts by requiring that the permit
applicant design the facility to ensure that the discharge does not elevate receiving
water body temperatures above applicable water quality standards or levels acceptable

for the designated water use.

On the intake side, small aquatic organisms can be adversely impacted by being carried
in through the intake structure and harmed, a phenomenon known as entrainment.

Alternatively, when screens are installed on the intake to avoid entrainment, larger
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species may become trapped against screens on the intake. Section 316(b) controls
these impacts by imposing technology-based and performance design standards that
minimize impingement and entrapment of local fauna on or in the intake structure.
These generally affect screen design and require a low velocity intake. They also
impose requirements to minimize cooling water use by requiring best available

technology and avoiding once-through cooling processes.

8.4.7.2.1 Influence on Plant Siting, Design and Operation

During facility siting, it is therefore important to confirm the water use designation and
category of potential water bodies that may receive wastewater discharges from the
facility — both stormwater and process wastewater. Where possible, facilities should be
located near relatively large water bodies and avoid discharges to impaired or

outstanding waters and those designated for recreational use or as a water supply.

The specific designated use and water quality category of the receiving water body will
dictate appropriate wastewater treatment design to achieve permit allowed pollutant
loading to the receiving water body. Additional design considerations will need to be
made to insure that process and cooling tower discharge temperatures meet applicable
temperature limits required by Section 316(a) of the CWA and the intake structure
meets applicable Section 316(b) requirements. Process design and operation of the

cooling system will also need to meet Section 316(b) requirements.

On-going operations will need to be maintained to meet permit requirements, including
water discharge quality as well as appropriate management practices and plans
designed to minimize excess pollutant loading and immediately respond to any

emergencies that may cause a water quality problem.
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8.4.7.3 Sanitary Wastewater Discharges

In addition to process wastewaters, any CTL facility will have sanitary wastewater that
will need to be managed by either treating on site or by an off-site municipal or regional
treatment facility. If on site, the facility will need to incorporate the treated discharge
into their KPDES permit. They will also need to have a certified wastewater treatment
operator (KRS 224.73-110) to supervise the operation and maintenance of the

treatment plant in accordance with permit requirements.

If a municipal wastewater treatment system is located nearby that has the capacity to
accept sanitary sewage from the CTL facility, then the sewage may be direct to the
municipal treatment facility. It is likely that the CTL facility will need to install or pay for
the installation of connecting lines and obtain authorization for the connection. The cost
for this connection will be dependent upon the proximity of the municipal treatment
facility sewer line. In the event that the wastewater stream may also include process
wastewaters, a separate municipal pretreatment permit will be required. The facility will
also be required to develop emergency response and best management plans to

prevent upsetting the municipal treatment facility.

8.4.7.3.1 Influence on Plant Siting, Design and Operation

Location of the CTL facility near a municipal or regional wastewater treatment facility will
provide the option of directing facility sanitary sewage to an off-site treatment facility.
The facility will likely need to install and/or pay for the installation of connecting lines
and obtain authorization for the connection. The cost for this connection will be

dependent upon the proximity of the municipal treatment facility sewer line.

If this is not possible or feasible, the facility will need to design and operate an
appropriate treatment facility on site. This will need to be incorporated into the facility’s
KPDES permit and require a certified operator. It will also require long term operation

and maintenance costs.
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85 Electric Service, Generation and Transmission

A CTL facility will need a substantial external power supply for start-up. After start-up,
the facility will likely generate its own power and may create excess power that can be
sold to the grid. The process of obtaining the appropriate approvals will require
coordination with the local utility provider for service and may require coordination with
federal, state and regional authorities responsible for regulating and operating electric

generation and transmission systems.

In Kentucky, there are:

e 24 companies that solely provide electric distribution service;

e 3 companies that provide electric generation and transmission service (Big
Rivers Electric Cooperative — BREC, East Kentucky Power Cooperative — EKPC,
and the Tennessee Valley Authority — TVA); and

e 3 companies that provide generation, transmission and distribution service
(American Electric Power — AEP/Kentucky Power-KP, Duke Energy and E.ON
U.S., including Kentucky Utilities- KU and Louisville Gas & Electric-LG&E).

Depending upon the type of service required, a CTL facility may need to interact with

one or several of these electric companies.

8.5.1 Electric Service

Coordination with the local electric utility is required to initiate planning and feasibility studies
to ensure adequate power is available for startup and determine a pathway to upload
excess power. This process typically begins with a review of project power requirements
and determining what utilities provide service for the project area. The utility will require the

facility to enter into a formal agreement to evaluate the feasibility and ability of the utility to
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supply the power demand. After completing the agreement, the utility will perform an

engineering study.

A typical engineering study for local electric supply will cost around $10,000 and take 60
days to complete. The cost of the engineering study may be incorporated into future utility
bills if the project is completed. Timeframes and cost-sharing arrangements for any upgrade

required for connection and to ensure sufficient power capacity will be provided in the study.

Schedules and costs vary widely depending upon whether additional right-of-way must be
obtained, additional transmission lines and substations must be installed and if additional
power capacity is needed by the utility. For planning purposes, the process of negotiating
an agreement with the local utility, completing the engineering study and arranging for
electrical service may take 3 — 6 months, excluding design and construction of any system

upgrades including substations or new transmission lines.

The local utility study should be coordinated with any interconnection study required for

selling power to the grid.

8.5.2 Generation and Transmission

If a CTL facility plans to generate excess electricity and sell it wholesale to the electric
transmission grid, there must be capacity in the transmission system. Depending upon
where it is located in Kentucky and how it plans to connect to the transmission system, the
facility will need to obtain approval from the appropriate Regional Transmission Organization
(RTO), Independent Transmission Organization (ITO) or local generation/transmission

company.

A developer using AEP or EKPC electrical lines will work with PJM Interconnection to
address the transmission of excess power from the facility. PJM Interconnection is a
Regional Transmission Organization (RTO). If E.ON U.S. electrical lines will be used,
the facility will work with South West Power Pool (SWPP). SWPP is an Independent
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Transmission Organization (ITO) under private contract with KU. If the project will use
TVA or Duke transmission lines, the developer will work directly with these entities. If
the facility is located in the service territory of any of the remaining 24 distribution
companies, the facility will have to work with the local distribution company and the

associated generation/transmission company (e.g., BREC, EKPC, or TVA).

To initiate the interconnection planning process, the developer contacts the appropriate RTO
to review points of connection and enter into a formal agreement for the RTO to evaluate the
feasibility and impact of the proposed connection. The scope of the study will be driven by
the projected level of power that will be provided to the transmission system. If less than 20
megawatts (MW) will be sold on the open market, only certain portions of the RTO
interconnection study may be performed. Typically, an interconnection study consists of: a
feasibility study phase, a system impact phase, and a facility design study phase. Each
phase requires a deposit and fee to be paid by the project developer. The entire process

can take approximately one year, excluding any infrastructure construction or improvement.

8.5.3 Influence on Plant Siting, Design and Operation

It is important for the project developer to determine the appropriate utility and RTO/ITO that
they will need to work with based upon the location of the project. Although all have similar
requirements, project schedules, fees and needs for infrastructure changes will vary.
Importantly, PJM accepts applications only twice a year, making timing of the submittal
important. PJM membership is not required for the initial planning and construction phases,
but is required prior to commercial operation. Membership entails certain data
requirements, operational and market coordination, committee support and financial

obligations including initial and annual fees.

Unlike PJM, SPP does not charge a membership fee for interconnection to the power
system. Additionally, SPP accepts application requests on an on-going basis, rather than

only twice a year. Similarly, applications to the non-RTO generation/transmission entities
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and local utilities do not typically have a restriction on when applications will be received and

reviewed.

8.5.4 Kentucky Siting Board

Any CTL facility that plans to generate excess power and connect to the transmission grid to
sell the excess in the wholesale market (i.e., rates not subject to the Kentucky Public Service
Commission (PSC)) is considered a Merchant power plant. Requirements for approval of
merchant power plants are found in KRS 278.700 — 716. Merchant power plants with a
generating capacity of 10 megawatts or more and transmission lines capable of carrying
69kV or more that are less than 1 mile in length must prepare applications for construction to
the Kentucky State Board on Electric Generation and Transmission Siting (Siting Board).
The seven-member Siting Board within the PSC reviews these applications and decides
whether to approve or deny them. 807 KAR 5:100 establishes the application fees which
are a function of the length of the line and the amount of capacity it will carry or the
nameplate generating capacity. The fee may be as much as $200,000.

Construction of a transmission line greater than 1 mile in length and carrying more than
138kV would be directly subject to PSC jurisdiction (807 KAR 5:120 (2005)). In that case,
the developer would need to coordinate with, and support the local electric utility in the
request for approval of the extension of transmission lines from the PSC.

When working with the Siting Board, the process begins by submitting a Notice of Intent
(NOI) at least 30 days prior to submitting the application (but no more than 6 months).
The NOI is made public and must include: the identity of the applicant; a brief description of
the proposed facility and its location; the address of the local planning and zoning
commission, if any; and a description of equipment setbacks (distance from property line).
The 30 day period is used by the Siting Board to appoint ad hoc members and hire any
consultants it may need for the application review.

FINAL REPORT
VSE CORPORATION page 67



A Public Notice of the intent to file an application must be sent to all adjoining property
owners, county officials and other interested parties at least 30 days prior to filing the

Application. The Public Notice may be filed with the NOI or subsequently.

Following the Public Notice, the complete application must be submitted to the Siting Board.

The application must contain the following information:

e A complete description of the project sponsor, proposed operations and location of
the project with information regarding proximity to residential neighborhoods,
schools, hospitals, nursing homes and parks.

e Evidence that adequate public notice of the project has been made to adjacent
landowners and the public.

¢ Evidence of the applicant’s public involvement activities.

¢ An environmental assessment report that includes a discussion of potential impacts
and methods used to control impacts from air emissions, wastewater discharges,
waste management activities and water consumption. The applicant must also
address visual impacts, noise, traffic and affect upon property values.

e A statement of compliance with any local zoning regulations and noise control
ordinances.

e An analysis of the effects of the proposed facility on the electric transmission grid.

e An analysis of the economic impacts upon the community.

e The applicant must also disclose any previous history of environmental violations.

Upon receipt and initial review, the Board will inform the applicant whether the application is
administratively complete or whether additional information may be required. Technical

review will be initiated.

According to the Board Proceedings regulations found at 807 KAR 5:110, an interested
party may request a Public Hearing or initiate an Evidentiary Hearing within 30 days of
application submittal. If a hearing is scheduled, the applicant will be required to Public

Notice the hearing date, which typically occurs within 60 days of application submittal.
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The Board must make a decision within 90 days of receipt of an administratively
complete application (if there is no hearing) or 120 days if a hearing occurs. By majority
vote, the Board shall grant or deny a construction certificate, either in whole or in part, based

upon the criteria contained at KRS 278.710. These criteria include:

e Impact of the facility on scenic surroundings, property values, adjacent property land
use and surrounding roads;

e Anticipated noise levels from construction and operation;

e Regional and state economic impact of the facility;

e Whether the project is located on an existing electric generating site;

e Whether the facility meets local planning and zoning requirements;

e Whether the additional electric load of the generating plant will adversely affect
reliability of service to retail customers;

e Whether the structures (i.e., stacks) meet applicable local and state setback
requirements;

e The efficacy of proposed measures to mitigate any of the above impacts;

¢ Environmental compliance history.

8.5.4.1 Influence on Plant Siting, Design and Operation

Application to the Siting Board for a construction certificate to build a Merchant Generating
Facility or Transmission Line is a formal process to consider potential local concerns and
impacts that may not be directly addressed through applicable federal or state
environmental permitting programs. It is an opportunity for the applicant to identify and
minimize potential local concerns regarding aesthetics, land use, noise, traffic and other

environmental impacts by involving the community at an early stage in the planning process.

With respect to how the process can influence project siting, design and operation, the
applicant will need to consider the following general criteria and establish the facility to

minimize impacts to the local community and environment.
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e Locate the facility on property with a minimum buffer area of at least 1000 feet from
the operation to any adjoining property owner and 2000 feet from any residential
neighborhood, school, hospital, nursing home or park.

e Confirm local zoning requirements and if zoning changes may be required, plan for
sufficient time to address any local concerns and achieve the zoning change
(minimum 1 year prior to site development).

e Ensure that public involvement activities are included during the planning and zoning
process.

e Follow the Siting Board NOI and application process and ensure all required
information is provided and adequate public notices are completed.

e If connecting to the grid, the facility will need to have at least an initial feasibility study
completed to confirm that any connection will not adversely impact the grid and can
be accomplished in feasible manner.

e Design and operate the facility to minimize impacts to air, water, noise, aesthetics,
nearby properties and traffic. Depending upon the location and type of operations
planned, the facility may need to be designed to meet more stringent requirements

than would be required for federal or state environmental permits.
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9.0 REGULATORY AND PERMITTING TIME FRAMES - IMPACTS
UPON THE ECONOMICS OF A PROJECT

Regulatory and permitting time frames and the ensuing uncertainty have an economic
impact on the feasibility of any large project. First and foremost, uncertainty increases
costs. From the developer’'s perspective, regulatory or permitting uncertainty leads to
increased cost of borrowing funds for construction of large projects, will lead to loss of
equity investors, and will prevent project developers from being able to enter into
favorable long term contracts for construction materials, such as steel. Regulatory or
permitting delays can be responsible for stopping a project with high public and private
benefits from going forward.

Even though permitting impacts all development, energy project development with its
high capital cost is particularly impacted. All energy projects, whether fossil, nuclear or
renewable, have been impacted to some degree by permitting delays. This was
recognized in the Energy Policy Act of 2005, with Congress inserting provisions to
coordinate the siting and permitting of large projects, especially interstate electricity
transmission lines. Wind projects have been stopped or have faced serious delays in
many states because of permitting issues, especially concerning migratory birds and bat

populations.

A March 2011 report commissioned by the U.S. Chamber of Commerce in conjunction
with its Project No Project initiative summarizes the status of over 351 proposed energy
projects that have been delayed or cancelled due to "significant impediments, such as
regulatory barriers, including inefficient review processes and the attendant lawsuits and

"12 Bill Kovacs, Senior Vice President for Environment,

threats of legal action.
Technology and Regulatory Affairs at the U.S. Chamber of Commerce, states that "the
Chamber believes our nation’s complex, disorganized regulatory process for siting and
permitting new facilities and its frequent manipulation by NIMBY (not in my back yard)
activists constitute a major impediment to economic development and job

creation....... Serious regulatory inefficiencies and permitting delays persist and NIMBY

FINAL REPORT
VSE CORPORATION page 71



activists are winning more often than they are losing. All of this is leading to serious
marketplace uncertainties, which can drive investors to opt not to finance new major
construction projects or pull out of previous financial commitments."*?> The report notes
that nearly 45 percent of the identified projects are renewable energy projects. Results
of the assessment are available on web project inventory, the Project No Project
Website.*?

9.1 Permitting Delays for Fossil Fuel Projects

There are particular issues when siting a project utilizing fossil fuel resources, including
natural gas, but coal has faced increasingly difficult siting and permitting challenges in
recent years. When permitting a project which uses coal as a feedstock, whether that is
a power plant to generate electricity, a facility to produce alternative liquid transportation
fuels from coal, a coal-to-substitute natural gas plant, or a facility that uses coal as a
feedstock to make chemicals -- the economics of the project will be strongly impacted
by delays that result from permitting requirements. This has not escaped the notice of
groups who are determined to stop any and all coal facilities. Many national
environmental organizations have well organized and funded efforts (see Sierra Club
and the Beyond Coal Campaign) to file against any facility using coal, including for
example, a map and database of all projects, the regulatory agencies responsible for
permits, and the status of their “stopping the coal rush” initiative®*.

Permitting and regulatory impacts for CTL facilities are difficult to quantify due to the
lack of facilities in operation in the United States. It is clear, however, that permitting
and regulatory considerations will have substantial impact on the projects' feasibility,
costs and schedules. Evaluation of permitting by the Coal To Liquids And Gas

Subgroup of the Technology Task Group of the National Petroleum Council Committee

12 U.S. Chamber of Commerce. "An Introduction to Project No Project.” Bill Kovacs. March 10,
2011. http://www.uschamber.com/sites/default/files/reports/PNP_EconomicStudyweb.pdf

13 http:www.projectnoproject.com

14 See: “Stopping the Coal Rush” Sierra Cub.
http://www.sierraclub.org/environmentallaw/coal/plantlist.asp. June 25, 2010
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On Global Oil And Gas was performed in 2007. The subgroup report states that "No
commercial-scale CTL plant has been sited or permitted in the United States. Given
that these plants will have aspects of both a refinery and a power generation facility, it is
not clear how quickly this untested permitting process can be expedited, particularly if
activist groups are aggressively intervening. These potential delays have associated
financial risks to the first plants.” Furthermore, the Subgroup concluded that "The
process of siting and permitting large facilities is a major barrier to investment,
particularly in the developed nations. Any project with coal as a feedstock can expect
environmental challenges, both by the public and in court. A world-scale CTL facility
site will encompass roughly a square mile of land. Not only will the raw size of this type
of facility draw regulatory attention, the fact that this is a new industry with very few
precedents to cite will make permitting a major obstacle that consumes a substantial
amount of resources."*® Three years later, the Associated Press reported that "No coal-

to-liquids plants have been built in the United States."*°

Seven CTL projects identified on the Project No Project website have experienced delay
due to regulatory impediments. To provide a perspective of the impacts to costs and

schedules, the project summaries are provided below®:

e American Lignite Energy LLC, Coal-to-Liquids project, ND
STATUS: In progress
OPPOSITION: Sierra Club, Dakota Resource Council
PROSPECTS: Indeterminate
BACKGROUND: American Lignite Energy, LLC was formed in late 2006 to
develop a coal-to-liquids project at an undefined site in western North Dakota at
a projected cost of approximately $4 billion. The proposal reportedly would
create up to 3000 construction and 700 permanent jobs. Plans for the project
were put on hold in January 2009 due to regulatory uncertainty. In January
2010, the developers announced they would evaluate next steps after the
election of a new Congress.

!> Coal To Liquids And Gas Subgroup of the Technology Task Group of the National Petroleum
Council Committee On Global Oil And Gas. Topic Paper #18 Coal To Liguids And Gas. July
18, 2007.

18 Associated Press as reported by FoxNews.com. "Montana tribe: $7B coal-to-liquids plant
needs more federal support or investors will shy away." August 25, 2010.
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Sierra Club appears to oppose the project in keeping with its national strategy of
opposing all coal projects for any reason or no reason.

e Medicine Bow Project, Carbon County, WY
STATUS: In progress, with opposition
OPPOSITION: Sierra Club
PROSPECTS: Indeterminate
BACKGROUND: In 2006, the developer proposed construction of a $2 billion
coal to liquid facility to produce up to 21,000 barrels per day of gasoline and
other products in Carbon County, Wyoming. The project will use a proprietary
ExxonMobil technology and is estimated to create up to 6000 jobs, including 450
full-time jobs, and provide gasoline at a competitive price (e.g. $60 per barrel).

A siting permit was granted in December 2007. An air emissions permit was
granted in March 2009. Sierra Club appealed, claiming the air permit failed to
properly address sulfur dioxide and particulate emissions and to treat the project
as a “major source” of hazardous air pollutants, among other things. In February
2010, the Wyoming Environmental Quality Council dismissed the appeal, and
Sierra Club appealed to the Wyoming Supreme Court. Oral argument occurred
in October and a decision is pending.

The developers have applied for a $2 billion Department of Energy (DOE) loan
guarantee. Sierra Club and other environmental special interest groups oppose
the application as part of their campaign against all coal plants. DOE has
indicated it might rule on the application sometime in early 2011, although it has
yet to complete an environmental impact statement on the project. Construction
has yet to begin.

e Baard Energy, Coal-to-Liquids plant, OH
STATUS: In progress, with opposition
OPPOSITION: Sierra Club, Natural Resource Defense Council
PROSPECTS: Indeterminate
BACKGROUND: Baard Energy plans to develop a coal-to-liquids plant in
Wellsville, Ohio at an estimated cost of $6 billion. The facility is designed to
capture and ultimately sequester at least 85% of all carbon dioxide produced,
and will produce synthetic jet fuel, diesel fuel and other feedstock. It is estimated
that 2,500 jobs would be created during the peak construction period, plus 200
full-time jobs at the plant and about 750 coal-mining jobs. The plant will cover
approximately 600 acres.
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Project opponents have filed three separate legal actions to stop the project. In
August 2008, Ohio EPA issued a final National Pollution Discharge Elimination
System (NPDES) permit. In September Sierra Club and NRDC appealed to
Ohio’s Environmental Review Appeals Commission claiming Ohio EPA failed to
set sufficiently stringent discharge limits for numerous pollutants, unlawfully
exempted coal pile runoff discharges from permit limits for three years, and
added new sections to the final permit that were not included in the draft
permit. This appeal is pending.

In November 2008, Ohio EPA issued the final permit-to-install/PSD permit for the
facility. In December Sierra Club and NRDC appealed to the Ohio Environmental
Review Appeals Commission claiming the permit was deficient because Ohio
EPA failed to include any analysis or control of carbon dioxide emissions from
the plant, to accurately analyze or impose emission limits for hazardous air
pollutants and to analyze impacts to the State's general air quality from the
proposed plant. In October 2009, Ohio EPA issued a modified version of the
appealed PTl/air permit to include case-by-case Maximum Achievable Control
Technology (MACT) limits to control the emission of hazardous air
pollutants. This appeal is pending and a hearing is scheduled for February 2011.
In January 2009, Sierra Club and the Natural Resources Defense Council
(NRDC) filed a federal lawsuit challenging a wetlands fill permit issued by the
U.S. Army Corps of Engineers under the National Environmental Policy Act and
the Clean Water Act. The suit alleged the agency neglected some of the plants
most significant environmental impacts, including air pollutants and carbon
dioxide impact on human health and welfare, and failed to accurately balance the
project's harms against the alleged benefits. The U.S. District Court ruled
against the opponents in March 2010, and they appealed to the U.S. Sixth Circuit
Court of Appeal. This appeal is pending.

Additionally, NRDC filed a Freedom of Information Action against DOE seeking
financial information to use against the project developer.

Although the opponents have yet to prevail in any of their litigation efforts, the
delay caused by their actions appears to be having a significant economic impact
on the project. For example, the litigation caused the developer to abandon its
effort to secure a U.S. Department of Energy loan guarantee for the project, DOE
stated that the lawsuits would be part of the "risk evaluation" and could affect
financing costs and timeliness, meaning pending lawsuits would have to be
settled before the company could obtain loan guarantee funds. Reports suggest
the litigation delay is causing the developer substantial cash flow problems,

FINAL REPORT
VSE CORPORATION page 75



although it appears that funding has been secured to complete the land
purchase. Construction is planned to commence in 2011.

e The Fairbanks Economic Development Corporation Coal-to-Liquids Plant,
AK
STATUS: In progress with opposition
OPPOSITION: Environmental: Sierra Club
PROSPECTS: Indeterminate
BACKGROUND: The proposed $2-6 billion plant would produce 20,000-40,000
barrels of liquid fuel per day from both coal and biomass. The plant would
provide a solution to high energy costs in Fairbanks as well as manufacture jet
fuel. In May, 2008, Fairbanks Economic Development Corp. (FEDC) signed a
contract with Toronto-based engineering firm Hatch Ltd. to conduct a $550,000
screening study on a potential coal-to-liquids (CTL) plant in Fairbanks,
Alaska. Also, FEDC has been working with the US Air Force with respect to
plant development. The proposed plant would use the Fischer-Tropsch chemical
conversion process — a process that converts coal and natural gas to liquid fuels.
The facility would generate 60-200 megawatts of power and produce jet fuel,
diesel and home heating oil. The coal-to-liquids plant could potentially supply
fuel at a cost of approximately $2 per gallon about the same price customers pay
when oil is going at $88 per barrel. The plant is opposed by environmental
groups due to alleged “greenhouse gas emissions” concerns.

e Alaska Natural Resources-to-Liquids LLC
STATUS: In progress with opposition
OPPOSITION: Sierra Club; Cook Inletkeeper
PROSPECTS: Indeterminate
BACKGROUND: The Alaska Natural Resources-to-Liquids LLC project is
estimated to cost $5 billion. The project would consist of a 300 mega-watt coal-
to-liquids (CTL) plant near the Beluga coal fields using the Fischer-Tropsch
chemical conversion process. ANRTL's project would manufacture 80,000
barrels per day of ultra-clean diesel and naphtha for U.S. West Coast markets.
In the longer term, the plant could make a variety of other products, like jet fuel.
The proposed location seems well-suited for the proposed plant. The Beluga
CTL plant and coal reserves next to the tide water, and the estimate is the
Beluga coal field has 50+ years of supply. The plan is for CO2 sequestering
through local depleted gas fields, and CO2 enhanced oil recovery in local
reservoirs if up to 150 to 300 million barrels. The site is 12 miles from the electric
grid serving 85% of Alaska’s electric load, and 10 miles from the natural gas
transmission system delivering 500 mmcf/d. Almost half of Alaska’s population

FINAL REPORT
VSE CORPORATION page 76


http://www.projectnoproject.com/2010/12/the-fairbanks-economic-development-corporation-coal-to-liquids-plant-ak/
http://www.projectnoproject.com/2010/12/the-fairbanks-economic-development-corporation-coal-to-liquids-plant-ak/
http://www.projectnoproject.com/2010/12/alaska-natural-resources-to-liquids-llc-2/

lives within 65 miles of the CTL site, and 80% of the engineering, design,
fabrication, construction and operating companies serving Alaska’s North Slope
and Cook Inlet oil and gas industry are located within 45 miles of this location.

e Gilberton Coal-to Clean Fuels and Power Project, PA
STATUS: Canceled
OPPOSITION: Sierra Club, Local officials, Local citizens
PROSPECTS: Indeterminate
BACKGROUND: The developer planned a 41 megawatt coal-to-oil plant to
convert anthracite waste coal into fuel, producing 5,000 barrels of diesel fuel a
day. The project qualified for a substantial federal grant and had political
support. A 2007 environmental impact statement was issued in preparation for
disbursement of federal funds. However, the developer could not secure private
financing and the project has not moved forward.

Local citizen groups opposed development due to the potential CO2 emissions
from the process. Sierra Club opposed the project as part of its national strategy
to oppose all coal projects. It lists the project as a “victory” on its “Stopping the
Coal Rush” website.

e Malmstrom Air Force Base Coal-to-Liquids plant, Montana
STATUS: Canceled
OPPOSITION: Sierra Club; Montana Environmental Information Center
PROSPECTS: Unlikely
BACKGROUND: On October 2007, the Air Force announced plans to build a
coal-to-liquids plant at the Malmstrom Air Force Base in Great Falls, Montana.
The project was endorsed and supported by the State and was expected to cost
about $2 billion. Local environmental groups and Sierra Club opposed the
project, the later in keeping with its national strategy to litigate against all coal
projects. On January 29, 2009, the Air Force announced that it would no longer
pursue development of the plant citing conflicts with Malmstrom's nuclear missile
mission.

Additionally, an article about a proposed CTL plant in Montana indicates that a
perceived anti-coal attitude is scaring off investors and delaying the project. "A federal

tax credit for coal recently expired. Unless the political climate for coal improves, Black

Eagle said, the tribe could be forced to suspend its project."®
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Given the above examples, it is apparent that opposition to any coal-related project is
nearly certain and may have devastating consequences: permit delays and appeals
cause increases in direct costs and endanger financing because of perceived risk and
uncertainty. The National Mining Association has urged the U.S. government to provide
incentives to overcome these obstacles to CTL fuel facility development. "Coal
refineries are expensive to construct, with capital costs in the $600-million-to-$700-
million range for a 10,000 barrel per day plant, according to FT Solutions LLC. The
technical and financial risks of a “first of a kind” plant in the United States have
discouraged consideration of this type of investment in the past. Finally, the lead time
for a coal refinery, as with all refineries, is a minimum of five to seven years under

optimal circumstances."’

9.2 Coal Fired Power Plants and Electricity Supply

According to the National Energy Technology Laboratory (NETL), when discussing coal
fired power plant additions, actual plant capacity additions have only been 12% of that
announced from 2000 to 2009 and much of the delays and cancelations have been
attributed to regulatory uncertainty or poor project economics due to increasing costs in
the industry®. The economic downturn experienced in 2008 and 2009 has delayed the
need for some of these plants, especially those producing electricity, but demand will
recover and grow as the economy rebounds and needed capacity may not be in place
to serve that increased demand. This would lead to brown-outs or black-outs in certain

regions of the country.

Lack of affordable electricity will have a detrimental impact upon the economic
development opportunities facing certain states and regions when growth
recommences. According to the Energy Information Administration (EIA) and their
projections in the 2010 Annual Energy Outlook, electricity use will increase over the

period from 2008 to 2035 and this increase will be met by an increase in the use of

" National Mining Association "Liquid Fuels from U.S. Coal- The technology is modern, proven
and ready. It has national security, economic and environmental benefits. What is needed to
make it happen?"

18 “Tracking New Coal-Fired Power Plants”. http://www.netl.doe.gov/coal/refshelf/ncp.pdf .
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natural gas, coal and renewable resources.’® Coal will remain the dominate source of
electricity generation, assuming plants are able to be built, and siting concerns are

addressed.

However, if there is difficulty similar to what has been observed in the 2000-2009 period
in power plant additions, the resulting lack of capacity will lead to loss of employment
and the resulting economic growth and recovery. In a state like the Commonwealth of
Kentucky, a lack of electricity capacity will have a negative impact in two major areas.
Kentucky has a large manufacturing base, with 213,000 persons directly employed in
the manufacturing sector in 2007, according to the Kentucky Cabinet for Economic
Development®. Industrial electricity rates have been historically low in the
Commonwealth due to an adequate supply of coal fired generation. Approximately 50%
of the electricity consumed in Kentucky is consumed in the industrial sector, according
to EIA's Electric Power Annual 2008%%. Of that electricity generated in Kentucky in
2008, fossil fuels dominate as the fuel of choice. Therefore, coal fired power plants are
an important part of the economy in Kentucky, and maintaining an adequate supply of

power is crucial to economic recovery.

The second major area of impact of coal fueled power plants on Kentucky’'s economy
stems from the fact that Kentucky is the third largest coal producing state in the United
States, and of that coal that is mined more than 90% is used for the generation of
electricity, either in the Commonwealth or in other states. Any decrease in the viability
of coal resources for electricity generation will not only impact Kentucky as an industrial
state, but also as a coal producing state. Delays in permitting can prevent adequate
electricity supplies, impacting the productive sector of the Commonwealth, but delays in

permitting across the country will have a negative impact upon the viability of the coal

' Energy Information Administration 2010 Annual Report, Report #:DOE/EIA-0383(2010)
http://www.eia.doe.qov/oiaf/aeo/overview.html#elecgen

2 Think Kentucky. http://Thinkkentucky.com June 25, 2010.

2L “Electric Power Annual 2008 — State Data Tables.” U.S. Energy Information Administration.
January 21, 2010. http://www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html June 25,
2010.
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industry which is an important employer, and is a positive contributor to the tax base of
the Commonwealth. In 2008, 18,906 employees were directly employed in the mining
sector in Kentucky??, and severance tax revenue to the Commonwealth totaled $270

million%.
9.3 Coal Gasification

The gasification process can be used to generate a myriad of products. Coal has been
used, and is used as a chemical feedstock, for example, the Eastman facility in
Tennessee uses coal as a feedstock in processes resulting in everyday items. The
gasification process is one that is versatile in both feedstock and final product. Utilizing
steam and high pressures, the coal or other carbon based feedstock is broken down to
its carbon monoxide and hydrogen as well as other gaseous compounds. Resulting
impurities or pollutants can easily be removed and a resulting product can be produced
including electricity, liquid transportation fuels, synthetic natural gas, chemicals and

fertilizers.

The economic impact of coal gasification facilities to Kentucky would be positive in that
it would be a new industry similar to the chemical industry, it would also be a new
market for the coal resources of the Commonwealth. In fact, the Commonwealth
recognized this in passage of the Incentives for Energy Independence Act (IEIA) in
2007*. Using a simple economic input-output impact model, and conservative
assumptions regarding jobs, for a facility with a capital investment of $2 billion, with a
construction period of two years, which produces synthetic natural gas and electricity,

the economic impact is estimated to be $1.4 billion for the two year construction period,

22 “Coal Mining Productivity by State and Mine Type.” U.S. Energy Information Administration.

September 18, 2009. http://www.eia.doe.gov/cneaf/coal/page/acr/table21.html June 25, 2010.

# “Annual Coal Severance Tax Receipt Data.” Kentucky Coal. January, 2009.
http://www.kentuckycoal.com/documents/CoalEconomics/TaxData0708.pdf June 25, 2010.

24 “Kentucky Economic Development Finance Authority (KEDFA) Incentives for Energy
Independence Act.” Think Kentucky. August, 2008.
http://www.thinkkentucky.com/kyedc/pdfs/IEIA.pdf June 25, 2010.
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with an approximate $40 million positive impact on tax revenues for the Commonwealth
(these tax impacts would be reduced by the tax incentives granted under the IEIA, if
applicable). Ongoing operation of this facility would result in an annual economic
impact of $250 million, with an increase in tax revenues of approximately $50 million.
Severance tax receipts from the 2.8 million tons of additional coal that would not
otherwise have been sold, are estimated in excess of $5 million annual and the

economic impact in the mining sector estimated to be approximately $150 million®.

This economic impact if permitting delays result in the failure of such facilities to
be sited in the Commonwealth will be a direct loss to Kentucky. Furthermore, it is likely
that if these facilities are not located in regions with coal resources, they will not be
located in the United States.

% Modeling was done using IMPLAN, assuming: 50% of the construction jobs were Kentucky
employees, 30,000,000 MMBtu of natural gas was sold per year at $4 per mcf, 12,000 tons per
day of carbon dioxide was sold at $10 per ton, 512 MW of electricity would be sold at $0.06 per
kwh, and that 2.8 million tons of coal was purchased at $41.50 per ton.
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10.0 POTENTIAL FOR GEOLOGIC SEQUESTRATION

The capture and storage of carbon dioxide is driven by the desire to reduce greenhouse
gases in the United States. Current research into the viability of carbon storage in
geologic formations continues on both a state and national level. As more information
about the subsurface becomes available, a more informed decision can be made

concerning long-term storage.

Current Capture Technology is limited to acid gas removal using chemical solvents,
such as amines, and physical solvents. Commercial scale carbon dioxide capture has
not been deployed, but is in the works. The technology has been and is being used to
remove smaller amounts of carbon dioxide in the natural gas industry. R&D for new
capture technology is being funded in the US, Canada, and Europe. Pilot scale tests

are being performed now, but commercialization may be several years off.

Carbon dioxide is currently being transported by pipeline for EOR projects, and new
pipelines are being planned. However, pipelines have not been built for transportation
in the storage of carbon dioxide from power plants or CTL plants. The total amount of
carbon dioxide transported would be much greater than for EOR projects. Researchers
in the US, Europe, and Canada are looking at design parameters and providing new
construction and maintenance guidelines. The total costs of transportation have not

resolved because of uncertainties in the construction costs.

Attached as Appendix 6 is a report analyzing the potential for geologic sequestration at
or near a specific site in Greenup County, Kentucky. This evaluation is provided to
demonstrate the type of preliminary analysis that can and should be made during the
feasibility phase of a development project. This analysis was performed using research
and materials available to the public and in conjunction with the Kentucky Geologic

Survey.
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The potential targets and seals available at the South Shore site have been discussed.
As stated in the report, information available on deep formations is limited to a few
wells, seismic data, and interpretation of known areas. As such, this is a preliminary

comparison and the addition of future work should be incorporated in future analyses.

For the South Shore project, carbon storage will most likely be to the south and east of
the site. On-site deep sequestration is the least viable option at the moment given the
storage capacities shown in this report. It should be noted that, whether in deep
aquifers or part of an EOR/EGR project, sequestration will require multiple wells over
the reservoir area. One injection well will not be sufficient to provide adequate injection

rates over a large area.

Future work for sequestration for the site should include discussions with Kentucky,
Ohio and West Virginia geological surveys and wells owners for EGR and EOR projects
in the larger fields. Identification of actual markets is crucial. Research on carbon

dioxide flooding for these fields will also need to be completed.
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11.0 LIABILITY, LEGISLATION, PARTNERSHIPS

Evaluation of the liability for carbon dioxide storage and the development of carbon
capture and sequestration legislation and regulation must begin with a vision of why this
issue is important and the drivers that create a need to sequester carbon dioxide. Any
discussion of the legal status of carbon dioxide regulation or legal issues pertaining to
carbon capture and sequestration must be qualified with regard to time due to the rapid

and unpredictable changes that are associated with the subject.

Comprehensive climate-change legislation does not appear to be viable at this time in
the United States Congress. H.R. 2454 (“Waxman-Markey”) passed the House of
Representatives in June 2009. In September 2009, S. 1733 (“Boxer-Kerry”) was
introduced. Following committee discussion, it was reported out of the Environment and
Public Works Committee on November 5, 2009 but made no more progress. Following

the fall 2010 elections, it does not appear that legislation is imminent.

Both bills relied upon a “cap and trade” mechanism to reduce carbon dioxide (CO, or
“carbon”) output in future years. The concept is to place a “cap” upon the upper limit of
carbon emissions within the United States. S. 1733 - the more ambitious proposal -
envisions a 20 percent reduction in carbon emissions by 2020 and an 80 percent
reduction from 2005 levels by 2050. With established limits, carbon emitters will then
have the opportunity to “trade” carbon allowances. For example, where it is not feasible
for a facility or company to meet their targeted carbon reductions, they will be able to
purchase emission credits from others that have reduced their carbon output below
target. The goal is to reduce total carbon emissions within the United States while
creating a quasi-market mechanism to sort out how to get there.

Hanging over the congressional debate is the U.S. Environmental Protection Agency’s

(EPA) actions in proceeding with greenhouse gas emission regulations. The agency is
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basing its authority to move ahead upon a United States Supreme Court decision?® that
ruled greenhouse gas emissions are pollutants that fall within the EPA’s authority under
the Clean Air Act. The EPA Iinitialized the process by issuing a proposed
“endangerment finding” which has led to initial agency regulation of carbon dioxide and
other greenhouse gases.?” The proposed endangerment finding was sent to the White
House on November 6, 2009 and on December 7, 2009, the EPA Administrator

announced the final endangerment finding.

The endangerment finding results in a quandary for EPA and the regulated community.
GHG are unlike any other pollutant that has been declared a danger to human health
and the environment. Other pollutants are subject to severe restrictions beginning at
100 or 250 tons per year. It is patently absurd to regulate GHG at that level. To solve
the problem, EPA has issued a *“tailoring rule” whereby it has declared that the
regulatory threshold for GHG is 25,000 tons per year. EPA has stated that this rule is
intended to target only “large facilities” — those that emit more than 25,000 tons of
greenhouse gases a year. The EPA has stated that this rule would “cover nearly 70
percent of the national GHG emissions that come from stationary sources, including
those from the nation’s largest emitters—including power plants, refineries, and cement

128

production facilities. This rule and the endangerment finding are the subject of

litigation in the D.C. Circuit court.

Since the endangerment finding, EPA has moved rapidly ahead with a final rule
requiring facilities that emit more than 25,000 tons of greenhouse gas emissions (GHG)
each year to inventory and report its emissions. This rule has been updated several

times as EPA has added additional categories of reporting.

Proposals to add GHG to air permitting became final as of January 2011 with a phased
in approach, addressing the newest and largest facilities first.

% Massachusetts et al. v. EPA. Case No. 05-1120. April 2007.

2 40 CFR Chapter 1 — “Proposed Endangerment Finding and Cause or Contribute Findings for Greenhouse Gases
under Section 202(a) of the Clean Air Act; Proposed Rule.” Federal Register — April 24, 2009.

2 “Fact Sheet —Proposed Rule: Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring Rule.”
U.S. Environmental Protection Agency. www.epa.gov
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The now stymied legislative and active regulatory developments are not free from
controversy. Opponents of climate-change legislation maintain that the cap-and-trade
policy will impose significant costs upon the American consumer and industry. An
analysis conducted by the U.S. Treasury concluded that “economic costs (of cap and
trade) will likely be on the order of 1% of GDP, making them equal in scale to all existing

129

environmental regulation. News reports of this Treasury study translated those

findings as “a cap and trade law would cost American taxpayers up to $200 billion a

year, the equivalent of hiking personal income taxes by about 15 percent.”*

Proponents of climate-change legislation argue that a significant portion of the
allowances are directed toward ensuring that costs borne by consumers are mitigated>"
and that the costs of inaction far exceed the cost of the anticipated policy prescriptions.
A 2007 United Nation’s study concluded that the global cost of adapting to climate
change would range from $47-117 billion annually by 2030.%* A recent study concluded
that the costs anticipated by the 2007 UN study may have been underestimated by
nearly 2-3 times.*

Notwithstanding the different points of view, action on climate change in the U.S.
Congress may be delayed in time but remains a possibility, action by EPA is occurring
and litigation by numerous patrties is a reality.

11.1 Current Status of Carbon Dioxide Liability

The Kentucky Workgroup for Legal Issues of Carbon Sequestration (see Appendix 7)
addressed the types of liability that are inherent in the capture and storage of carbon
dioxide.

29 United States Department of Treasury. Response to FOIA No. 2009-04-09.

%0 CBS News — Declan McCullagh — Taking Liberties Blog Post. 9/15/2009.

3 “Analysis of H.R. 2454, the American Clean Energy and Security Act.” National Resources Defense Council

%2 United Nations Framework Convention on Climate Change.

s “Assessing the Costs of Adaptation to Climate Change.” Grantham Institute for Climate Change — Imperial College,
London England. Aug. 2009.

FINAL REPORT
VSE CORPORATION page 86



Liability for stored CO, can fall in one of three pots: liability for requlatory violations, for
lost carbon credits or tort liability. Similarly, liability can arise at different points in the
timeline of a storage facility: during active storage, during the near-term post closure
period, or during the long term of storage reaching into the future.

= The act of storing carbon dioxide will be regulated under EPA’s injection well rule

or by states with primacy over that program. Violations of those regulations and
the permits issued under those regulations will result in fines and clean-up
responsibilities for the permitted entity.

= Carbon storage will likely be subject to credits or the avoidance of cost, while

also being subject to the cost of storage. Should the stored carbon escape, all
those who received the credit or benefit of storage may be subject to repay that
amount, together with penalties or other assessments.

= An accident while constructing the well or injecting the carbon could result in tort

liability, arising from personal injury or injury to property. Although it appears
unlikely, a catastrophic failure of a system would also result in tort liability.

Failure of a system could result in all three types of liability attaching from the same
event. For example, if the stored CO, migrates into the drinking water strata, making
the water unusable, a cause of action in tort may arise, in addition to violations of the
Clean Water Act and permit conditions. At the same time, the entity which was credited
with storage may have to address the loss of that credit due to atmospheric release of
the sequestered carbon.

It appears that certain of these liabilities can be addressed through normal insurance
products and bonding requirements, as they have for years for normal well drilling and
permitting actions. Storage of COZ2 as a gas bears similarities to the geologic in-
formation storage of natural gas by regqulated utilities. It is the long-term responsibility
for keeping the CO;, stored that is less likely to be adequately addressed with traditional
indemnity products. If we require the CO; to be stored for a substantially long time, or
permanently returned to the earth, who will be responsible years after the storage well is
closed and properly abandoned? Entities that may seem the logical carriers of this
responsibility are likely to disappear, or go out of business. Where then can we look for

the long term monitoring and responsibility for corrective action if an issue ever arises?
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Several states have begun to address this question through legislative action.>*
Their action reflects suggestions made in numerous reports published by study
groups. %5 Further, the European Union has issued a directive which must be
implemented by member countries by Spring 2011 that suggests that responsibility for
the long term storage and monitoring can be transferred to the state at 20 years
following closure or greater. 3% Australia, in the Offshore Petroleum Amendment
(Greenhouse Gas Storage) Bill 2008, allows transfer of liability to the state after 20

years monitoring of a closed storage facility.

The deployment of the technology of carbon storage has not progressed to the point of
having its associated liabilities tested in the courts. Numerous studies and policy
recommendations have posed potential solutions for addressing these potential
liabilities which range from commercial insurance coverage, to pre-funding long term
liability with a per ton fee, to state or federal adoption of those liabilities. Each of these
will likely have a role to play. At this time, legislation appears to be where activity is
centered with regard to liability.

Unusual among the proposals at the state level is the approach currently under review
with the West Virginia Carbon Dioxide Working Group. This group was formed by
legislative mandate to evaluate numerous technical and legal aspects of CCS
technology. In its draft report (see Appendix 7), the group has indicated that it will pose
an approach to accessing pore space which finds that if the pore space strata is below
2,500 feet below ground surface and does not have a reasonably foreseeable use for a
purpose other than sequestration, there is no requirement to obtain permission or
provide payment for the use of that strata as that will be dedicated to the public use.
While this approach reflects discussions from the Midwest Governors Association, it has

not been implemented elsewhere at this time.

** Louisiana (HB 661); Montana (SB 498); North Dakota (SB 2095). Pennsylvania has determined that the state will
own the CO2 stored within its CCS network (HB 80).

» e.g., “Storage of Carbon Dioxide in Geologic Structures, A Legal and Regulatory Guide for States and Provinces”,
I0GCC, September 25, 2007

*® EU Directive 2009/31/EU
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11.2 Development of Legislation - Carbon Capture and Sequestration

Carbon capture is likely to be addressed substantially by the federal government
through regulation and possibly statute. Sequestration may be mandated or may
become a likely solution to the limitations on emissions, but facilitating legislation for
sequestration will likely come from the states. The exception to that rule is the
permitting of sequestration facilities as Class 6 injection wells. EPA has completed its
rule making on this issue although there are few takers at this time. The majority of
activity injecting carbon dioxide is in the enhanced oil recovery (EOR) field or
demonstration or research wells. EOR is a technique that has been practiced for
decades, primarily in the Texas and Oklahoma oil fields. As a result, there are currently
over 4000 miles of carbon dioxide pipelines in use in the U.S. EOR is generally
excluded from regulation and legislation addressing carbon dioxide sequestration.

Test or research wells are permitted as Class 5 injection wells. The permitting agency
will be determined by primacy, the method by which EPA delegates permitting authority

to the states.

The deployment of carbon sequestration will primarily impact state law, addressing

matters of property rights and ownership that are not decided on the federal stage.

Following is a summary of state legislation enacted or considered as of September 30,
2010. The issues surrounding carbon sequestration and transportation will be an area
of active legislative attention for several years to come. Several of these proposals may

have been adopted or failed and new proposals will be introduced.

11.2.1 States (Enacted)

California (Public Utilities Code section 8340-8341): geologically sequestered
carbon dioxide does not count toward emissions from Ultilities.

California (Public Utilities Code section 181000-181016): Allows Sonoma

Transportation Authority to utilize carbon sequestration opportunities.
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California (Health and Safety Code section 38560-38565): State board shall adopt
rules and regulations to achieve maximum technically feasible and cost effective

greenhouse gas emission reductions which include carbon sequestration projects.

Colorado (Chapter 40 Article 9.7 “Colorado Clean Energy Development Authority
Act”): Allows for utilities to use carbon sequestration as a method to reduce carbon
dioxide emissions. The commission shall consider proposals by Colorado electric
utilities to propose, fund, and construct IGCC generation facilities to demonstrate the
feasibility of clean coal technology with use of western coal and with carbon dioxide

capture and sequestration.

lllinois (SB 1987 — Introduced & Passed 2008 — became Public Act 095-1027):
Requires electric utilities as of December 31, 2005, that serviced at least 100,000
customers in the state to enter into contracts to obtain at least 5 percent of their supply
from facilities employing CCS. Defines “clean coal facilities” as those scheduled to
begin operations before 2016 which capture and sequester at least 50 percent of total
carbon emissions and facilities scheduled to begin operations after 2017 which capture
at least 90 percent of total carbon emissions must be captured and sequestered.

lllinois (HB 3854 — Introduced & Passed 2009): Created a Carbon Capture and
Sequestration Legislation Commission to report on all issues related to carbon capture
and sequestration, including but not limited to: ownership of the CO,, liability for release
of CO,, acquisition and ownership of pore space, procedures and safeguards for the
transportation and sequestration of CO,, methodology to establish any necessary fees,
potential use of CO,, construction of pipelines and coordination with federal authorities

and agencies. The commission is to expire after the report is issued.

lllinois (SB 0390 — Introduced & Passed 2009 became Public Act 96-0817): Amends
the lllinois Finance Authority Act. Includes an Energy Efficiency Project as a project
eligible for financing under specified provisions. Includes CO2 pipeline as a “Clean Coal

Project” and is eligible for bond issuance by the state.
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lllinois (SB 1906 Introduced and Passed became Public Act 096-0103): Sets forth

criteria for approving out-of-state CCS projects.

Kansas (Kansas Statutes Chapter 55 Oil and Gas Article 16) — Provides definitions
and commission powers for regulating injection of carbon dioxide. It establishes a

carbon dioxide injection well and underground storage fund.

Kentucky (HB 537 — Introduced & Passed 2009): Proposed the creation of a carbon
management legal issues study group “to identify and analyze legal issues that may
hinder development of solutions of carbon dioxide in Kentucky.”

Louisiana (SB 10 - Introduced and Passed 2009): Excluded the sale of
anthropogenic carbon from the state and local sales and use tax. Granted a 50 percent

reduction in severance tax within a carbon dioxide tertiary recovery project.

Louisiana (Revised Statute 30:209 State Mineral and Energy Board): Allows for the
board to create caverns in salt domes for carbon dioxide storage, establish carbon
dioxide storage facility in an underground reservoir, take over abandoned surface or
underground storage to maximize the useful life of the existing facility, and establish a
contractual agreement for the operation of a carbon dioxide storage facility for the

storage and distribution of carbon dioxide for secondary or tertiary recovery operations.

Louisiana (Revised Statute 30:1110 Carbon Dioxide Geologic Storage Trust
Fund): The fund shall be used solely for the following purposes: (1) Operational and
long-term inspecting, testing, and monitoring of the site, including remaining surface
facilities and wells; (2) Remediation of mechanical problems associated with remaining
wells and surface infrastructure; (3) Repairing mechanical leaks at the site; (4)
Plugging and abandoning remaining wells or conversion for use as observation wells;
(5)(a) Administration of this Chapter by the commissioner in an amount not to exceed
seven hundred fifty thousand dollars each fiscal year; (b) The Oil and Gas Regulatory
Fund created by R.S. 30:21 may be used for the administration of this Chapter as
authorized by this Paragraph until June 30, 2014. Any such payments from the Oil and
Gas Regulatory Fund shall be repaid from the Carbon Dioxide Storage Trust Fund by
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June 30, 2018; (6) Payment of fees and costs associated with the administration of the
fund or site-specific accounts; (7) Payment of fees and costs associated with the
acquisition of appropriate insurance for future storage facility liability if it should become
available, either commercially or through government funding. The commissioner is
authorized to enter into agreements and contracts and to expend money in the fund for
the following purposes: (1) To fund research and development in connection with
carbon sequestration technology and methods; (2) To monitor any remaining surface
facilities and wells; (3) To remediate mechanical problems associated with remaining
wells or site infrastructure; (4) To repair mechanical leaks at the storage facility; (5) To
contract with a private legal entity pursuant to this Chapter; (6) To plug and abandon

remaining wells except for those wells to be used as observation wells.

Louisiana (Revised Statute 30:23 Underground Storage of liquid or gaseous
hydrocarbons or both or carbon dioxide): It restricts use of salt domes without

further regulatory action.

Louisiana (Revised Statute 30:1104 Duties and Powers of the commissioner): This
statute allows for rules, regulations, and permitting of carbon storage facilities.

Montana (Codified in Chapter 69): allows for carbon dioxide transmission,

establishment of rates and rules under the common carrier pipeline.

Montana (Codified in Chapter 77 (77-3-430)): allows for pooling agreements for
carbon dioxide sequestration.

Montana (S.B. 498 — Introduced and Passed 2009): Granted ownership of pore space
to surface owners unless it could be determined from existing deeds or severance
documents to be otherwise. Established a fee on CO, storage to fund the state’s
monitoring of storage sites and program administration. Liability for CO, remains with
the storage operator until a certificate of closure is issued by the state, at which time title

is transferred to the state.

New York (General Municipal Law 959-b. Clean Energy Enterprises): allows for
sequestration projects to apply under this section for economic development.
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North Dakota (S. 2221 — Introduced and Passed 2009): Granted a 20% tax reduction
against the state coal conversion tax for those electricity generating plants and coal
conversion facilities that reduce CO output by twenty percent. Higher tax abatements
were allowable if CO, reductions exceeded twenty percent, with the maximum allowable

amount reaching 50% for an eighty percent reduction in CO, output.

North Dakota (S. 2095 — Introduced and Passed 2009): Placed authority over carbon
capture and storage activities under the North Dakota Industrial Commission.
Authorized the commission to collect a fee from storage operators on a per-ton basis.
Title and liability for the sequestered carbon remain with the storage operator while site
is active. A certificate of closure can be issued by the Commission no earlier than 10
years after carbon injections have ended. Once certificate of closure is issued, the state
gains title and responsibility for the storage facility.

North Dakota (S. 2139 — Introduced and Passed 2009): Vested ownership of pore
space with the surface owners. Prohibited the severance of pore space ownership from

surface ownership.

Oklahoma (SB 610 Geologic Storage of Carbon Dioxide Act Approved by
Governor 2009): Department of Environmental Quality will have exclusive jurisdiction
for permitting and regulating CCS facilities. Storage operators in this state and pipeline
operators in this state will be deemed to be public utilities providing public services and
are subject to the general power of the public service commission to regulate public

utilities.

Tennessee (Codified 67-6-232): Carbon capture and sequestration projects are

eligible for a credit on all state sales or use taxes paid to the state.

Texas (SB 1387 — Introduced and Passed 2009): Granted jurisdiction over the
geological storage and injection of carbon dioxide to the Texas Railroad Commission
and giving permitting power to the Commission to approve projects. Defined the owner
of the sequestered carbon dioxide as the “storage owner” and not the surface or mineral
estate. Created the Anthropogenic Carbon Dioxide Storage Trust Fund to resource the
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Railroad Commission’s authority to inspect, monitor, remediate and/or repair carbon
dioxide injection wells. Required the Railroad Commission to establish rules about the

extraction of sequestered carbon for commercial or industrial purposes.

Utah (Code Title 10 Chapter 19 Municipal Electric Carbon Emission Reduction Act
and Title 54 Chapter 17 section 601): Defines “qualifying carbon sequestration
generation” as a fossil-fueled generating facility that reduces carbon dioxide emissions

by permanent geological sequestration.

Utah (Code Title 54 Chapter 17 Energy Resource Procurement Act Section 701
(54-17-701)): Mandates by Jan. 2011 the Division of Water Quality and the Division of
Air Quality in collaboration with Division of Oil, Gas, and Mining and Utah Geological
Survey recommend for: site characterization approval; geo-mechanical, -chemical, and
hydrogeological simulation; risk assessment; mitigation and remediation protocol;
issuance of permits for test, injection, and monitoring wells; specifications for drilling and
completion of wells; monitoring, measurement, and verification or sequestration; closure
and decommissioning; EOR use; and short-, long-term liability and indemnification for

sequestration sites.

Utah (S.B. 202 — Introduced and Passed 2008): Directed a variety of state agencies
to develop and recommend rules for carbon capture and storage. Specifically stated
that the proposed rules would not apply to the “injection of fluids...for the purpose of

enhanced hydrocarbon recovery.”

Washington (Administrative Code WAC 173-218-115): Provides specific
requirements for Class V wells used to inject carbon dioxide for permanent geologic

sequestration under the State waste discharge program.

West Virginia (HB 2860 — Introduced and Passed 2009): Established the statutory
authority for the West Virginia Department of Environmental Protection to issue permits
for carbon storage. Established a working group to study issues pertaining to carbon
dioxide sequestration including, but not limited to, scientific, technical, legal and

regulatory issues, and issues regarding ownership and other rights and interest in

FINAL REPORT
VSE CORPORATION page 94



subsurface space that can be used as storage space for carbon dioxide and other
associated constituents, or other substances, commonly referred to as "pore space,”
and shall report to the secretary and the Legislature its recommendations with respect
to the development, regulation and control of carbon dioxide sequestration and related

technologies.

Wyoming (HB 89 and HB 90 — Introduced and Passed 2008): These companion bills
conferred ownership of pore space to the surface owner and legislated that the
conveyance of surface ownership also included ownership over pore space, unless
specifically severed. Directed the Wyoming Department of Environmental Quality to
institute a program for issuing permits for and regulating long-term geological carbon

sequestration.

Wyoming (HB 80 — Introduced and Passed 2009): Adopted a new procedure for
"unitizing" geologic sequestration sites used for the sequestration of carbon dioxide.
Unitization provides a means for all pore space owners to participate in a sequestration
project and assures that all such owners will share in the economic benefits of a
sequestration project.

Wyoming (HB 58 — Enrolled Act. 20, effective July 2009): All injected CO2 into any
geologic sequestration site will be presumed to be owned by the injector and all rights,
benefits, burdens and liabilities of ownership will belong to the injector. Owner of pore
space will not be liable for the effects of injecting carbon dioxide for geologic
sequestration purposes solely by virtue of their interest or by their having given consent

to the injection.

Wyoming (HB17 - Carbon sequestration-financial assurances and regulation;
Effective July 1, 2010): Funds in the account shall be used only for the measurement,
monitoring and verification of geologic sequestration sites following site closure

certification, release of all financial assurance instruments and termination of the permit.
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11.2.2 States (Proposed)

Indiana (HB 1412 — Introduced 2009 died): Proposed incentives for alternative energy
purchases. Provides that purchases of energy, capacity, or renewable energy credits
from alternative energy sources are eligible for the financial incentives available for
clean coal and energy projects. Specifies that "clean coal and energy projects” include
projects at new or existing energy facilities that involve carbon dioxide capture, storage,
and sequestration. Requires the utility regulatory commission (IURC) to allow an
energy utility that purchases alternative energy to recover any costs arising under the

purchase contract through rate adjustments.

Indiana (SB 0211 Introduced 2010): Delineates the jurisdiction of the department of
environmental management, the utility regulatory commission, and the department of
natural resources with respect to various aspects of carbon dioxide transportation and

storage.

Indiana (SB 0115 Introduced 2010): Eminent domain for carbon dioxide pipeline.
Permits an entity authorized to transport carbon dioxide by pipeline to acquire real

property by eminent domain.

Kentucky (HB 285 — Introduced 2009 died): Proposed that the Kentucky Economic
Development Finance Authority to grant financial incentives to a pilot project with a
minimum $100 million capital investment that is utilizing advanced carbon capture and
storage and received federal funding as a clean energy initiative. It allowed for the
project to be a modification of an existing coal-fired generating station with at least 300

MW of rated capacity.

Kentucky (HB 351 — Introduced 2009 died): Proposed that the Commonwealth of
Kentucky would “accept and receive all rights, title and interests in sequestered (carbon)
including any current or future environmental benefits, marketing claims, tradable

credits, emission allocations or offsets (voluntary or compliance based).”

Kentucky (HB213/LM Introduced 2010): Creates a new section of KRS Chapter 154

to allow transmission pipeline companies to condemn for lands and materials needed to
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construct, operate, and maintain a carbon dioxide transmission pipelines; require the
proceedings be the same as under the Eminent Domain Act of Kentucky; declare that
the pipeline is a public use; amend KRS 154.27.010 to include transmission pipeline
under the definition of "eligible project” and define "transmission pipeline”; amend KRS
154.27-020 to require a transmission pipeline to have a capital investment of
$50,000,000 to qualify for energy independence incentives; and amend KRS 353.500 to
include transmission of carbon dioxide for enhanced oil recovery, sequestration, or

other carbon management under the jurisdiction of the state for purposes of regulation.

Kentucky (HB491 Introduced 2010): Creates new sections of KRS Chapter 353
declaring carbon dioxide management and storage to be important goals; declare
certain geologic strata to be the property of the Commonwealth; direct the Division of Oil
and Gas Conservation to develop a regulatory plan for development of geologic carbon
dioxide storage including condemnation powers; provide minimum requirements for
permitting; create an assessment against carbon dioxide generators per ton of carbon
dioxide stored; direct the secretary of the Environmental and Public Protection Cabinet
to negotiate with bordering states to resolve issues of geologic carbon storage; create
the Kentucky Carbon Storage Authority to take ownership of closed and stable carbon
storage facilities; create the Kentucky carbon storage fund for management and liability
of closed carbon storage facilities; create mechanism for assessment fee to be
adjusted.

Kentucky (HB 588 Introduced 2010): Create a new section of Subchapter 27 of KRS
Chapter 154 to authorize tax incentives under the Incentives for Energy Independence
Act to be awarded to certain carbon capture and storage projects that have received
incentives from the United States Department of Energy.

Michigan (SB 775 Introduced 2009): It allows for condemnation, establishes a Carbon
Dioxide Storage Facility Fund for long-term monitoring etc., after Notice of Completion —
10 years after completion state takes ownership. THE DEPARTMENT AND LOCAL
UNITS OF GOVERNMENT MAY ENTER INTO AGREEMENTS WITH EACH OTHER
AND WITH THE FEDERAL GOVERNMENT OR OTHER STATES FOR THE
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PURPOSE OF REGULATING CARBON DIOXIDE STORAGE PROJECTS OR
OWNING OR OPERATING STORAGE FACILITIES. Reported favorably with
recommendation for referral to committee on Energy Policy and Public Utilities —
9/17/09

Michigan (HB 4016 Introduced 2009) - Michigan business tax act amendment

provides for a tax credit up to 50% of tax liability for carbon sequestration projects.

Mississippi (SB 2867 Introduced and died 2010): Clarify the authority of the Oil and
Gas Board to authorize the underground storage of carbon dioxide. Allows the Board to

enter into an order to allow carbon sequestration

Missouri (HB 2038 Introduced 2010): Limits the liability of any entity in cases of
personal injury or death arising from or related to the geologic sequestration of carbon
dioxide or other specified gases in Greene County.

New Mexico (HB 790 Introduced & Died 2009): Carbon Dioxide Sequestration
Enabling Act defined Pore space is owned by the surface owner. It may be severed

from the surface. Carbon dioxide ownership remains with the operator.

New Mexico (SB 234 Introduced & Died 2009): The NM Tech Carbon Sequestration
Project -Four hundred thousand dollars ($400,000) to be appropriated from the general
fund to the board of regents of New Mexico institute of mining and technology for
expenditure in fiscal year 2009 to provide matching money for the petroleum recovery

research center's federal carbon sequestration project.

New York (A05836 — Introduced & Died 2009): Proposed that the ownership of “all
pore space in all strata below the surface lands and waters...to the several owners of
the surface above the strata.” Proposed a process by which a carbon capture and

storage pilot project would be permitted and authorized.

New York (A00249 same as S4917 Introduced 2010): Establishes the New York state

greenhouse gases management research and development program to promote new
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technologies and processes which shall avoid, abate, mitigate, capture or sequester

carbon dioxide and other greenhouse gases.

New York (AO5836A Introduced 2010): the ownership of all pore space in all strata
below the surface lands and waters of this state is declared to be vested in the several

owners of the surface above the strata.

New York (Bill AO8802 same as S06163 and S53303 Introduced 2010): Relates to a
pilot program to enable the capture and storage of carbon dioxide; establishes the
carbon capture and sequestration act; applies only to a municipally-owned electric
generating facility that has submitted a complete application to the department of

environmental conservation by December 31, 2010.

New York (Bill S05971 Introduced 2010): Relates to a pilot program to enable the
capture and storage of carbon dioxide; establishes the carbon capture and
sequestration act; applies only to a municipally-owned electric generating facility that
has submitted a complete application to the department of environmental conservation
by December 31, 2010.

Oklahoma (SB 492 - Introduced & Died 2009): Proposed that the Oklahoma
Department of Environmental Quality to issue “temporary, time-limited permits for pilot-
scale testing of technologies for geological sequestration.” The utilization of CO; in
enhanced oil recovery was exempted unless the oil and gas well was converted to

geological sequestration.

Oklahoma (SB2024 Introduced 2010): This act shall be known and may be cited as
the "Oklahoma Carbon Capture and Geologic Sequestration, Transportation and
Investment Act". In the event the State of Oklahoma establishes a unitization process
to support the establishment of CO2 sequestration facilities in this state, the Corporation
Commission shall regulate all aspects of such process, including being responsible for
making any necessary findings concerning the suitability of the reservoir targeted for

carbon sequestration, whether its use for such purpose is in the public interest, and the
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impact of that use on the oil, gas, coal-bed methane and mineral brine resources in the
State of Oklahoma.

Oklahoma (SB1326 Introduced 2010): Geologic storage of carbon dioxide; recreating
the Oklahoma Geologic Storage of Carbon Dioxide Task Force. The task force shall
continue to study any issues necessary to implement the transmission and storage of
carbon dioxide in geologic formations, including, but not limited to, insurance, liability
and ownership issues relating to long-term carbon dioxide storage facilities and the task
force shall make a report which may include legislative recommendations following the

termination of its activities.

Pennsylvania (HB 80 Introduced and Died 2010): An Act amending the Alternative
Energy Portfolio Standards Act. It further provides for definitions and for alternative
energy portfolio standards; and providing for sequestration facility permitting and for title
to carbon dioxide, immunity and transfer of liability; establishing the Carbon Dioxide
Indemnification Fund; providing for carbon dioxide sequestration facility and
transportation pipeline on Commonwealth State forest lands; and providing for
application of the Public Utility Code to transporters of carbon dioxide.

Pennsylvania (SB 92 Introduced 2010): An Act amending the Alternative Energy
Portfolio Standards Act. It further provides for definitions and for alternative energy

portfolio standards; and providing for carbon dioxide sequestration network.

Tennessee (HB 3046 (same as SB 2912) Introduced 2010): As introduced, adds
carbon dioxide as a pipeline product that is regulated by the Tennessee regulatory
authority. - Amends TCA Title 65, Chapter 28, Part 1.

Texas (SJR 39 - Introduced & died 2009): Proposed a constitutional amendment
authorizing the issuance of general obligation bonds by the State of Texas to provide
and guarantee loans for clean energy projects. In order to qualify, an energy project

needed to capture and sequester not less than 50 percent of its carbon emissions.

Texas (SB 2111/ HB 2811 — Introduced & Died 2009): Companion bills introduced to
enact SJR 39. Exempted components of tangible personal property used in connection
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with geological sequestration and enhanced oil recovery from tangible personal property
taxes. Required that a permit for a clean energy project be rejected or denied within
nine months (with a possible three month extension) after the application was deemed
technically complete. Granted jurisdiction over the geological storage and injection of

carbon dioxide to the Texas Railroad Commission.

Texas (SB 483 Introduced & Died 2009): Clean coal projects with incentives.
Comptroller will adopt rules for issuing a franchise tax credit to promote research and
development of a clean energy project. Franchise tax credit may only be issued for the
first three clean energy projects that are fully operational. Clean Energy Project means
a project that will: have a 200 megawatt capacity, use integrated gasification combined
cycle technology, and be capable of CCS for at least 60% of CO2. Univ. of Texas will
monitor, measure, verify sequestered CO2.

Virginia (SB 247 Introduced 2010): Adds Title 45.1 a chapter numbered 23.1 relating
to the regulation of the geologic storage of carbon dioxide. Gives authority to regulate to

the Director of Natural Resources.

If the storage facility contains commercially valuable minerals, a permit may be issued
only if the Director is satisfied that the interests of the mineral owners or mineral lessees
will not be adversely affected or have been addressed in an arrangement entered into

by the mineral owners or mineral lessees and the storage operator

The storage operator retains title to the carbon dioxide injected into and stored in a
storage reservoir until the Director issues a certificate of project completion pursuant to
§ 45.1-380.7. The storage operator remains liable for any damage the carbon dioxide
may cause, including damage caused by carbon dioxide that escapes from the storage
facility, during the time in which he holds title to the carbon dioxide.

After 10 years, the operator may be released from liability stemming from the geologic
storage of carbon dioxide if he is able to demonstrate the integrity of the facility. Title to
the carbon dioxide and any liability related to the project then passes to the

Commonwealth.
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Creates the Carbon Dioxide Storage Facility Trust Fund. The Fund shall be used solely
for long-term monitoring of the storage facility, including remaining surface facilities and
wells, remediation of mechanical problems associated with remaining wells and surface
infrastructure, repairing mechanical leaks at the site, and plugging and abandoning

remaining wells under the jurisdiction of the Director for use as observation wells.

Wyoming (HB 56 — Introduced 2009): Proposed that no pore space containing
recoverable hydrocarbons be used for carbon sequestration without the written consent

of the owner of the oil and gas lease.

11.3 Selected International Legislative Developments

During the summers of 2009 and 2010, SMG was fortunate to have two Swiss
engineering students as interns. Among their duties was a charge to research and
summarize legislative developments in the European Community and other selected
jurisdictions. The following section represents their work as of the date of their

internship.

11.3.1 Summary - European Community

Introduction

On January 23, 2008, the European Commission put forward a far-reaching package of
proposals (“Climate Action and Renewable Energy Package”) that are intended to
deliver on the European Union's ambitious commitments to fight climate change and
promote renewable energy to 2020 and beyond. This included the issue of the Directive
on the geological storage of carbon dioxide (2009/31/EC), which was adopted by the

European Parliament in December 2008.

This directive recites the goal of global reduction of greenhouse gas emissions of 50%

by 2050, and states that reduction is technically feasible and the benefits outweigh the
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costs by far. To achieve the goal, “all mitigation options must be harnessed” including

carbon dioxide capture and geological storage (CCS).

Directives in the EC are legislative acts which require Member States to achieve a
particular result without dictating the means of achieving that result. The Directive will
have to be implemented by all Member States within two years of its coming into effect
(i.e. sometime in the Spring of 2011). Therefore, the legislation process on CCS in most
of the European states has commenced.

This directive only regulates and allows geological storage, either onshore or offshore.
Storage in the water column is specifically prohibited. Capture and transport of CO2 are
partly addressed in the Directive as a number of legislative instruments (c. f. “Directive
on Industrial Emissions”, 96/61/EC or “Directive on Environmental Impact Assessment
(EIA)”, 85/337/EC) are already in place to manage some of the environmental risks of
CCsS.

The directive on CCS only regulates the storage of CO2 inside the European Union and
the European Economic Area (when incorporated into the EEA Agreement, as it is
expected), and the storage of CO2 beyond this area is not permitted. However, storing
CO2 emissions outside the European Union (and EEA) is not banned, but any
emissions so stored will receive no credit under the EU Emission Trading System

(ETS), thus providing little incentive to store carbon dioxide abroad.

Legislation

a) Site selection, exploration and storage permits
Member States retain the right to determine the areas from which storage sites may be
selected. A geological formation shall only be selected as a storage site, if under the
proposed conditions (intrinsic characteristics such as reservoir geology, hydrogeology,
seismicity or presence and condition of natural and man-made pathways which could
provide leakage pathways) there is no significant risk of leakage, and if no significant

negative environmental or health impacts are likely to occur.
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Member States assign exploration permits which grant the holder to exclusively explore
a limited volume area and for a maximum of two years, renewable once for a maximum

of two years.

The Member States designate an authority which is competent for granting storage
permits upon application. When applying for a storage permit, an operator must supply

the following information:

e proof of competence,

e a detailed characterization and assessment of the potential site,

e information regarding the CO2 to be injected (the total quantity of CO2 to be
injected and stored, the prospective sources and transport methods, the
composition of CO2 stream, the injection rate and location of injection facilities),

e a description of measures to prevent significant irregularities,

e a monitoring plan and a corrective measure plan,

e an environmental impact assessment, and

e a post closure plan backed up by proof of financial security to cover closure and

potential leakage liabilities.

b) Operation, closure and post-closure obligations

During operation:
A CO2 stream has to consist overwhelmingly of carbon dioxide. It is the operator’'s
responsibility to show, by means of the appropriate documentation, that the CO2 stream

in question can be accepted at the site according to the conditions in the permit.

The operator carries out monitoring of the injection facilities, the storage complex and
the surrounding environment. The results of the monitoring are periodically reported to
the competent authority, which will also organize a system of routine and non-routine

inspections.
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In case of significant irregularities or leakages, the operator has to notify the competent
authority immediately and takes the necessary corrective measures. If the operator fails
to take the necessary corrective measures, the competent authority shall take the

necessary corrective measures itself and recover the costs from the operator.

Furthermore, free and fair third-party access must be provided by the operator.

Closure and post-closure obligations:

After the storage site has been closed the operator remains responsible for
maintenance, monitoring, control, reporting, and corrective measures, as well as for all
ensuing obligations under other relevant revisions of Community legislation, until the

responsibility for the storage site is transferred to the competent authority.

The responsibility can be transferred to the competent authority on its own initiative or
upon request from the operator (at earliest 20 years after closure) if and when all
available evidence indicates that the stored CO2 will be completely contained for the

indefinite future.

Process of Negotiation
The agreed Directive differs from the original proposals in a number of key ways:

e it now explicitly recognizes that carbon dioxide storage can take place in tandem
with the enhanced recovery of hydrocarbons;

e multiple uses of the same region of the sub-surface are now permitted;

e the requirements before responsibility for a storage site can be transferred to a
competent authority have been significantly strengthened and more detail is
provided on how these requirements are to be met;

e the competent authority must now charge a fee before accepting long-term
responsibility for a storage site, the level of which must cover at least the
anticipated costs of monitoring the storage site for a period of 30 years after

closure; and
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e the original version of the draft Directive required applicants for new combustion
power generation stations to undertake technical assessments of transport,
storage and the feasibility of retrofitting carbon capture. It also required
appropriate space on site to be set aside to accommodate such technology. The
agreed Directive now requires an assessment of whether suitable storage is
available, as well as technical and economic assessments of transport and
retrofitting, but only requires space to be set aside if these other assessments

show CCS is ultimately feasible.

Emission Standards

The EU emissions trading system (ETS) is today the only EU instrument to combat
emissions from large emission points. To de-carbonize the power sector in Europe,
CO2 emission performance standard (EPS) are needed. The Directive including
amendments on EPS is not expected to be adopted by the European Parliament and
the Council of Ministers until 2011.

In January 2009, several NGOs criticized the revised EU ETS for allowing the
construction of new power plants "under the guise of '‘CO2-capture readiness'.®’ They
proposed a limit of 350g CO2/kWh for new plants from 2010 and for existing plants from
2015, which could cut power sector emissions by up to 46%, while stricter limits

imposed on new plants only would deliver much smaller savings.

Next steps
The “Climate Action and Renewable Energy Package” seeks to promote the
development and safe use of CCS. Revised guidelines on state aid for environmental

protection will enable governments to support CCS demonstration plants.

CCS measures are now fully recognized as sinks by the EU Emission Trading System
ETS.

37 “EU Urged to Introduce Emission Limits for Power Plants,” [cited 14 January 2009]; available
from http://www.euractiv.com/en/climate-change/eu-urged-introduce-emission-limits-power-
plants/article-178482.
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11.3.2 Summary - United Kingdom (UK)

Based on the EU Directive adopted in December 2008 and the UK Energy Act 2008, the
United Kingdom initiated the consultation “Towards Carbon Capture and Storage”,
which was intended to help to more broadly inform what is meant by carbon capture

readiness and whether it should be required of new plants.

The Government’s response on this consultation in April 2009 set out its approach to
carbon capture readiness: New combustion power stations at or over 300 MWe
(Megawatt electric) have to be built Carbon Capture Ready (CCR), which means that
the facility is designed so that there are no foreseeable barriers to retrofitting CCS once

it Is proven.

Applications for new plants now are only considered if they:
e Confirm sufficient space available to retrofit CCS
e |dentify a suitable potential offshore area to store CO2
e Map a feasible potential transport route from the power plant to the storage area

¢ Do not have foreseeable barriers to retrofitting CCS

Nothing in the consultation responses challenged the crucial importance of CCS for the
de-carbonization of power generation or the consultation’s arguments for CCR as a low

cost risk insurance policy.

In June 2009, the Department of Energy and Climate Change published a document
under the title “A Framework for the Development of Clean Coal: Consultation
Document”. This proposal, adopted in November 2009, included the following main
propositions:
e Providing financial support for up to three more commercial-scale CCS
demonstrations in Britain;
e Requiring any new coal power station in England and Wales to demonstrate CCS

on a defined part of its capacity;
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¢ Requiring new coal power stations to retrofit CCS to their full capacity within five
years of CCS being independently judged technically and economically proven.
This is planned on the basis that CCS will be proven by 2020;

e Preparing for the possibility that CCS will not become proven as early as
expected.

11.3.3 Summary - Germany

At the present, Germany has one active research storage project. The German
Research Centre for Geosciences has started to store CO2 in a saline aquifer in Ketzin,
Brandenburg in June 2008. Several other initiatives have been undertaken such as

Vattenfalls’s pilot capture demonstration plant Janschwalde.

The German government drafted legislation in April 2009 encouraging the take up of
carbon capture and storage (CCS) technology in the country. The draft follows the
Directive of the European Union. However, it specifies important time periods. For
instance the post-closure responsibility can be transferred to the competent authority on
upon request from the operator at the earliest 30 years after the closure activities have
finished. A financial post-operation contribution from the operator has to cover the post-

closure operation costs for another 30 years after the transfer of the responsibility.

Germany has not released any emission performance standards yet.

11.3.4 Summary - Norway

Directive on the geological storage of carbon dioxide applies also on the non-EU-
member Norway, because Norway is part of the European Economic Area (EEA).
Norway is one of the countries with best experience in the field of CCS. The Sleipner
project in the Sleipner gas field in the North Sea was the first industrial-scale CO2
storage project in the world, and the operators have established extensive monitoring
procedures, including models to predict long-term movement of CO2. Since 1996 when
injections began, more than 10 million tons of CO2 have been stored.
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Although Norway has more than 10 years’ experience with CCS, no specific rules exist
in Norway to regulate the activity. CCS projects carried out in Norway have been
addressed on a case by case basis with support from existing environmental legislation
and legislation applicable within the petroleum sector. However, these regulations have
not had CCS in mind, and they are not sufficient to address all legal aspects of CCS
activities, either when conducted in a pure Norwegian context or in a European context

implying an open market.

Current regime for CCS in Norway

The State has the property right to underground petroleum resources and other natural
resources located on the Norwegian Continental Shelf and the land territory. As owner,
the State has the exclusive right to decide and to control such use and to regulate all
aspects regarding CO2 storage. The right to use reservoirs is subject to a permit,

delivered in the form of a lease.

According to the “Norwegian Oil and Energy Department”, Norway’'s Petroleum Act
provides an acceptable (Petroleum Act of 29 November 1996 nr.72) framework to
regulate most issues associated with injections connected with petroleum activities:
exploration, development and management of the installation, coordination with
competing rights, third party access, decommissioning and safety measures. However,
some important issues such as long term monitoring and long term liabilities are not

addressed upfront.

Therefore, the Norwegian Oil and Energy Department states that the scope of
application of the Petroleum Act should be extended or specific provisions should be
adopted in order to cover injection and storage which are not connected to petroleum
activities. Specific rules regarding transfer of responsibility, however, would need to be

adopted.

A Petroleum Bill, dated November 2008, provided specific modifications to the

Petroleum Act. Among the modifications were provisions regarding third party access
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to the petroleum installations. The consultation document also suggested that CO2
storage activities not connected to petroleum activities be regulated through the

Petroleum Act.

Other parties such as the CCS-friendly Norwegian environmental foundation “Bellona”

have requested that CO2 storage legislation not be connected to petroleum activities.

11.3.5 Summary - Australia

Current Legislation and Regulation

In Australia, some states have legislation/regulations that cover CCS. The South
Australian Petroleum Act 2000 and the Queensland Petroleum and Gas Act 2004
provide for transport by pipeline and storage in natural reservoirs of substances
including carbon dioxide, regardless of the source location or the activity that produced
it. There is also other legislation in jurisdictions that applies to aspects of CCS. For
example, the Commonwealth and State Petroleum Acts provide a mechanism for
authorizing and regulating the capture and storage by a production licensee of carbon
dioxide separated from the petroleum stream in a license area, as part of integrated
petroleum operations of the licensee. CCS streams from other sources (e.g. from a
power station onshore or other offshore petroleum operations) cannot at present be

authorized for offshore CCS under the current regulations.

In 2005, the federal Regulatory Guiding Principles highlighted a number of areas which
required careful consideration in preparing regulation on carbon capture and storage.
Work to implement a regulatory framework identified 12 threshold questions that had to

be addressed.

1) What legislation should be used to provide the access and property rights?
2) What management system is needed for the release and award of exploration areas?
3) What regulation is needed to manage environmental issues?

4) What regulation is needed to manage occupational health and safety issues?
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5) What regulation is needed for site management, including monitoring and verification,
serious situations, and reporting?

6) What, if any, regulation is needed in respect of site closure?

7) What regulation is needed to manage transport?

8) What, if any, regulation is needed in respect of long term liability?

9) What, if any, regulation is needed in respect of performance bonds and guarantees?
10) What, if any, regulation is needed to manage interactions with the petroleum
industry?

11) What, if any, regulation is needed to manage interactions with other users of the
sea?

12) Who should be the regulator?

In November 2008, Australia passed the Offshore Petroleum Amendment (Greenhouse
Gas Storage) Act, which establishes a national regime for the offshore capture and

burial of carbon emissions.

As the CCS provisions form an amendment to Australia’s key oil and gas legislation, the
Offshore Petroleum Act 2006, there are three key features of that regime which must be
understood. First, the Federal Government owns virtually all land containing minerals
and petroleum. Secondly, the oil and gas regulation reflects Australia’s federal system.
The Offshore Petroleum Act at the Commonwealth level applies beyond State coastal
waters (which are nominally within 3 nautical miles of the coast). Although this is
Commonwealth legislation, it is administered by joint authority of the Commonwealth
and State. The same regulations in each State apply to State coastal waters, with the
aim that the same rules apply, regardless of jurisdiction. Separate State petroleum
legislation applies in each state to the onshore area and islands. Finally, there are
health, safety and environmental issues relating to the oil and gas industry that are dealt
with under regulations made under the Act, and therefore CCS operators will also inherit

that existing system.
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The Greenhouse Gas Storage Act establishes access and property rights through a
system of titles, which largely mirror the existing system of petroleum titles required for

oil and gas exploration and production in the Commonwealth, including:

e agreenhouse gas assessment permit, which is similar to an exploration license;

e an injection license, which corresponds with a production license and authorizes
injection and storage of greenhouse gas in an identified greenhouse gas storage
formation; and

e other additional licenses: prospecting and access authorities, and infrastructure

and pipeline licenses, holding lease licenses

In addition, the Act deals with two controversial issues: overlapping titles and long-term

liability.

The Act generally gives primacy to the rights of the petroleum title holder through the
“significant risk of a significant adverse impact” test. In terms of long-term liability, the
Act provides for the transfer of long-term liability to the Commonwealth within 20 years
of the completion of a storage project. The 20-year period gives the Minister five years
to make a decision whether to grant a site closure certificate and a 15-year “assurance”
period during which the Minister must be satisfied that the stored gas is behaving as

expected.

Example 1: Onshore CCS in Victoria

The Victorian Parliament passed the Greenhouse Geological Sequestration Act in
November 2008. The Victorian Act is a stand-alone Act and creates a regulatory
regime for the conduct of CCS activities in onshore Victoria.

The Victorian Act establishes the processes by which CCS proponents will be permitted
to obtain access and property rights to geological storage formations located in onshore

Victoria.
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An injection and monitoring license can only be surrendered if the Minister is satisfied
that the stored gas is behaving in a predictable manner and has approved a monitoring
and verification plan. The Victorian Act is silent on the issue of long-term liability for
injected gases after the license has been surrendered.

Example 2: Onshore CCS in Queensland
The most recent state to introduce a regulatory regime for CCS activities is Queensland,
with the passing in February 2009 of the Greenhouse Gas Storage Act.

The Queensland Act introduces a tenure regime to govern the discovery and use of
underground reservoirs for the storage of carbon dioxide — the Act does not permit the
sequestration of other greenhouse gases.

The key tenures to facilitate greenhouse gas storage are:

e a greenhouse gas exploration permit, which permits the exploration for
underground geological structures suitable for injecting and storing greenhouse
gas streams.

e a greenhouse gas injection and storage lease, for the actual injection, storage

and monitoring of greenhouse gas streams.

The Queensland Act allows for the granting of greenhouse gas tenures over existing
mining and petroleum tenures. Existing tenement holders have the right to lodge
submissions in response to a greenhouse gas lease application, but ultimately the
decision whether or not to grant the greenhouse gas tenure is at the discretion of the

Minister.

A greenhouse gas lease will only be accepted for surrender when the risks associated
with carbon storage have been reduced as much as possible. Ongoing monitoring is
required. Ownership of carbon dioxide stored in underground reservoirs passes to the
State upon surrender of a greenhouse gas lease; however, the Queensland Act does

not explicitly state that liability is also transferred to the State at that point.
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11.4 Partnerships

It appears likely that over the next 50 years, we will find our energy production moving
substantially away from fossil fuels to greater use of renewable resources and nuclear
resources. Our first response to issues of climate change has been to figure out where
to put the GHG we produce. Next we have focused on how to reduce the amount

emitted. Now we are turning our attention to reduction, storage and reuse.

The technology of carbon dioxide capture and storage has been the subject of
substantial research for several decades now. Great progress has been made in
understanding how to separate and capture GHG. Numerous demonstration projects
and test wells have proceeded to understand the sequestration aspect. However, there
have been questions raised as to whether storing the GHG underground is truly the best
long term solution to the use of fossil fuels and whether we can realistically store the
vast quantities that may be required. Importantly, we are beginning to see significant

effort applied to the use and reuse of GHG.

Foremost in the discussion of potential partnerships in CCS development is the current
use of EOR to store carbon dioxide while achieving a higher production of oil. This
technology has been in use and an important part of the oil production industry in
portions of the country for decades. It has resulted in over 4,000 miles of currently
existing carbon dioxide pipelines, primarily in the Texas, Oklahoma and North Dakota oil
fields. As an economic use for carbon dioxide, this alternative for storage will see
increased use. However, it is unlikely that this technology will be able to manage more

than a small percentage of the carbon dioxide that will be available for storage.

Interestingly, the dialogue surrounding GHG has begun to include the potential for
beneficial use and reuse of the captured gases. One example is the language in
recently passed legislation in Kentucky, HB 259 (Appendix 9) which states that “Carbon

dioxide has current and potential value and its geologic storage may allow for its orderly
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withdrawal as necessary for commercial, industrial, or other uses, including for

enhanced oil and gas recovery.”

The NETL website highlights five approaches to the use/reuse of carbon dioxide
including:
e Conversion of carbon dioxide as a feedstock to product chemicals, fuels and
polymers;
¢ Non-geologic storage of carbon dioxide in stable solid materials which are either
useful products or low cost materials;
e Indirect storage by increasing carbon intakes;
e Beneficial use of produced water from storage in saline formations; and
e Breakthrough concepts to limit emissions, increase consumption or produce

useful products or fuels.

Breakthrough concepts include using carbon dioxide injection for enhancing methanol
production, using carbon dioxide to make polycarbonates or other polymers, enhancing
the rate of photosynthesis and increasing the net fixation of atmospheric carbon dioxide
indirectly, enhancing geothermal systems that would facilitate carbon dioxide storage,
and even genetic use of microbes that consume carbon dioxide and other ingredients

and then produce methane.®

Innovative concepts for beneficial reuse of carbon dioxide funded by the DOE include>®:

e SOIL REMEDIATION-Capturing and converting carbon dioxide into mineral
carbonates to convert alkaline clay to carbonate-enhanced clay for soil
remediation.

e BUILDING AGGREGATES AND CEMENTITIOUS SUBSTITUTES-Directly
mineralizing carbon dioxide in flue gas to carbonates and converting them to
materials directly usable in the construction industry, such as aggregates and
cementitious substitutes.

38 http://www.netl.doe.qgov/technologies/carbon seg/core rd/use-reuse.html
3 http://fossil.energy.gov/recovery/projects/beneficial reuse.html
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e SALEABLE CARBONATE/BICARBONATE MATERIALS PRODUCTION-
Removing carbon dioxide from industrial waste streams and generating saleable
carbonate and/or bicarbonate materials.

e ALGAL OIL PRODUCTION-Capturing carbon dioxide gas and recycling it in an
algal oil production process for various uses including food, fertilizers, chemicals,
pharmaceuticals and fuel.

e METHANE PRODUCTION-Capturing carbon dioxide wusing macroalgae
(seaweeds) and processing into methane.

e SYNGAS PRODUCTION-Processing carbon dioxide and natural gas in a solar
reformer to produce syngas.

Developing technology that is the subject of intensive research is the use of algae to
either strip carbon dioxide from flue gas or separate the gas and use it to feed massive
growths of algae that will then be used to produce oil or gasified to produce electricity.
Rather than sequestration, this technology results in a substantial and continual
recycling of the carbon dioxide. The result, if successful, is the significant reduction of
GHG released for each unit of energy produced. A discussion of this type of research
currently conducted at the University of Kentucky Center for Applied Energy Research

is found at http://www.caer.uky.edu/factsheets/biofuels Fisk Algae9-18-09.pdf. This is

just one example of a significant effort in play across the country, and represents
substantial engagement and funding by the DOE through their Carbon Sequestration

initiative.

In addition to the above example, the DOE has recently provided substantial funding to
various entities throughout the United States for continued research of the conversion of
captured carbon dioxide emissions into useful products. Recent examples obtained

from the DOE’s fossil.energy.gov website include:

1. ALCOA, INC. (ALCOA CENTER, PA.) - Alcoa's pilot-scale process will
demonstrate the high efficiency conversion of flue gas CO2 into soluble
bicarbonate and carbonate using an in-duct scrubber system featuring an
enzyme catalyst. The bicarbonate/carbonate scrubber blow down can be
sequestered as solid mineral carbonates after reacting with alkaline clay, a by-
product of aluminum refining. The carbonate product can be utilized as
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construction fill material, soil amendments, and green fertilizer. Alcoa will
demonstrate and optimize the process at their Point Comfort, Texas aluminum
refining plant. (DOE Share: $11,999,359)

2. NOVOMER INC. (ITHACA, N.Y.) - Teaming with Albemarle Corporation and the
Eastman Kodak Co., Novomer will develop a process for converting waste CO2
into a number of polycarbonate products (plastics) for use in the packaging
industry. Novomer's novel catalyst technology enables CO2 to react with
petrochemical epoxides to create a family of thermoplastic polymers that are up
to 50 percent by weight CO2. The project has the potential to convert CO2 from
an industrial waste stream into a lasting material that can be used in the
manufacture of bottles, films, laminates, coatings on food and beverage cans,
and in other wood and metal surface applications. Novomer has secured site
commitments in Rochester, NY, Baton Rouge, Louisiana, and Orangeburg, SC
where Phase 2 work will be performed. (DOE Share: $18,417,989)

3. TOUCHSTONE RESEARCH LABORATORY LTD. (TRIADELPHIA, W. VA)) -
This project will pilot-test an open-pond algae production technology that can
capture at least 60 percent of flue gas CO2 from an industrial coal-fired source to
produce biofuel and other high value co-products. A novel phase change material
incorporated in Touchstone's technology will cover the algae pond surface to
regulate daily temperature, reduce evaporation, and control the infiltration of
invasive species. Lipids extracted from harvested algae will be converted to a
bio-fuel, and an anaerobic digestion process will be developed and tested for
converting residual biomass into methane. The host site for the pilot project is
Cedar Lane Farms in Wooster, Ohio. (DOE Share: $6,239,542)

4. PHYCAL, LLC (HIGHLAND HEIGHTS, OHIO) - Phycal will complete
development of an integrated system designed to produce liquid biocrude fuel
from microalgae cultivated with captured CO2. The algal biocrude can be
blended with other fuels for power generation or processed into a variety of
renewable drop-in replacement fuels such as jet fuel and biodiesel. Phycal will
design, build, and operate a CO2-to-algae-to-biofuels facility at a nominal thirty
acre site in Central O'ahu (near Wahiawa and Kapolei), Hawaii. Hawaii Electric
Company will qualify the biocrude for boiler use, and Tesoro will supply CO2 and
evaluate fuel products. (DOE Share: $24,243,509)

5. SKYONIC CORPORATION (AUSTIN, TEXAS) - Skyonic Corporation will
continue the development of SkyMine® mineralization technology--a potential
replacement for existing scrubber technology. The SkyMine process transforms
CO2 into solid carbonate and/or bicarbonate materials while also removing sulfur
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oxides, nitrogen dioxide, mercury and other heavy metals from flue gas streams
of industrial processes. Solid carbonates are ideal for long-term, safe
aboveground storage without pipelines, subterranean injection, or concern about
CO2 re-release to the atmosphere. The project team plans to process CO2-laden
flue gas from a Capital Aggregates, Ltd. cement manufacturing plant in San
Antonio, Texas. (DOE Share: $25,000,000)

6. CALERA CORPORATION (LOS GATOS, CALIF.) - Calera Corporation is
developing a process that directly mineralizes CO2 in flue gas to carbonates that
can be converted into useful construction materials. An existing CO2 absorption
facility for the project is operational at Moss Landing, Calif., for capture and
mineralization. The project team will complete the detailed design, construction,
and operation of a building material production system that at smaller scales has
produced carbonate-containing aggregates suitable as construction fill or partial
feedstock for use at cement production facilities. The building material production
system will ultimately be integrated with the absorption facility to demonstrate
viable process operation at a significant scale. (DOE Share: $19,895,553)" *

This fairly new emphasis on the reuse and recycling of carbon dioxide and increase in
energy intensity for each unit of GHG emitted appears to be the most promising

approach to supplement carbon dioxide sequestration.

11.5 Recent Developments in Kentucky

The Kentucky Legislature completed its regular 2011 session. Two bills pertaining to
carbon dioxide transportation and sequestration have been passed and, as of March 15,
2011, one has been signed and the other remains awaiting signature by the Governor.
These bills, HB 259 and SB 50, are provided in Appendix 9.

HB 259 applies to demonstration projects for carbon sequestration. The bill states that
the pore space is assumed to belong to the surface owners unless explicitly severed.
The bill also allows for the transfer of ownership and long term liability to the federal or
state government following successful completion of post closure permit requirements.
There is no provision for prior funding of the long term liability. HB 259 was signed on
March 15, 2011.
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SB 50 provides eminent domain powers to construct carbon dioxide pipelines in

Kentucky and remains to be signed by the Governor.
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12.0 RECOMMENDATIONS

The research conducted for this Task clearly indicates that the development of a CTL
industry has many hurdles to overcome. Observation of world events, filtered by the
information developed for this Task, drives toward a conclusion that development of the
CTL industry is important for our national security. In order to provide adequate liquid
fuels for industry, manufacturing, transportation, heating and security, and to provide
those fuels at stable prices, we will need to find and develop new sources for these

varying fuels.

Because there is no existing CTL industry at this time, our estimates of the time and
effort required to site, design, permit, and construct a facility are educated estimates,
based on experience in complex energy development projects and are expected to be

supported by practice as the industry develops.

Following are areas identified by the research that hold potential for improving the

process of siting, permitting and developing a successful CTL project.

Coordinated Permitting Effort

One clear conclusion from the research is that there is virtually no coordination between
the numerous permitting efforts. While certain sets of information may be used for
several permit programs, e.g. cultural and historic research will be required for several
permitting programs, there is a large duplication of efforts. Streamlining the permitting
process could reduce the time and cost to the developer while retaining protection of the
environment and the surrounding community. Successful integration will require

coordination between local, state and federal agencies.

Impact of Uncertainty

Uncertainty is present in many aspects of developing a coal-to-liquids facility at this
point. The technology is not new although improvements are always being made.
Additional changes in technology will be a result of regulatory requirements, whether as

the result of federal legislation or EPA regulatory action.
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Regulatory requirements resulting from GHG concerns are taking shape but may be

changed as the result of legislation or litigation.

The real cost and likelihood of long term liability from carbon dioxide storage or
sequestration remains to be discovered. Consistent throughout the research and
review of pending or passed legislation is a need to establish a means of managing that
long term liability, whatever it turns out to be. At this point, states are trying to tackle
this issue on their own. It may be reasonable and advisable for the federal government
to step into that void. Adopting a federal program which serves as a backup to
commercially available insurance appears to be the best approach and would, among
other things, serve to simplify liability issues for sequestration sites that cross state

boundaries.

Need to Stay Current

The technology, legislative and regulatory fields reviewed and investigated for this
report are in flux and will continue to be for some time. Aspects of this report are
designed to be active tools to be used by project developers. To remain valuable, they

will need to be updated regularly.

In addition, it appears that much of the information developed should be accessible
electronically and through web access. For example, the Permit Map is designed to be
accessed electronically with links to appropriate publically available information and
guidance. As regulatory requirements change, those references should be updated.

The listing of contacts within each state appears to be a unique juxtaposition of
information. It is suggested that this listing be made available on line with frequent
updates and the contacts identified within each state will change with changes in
administration and policy. It does appear that this basic entry information would be

useful to developers in the early stages of identifying appropriate locations for projects
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either of CTL facilities, transportation infrastructure or sequestration potential. Certainly,

this entry information can be limited to those states where access to coal is likely.

Continuation of Research Efforts

The evaluation of a site for sequestration potential highlights the importance of
continued research of the potential for storage capacity. In order to make commercially
viable decisions, a developer must have access to accurate information with regard to
the potential for sequestration at or near the development site. Currently, much of any
determination relies on assumptions and extrapolation of available data. Additional

research and data is recommended to enable more accurate predictions of success.

Because capacity limitations are expected with geologic storage, research efforts and
commercial demonstration of potential reuse or recycling of GHG is essential.
Development of creative methodologies to capture and use carbon dioxide beneficially
has the potential to substantially mitigate greenhouse gas emissions and is therefore an
essential part of the successful implementation of coals-to-liquids technology in the

current political climate.
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APPENDIX 1
Acronyms, Abbreviations, and Nomenclature



ACRONYMS, ABBREVIATIONS AND NOMENCLATURE

A/E Architect/engineer

acfm Actual cubic feet per minute

AACE Association for the Advancement of Cost Engineering
AFBC Atmospheric fluidized-bed combustors
AFDC Allowance for funds used during construction
AGR Acid gas removal

ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ASU Air Separation Unit

ATS Advanced turbine system

BACT Best available control technology

Bbl barrels

Bbl/day barrels per day

BTL Biomass-to-liquids

Btu British Thermal Unit

CAAA Clean Air Act Amendments of 1990

CCPI Clean Coal Power Initiative

CCT Clean coal technology

CDR Carbon Dioxide Recovery

cfm cubic feet per minute

CFR Code of Federal Regulations

CGE Cold gas efficiency

CHAT Cascaded humidified advanced turbine

CF Capacity factor

CO2 Carbon dioxide

COE cost of electricity

COos Carbonyl sulfide

CPFBC Circulating pressurized fluidized-bed combustors
CRT Cathode ray tube

CS Carbon steel

CT Combustion turbine

CTG Coal-to-gasoline

CTL Coal-to-liquids

CWT Cold water temperature

dB Decibel

DCS Distributed control system

DLN Dry low NOx

DME Dimethylether

DOD US Department of Defense

DOE US Department of Energy

EA Environmental Assessment

EIS Environmental Impact Statement
E-GasTM Global Energy (now ConocoPhillips) gasifier technology
EPA Environmental Protection Agency

EPRI Electric Power Research Institute

ESP Electrostatic precipitator

ETA Effective thermal efficiency



ETBE Ethyl tert butyl ether

FBHE Fluidized-bed heat exchanger

FD Forced draft

FERC Federal Energy Regulatory Commission
FGD Flue gas desulfurization

FOAK First of a kind

FRP Fiberglass-reinforced plastic

F-T Fischer-Tropsch Process

GJ Gigajoule

gpm Gallons per minute

GSP Gasifier according to Gaskombinat Schwarze Pumpe
GT Gas turbine

GTL Gas-to-liquids

h, hr Hour

H, Hydrogen

H,SO, Sulfuric acid

HAP Hazardous air pollutant

HCI Hydrochloric acid

HDPE High density polyethylene

HHV Higher heating value

hp Horsepower

HP High pressure

HRSG Heat recovery steam generator

HTFT High-temperature Fischer-Tropsch
HVAC Heating, ventilating, and air conditioning
HWT Hot water temperature

Hz Hertz

in. H20 Inches water

in. Hga Inches mercury (absolute pressure)
in. W.C. Inches water column

ID Induced draft

IEEE Institute of Electrical and Electronics Engineers
IGCC Integrated Gasification Combined Cycle Power Plant
[@]V] Investor-owned utility

IP Intermediate pressure

IPP Independent power producer

IRP Integrated resource planning

ISO International Standards Organization
IT™ lon transfer membrane

kPa Kilopascal absolute

kv Kilovolt

kw Kilowatt

kWe Kilowatts electric

kWh Kilowatt-hour

kWt Kilowatts thermal

LAER Lowest achievable emission rate

Ib Pound

LCOE Levelized cost of electricity

LASH Limestone ash

LEBS Low emissions boiler systems

LGTI Louisiana Gasification Technology Inc.



LHV
LP
LPG

LTFT
MC
MAF
MCR
MDEA
MEA
MHz
MMBtu
MMBtuh
MOGD
MPa
MTBE
MTG
MTO
MTPA
MTS
MWe
MWh
MWt
NETL
N/A
NAAQS
NGCC
NM3
NOXx
NSPS
o&M
oD
OP/VWO
OTR
PA

PC
pph
ppmvd
PRENFLO
PSA
psia
psid
psig
QF
RDS
RON
RPD
rpm
SAS
SC
SCFD

Lower heating value

Low pressure

Liguefied Petroleum Gas (mostly commercial propane and commercial
butane)

Low Temperature Fischer-Tropsch

Mitigation cost

Moisture and Ash Free

Maximum coal burning rate

Methyldiethanolamine

Monoethanolamine

Megahertz

Million British thermal units (also shown as 106 Btu)

Million British thermal units (also shown as 106 Btu) per hour

Mobil Olefin to Gasoline/Distillate

Megapascals absolute

Methyl tert-butyl ether

Methanol-to-gasoline

Methanol-to-olefins

Metric tons per year

Methanol-to-synfuels

Megawatts electric

Megawatts-hour

Megawatts thermal

National Energy Technology Laboratory

Not applicable

National Ambient Air Quality Standards

Natural gas combined cycle

Normal Cubic meter

Oxides of nitrogen

New Source Performance Standards

Operations and maintenance

Outside diameter

Over pressure/valve wide open

Ozone transport region

Primary air

Pulverized coal

Pounds per hour

Parts per million volume, dry

Pressurized Entrained-flow Gasification Process (Uhde)

Pressure Swing Adsorption

Pounds per square inch absolute

Pounds per square inch differential

Pounds per square inch gage

Qualifying facility

Research Development Solutions, LLC

Research Octane Number

Restricted pipe discharge

Revolutions per minute

Sasol Advanced Synthol

Supercritical

Standard cubic feet per day



scfm
SCGS
scmh
SCOT
SCR
SGP
SIP
SNCR
SO2
SOFC
SS
SSPD
stpd
TAG
ST
TCR
TGTU
TIGAS
TPC
THGD
TPC
tpd
tph
TPI
V-L
WB
wt%

Standard cubic feet per minute

Shell Coal Gasification Process
Standard cubic meter per hour

Shell Claus Off-gas Treating

Selective catalytic reduction

Shell Gasification Process

State implementation plan

Selective non-catalytic reduction
Sulfur dioxide

Solid oxide fuel cell

Stainless steel

Sasol’s Proprietary Slurry-phase Distillate
Short tonnes per day

Technical Assessment Guide

Steam turbine

Total capital requirement

Tail gas treating unit

Topsoe Integrated Gasoline Synthesis
Total plant capital (cost)

Transport hot gas desulfurizer

Total plant cost

Tons per day

Tons per hour

Total plant investment

Vapor Liquid portion of stream (excluding solids)
Wet bulb

Weight percent
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ENVIRONMENTAL PERMIT AND APPROVAL SUMMARY

CATEGORY AUTHORITY | PERMIT OR APPROVAL AGENCY DIVISION ACTIVITY
Determination of NO
Site Planning and Significant Enwronmgntal U.S. Environmental Federal funded or approved projects that
D | t Federal Impact under the National Protection Agency (EPA) may impact environmental resources
evelopmen Environmental Policy Act gency yimp
(NEPA)
Site Planning and No Adverse Impact to U.S. Fish and Wildlife Determination of potential impacts to
Federal . ] ) ) )
Development Endangered Species Service endangered species and their habitat
Site Planning and Federal Stack Height Obstruction Federal Aviation Determination of potential hazard to air
Development Determination Administration navigation by stack structures
Site Planning and State Stack Height Obstruction Kentucky Airport Zoning Determination of potential hazard to air
Development Determination Commission navigation by stack structures
Site Planning and State Cultural and Historic Kentucky Commerce Kentucky Heritage Site construction or disturbance that may
Development Preservation Cabinet Council impact cultural and historic resources
; ; Kentucky Department of L .
Site Planning and ; o ) .
D | 9 t State Building Permit Housing, Buildings, and gglzogn?;riz:ﬂ?g Construction plan review and approval
evelopmen Construction
Site Planning and . . o Local Planning Commission Obtain zoning change and determination
Local Construct industrial facility . "
Development or Zoning Board that facility meets approved land use
Arr E missions Permit fo‘r Kentucky Department of . . . Construction and operation of a source of
. Major Sources under Title ) ) Division for Air Quality : e . )
Air State . Environmental Protection air emissions that exceed Title V major
v of the Clean Air Act (KDEP) (OAQ) source thresholds
Amendments - - -
Air Federal Title YA/r Emissions EPA Fedgral review of Kentucky Title V air
Permit quality permit
Construction and operation of a source of
. L . air emissions that exceed Kentucky
Air State State Origin Air Permit KDEP DAQ thresholds (and are below Title \V major
_ source thresholds) _
Air Federal GHG Momtormg and EPA Requirement to mon_lto.r and report
Reporting greenhouse gas emissions
On Site Special Waste Division of Waste Disposal of gasifier slag on site in a
Waste State Permit KDEP Management (DWM) designed landfill
Waste State Hazardous Wa§te . KDEP DWM Management of hazardous wastes on site]
Generator Registration i
Waste State g:f:’;:lous Waste Landfill KDEP DWM Disposal of hazardous waste onsite
Private solid waste
Off Site Solid Waste management company or Approval for disposal of industrial solid
Waste Local . o ) .
Disposal Approval local municipality operating wastes (not hazardous) off site
disposal facility
Section 10 of the Rivers
and Harbqrs ACt . Construction of dock for barge unloading
Water Federal Construction in Navigable U.S. Army Corps of and structures supporting water
Waters Permit -- Barge Engineers (USACE) ; pp 9
. withdrawal
Unloading and Water
Withdrawal
Section 404 of the Clean
Water Act Permit for Discharge of dredged or fill material into
Federal USACE and EPA
Water edera Dredge and Fill of U.S. an waters of the U.S.
Waters —
Floodplain Construction Division Of.W ater (Dow) Construction within the 100-year
Water State : KDEP -- Floodplain )
Permit ) floodplain of any Kentucky stream
Management Section
Water State Sect{gn {O1 Water Quality KDEP DoW -- Floodplaln. Construction act|.vmes affecting Kemucky
Certification Management Section waters that may impact water quality
General Stormwater Permit Stormwater associated with construction
Water State ] S KDEP DoW activities that is discharged to waters of
for Construction Activities Kentucky
Kentucky Pollution Point source discharges of wastewater
Water State Discharge Elimination KDEP DoW (other than stormwater) to waters of
System (KPDES) Permit Kentucky
Construction Permit for Access to local Publically Owned
Water State ] ] KDEP DoW Treatment Works for wastewater
Sewer Line Extension
treatment
Withdrawal of greater than 10,000
Water State Water Withdrawal Permit KDEP DoW gallons per day of Kentucky water
resources _
Water State Potab/e Water Supply KDEP DoW, Local Health C)_peratlr?g a drinking water treatment and
Permit Department distribution system_ .
Water Local Sanitary Sewer Connection Local Municipality Access and utilization of local sanitary
Approval sewage treatment plaml _
Water Local Potable Water Access Local Municipality Access and use of public drinking water

supply

Page 1 of 2



ENVIRONMENTAL PERMIT AND APPROVAL SUMMARY

ACTIVITY

Approval for construction of merchant
electric generating facilities and electric
transmission lines not regulated by the
state Public Service Commission

Access and utilization of local power grid

Approval to use regional electric
transmission grid for the sale of electricity

CATEGORY AUTHORITY | PERMIT OR APPROVAL AGENCY DIVISION
Electric Service, Kentucky Generation and Kentucky Public Service
Generation and State Transmission Electric Ky Kentucky Siting Board
L . Commission
Transmission Siting Board Approval
Electric Service,
Generation and Local Electric Utility Approval Local Power Company
Transmission
Electric Service, Regional Transmission )
. i Regional or Independent
Generation and Local Organization (RTO) L -
. Transmission Organization
Transmission Approval
Hazardous and
. . License to Install Product Kentucky Department of Hazardous Materials
Toxic Material State

Management

Storage Tanks

Housing, Buildings, and
Construction

Section

Installation of above ground and
underground storage tanks

Hazardous and
Toxic Material
Management

TSCA Chemical
Manufacturing and
Reporting
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APPENDIX 4
Energy Contacts



STATE GENERAL ENERGY CONTACT STATE ENERGY DEPARTMENT LINK DESCRIPTION OF AGENCY CTL CONTACT CTL AGENCY WEBLINK GENERAL INFORMATION
Alaska Energy Authority (AEA) projects
and programs provide for the operation
Michael Harper, Deputy Director and maintenance of existing Authority- Michael Harper, Deputy Director AEA is the vested with assisting construction,
Alaska Energy Authority owned projects with maximum utility Alaska Energy Authority acquisition, financial, and operational issues
Email: mharper@aidea.org . . control; and assists in the development of Email: mharper@aidea.org . ) related to power projects and facilities. AEA
s Phone: 907-771-3000 I i A B BT T safe, reliable, and efficient energy Phone: 907-771-3000 DL G BTG Ty DU will not issue the appropriate environmental
813 West Northern Lights Blvd. systems throughout Alaska reducing the 813 West Northern Lights Blvd. permits but can provide information and
Anchorage, AK 99503 cost of electricity for residential Anchorage, AK 99503 contact information with each state agency.
customers and community facilities in
rural Alaska
James R. Hemsath, Deputy Director - Business
Development
Alaska Industrial Development and Export Authority
Alaska Energy Authority
Email: jhemsath@aidea.org http://www.akenergyauthority.org/
Phone: 907-771-3040
813 West Northern Lights Blvd.
Anchorage, AK 99503
. L . The Energy Division provides assistance
TGS, (STETEL D.'V'S'on D”eC‘OT . and services to the citizens of our state Russell Kelly, Chief The Energy Division is the proper authority for
Alabama Department of Economic and Community Affairs . . s ) . - L
. . through the management and Permits and Services Division ADEM financial assistance and initial development of
Phone: 334-242-5292 http://www.adeca.alabama.gov/Energy/default.a . - . -
Alabama Email: terri.adams@adeca. alabama.gov o development of energy programs, and 334-271-7715 http://www.adem.state.al.us/ an energy project. The ADEM is responsible to
' ' ' 9 Spx fosters the advancement of technology to 1400 Coliseum Blvd. enforce rules and regulations consistent with
strengthen the Alabama economy. Montgomery, AL 36109 approved permits.
s Bamesi, e The Arkansas Energy Offlce is a division
’ of the Arkansas Economic Development
Arkansas Energy Office o ’
) Commission. The Energy Office . .
Email: cbhenson@arkansasedc.com ITTRIES G ey 6] Cea The Arkansas Energy Office is responsible for
Arkansas Phone: 501-682-1370 http://arkansasenergy.org/ p nergy Y ging the management of new energy projects and
. technologies through energy education )
One Capitol Mall - ) funneling federal energy funds.
. and information programs as well as
Little Rock, Arkansas 72201 ) :
managing federal energy funds in the
State of Arkansas.
Clint O'Neal
Busmgss PSS o The ADEC mission is to lead statewide
Arkansas Economic Development Commission g
Email: COneal@ArkansaseEDC.com J——— whichproduée o g - ADEC is responsible for developing strategies
Phone: 501-682-2563 http://arkansasedc.com/ . 9 p o paying to promote new projects in Arkansas and
. jobs, promote communities, and support .
One Capitol Mall e R A g create a workforce for those projects.
Little Rock, AR 72201 gancg y
skilled workforce.
‘ Jim Arwood, Director The AZ Department of Commerce's The AZ De_partment of _Commerce encourages
Arizona Department of Commerce o - . and provides energy information and policy
I mission is to provide leadership and . ]
. Email: jima@azcommerce.com . ) : advice for new energy projects. The
Arizona . http://new.azcommerce.com/Energy/ collaborative partnerships to create :
Phone: 602-771-1100 T TS £t 2 GIbEl] Department of Commerce will serve as the
1700 W. Washington, Suite 600 competitive Arizona econgom Y general contact and provide information and
Phoenix, Arizona 85007 P y contact information for other state agencies.
Terry O'Brien, Deputy Director Thes?gggrnL?r:e:erng}Cromn;llisslo:nlj iz
California Energy Commission "S P Y gy policy an The CEC is responsible for the funding and
- . ) planning agency. The Commission : .
Siting, Transmission and Env. Protection g planning of any new energy project. The
. . - . . supports public interest energy research e :
California Email: tobrien@energy.state.ca.us http://www.energy.ca.qgov/ ) Commission will also serve as the general
. that advances energy science and ) .
Phone: 916-654-3924 contact and provide contact for environmental
: technology through research, s
1516 Ninth Street, MS-29 development. and demonstration permitting.
Sacramento, CA 95814 P !
programs.
* yellow and green alternations indicate the separation of states
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CTL CONTACT

CTL AGENCY WEBLINK

GENERAL INFORMATION

Eillen Allen, Siting and Compliance Office
Siting, Transmission and Env. Protection
Email: eallen@energy.state.ca.us
Phone: 916-654-4082
1516 Ninth Street, MS-29
Sacramento, CA 95814

http://www.energy.ca.qgov/

Colorado

Tom Plant, Director
Governor's Energy Office
Email: tom.plant@state.co.us
Phone: 303-866-2202
1580 Logan Street, Suite 100
Denver, Colorado 80203

www.colorado.gov/energy

The GEQO's mission is to lead Colorado to
a New Energy Economy by advancing
energy efficiency and renewable, clean

energy resources.

Tom Plant, Director
Governor's Energy Office
Email: tom.plant@state.co.us
Phone: 303-866-2202
1580 Logan Street, Suite 100
Denver, Colorado 80203

www.colorado.gov/energy

The GEO works with private organizations to
promote energy efficient technologies. The
GEO does not issue permits but can provide
information for funding and other contacts
within state government.

Connecticut

Raymond Wilson, Director
Policy Development and Planning Division
Email: raymond.wilson@ct.gov
Phone: 860-418-6416
450 Capitol Avenue
Hartford, CT 06106-1379

http://www.ct.gov/opm/site/default.asp

One critical role of OPM is that of
coordinator/leader of interagency problem
solving efforts. Most significant policy
issues faced by the State involve the
overlapping jurisdiction of more than one
State agency, and encompass a range of
programmatic, budgetary, and policy
concerns. OPM is often called upon to
lead, convene or facilitate multi-agency
efforts to address these problems.

OPM reports directly to the Governor, providing
information required to form policy decisions.
OPM will serve as the general contact and
provide information and contact information for
each state agency. Through email and phone
correspondence it was determined Connecticut
does not have an official energy development
contact. All state contacts referred to the listed
DOE Energy Efficiency and Renewable Energy
website contact.

Charlie T. Smisson, Jr., State Energy Coordinator
Delaware Energy Office
Email: charlie.smisson@state.de.us

The Governor's Energy Advisory Council
is charged with spearheading a Delaware
Energy Plan, which is updated every five

The DNREC administers the state energy
program and serves as the contact for private
organizations and state agency energy issues.

D e Phone: 302-735-3480 L Lo VDL NG AN 2 e BV years. The new plan is to be completed DMTEC will serve as the general contact and
1203 College Park Drive, Suite 101 by the spring of 2009. provide information and contact information for
Dover, DE 19904 each state agency.
Jeremy Susac, Director State of Horda shapes -Floida's Energy
Florida Energy Office " ) The Florida DEP will provide the appropriate
S . Future,” focusing on advanced clean : . -
Email: jeremy.susac@eog.myflorida.com energy sources, energy conservation and environmental permits for a CTL facility. The
Florida Phone: 850-487-3800 http://www.dep.state.fl.us/enerqgy/ = L ) ) DEP also provides policy advice for new
efficiency. Florida is actively leading the - .
3900 Commonwealth Boulevard M.S. 49 nation in projects that promote hydrogen energy projects and will serve as the general
Tallahassee, Florida 32399 : . contact for the development of a CTL facility.
power, solar energy, bioenergy, biofuels,
clean vehicles and energy conservation.
Mike Halpin, Siting Administrator
Site Coordination Office
I P e RS hitp://www.dep.state. fus/siting/
2600 Blair Stone Rd, MS 48
Tallahassee, FL 32399
Jill P. Stuckey, Director The Center provides strong leadership
GEFA-Center of Innovation for Energy and guidance for energy industry. With a The Center provides leadership and guidance
Email: jill@gefa.ga.gov business-oriented focus, the Center of for energy projects that draw on the state's
Georgia Phone: 404-584-1041 http://energy.georgiainnovation.org Innovation for Energy supports the resources. The Center will serve as the

233 Peachtree Street NE
Harris Tower, Ste 900
Atlanta, GA 30303

expansion, production and use of
renewable energy and bio-fuels.

general contact and direct a developer to the
proper contacts within each state agency.

J. David Dunagan, Renewable Energy Program Manager
GEFA-Center of Innovation for Energy
Email: jdavid@gefa.ga.gov
Phone: 404-584-1105
233 Peachtree Street NE
Harris Towner, Ste 900
Atlanta, GA 30303

http://energy.georgiainnovation.org
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STATE GENERAL ENERGY CONTACT STATE ENERGY DEPARTMENT LINK DESCRIPTION OF AGENCY CTL CONTACT CTL AGENCY WEBLINK GENERAL INFORMATION
. The Department of Business, Economic The Department of Business, Economic
Joshua B.Y. Strickler o . :
. . Development & Tourism is Hawaii's Development & Tourism reports directly to the
Facilitator of Renewable Energy Projects ) S . ;
. . - resource center for economic and Governor providing information required to
. Email: Joshua.B.Strickler@dbedt.hawaii.gov . " . o . . - ]
Hawaii Phone: 808-587-3837 http://www.hawaii.gov/dbedt/info/energy statistical data, business development form policy decisions. The Department will
' - opportunities, energy and conservation serve as the general contact and provide
235 S. Beretania St. 5th Floor ; ; . ) ; ) .
information, and foreign trade information and contact information for the
Honolulu, HI 96813 .
advantages. development of a new energy project.
The Commercial Innovation Division of
the Idaho Department of Commerce is
the state’s only state office focusing
solely on the development of Idaho’s
Lane Packwood, Administrator innovation industry and the application of
Economic Development technology to all Idaho businesses. The The Department of Commerce works with
Idaho Department of Commerce Commercial Innovation staff sets goals private organizations to promote energy
ENE Phone: 208-334-2650 x2134 www.commerce.idaho. dov for innovation industry development in innovations. The Department of Commerce
700 West State St. . - = the state and supports the establishment, does not issue permits but can provide
Boise, ID 83702 expansion, and attraction of technology information for funding and other contacts
companies, builds partnerships and within state government.
programs, fosters infrastructure and
research, and develops the state’s
technology image nationally and
internationally.
Lisa La Bolle, Director of Energy Policy
Idaho Office of Energy Resources The Office of Energy Resource reports to the
Phone: (208) 287-4993 ) Governor providing information required to
Email: Lisa.LaBolle@oer.idaho.gov . Ui i ERAR RIS form policy decisions. This Office will not
www.energy.idaho.gov responsibility for energy planning, policy . ) . .
322 East Front Street and coordination in the State of Idaho provide required permits but can direct a
Boise, Idaho 83720-0098 ’ developer to contacts within each proper state
agency.
The lowa Department of Economic
Sherry Timmins, Regulatory Assistance Coord. Development mission is to engender and .
. . - The lowa Department of Economic
lowa Department of Economic Development promote economic development policies -
. oo . . . . . ; : Development provides a one-stop shop for
Email: sherry.timmins@iowalifechanging.com ) . . and practices which stimulate and sustain } ; ;
lowa www.iowalifechanging.com \ ) ) business contacts to develop ideas and will
Phone: 515-242-4901 lowa's economic growth and climate and eIk i (T GV (@ CEvEs (e
200 East Grand Avenue that integrate efforts across public and businepss P
Des Moines, IA 50309 private sectors. '
Tommi Makila, Senior Energy Policy Analyst The lowa Department of Natural
lowa Department of Natural Resources/Energy Independence .
o ) : . Resources is the government agency that
S B L ORI e o leads lowans in caring for their natural
Phone: 515-281-3142 aring . The lowa DNR will provide the proper
. resources. It is responsible for . . .
502 E. 9th Street www.iowadnr.com/ R environmental review and permits for an
: maintaining state parks and forests, )
Des Moines, 1A 50319 . . energy project.
protecting the environment, and
managing energy, fish, wildlife, and land
and water resources in lowa.
The Department of Commerce & Bill Hoback
Economic Opportunity (DCEO) is the lead Bureau Chief
Jonathan Feipel, Energy Division Manager state agency responsible for improving Department of Commerce and Eco. Opportunity
lllinois Departmept of Commerc_e and_E_co_nomlc Opportunity lllinois compet_mveness in the glpbal Coal_l?eyelopment &_ l\_/lar_ketlng The lllinois Department of Commerce can
Email: Jonathan.Feipel@illinois.gov economy. Guided by an innovative Email: bill.hoback@illinois.gov TR B TSN TR 57 DI es e
Illinois Phone: 217-785-3416 http://www.commerce.state.il.us regional approach, DCEO administers a Phone: 217-782-6370 http://www.commerce.state.il.us/dceo/ P b Shop ) ;
: : to develop energy ideas and will work with the
620 East Adams Street wide range of economic and workforce 620 East Adams Street b e eeEhm (s Eree Eeh
Springfield, lllinois 62701 development programs, services and Springfield, IL 62701 P P oy Y.
initiatives designed to create and retain
high quality jobs and build strong
communities.
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STATE ENERGY DEPARTMENT LINK

DESCRIPTION OF AGENCY

The Indiana Office of Energy & Defense

CTL CONTACT

CTL AGENCY WEBLINK

GENERAL INFORMATION

Indiana

Brandon Seitz, Manager
Office of Energy Development
Email: bseitz@oed.in.gov
Phone: 317-232-8939
101 W. Ohio Street, Ste 1250
Indianapolis, IN 46204

http://www.in.gov/oed/

Development (OED) was established to
shepherd the state’s energy plan.
Realizing that sound energy policy has a
significant impact on economic
development, OED guides efforts to find
homegrown energy solutions for our
nation’s armed forces, as well as
assisting and promoting economic
development in Indiana in the defense
and energy industries.

The mission of the state corporation

Marty Irwin, Director
Center for Coal Technology Research
Email: mwirwin@purdue.edu
Phone: 765-494-7414
Potter Engineering Building
500 Central Dr
Purdue University
West Lafayette IN 47907

http://www.purdue.edu/

The Center for Coal Technology Research
(CCTR) is an Indiana state agency located at
Purdue University's Energy Center at Discovery,
Park. The legislated objective of the CCTR is to
promote the use of Indiana's coal reserves in
an economically and environmentally sound

manner.

Kansas

Ray Hammarlund, Director Kansas Energy Office
Kansas Corporation Commission
Email: r-hammarlund@kcc.ks.gov
Phone: 785-271-3170
1300 SW Arrowhead Road, Suite 100
Topeka, KS 66604

Dr. Leonard Peters, Secretary

http://www.kcc.ks.gov/energy/index.htm

commission is to protect the public
interest through impartial, and efficient
resolution of all jurisdictional issues. The
agency shall regulate rates, service and
safety of public utilities, common carriers,
motor carriers, and regulate oil and gas
production by protecting correlative rights
and environmental resources.

The Kansas Corporation Commission was
established to provide easy-access information
to the citizens of Kansas. This agency will act
as a on-stop shop for a developer to develop

an energy project.

Kentucky

Department for Energy Development & Independence
len.peters@ky.gov
Phone: 502-564-7192
500 Mero St., 12th Floor
Capital Plaza Tower
Frankfort, KY 40601

http://www.energy.ky.gov/

The Department for Energy Development
and Independence is to develop clean,
reliable, affordable energy sources that
help us improve our energy security,
reduce our carbon dioxide emissions and
provide economic prosperity.

Don Newell
Department for Energy Development & Independence
Division of Transportation Energy Supply and
Distribution
Email: Donald.Newell@ky.gov
Phone: 502-564-7192
500 Mero Street, 12th Floor, Capital Plaza Tower
Frankfort, KY 40601

http://www.energy.ky.gov/

The Kentucky DEDI was established within the
Energy and Environment Cabinet to help
develop KY energy resources. This agency
can act as a general contact and provide
specific contact within each appropriate state
agency.

Dane Revette, Director
Energy Industries Development

Rodney Andrews, Director
Center for Applied Energy Research
Email: andrews@caer.uky.edu
Phone: 859-257-0200
2540 Research Park Drive
Lexington, KY 40511

http://mww.caer.uky.edu/

The University of Kentucky Center for Applied
Energy (CAER) investigates energy
technologies to improve the environment.
CAER's mission is to excel as an applied
research and development center with an
international reputation, focusing on the optimal
use of Kentucky's and the nation's energy

Louisiana

Email: revette@la.gov
Phone: 225-342-5368
P.O. Box 94185
Baton Rouge, LA 70804-9185

http://www.lded.state.la.us/

The Louisiana Economic Development
provides successful economic and
community development programs,
provides resources, training and tools to
build your community’s capacity to
attract, retain and grow business.

resources for the benefit of its people

The Economic Development agency

encourages and provides energy information
and policy advice for new energy projects. This
agency can provide business development
support as well as policy and planning support

Massachusetts

Maryland

Ann Berwick, Under Secretary of Energy
Executive Office of Energy and Environmental Affairs
Email: ann.berwick@state.ma.us
Phone: 617-626-7300
100 Cambridge Street, Suite 900
Boston, MA 02114

contact but still waiting for confirmation

Spoke with Chris Rice. Mr. Rice is believed to be the proper

http://www.mass.gov

oversees both environmental and energy

energy future, and the six agencies under

The Executive Office of Energy and
Environmental Affairs is the only state
Cabinet-level office in the country that

agencies. In putting energy and
environment under one roof, Governor
Patrick set a course toward a clean

EEA are following that direction with
vigor, in close collaboration with the
Legislature and many outside partners.

Ann Berwick, Under Secretary of Energy
Email: ann.berwick@state.ma.us
Phone: 617-626-7300
100 Cambridge Street, Suite 900
Boston, MA 02114

http://www.mass.gov/?pagelD=eoeeaho

mepage&lL=1&L0=Home&sid=Eoeea

The Executive Office of Energy and
Environmental Affairs oversees the Dept. of Ag
Resources, Dept. of Conservation and
Recreation, Dept. of Energy Resources, Dept.
of Env. Protection, Dept. of Fish and Games,
Dept. of public Utilities. The Executive Office
will serve as the general contact and provide
information and contact information for each

state agency.
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STATE GENERAL ENERGY CONTACT STATE ENERGY DEPARTMENT LINK DESCRIPTION OF AGENCY CTL CONTACT CTL AGENCY WEBLINK GENERAL INFORMATION
James F. Nimon, Director
Office of Business Development Department of Economic
and Community Development
Email: james.nimon@maine.gov DECD serves as the umbrella The DECD encourages and provides energy
Phone: 207-624-9804 organization to the offices of Tourism, information and policy advice for new energy
Maine 59 State House Station www.businessinmaine.com Business Development, the International projects. The DECD will serve as the general
Augusta ME 04333 Trade Center, Community Development, contact and provide information and contact
Film and Innovation and Science information for each state agency.
. From site location assistance to job
D S training grants, from help with permits to
DELEG/Energy Bureau 99 ' \ P p, o MEDC will act as the general contact and
- . . - . - tax abatements, we're the state's official . L .
Michigan Email: patrickj@michigan.gov http://www.michiganadvantage.org . ; provide help with issues from permits to tax
. economic development corporation -- a .
Phone: (517) 241-6153 : . abatements - a one-stop resource for business.
one-stop resource for businesses seeking
to grow in Michigan.
The MN Department of Commerce's
NS ST, L LT comrr?::rscl?; :ntc;)fiennas:crgletcr‘:::gc?ions
State Energy Office ) L ) . ) The MN Department of Commerce provides
S and reliable utility services by: regulating . . . .
Email: janet.streff@state.mn.us ; ; . P energy information and policy advice for new
. . and licensing business activity in more : . )
Minnesota Phone: 651-296-5120 http://mww.state.mn.us/ . N L energy projects. It can provide funding to
than 20 industries; investigating and - f
85 7th Place East ) I support and promote the beneficial adoption of
St. Paul, MN 55101 LR RS I T new renewable energy technologies
' ' advocating the public's interest before the :
Public Utilities Commission; and,
administering various state programs.
Phil Smith, Energy Specialist
Minnesota Office of Energy Security
Email: phil.smith@state.mn.us
Email2: energy.info@state.mn.us e T S T
Phone: 651-296-5175 - - —
Phone2: 800-657-3710
85 7th Place East
St. Paul, MN 55101
The Missouri Department of Natural
Roger Korenberg Resources' Energy Center . . . .
. . . The Missouri DNR can provide environmental
Missouri Department of Natural Resources Energy Center is a nonregulatory state agency that . - : ) .
. . . . . permit forms and give technical and financial
Missouri Phone: 573-751-3443 http://www.dnr.mo.gov/energy/ works to protect the environment and . e
. assistance for energy efficiency and renewable
P.O. Box 176 stimulate the economy through energy - e
Jefferson City, MO 65102 efficiency and renewable energy gy proj '
resources and technologies.
M(.)t'(.:e quce, Executive Dlrecpor The Mississippi Development Authority
Mississippi Development Authority : L
o s (MDA) is the State of Mississippi’s lead . .
Email: mbruce@mississippi.org . . MDA will act as a general contact and provide
. economic and community development o ) :
nfeefesiiont Phone: 601-359-6601 e e A, o oy PR, VIO (e 250 CrT i ees 61 additional information and contacts through
PP 501 North West Street = - bpLorg gency. ) - ploy local elected officials, main street programs
U engaged in providing services to
Jackson, Mississippi 39201 . " . and the chamber of commerce.
businesses, communities and workers in
the state.
The Governor's Office of Economic
Development serves to advise the
Mike Volesky, Natural Resource Policy Advisor Gover_nor palelsy |s§ues N to' : ' .
\ ) economic development; lead the state's The Governor's Office of Economic
Governor's Office - . : -
o business recruitment, retention, Development reports to the Governor providing
Email: mvolesky@mt.gov ) i . . : . L
. . . expansion, and start-up efforts; and information required to form policy decisions.
Montana Phone: 406-444-7857 http://governor.mt.gov/cabinet/contactus.asp o . ] . . . . .
PO Box 200801 serves as the state's primary economic This Office will not provide required permits but
development liaison between federal, can direct a developer to contacts within each
Helena, MT 59620-0801 . i
state, and local agencies, Montana tribal proper state agency.
governments, private nonprofit economic
development organizations and the
private sector
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Tom Kaiserski, Program Manager
Energy Promotion and Development Division
Email: tkaiserski@mt.gov
Phone: 406-841-2034
PO Box 200501
Helena MT 59620-0501

http://commerce.mt.gov/energy/about.asp

The Energy Promotion and Development
Division was created in 2007 to help
implement Governor Schweitzer's
commitment to ‘clean and green' energy
development in Montana.

The Energy Promotion & Development Division
works directly with the Governor's Office and
other state agencies to help facilitate the
permitting, siting, and financial issues.

Tom Ring, Environmental Specialist
(Montana Major Facility Siting Act)
Department of Environmental Quality
Email: tring@mt.gov
Phone: 406-444-6785
1520 East 6th Avenue
Helena, MT 59620

www.deq.state.mt.us/

North Carolina

Star Brown, Chief
Energy Efficiency
N.C. State Energy Office
Phone: 919-733-1897
1830-A Tillery Place
Raleigh, NC 27604

http://www.energync.net/

The State Energy Office is North
Carolina's lead agency for energy
programs and services and serves as the
official source for energy information and
assistance for consumers, businesses,
government agencies, community
colleges and schools and the residential,
commercial and industrial sectors.

The state energy office encourages and
provides energy information and policy advice
for new energy projects. This agency can
provide business development support as well
as policy and planning support

Bob Leker, Program Manager
Renewable Energy
N.C. State Energy Office
Phone: 919-733-1907
1830-A Tillery Place
Raleigh, NC 27604

http://www.energync.net/

Cythia Mosseley, Program Manager
Alternative Fuels
N.C. State Energy Office
Phone: 919-733-1896
1830-A Tillery Place
Raleigh, NC 27604

http://www.energync.net/

Bill Gilmore, Deputy Director

Fossil Fuel Projects

N.C. Utilities Commission

Email: gilmore@ncuc.net

Phone: 919-733-9563
430 North Salisbury Street
Dobbs Building

Raleigh, NC 27603

http://www.ncuc.commerce.state.nc.us/index.ht

m

To a limited degree, the Commission
regulates electric membership
corporations, small power producers, and
electric merchant plants. The
Commission is also responsible for
administering programs in North Carolina
to ensure the safety of natural gas
pipelines.

The Utilities Commission will serve as another
general energy contact and provide information
for fossil fuel development.

North Dakota

Paul T. Govig, Division Director
North Dakota Division of Community Services
Email: pgovig@state.nd.us
Phone: 701-328-5300
1600 East Century Avenue, Suite 2
PO Box 2057
Bismarck, ND 58502

http://Mmww.communityservices.nd.gov/about/

To provide the people of North Dakota
with effective, efficient and customer
oriented administration of federal and

state programs for Community
Development, Energy Efficiency and
Renewable Energy, Housing; and Self
Sufficiency.

Ron Rauschenberger, Chief of Staff
Office of the Governor
Email: rrausche@nd.gov
Phone: 701-328-2222

www.governor.nd.gov

The Office of the Governor encourages and
provides energy information for 4,000 existing
megawatts of electricity and provides policy
advice for new energy projects. This agency
already provides advice for a potential coal to
liquids facility and a new coal gasification plant.

Nebraska

Neil Moseman, Energy Office Director
Nebraska Energy Office
Email: Neil. Moseman@nebraska.gov
Phone: 402-471-2867
1111 "O" Street, Ste. 223
Lincoln, NE 68508

http://www.neo.ne.gov/

Promotes the efficient, economic and
environmentally responsible use of
energy.

The Nebraska Energy Office encourages and
provides energy information and policy advice
for new energy projects. This agency will not
provide the appropriate permits for an energy
project but can provide contacts in each
pertinent state agency.

Jerry Loos
Nebraska Energy Office
Email: jerry.loos@nebraska.gov
Phone: 402.471.3356
1111 "O" Street, Ste. 223
Lincoln, NE 68508

http://www.neo.ne.gov/
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New Hampshire

Amy Ignatius, Director
New Hampshire Office of Energy and Planning
Email: amy.ignatius@nh.gov
Phone: 603-271-2155
NH Office of Energy and Planning
4 Chenell Drive
Concord, NH 03301

http://mwww.nh.gov/oep/index.htm

Responsible for exploring opportunities to
expand the use of renewable, domestic
energy resources such as biomass, wind
and solar energy;

The New Hampshire Office of Energy and
Planning provides energy information and
policy advice for new energy projects. This
agency will not provide the appropriate permits
for an energy project but can provide contacts
in each pertinent state agency.

Roy Duddy, Director
Business Resource Center
NH Department of Recreation and Economic Development
Email: royduddy@dred.state.nh.us
Phone: 603-271-2591 x103
172 Pembroke Road
P.O. Box 1856
Concord, NH 03302

http://www.nheconomy.com/

The New Hampshire Business Resource
Center and the International Trade
Resource Center offer resources to

enhance the economic activities of the
state through business attraction
outreach, in-state business expansion
efforts, and facilitation of government and
international sales

The NH Division of Economic Development will
work with private organizations to promote
energy efficient technologies. The Division

does not issue permits but can provide
information for funding and other contacts
within state government.

Tom Frantz
Public Utilities Commission
Email: tom.frantz@puc.nh.gov
Phone: 603-271-2431
21 S Fruit St # 10
Concord, NH 03301

www.puc.nh.gov/

The NHPUC is vested with general
jurisdiction over electric,
telecommunications, natural gas, water
and sewer utilities for issues such as
rates, quality of service, finance,
accounting, and safety.

The NH Public Utilities Commission is vested
with jurisdiction over issues such as finance
and accounting of energy projects. The PUC
will also serve as a general contact and provide
information and contact information for other
state agencies.

New Jersey

Joe Carpenter
Department of Environmental Protection
Phone: 606-984-3438
DEP Main Building
401 East State Street
Trenton, NJ

http://www.state.nj.us/dep/

The NJDEP is involved with issues such
as global warming and sea-level rise,
renewable energy development, flood

control, storm water management, natural
resource protection, storm preparedness
and ecological sustainability.

The NJDEP will serve as a general contact and
provide the appropriate environmental permits
for a CTL facility.

Benjamin Scott Hunter, Renewable Energy Program
Administrator, Office of Clean Energy
New Jersey Board of Public Utilities
Email: benjamin.hunter@bpu.state.nj.us
Phone: (609) 777-3300
44 South Clinton Avenue
P.O. Box 350
Trenton, NJ 08625

http://www.bpu.state.nj.us

The Board of Public Utilities is a
regulatory authority with a statutory
mandate to ensure safe, adequate, and
proper utility services at reasonable rates
for customers in New Jersey.

The NJ Board of Public Utilities is responsible
for addressing energy reform and encouraging
energy projects. The NJPU will serve as a
general contact and provide policy advice for a
CTL facility.

New Mexico

Craig O'Hare, Special Assistant for Renewable Energy
Energy Conservation and Management Division
Email: craig.ohare@state.nm.us
Phone: 505-476-3207
1220 South St. Francis Dr.

Santa Fe, NM 87505

http://www.emnrd.state.nm.us/ECMD/index.htm

The Energy Conservation and
Management Division develops and
implements effective clean energy
programs — renewable energy, energy
efficiency and conservation, clean fuels
and efficient transportation — to promote
environmental and economic
sustainability for New Mexico and its
citizens

The Energy Conservation and Management
Division will serve as a general contact and
provide information and contacts for each state
agency. The Division will also identify energy
incentives for the development of a CTL facility.

Fernando Martinez, Division Director
Energy Conservation and Management Division
Email: fernando.r.martinez@state.nm.us
Phone: 505-476-3312
1220 South St. Francis Dr.

Santa Fe, NM 87505

http://www.emnrd.state.nm.us/ECMD/index.htm

Nevada

Contacted Dr. Gecol, Director NV State Office of Energy and
Nick Vander Poel, Deputy Director. Waiting for confirmation

http://energy.state.nv.us/default.htm

The NV State Office of Energy is
responsible for implementing the
Governor’s plan, which includes
components that encourage energy
conservation, facilitate electric generation
and transmission permitting, facilitate
natural gas transmission permitting, and
encourage renewable energy
development.

The State Office of Energy will provide energy
information and policy advice for new energy
projects. This agency will not provide the
appropriate permits for an energy project but
can provide contacts in each pertinent state
agency.
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New York

Dana Levy, Program Manager (Co-Generation)

NY State Energy Research and Development Authority

Email: dli@nyserda.org
Phone: 518-862-1090 x3377
17 Columbia Circle
Albany, NY 12203

http://www.nyserda.org/default.asp

NYSERDA is a public benefit corporation
created in 1975. Earliest efforts focused
solely on research and development with
the goal of reducing the State’s petroleum
consumption. Subsequent research and
development projects focused on topics
including environmental effects of energy
consumption, development of renewable
resources, and advancement of
innovative technologies

The NYSERDA will provide technical and
financial assistance for energy efficiency and
renewable energy projects. NYSERDA cannot
provide the appropriate permits for a CTL
facility but can provide the appropriate contacts
within each agency.

John Saint Cross, Program Manager (Renewable)
NY State Energy Research and Development Authority

Email: jsl@nyserda.org
Phone: 518-862-1090 x3384
17 Columbia Circle
Albany, NY 12203

http://www.nyserda.org/default.asp

Ohio

Brad Biggs
Ohio Department of Development
Phone: 614-644-8201
77 S. High St., PO Box 1001
Columbus, OH 43216

http://www.odod.state.oh.us/

Working with our partners across
business, state and local governments,
academia, and the non-profit sector, the
Ohio Department of Development works

to attract, create, grow, and retain

businesses through competitive
incentives and targeted investments.

Brad Biggs
Ohio Department of Development
Phone: 614-644-8201
77 S. High St., PO Box 1001
Columbus, OH 43216

http://www.odod.state.oh.us/

The Department of Development will provide
financial assistance information for energy
efficiency and renewable energy projects,
including CTL projects. The Department of

Development cannot provide the appropriate

permits for a CTL facility but can provide the
appropriate contacts within each agency.

Todd Nein
Ohio Air Quality Development Authority
Email: todd.nein@aqda.state.oh.us
Phone: 614-224-3383
50 W Broad St # 1718
Columbus, OH 43215

www.ohioairguality.org

The Ohio Air Quality Development
Authority’s primary mission is to provide
for the conservation of air as a natural
resource of the state by preventing or
abating air pollution. Through its Ohio
Coal Development Office, OAQDA also
co-funds the research, development, and
deployment of technologies that promote
the use of Ohio’s vast reserves of high-
sulfur coal in an economical,
environmentally sound manner.

Todd Nein
Ohio Air Quality Development Authority
Email: todd.nein@aqda.state.oh.us
Phone: 614-224-3383
50 W Broad St # 1718
Columbus, OH 43215

www.ohioairguality.org

OCDO supports projects ranging from applied

research through commercial demonstration

through cost sharing. OCDO will not provide

the appropriate environmental permits but will
assist in business development.

Oklahoma

Rena Steeds, Economic Development Specialist

Business Development Division
Email: rena_steeds@okcommerce.gov
Phone: 405-815-5143
900 N. Stiles
P.O. Box 26980
Oklahoma City, OK 73126

http://www.okcommerce.qgov/

The Oklahoma Department of Commerce
is the primary economic development
arm of the state government. Our mission
is to increase the quantity and quality of
jobs available in Oklahoma by supporting
communities; supporting the growth of
existing businesses and entrepreneurs;
attracting new businesses; and promoting
the development and availability of a
skilled workforce.

The Department of Commerce is responsible
for assisting the planning and indentifying
incentives of any new energy project. The
Department will also serve as the general

contact and provide contact for environmental

permitting.

Vaughn Clark, Director
Oklahoma State Energy Office
Phone: 800-879-6552
Email: vaughn_clark@odoc.state.ok.us
900 North Stiles Ave.
Oklahoma City, OK 73104

http://www.okcommerce.gov

Oregon

Thomas Stoops, Siting manager
Department of Energy
Email: Tom.Stoops@state.or.us
Phone: 503-378-8328
625 Marion Street NE
Salem, OR 97301

www.oregon.gov/energy

The mission of the Oregon Department of
Energy is to ensure Oregon has an
adequate supply of reliable and
affordable energy and is safe from
nuclear contamination, by helping
Oregonians save energy, develop clean
energy resources, promote renewable
energy, and clean up nuclear waste.

The Department of Energy offers loans, tax
credits, information, and technical expertise for
energy projects. The Department of Energy will
not issue environmental permits but will act as

the general contact and provide information

and contact information within each state
agency.

Mike W. Grainey, Director
Department of Energy
Email: michael.w.grainey@state.or.us
Phone: 503-378-4040
625 Marion Street NE
Salem, OR 97301

WWw.oregon.gov/energy

Pennsylvania

Spoke with Dan Giriffiths, Director of PA. Office of Energy and
Tech. Deployment. He recommended Malcom Furman, still

waiting for confirmation
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Phone: 401-574-9119
One Capitol Hill
Providence, RI 02908

businesses, and utility providers to
develop assistance and energy efficiency
programs

STATE GENERAL ENERGY CONTACT STATE ENERGY DEPARTMENT LINK DESCRIPTION OF AGENCY CTL CONTACT CTL AGENCY WEBLINK GENERAL INFORMATION
(LN P er, C(;mmissioner R ©IfE3 e E0ETE The Office of Energy Resources is The Office of Energy Resources cannot provide
) esources working with community agencies, the the required environmental permits but can act
e University of Rhode Island, local as a general contact and provide information
Rhode Island Email: Adzykewicz@energy.ri.gov http://www.energy.ri.gov/index.php "

for other pertinent state agencies. This agency
will also be paramount on any future energy
policies.

Janet Keller, Deputy Director State Energy Programs
RI Office of Energy Resources
Email: jkeller@energy.ri.gov
Phone: 401-574-9126
One Capitol Hill
Providence, RI 02908

http://www.energy.ri.gov/index.php

South Carolina

Bill Cronin, Director
Global Business Development
South Carolina Department of Commerce
Email: bcronim@sccommerce.com
Phone: 803-737-0421
1201 Main Street, Suite 1600
Columbia, SC 29201

http://www.sccommerce.com/

The South Carolina Department of
Commerce works to promote economic
opportunity for individuals and
businesses. As South Carolina’s leading
economic development agency, the
Department of Commerce works to
recruit new businesses and help existing
businesses grow.

South Carolina Commerce is responsible for
assisting, planning and indentifying incentives
of any new energy project. The Department
will also serve as the general contact and
provide contacts for environmental permitting.

South Dakota

Hunter Roberts, Energy Policy Director
Department of Tourism and State Development
Email: hunter.roberts@state.sd.us
Phone: 605-773-3301
771 East Wells Ave.

Pierre, SD 57501

http://www.sdeia.com/index.asp

The Infrastructure Authority brings
together public and private entities in an
effort to identify and address South
Dakota’s needs in the area of renewable
electrical energy development. The
Authority helps develop energy
production facilities in South Dakota and
provide financing for new and expanding
facilities.

The Infrastructure Authority is vested with
developing energy production facilities in South
Dakota and providing financing for new and
expanding facilities. The Infrastructure
Authority will also serve as the general contact
and provide information and contact
information for environmental permitting.

Ryan Gooch, Director Energy Policy
TN Energy Division
Email: ryan.gooch@state.tn.us

The mission of the Energy Division is to
promote sound economic development
policies and programs both to retain
existing business and industry and foster
new investment and job creation
throughout the state. Through grants
from the US Department of Energy, the

Ryan Gooch, Director Energy Policy
TN Energy Division
Email: ryan.gooch@state.tn.us

The TN Energy Division cannot provide the
required environmental permits for a CTL
facility but can act as a general contact and

Ninth Street Office Building, 8th Floor
202 North Ninth Street
Richmond, VA 23219

ml

Energy works to foster growth of
emerging and sustainable energy
industries and infrastructures.

Phone: 804-545-5723
901 East Byrd Street
Richmond, VA 23218

USRS Phone: 615-741-2373 UL WSS e DB il LT Energy Division provides a broad range Phone: 615-741-2373 DGR E T i b g AT provide information for other pertinent state
312 Rosa L. Parks Avenue, Tenth Floor of energy efficiency programs to business 312 Rosa L. Parks Avenue, Tenth Floor agencies. This agency will also be paramount
Nashville, TN 37243-1102 and industry, state and local Nashville, TN 37243-1102 on any future energy policies.
governments, schools, and residential
consumers. All programs focus on
energy efficiency measures and promote
energy cost and dollar savings.
. Alan Batcheller, Director of Remediation Services
Dub Taylor, Director . ) . . .
. ) . Texas Commission on Environmental Quality The Texas Commission on Environmental
State Energy Conservation Office The mission of the State Energy . . ; .
g . ’ . Email: abatchel@tceq.state.tx.us Quality (TCEQ) is the environmental agency for
Phone: 512-463-1931 . Conservation Office (SECO) is to . )
Texas - http://www.seco.cpa.state.tx.us/ L S - Phone: 512-239-5800 http://www.tceq.state.tx.us/ the state. TCEQ will act as the general contact
Email: dub.taylor@cpa.state.tx.us maximize energy efficiency while ; .
. . P.O. Box 13087 and will be the state regulatory authority for
111 East 17th Street, #1114 protecting the environment. .
. Austin, TX 78711-3087 CTL.
Austin, Texas 78701
Jason Berry, Energy Office Manager Ronald W. Daniels, Energy Policy Coordinator The Utah Governor's Energy Policy Advisor will
Utah Geological Survey The Utah Geological Survey administers Office of Governor's Energy Advisor not provide the required permits for a CTL
Utah Email: jasonberry@utah.gov e e the DOE State Energy Program in Utah Phone: 801-538-8817 http://www.energy.utah.gov/energy/ener| facility, but can act as a general contact and
1594 W. North Temple, PO 146100 * - . and advises the state's executive and 324 South State Street qy_advisor.html provide information for other state agencies.
Salt Lake City, UT 84114 elected leaders on energy policy. Salt Lake City, UT 84111 This agency will also be paramount on any
future energy policies.
JEiin B, e, DITEEE Twyla Powell, Business Development Manger
Virginia Division of Energy The primary goal of the Division of y ! p 9 The Virginia Business Development Group
SO : - Business Development Group : . ! : ;
Email: john.warren@dmme.virginia.gov Energy is to advance sustainable energy s . . provides energy information and policy advice
Phone: 804-692-3200 http://www.dmme.virginia.gov/divisionenergy.sht | practices and behaviors. The Division of WA Sl S Bl (T2 for new energy projects. This agency will not
Virginia ; * - * - * ) Email: Tpowell@YesVirginia.org wWwWw.yesvirginia.org/ '

provide the appropriate permits for an energy
project but can provide contacts in each
pertinent state agency.
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Vermont

Dave Lamont, Director of Regulated Utility Planning
Public Service Board
Email: dave.lamont@state.vt.us
Phone: 802-828-4082
112 State St# 4

www.state.vt.us/psb/

The Board's mission is to ensure the
provision of high quality public utility
services in Vermont at minimum
reasonable costs.

The Board will serve as a general contact and

provide information and contact for each

pertinent state agency. The Board does
provide permits for net metering.

Montpelier, VT 05620

Anne Margolis, Clean Energy Development Fund Manager
Public Service Board
Email: anne.margolis@state.vt.us
Phone: 802-828-4017
112 State St# 4
Montpelier, VT 05620

www.state.vt.us/psb/

The Board's mission is to ensure the
provision of high quality public utility
services in Vermont at minimum
reasonable costs.

The CTED encourages and provides energy

Washington

Tony Usibelli, Assistant Director for Energy Policy
Department of Community, Trade & Economic Development
Phone: 360-725-3110
Email: tonyu@cted.wa.gov

http://www.cted.wa.gov/

The Washington State Department of
Community, Trade and Economic
Development (CTED) is the lead agency
charged with enhancing and promoting
sustainable communities and economic
vitality in our state.

information and policy advice for new energy
projects. This agency will not provide the
appropriate permits for an energy project but
can provide contacts in each pertinent state
agency.

Carolee Sharp, Executive Assistant
WA State Dept of CTED Energy Policy Division
PO Box 43173
906 Columbia St SW
Olympia WA 98504-3173

http://www.cted.wa.gov/

Wisconsin

360.725.3118
Judy Ziewacz, Director
Office of Energy Independence
Email: judy.ziewacz@wisconsin.gov
Phone: 608-261-6609
17 W. Main St., Suite 429
Madison, WI 53703

http://power.wisconsin.gov/

The WI Office of Energy Independence
energy strategy relies on its ability to
become a leader in groundbreaking
research and developing technologies to
make alternative energies more
affordable and available to all Wisconsin
citizens.

The WI Office of Energy cannot provide the
required permits but can act as a general
contact and provide information for other

pertinent state agencies. This agency will also
be paramount on any future energy policies in
the state of WI.

West Virginia

Jeff Herholdt, Director
WYV Division of Energy
Email: jherholdt@energywv.org
Phone: 304-957-2027
State Capitol Complex
Building 6, Room 645
Charleston, WV 25305

http://www.energywv.org/community/eep.html

The West Virginia Division of Energy is
responsible for the formulation and
implementation of fossil, renewable and
energy efficiency initiatives designed to
advance energy resource development
opportunities and provide energy services
to businesses, communities and
homeowners in West Virginia.

Jeff Herholdt, Director
WYV Division of Energy
Email: jherholdt@energywv.org
Phone: 304-957-2027
State Capitol Complex
Building 6, Room 645
Charleston, WV 25305

http://mwww.energywv.org/community/eep

The West Virginia Division of Energy is
responsible for the formulation and

implementation of fossil, renewable and energy

efficiency initiatives designed to advance

.html

energy resource development. This agency

cannot provide the required permits but can act

as a general contact and provide information
for other pertinent state agencies.

Wyoming

Tom Fuller, Manager
State Energy Programs
Email: tom.fuller@wybusiness.org
Phone: 307-777-2800
214 West 15th St.
Cheyenne, WY 82002

http://mww.wyomingbusiness.org/business/energ

y.aspx

The Wyoming Business Council
administers the State Energy Program,
funded by the U.S. Department of
Energy. The program works to expand
opportunities for alternative or renewable
energy use in Wyoming using domestic

fuels or resources

Rob Hurless, Energy and Telecom Advisor

Office of the Governor
Email: rhurle@state.wy.us
Phone: 307-777-8521
State Capitol, 200 West 24th Street
Cheyenne, WY 82002

http://governor.wy.gov/

The Energy and Telecom Advisor reports to the
Governor, providing information required to
form policy decisions. This Office will not
provide required permits but can direct a
developer to contacts within each proper state
agency.
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Successful coal gasification project
development relies on receipt of required
permits in a timely and predictable manner.
This document outlines the basic
environmental permits (and permit approval
timeframes) required for the operation of a
gasification project.

Interaction with numerous local, state and
federal governmental entities, as well as private
entities, will be required when requesting
permits and approvals for a coal gasification
facility. These agencies include:

e Kentucky Energy and Environment Cabinet

e Division of Waste Management (DWM)

e Division of Water (DOW)

e Division for Air Quality (DAQ)

e Kentucky Siting Board of the Public Service
Commission

e Kentucky Public Protection Cabinet (KPPC)

e Kentucky State Fire Marshall

e Kentucky Office of Housing, Buildings and
Construction

1.0 INTRODUCTION

e US Environmental Protection Agency (EPA)

e Federal Energy Regulatory Commission
(FERC)

e U.S. Army Corp of Engineers (Corps)

e |ocal electric utility

e Regional Transmission Organization (RTO)

This report also contains Gantt charts for each
major permit action which graphically depict
the process and times needed for typical state
and federal permits and approvals that may be
required. Timeframes were developed through
interpretation of state and federal regulations
and previous industry permitting experiences.

Permit applications, guidance documents and
forms are provided through hyperlinks within
each section that provide electronic access to
the respective permit applications, guidance
documents and forms. Activities such as plans
required to be prepared, implemented and
maintained on site but not submitted to the
regulatory agency are not reflected in the Gantt
charts.

2.0 ENVIRONMENTAL PERMITS ISSUED BY THE STATE OF KENTUCKY

Permits issued by Kentucky regulatory
agencies will include those impacting air
emissions, waste generation and disposal,
and impact on water resources.

2.1 Kentucky Hazardous Waste Generator
Registration
Division of Waste Management,
Hazardous Waste Branch

If hazardous waste will be generated (i.e.
mercury), the facility must register for a U.S.
Environmental Protection Agency (EPA) ID
number issued by the Kentucky Division of
Waste Management, Hazardous Waste

Coal to Liquids/Coal to Gas - Kentucky Permit Map

Branch (401 KAR 32:010,005)). Because the
permitting process to dispose of waste on-
site is very extensive and requires complex
design work, it is recommended that a facility
plan for off-site disposal of hazardous waste
at a permitted disposal facility.

A developer will submit a completed
Notification of Hazardous Waste Activity Form
DEP-7037. The Handbook for Hazardous
Waste Generators helps work through the
application process. The facility must also
submit a $300 application fee for Small and
Large Quantity Generators with Form DEP-
7037 to the DWM. There is no public notice
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or hearing required. The issuance of the EPA

ID number will be made within 90 days of the

submitted completed application.

The volume of hazardous waste a gasification
facility will generate is unknown. However,
based on the mercury content of coal, the
facility will likely be classified as a small
quantity generator. A facility is classified
based on the volume of waste it generates as
described in the following table.

Hazardous Waste Generators

Conditionally

Exempt,
Small Quantity

<220 Ibs/month

Small Quantity

220-2200 Ibs/month —

Large Quantity

> 2200 lbs/month

— not acutely not acutely hazardous | —may include
hazardous waste acutely
waste hazardous
Registration Registration required | Registration
not required, required

but advisable

identification numbers. Kentucky follows the
federal rules for shipping hazardous wastes
to a Treatment Storage Disposal (TSD)
facility. The generating facility should
confirm that the shipper and disposal facility
are properly registered.

Hazardous Waste Generator
Registration Process Timeline

2.2 Kentucky Special Waste Landfill Permit
Division of Waste Management,
Solid Waste Branch

If a facility establishes, constructs, operates,
maintains or permits the use of a waste site
or facility, it must first obtain a permit (KRS
§224.40-305 ;,006) from the Kentucky Division
of Waste Management, Solid Waste Branch.
Coal gasification waste is classified as special
waste. Therefore, a special waste landfill
permit will be required to dispose of the coal

and free combustion by-product, unless it qualifies as
Manifest not Waste manifest Waste manifest “ . . ”
) ) . a “beneficial reuse”.
required required required
Closure of
accumulation Special Waste Regulations are found in 401
area required KAR Chapter 45. The special waste landfill
May Ship within 180 days | Ship within 90 application is a single-phased submittal of the
accumulate up days fee and form. Upon receipt, the Solid Waste
to0 2200 lbs

Annual Report,
Hazardous Waste
Assessment and fee

Annual Report,
Hazardous Waste
Assessment and
fee

An annual renewal for both small quantity and

large quantity generators must be submitted
to the Cabinet on the Notification of
Hazardous Waste Activity Form at least 45
days before the expiration date shown on the
generator's registration.

All transporters and treatment, storage and
disposal (TSD) facilities involved in disposing
hazardous waste must also have EPA

Coal to Liquids/Coal to Gas - Kentucky Permit Map

Branch reviewer has 45 days to determine if
the application is complete. If the application
is found to be incomplete, the applicant is
given an opportunity (30 days) to remedy any
deficiencies, following which the reviewer will
assess the new submittal (another 30 days).
Once the application is complete, DWM has
180 days to approve or deny the application.
Tolling of the mandatory approval or denial
time will occur when an application is
returned to the applicant to remedy any
deficiencies. The Solid Waste Branch has
time to consider comments received during
the public comment period or a public
hearing, in addition to its review schedule.
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http://www.waste.ky.gov/SWB/Pages/default.aspx
http://www.lrc.state.ky.us/KRS/224-40/305.PDF
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http://dep.ky.gov/formslibrary/Documents/DEP7094A.pdf

As of May 2009, the application fee for a
special waste permit is $5,000 and the
developer can expect to pay approximately
$200,000 - $400,000 in engineering and
consulting fees for preparation of the
application. The application fee accompanies
the facility’s DEP 7094A form and
attachments, which together make up the
special waste landfill permit application. The
information required in the application is
comprehensive including both landfill design
and engineering as well as detailed
information about the impact of the proposed
landfill on the property and surrounding
community. Engineering drawings,
specifications and studies must be certified by
a professional engineer registered in
Kentucky. The preparation of the application
will include substantial geotechnical
exploration and design and can be expected
to consume three to six months prior to
submittal.

After the Solid Waste Branch determines that
the application is complete, public notice is
published in a daily or weekly major local
newspaper of general circulation where the
proposed site or facility is located.
Verification of publication is submitted after
the publication date and a public comment
period begins. The Solid Waste Branch may
hold a public hearing if one is requested or
when a significant degree of public interest
exists concerning a special waste site or
facility permit decision.

When the final permit is issued, the Solid
Waste Branch will include a response to
comments which specifies which provisions of
the draft permit have been changed in the
final permit decision and the reasons for the
change; and briefly responds to all significant
comments on the draft permit raised during
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the public comment period, or during the
public hearing.

A landfill permit has a five year life and must
be renewed by submitting Form 7095 at least
180 days prior to the expiration of the issued
permit. In addition to having a permitted
special waste landfill, the facility must also
have a certified landfill operator (401 KAR
47:070, Section 2). Training classes are
provided by the DWM with an examination on
the last day of the training to test the
applicant’s knowledge.

Special Waste Process Timeline

2.3 General Storm Water Permit
and KPDES Permit
Division of Water

A General Storm Water construction permit
covers all new and existing storm water
discharges associated with construction
activity. The construction of a coal
gasification facility at any site will require a
General Storm Water construction permit
(401 KAR 5:055, Section 5). General Storm
Water construction permits are issued by the
Kentucky Division of Water. If the permit is
issued to the private contractor who will
perform the construction activities of the
gasification facility, the contractor will be
responsible for implementing the storm
water and runoff control during construction
(Figures 1, 3A, 3B).

The Kentucky Pollutant Discharge Elimination
System (KPDES) regulations require a permit
for the discharge of pollutants from any point
source into waters of the Commonwealth.
The developer may chose to incorporate the
storm water construction permit into the
KPDES permit.
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http://dep.ky.gov/formsLibrary/Documents/DEP7095.pdf
http://www.lrc.state.ky.us/kar/401/047/070.htm
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http://www.water.ky.gov/
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Notice of Intent for Storm Water
Construction Activities
Before beginning construction activities the
operator (defined as the party who has
operational control on the site: owner,
operator or both) has to submit a signed
Notice of Intent for Storm Water
Construction Activities (NOI-SWCA) to the
Division of Water, KPDES-Branch. The
applicant can chose to use the Division of
Water’s electronic portal which could result
in notification of coverage in 7 days. A paper
application must be submitted to the DOW a
minimum of 30 days prior to the
commencement of construction activities.
The authorization to discharge under the
General Permit starts upon the issuance of a
written notification of coverage unless
delayed by a notice of deficiency to the
applicant by the DOW. There is no automatic
coverage. No fee is required for a general
storm water construction permit (401 KAR
5:310).

The NOI-SWCA must contain the following
general information:

e Facility operator information

e Facility/site location information

e Site activity information

e Other required environmental
approvals, permits or certification

e NOI preparer information

e Topographic site map

Additional Requirement under a General
Permit
In addition to obtaining authorization, the
general permit holder is required to prepare
and implement a storm water pollution
prevention plan (SWPPP) prior to start of
construction. The SWPPP must include
erosion prevention measures, sediment
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controls measures and other site
management practices necessary to prevent
the discharge of sediments and other
pollutants into waters of the state. The
SWPPP must be maintained up-to-date and
available for review by the Division of Water
upon site inspection, however it does not
have to be submitted or approved prior to
permitting.

Permitees are required to minimize the area
of disturbance and the period of time the
disturbed area is exposed without
implementing temporary or final stabilization
practices. Permitees are also required to
maintain a buffer zone of at least 25 feet
between any disturbance and waters
categorized as High Quality Waters or
Impaired Waters (non-construction related
impairment). The buffer zone must be
doubled to 50 feet if discharge is to waters
categorized as Impaired Waters due to
sediment load.

Once construction is completed and cover is
established, the permittee is required to file
a notice of termination. The general permit is
automatically revoked once the individual
KPDES permit for the discharge of other
wastewaters, which requires the
development and implementation of a Best
Management Practices (BMP) plan, is issued.
Storm water discharge is then covered under
Form F of that permit.

KPDES Permit

The KPDES permit application for a
gasification facility includes three forms.
General instructions are found at KPDES
General Instructions. All KPDES applications
must include KPDES Form 1 (401 KAR 5:060
2o0y)- This is a general form that requests
information regarding facility location,
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http://dep.ky.gov/formslibrary/Documents/NOISWCA_51909_.pdf
http://dep.ky.gov/formslibrary/Documents/NOISWCA_51909_.pdf
https://dep.gateway.ky.gov/eForms/default.aspx?FormID=7
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http://dep.ky.gov/formslibrary/Documents/KPDESForm1andInstructionsFeb20092.pdf
http://www.lrc.ky.gov/kar/401/005/060.htm

owner/operator addresses, existing
environmental permits, and other similar
information.

In addition to Form 1, the facility must
complete a form that relates directly to the
type of operation. A coal gasification facility
will use Form C — Process Water Associated
with Manufacturing Establishments and
Mining Operations (401 KAR 5:060 (2002)).
(KPDES Form C) and Form F — Stormwater
Associated With Industrial Activity (401 KAR
5:060 (2002)) (See Form F).

The DOW will determine if the application is
administratively complete before it begins
the technical review process. If the
application is incomplete, the applicant will
be requested to supply the missing
information. The review process is scheduled
to be completed within 180 days following a
determination the application is
administratively complete, but deficiencies
can extend that period up to an additional 180
days. A public notice and comment period is
required after the permit has been drafted
and a public hearing may be held.

General Permit Process Timeline for
Stormwater from Construction

KPDES Permit Process Timeline

2.4 Floodplain Construction Permit and
Water Quality Certification
Division of Water,

Water Resources Branch
Floodplain Management Section/
Water Quality Certification

The DOW Floodplain Management Section of
the Water Resources Branch manages
approvals for proposed construction and
other activities within the 100-year floodplain
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of all streams in the Commonwealth (KRS
§151.230 (2000) and 401 KAR 4:010 - 060). In
addition, activities which disturb wetlands or
streams may also require a Water Quality
Certification Permit. The same application is
used for a Floodplain Construction Permit
and a Water Quality Certification.
Instructions are also available to help in
completing the application.

If there is existing flood data on the proposed
site (i.e., National Flood Insurance Program
flood maps, Corps of Engineers flood studies
or previous permit data), the permit review
will begin. If there is no existing data, survey
information must be submitted in order to
perform an in-house flood study of the area.

All plans submitted must include:

= name of the project,

= date,

= scale of maps,

= pame of stream,

= direction of flow,

= purpose and intended use,
= scheduling of activities, and
= |ocation.

For docks or water intakes, a properly
completed Stream Construction Permit
Application Data Sheet, a location map
(preferably USGS), the elevation of docks, top
of structure, extreme high water, and normal
pool, and the distance that the structure will
project into stream will need to be provided.

Floodplain Construction

Once the Floodplain Management Section
decides to issue the permit, public notice is
sent to individuals who may be directly
impacted by the project and is published if
the impact may extend beyond the
immediate area.
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Following public notice and comment, if the
project meets regulatory requirements, a
permit is issued for one year during which
the construction must begin. If construction
begins within that one-year period, the
permit is valid until project completion. The
developer may request an extension if work
will not begin within one year of the permit
date. After the completion of the
construction, the developer must notify the
Cabinet and terminate the permit.

Water Quality Certification

If construction work involves bank
stabilization, dredging or relocation, or the
potential for wetlands disturbance, a 401
Water Quality Certification will be required.
Although the DOW uses the same application
for both Water Quality Certifications and
Floodplain Construction Permits, Water
Quality Certification Applications have a
separate public notice and comment period
from the floodplain construction notice.

Floodplain Construction and Water
Quality Certification Process Timeline

2.5 Water Withdrawal Permit
Division of Water.
Water Withdrawal Permitting

The water withdrawal program governs all
withdrawals of water greater than 10,000
gallons per day from any surface, spring or
groundwater source (KRS §151.140-150 and
401 KAR 4:010).

An application for a water withdrawal permit
should be made three to six months prior to
the desired start-up date. Permits require
monthly reporting of actual daily withdrawals
amounts. The application form is found at
Water Withdrawal Application).
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The withdrawal permit will specify an
effective date within three years after the
date of issue. The water required by the
applicant is then reserved for its later use
provided the amount of water continues to
be available, additional water is available for
other uses and the applicant provides
quarterly status reports of the progress of
the project. Withdrawals must begin within
six months following the effective date. An
extension or reissuance can be requested if
needed.

Water Withdrawal Permit Process
Timeline

2.6 Groundwater Protection Plan
Division of Water

If a facility is storing, treating, disposing, or
handling hazardous waste, solid waste, or
special waste in landfills, incinerators, surface
impoundments, tanks, drums or other
containers, or in piles, it must prepare and
implement a Groundwater Protection Plan
(GPP) (401 KAR 5:037, Section 2). If the
gasifier waste is to be stored in a permitted
landfill on site, the landfill permit will satisfy
the regulatory groundwater protection
requirements for the landfill area.

If the waste is not being land filled on site, a
site specific groundwater protection plan
must be utilized. The plan must be available
for review upon request by providing a copy
to be viewed at the facility, the DOW or a
regional office or at a local public library. The
GPP is not submitted to the Cabinet for
review unless requested. If the DOW reviews
the GPP and finds deficiencies, it will require
corrections.
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The GPP must follow a strict format and
include required information. The DOW has
prepared a guidance manual that explains
the requirements, Groundwater Protection
Plan Guidance (Revised February 2010).

e All activities conducted at the facility
that require a groundwater
protection plan must be described.

e Regular inspections must be
conducted to confirm effective
implementation of the GPP practices
and the plan must describe inspection
frequency and the inspection
checklist.

e A description of how the Best
Management Plan or practices will
protect groundwater should be
included.

e A description of secondary
containment for ASTs, including the
type of material (metal, concrete,
asphalt, compacted clay or dirt) used
to construct the floor and berms
(sides) will be included.

2.7 Spill Prevention Control and
Countermeasures Plan
Division of Waste Management

A Spill Prevention, Control and
Countermeasures (SPCC) Plan will be
required if the facility stores in excess of
42,000 gallons of petroleum product in
underground tanks, or 1,320 gallons of
petroleum product in containers of 55 gallons
or larger (40 C.F.R. §112). The SPCC Plan
must be certified by a registered professional
engineer.
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SPCC Plans must be updated every five years
or within 6-months of a change in design,
construction, operation or maintenance, and
are kept on file at the facility. An SPCC Plan
must have at least the following elements:

e A written description of any spills and
corrective actions within the previous
12 months, and plans for prevention
of future spills;

e Predictions of direction, flow rate,
and quantity of discharge for each
major type of failure where
reasonable potential for equipment
failure exists;

e Details of appropriate containment or
diversionary structures used to
prevent oil from reaching navigable
waters;

e If installation of containment or
diversionary structures is not
practicable, a strong contingency plan
and a written commitment to the
expeditious control of oil discharges is
required;

e Documentation that the facility
design, construction, operation, and
maintenance conforms with the
requirements of 40 CFR 112.7 (e); and

e Certification by a PE and appropriate
management approvals.

2.8 Permits Issued by Kentucky Division for

Air Quality

Division for Air Quality

The Division for Air Quality (DAQ) is charged
with regulating the emissions from industrial
facilities through their permitting program.
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All stationary sources emitting air pollutants
above a minimum threshold found in 401
KAR 52 are required to obtain a
construction/operating permit. The
definition of “air contaminant or air
pollutant” includes a broad range of
substances. Consult Kentucky’s air quality
regulations (401 KAR Chapter 52- Permits,
Registrations, and Prohibitory Rules) to
determine which “family” of air pollutants
may apply to your facility.

The emission determination for a facility is
made based on calculating potential
emissions over a 24-hour, 7-day, 52-week
period. The total amount of emissions will
determine the applicable regulatory
category.

Construction can not begin until the air
permit is issued from the DAQ and certain
design decisions can impact the type of air
permit and the length of time necessary for
approval. The air permitting process will
need to track the design process and begin as
soon as practically applicable.

A coal gasification facility will require a state
origin air permit or a Title V air permit,
although the state has provided several
options within those permitting avenues.
The amount of emissions from the start-up
boiler process and from material handling
areas will likely determine which category of
air permit is required.

The Cabinet has provided a Fact Sheet which
helps the applicant analyze the type of
permit that best meets its needs. See
“Kentucky's Permitting/Registration
Thresholds”.

2.8.1 State Origin Air Permit
A state origin air permit (401 KAR 52:040) will
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be required if the potential to emit is:

= |ess than ten tons per year of a single
hazardous air pollutant,

= |ess than 25 tons per year of
combined hazardous air pollutants;
and

= greater than or equal to 25 tons per
year but less than 100 tons per year
of a non-hazardous regulated air
pollutants.

The DAQ guidance and permit forms may be
accessed through the DAQ website. (See
State Origin Air Permit Guidance and Forms
Library and Related Documents).

Regulation 401 KAR 52:040 describes the
application contents, which are to be
submitted in triplicate. The Cabinet will
determine administrative completeness
within 60 days or the application is
automatically deemed to be complete. Once
the application is declared complete, the
Cabinet then has a 60 day review period
during which the permit must be issued or
denied. As with all permit actions, the
mandatory review clock is stopped by a
reviewer’s request for additional information,
clarification or by a notice of deficiency.

Once issued, the permit is valid for ten years
and a renewal application MUST be
submitted at least 180 days prior to the
expiration of the existing permit. The project
must begin within 18 months of the issuance
of the permit and the permit can be revoked
if the project does not begin, is discontinued
for a period of 18 months or is not completed
in a reasonable amount of time. The
developer can ask for an extension of this
requirement.
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A state origin air permit does not require
public notice for issuance. The EPA can
request to review a state origin air permit but
this seldom occurs.

State Origin Air Permit Process
Timeline

2.8.2 Conditional Major

The facility could accept limitations on their
emissions to avoid major source status
(Conditional Major - 401 KAR 52:030). For
DAQ Procedures see Federally-Enforceable
Permits for Non-Major Sources.

The reviewer again has 60 days to declare the
application complete or request additional
information. The regulations require that a
draft permit be issued within 60 days after
the application is deemed complete. Public
notice of the draft permit is issued at that
time and the comment period will last for 30
days. EPA has a 45 day period to review the
draft permit. If public comments can be
addressed without substantial changes to the
draft permit and no public hearing is needed,
the Cabinet will issue the final permit within
60 days after the EPA review period. If there
are substantial changes following the public
comment period, the cabinet will make the
appropriate revisions and submit the
application to the EPA for another 45 days
review.

A new source that is conditional major will be
allowed to construct and operate in
compliance with the draft permit until the
final permit is issued or denied.

Conditional Major (Air) Permit
Process Timeline
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2.8.3 Synthetic Minor

A developer can avoid PSD major source
permitting by establishing an enforceable
emission limit to keep the source's emissions
below the Title | PSD major source threshold.
To achieve this "synthetic minor” source
status, the facility must:

= Compare their actual emissions to
major source thresholds;

= Determine which sources need to
have their operations limited and by
what amount;

=  Obtain any appropriate forms from
the permitting authority; and

= Perform follow-up recordkeeping to
assure compliance with the federally-
enforceable limit.

The permit will create a set of terms and
conditions by which the installation must
abide. (See the guidance titled Federally-
Enforceable Permits for Non-Major Sources.)

The synthetic minor source strategy has
benefits and limitations. While this strategy
reduces regulatory scrutiny and is less
onerous than PSD permitting, it limits future
expansion by requiring that emissions remain
below the major source ceiling. This will
require good, up-front planning to determine
the potential for future expansion and the
resulting consequences.

The permit review process for a synthetic
minor is similar to a conditional major. The
EPA will receive a copy of the public notice
from the Cabinet and, if needed, copies of
the draft permit. If no substantial changes
are made in the permit as a result of
comments, either from the public or the EPA,
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the Cabinet will issue a final permit within 60
days after the EPA review period. If there are
substantial changes following the public
comment period, the cabinet will make the
appropriate revisions and submit the
application to the EPA for another 45 days
review.

If the facility files a synthetic minor
application, construction can only begin after
the final permit is issued.

Synthetic Minor (Air) Permit Process
Timeline

2.8.4 Title V Air Permit

A Title V air permit will be required if the
facility has the potential to emit ten tons or
more per year of a single hazardous air
pollutant, 25 tons or more per year of
combined hazardous air pollutants; and 100
tons or more per year of a non-hazardous
regulated air pollutant (401 KAR 52:020).
(See Procedures for Issuing Title V Air
Permits.)

While a Title V permit consolidates all
requirements in one permit and allows more
flexibility in future expansion, it also requires
substantial recordkeeping and reporting, as
well as potentially expensive monitoring
requirements. The permit will undergo
rigorous agency and public review of the
application and draft permit.

The developer must use the appropriate
sections of Form DEP 7007 to complete the
application and include all the information
needed to determine the applicable
requirements and emission fees. (Review
7007 forms on the DEP website, Forms
Library and Related Documents.) The Cabinet

Coal to Liquids/Coal to Gas - Kentucky Permit Map

will compute the emissions fee under 401 KAR
50:038.

The reviewer will determine if the application
is administratively complete within 60 days
or request additional information. Once
complete, the draft permit will be issued
within 60 days. A public notice will be
published with the draft permit, followed by
a 30 day comment period. The facility should
request that a public hearing be called with
the public notice to stay on schedule. If there
are no public comments, the Cabinet will
issue a proposed permit which will be
submitted to the EPA which has a 45 day
review period. If no substantial changes are
made in the permit as a result of comments,
either from the public or the EPA, the Cabinet
has up to 60 days to issue the permit
following EPA review.

The permit can be revoked if the permitted
action is not commenced within 18 months
after the permit is issued, or is discontinued
for a period of 18 months or more or is not
completed within 18 months of the
scheduled completion date.

The DAQ recognizes that complex
construction projects like a gasification
project may be phased and provides the
following rules:

e each construction phase must begin
within 18 months of the projected
and approved commencement dates,

e the time between construction of
approved phases will not count in
determining that construction has
been discontinued for 18 months or
longer, and
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e the cabinet may extend the time
periods if the source shows good
cause.

Important aspects of the application include
the following:

e Emissions modeling and a Best
Available Control Technology (BACT)
assessment are required.

e Each emissions unit and points are
described in sufficient detail to
establish the basis for applicable
requirements and emission fees.

e Air pollution control equipment and
compliance monitoring devices or
activities are described with emission
rates and operating procedures
adequate to determine or limit
emissions are included. Stack height
limitations, calculations, citations and
descriptions of all applicable
requirements, and the applicable test
method for determining compliance
with each are also included.

e Adequate information about
proposed exemptions, permit
conditions, alternate operating
scenarios and emissions trading are
included.

e A compliance schedule is included
with remedial measures, checkpoints
and scheduled completion dates,
together with descriptions of
monitoring, recordkeeping and
reporting requirements, and test
methods.

Coal to Liquids/Coal to Gas - Kentucky Permit Map

For a Title V air permit construction may not
begin until the Cabinet issues a proposed
permit.

Title V (Air) Permit Process Timeline

2.8.5 EPA Review for Air Permits
U.S. Environmental Protection Agency

Region 4

EPA has the option to review State Origin,
Conditional Major and Synthetic Minor
permits and is given copies of the Title V
permits and allotted a 45 day review period
prior to issuance of a final permit. To initiate
EPA review, the Cabinet submits a statement
describing the legal and factual basis for the
draft permit conditions, including references
to applicable statutory or regulatory
provisions, together with copies of the
permit, permit application and any other
related information such as public
comments.

The draft permit will become final at the end
of the EPA's 45 day review in the case of a
Title V permit, unless a substantial change is
made in the permit following the public
comment period or the EPA files an objection
to the permit, in which case the appropriate
revisions will be made and resubmitted for
an additional 45 day review.

If the EPA objects to the issuance of a permit,
they will file a statement of objection and
supporting information within its 45 day
review period. The cabinet will make the
appropriate revisions and submit a new
proposed permit or permit revision to the
EPA within 90 days after the objection is filed
or the EPA may issue or deny the permit.
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3.0 FEDERAL PERMITS AND APPROVALS

A gasification facility may require approval
by the Federal Energy Regulatory
Commission (FERC) and the US Army Corps
of Engineers (Corps), thereby requiring the
National Environmental Policy Act (NEPA)
process. NEPA requires federal agencies to
assess, as part of their decision making
process, the potential environmental
impacts of their actions prior to the action.
The NEPA process must be considered a
part of federal permitting and its
requirements are in addition to the actual
permit requirements.

The NEPA process consists of an evaluation
of the environmental effects of the federal
undertaking, including any alternatives.
There are three levels of analysis
depending on whether or not an
undertaking could significantly affect the
environment. These three levels are
categorical exclusion determination
preparation of an environmental
assessment/finding of no significant impact
(EA/FONSI), and preparation of an
environmental impact statement (EIS).

The EA evaluates the geographic, social, and
environmental aspects of the project, and
its impact on historical, cultural, parks,
wetlands, and ecological areas. An EA
explains the need for the proposed project,
the alternatives considered, and the
environmental impacts of each alternative
and identifies agencies and persons
consulted.

If the effects are not significant, then a
Finding of No Significant Impact (FONSI) is
issued and the project proceeds with no
further NEPA review. The FONSI is made

available to the public, but may not be put
out for formal public review.

If a significant effect is identified, an
Environmental Impact Statement (EIS) is
needed unless the project can be revised to
avoid significant impact. The
recommended format for an EIS is found in
Section 1502.10.

Public involvement is required if an EIS is
prepared, including publication of a "notice
of intent" (NOI) in the Federal Register, and
notice to potentially concerned parties by
letter, or newspaper article, etc. The
agency then carries out "scoping", which
determines the extent of the analytic work
that will create the EIS and identifies
substantive issues for further study.

The draft EIS is used to solicit comments on
the proposed project from the public and
other interested Federal agencies.
Responses to comments received are
included in the final EIS.

A public hearing may be requested by the
public or called by the federal agency. The
public is also informed of the decision
maker's record of decision. Thus, a permit
application requiring preparation of an EIS
can involve five or more notices to the
public during the review process.

Following completion of the process a final
EIS is prepared and issued by the federal
agency.
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3.1 Federal Energy Regulatory Commission
Federal Energy Regulatory
Commission (FERC)

The FERC regulates the interstate
transmission of electricity, natural gas, and
oil and reviews proposals to build interstate
natural gas pipelines under section 7 of the
Natural Gas Act. If the coal gasification
facility will produce Synthetic Natural Gas
(SNG) and transport the gas through a
major interstate pipeline or a pipeline that
will have an impact on the interstate
transportation of gas, a FERC certification
for the construction of the pipeline will be
needed. If the coal gasification facility will
produce electricity which will require
interstate transmission, the FERC will be
involved. Electric transmission lines are
generally addressed within the section of
this document that deals with local
electrical utilities and the Regional
Transmission Organization.

The FERC has issued a guidance manual for
stakeholder involvement in the FERC gas
pipeline permitting process: FERC Guidance
Document.

FERC approval for an interstate gas pipeline
may have the longest timeframe of any
permit or approval for a gasification facility,
due to their approach to NEPA
requirements and the breadth of the review
for the gas pipeline right-of-way.

The developer of the gas pipeline should
use the NEPA pre-filing process, which
identifies environmental issues before an
EIS is prepared. To begin, the developer
submits a written request seven to eight
months prior to filing an application to
FERC. The written request explains the
project, lists the agencies involved and

other the interested parties, and describes
the plan for meeting NEPA requirements.

After the final EIS is received, FERC will
approve or deny the FERC Order and
implementation plan. Once a FERC order is
entered for the construction of a gas
pipeline the developer will submit the order
in the local Circuit Court of the
development site. Condemnation, if
necessary, and construction, can then
begin.

FERC Approval Process Timeline

3.2 U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers (Corps) is
responsible for regulating construction
within navigable waters of the United
States and discharges from dredge or fill
activities within waters that drain into or
are otherwise connected to navigable
waters (“jurisdictional”) of the United
States, including special aquatic sites such
as wetlands. A gasification project will likely
include several activities that may impact
jurisdictional waters. These activities
include constructing a water intake,
constructing a water discharge structure,
constructing a barge loading facility, or
impacting wetlands. Therefore, the
developer will be required to obtain a
permit from the Corps (33 U.S.C. § 1344) to
conduct each of these activities.

There are two types of Corps permits, the
individual permit and the nationwide permit.
The Nationwide Permit is a general permit
issued for similar activities that typically have
temporary and relatively minor impact upon
jurisdictional waters and the environment. It
is not likely that a gasification facility will
qualify for a NWP.
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A gasification facility in Kentucky will be
located within one of four Corps districts:
Louisville, Huntington, Nashville, and
Memphis (See Corps Districts in Kentucky).

3.2.1 Individual Corps Permit

The basic form of authorization used by
Corps districts is the individual permit.
Processing individual permits involves the
evaluation of individual, project specific
applications in three steps: pre-application
consultation (for major projects), formal
project review, and decision making.
Information about the permitting process,
including instructions for completing an
application and a sample application can be
accessed from the Corps web document
“Applicant Information”. An explanation of
the permits and process required for
discharges of dredged or fill material is
found in a Corps guidance document.

The pre-application consultation provides
for informal discussions about the project
before the applicant begins preparing the
application and can include meetings
between the applicant, Corps district staff,
interested resource agencies (Federal,
state, or local), and sometimes the
interested public. The purpose is to assess
the viability of alternatives available to
accomplish the project purpose, discuss
measures for reducing the impacts of the
project, and to inform the applicant of the
factors the Corps must consider in its
decision making process.

The Corps district will use a project
manager system, where one individual is
responsible for handling an application
from receipt to final decision. The project
manager prepares the public notices,
evaluates the impacts of the project and all
comments received, negotiates necessary

modifications of the project if required, and
drafts or oversees drafting of appropriate
documentation to support a recommended
permit decision. The permit decision
document includes a discussion of the
environmental impacts of the project, the
findings of the public interest review
process.

Within 15 days of receipt of an Application,
the district engineer must determine that
the application is complete, or determine
that it is incomplete and notify the
applicant of any deficiencies. A public
notice will typically be issued within 15
calendar days of receipt of all required
information following the completeness
review. The comment period following the
public notice will be a minimum of 15
calendar days and may be up to 30 calendar
days.

Based upon comments received, citizen
concern or potential impacts, the district
engineer will also evaluate the application
to determine the need for a public hearing
or extend the comment period. The Corps
may require the developer to provide
additional information to address or clarify
public concerns.

No permit is granted if the proposal is found
to be contrary to the public interest. Public
involvement is important in the Corps'
administration of its regulatory program,
primarily through the public notice and
public hearing. Public hearings are called if
a commenter requests one or if comments
raise substantial issues which cannot be
resolved informally and the Corps decision
maker determines that information from
such a hearing is needed to make a
decision.
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There are a series of external impacts which
may affect the Corps permitting process.
One is EPA's Section 404 or "veto"
authority. EPA may prohibit or withdraw
any disposal site if the EPA Administrator
determines that discharges into the site will
have unacceptable adverse effects on
municipal water supplies, shellfish beds and
fishery areas, wildlife, or recreational areas.
This authority also carries with it the
requirement for notice and opportunity for
public hearing. EPA may invoke this
authority at any time.

Individual state permitting and water
quality certification requirements provide
an additional form of external impact to the
Corps regulatory program. Section 401 of
the Clean Water Act requires state
certification (See water certification
section) or waiver of certification prior to
issuance of a Section 404 permit.

In addition to these requirements, the
Corps' implementing regulations require
that the district engineers conduct
additional evaluations on applications with
potential for having an effect on a variety of
special interests such as Indian reservation
lands, historic properties, endangered
species, and wild and scenic rivers.

Time frames discussed in this section reflect the
Corps position on its permitting efforts. Although
the Corps states that, on average, individual

permit decisions should be made within two to

three months from receipt of a complete

application, staffing issues and permit application
backlogs may significantly increase the time for a

permit review. Applications requiring an EIS
average approximately three years to process.

Corps Individual Permit Process
Timeline

3.2.2 Corps Nationwide Permits
Nationwide permits are general permits
issued by the Corps to authorize certain
activities that have minimal adverse effects
on the aquatic environment and generally
comply with the related laws cited in 33
C.F.R. 320.3. Nationwide permits do not
require public notice, since public comment
was solicited prior to authorization of the
nationwide permits. To qualify for
coverage, the applicant must meet all
general conditions and any conditions
specific to the nationwide permit sought.
Authorization of an activity under a
Nationwide permit may be publicly
challenged and delayed and may result in
the applicant having to pursue an individual
permit. The district engineer has the
discretionary authority to require an
individual permit if it is believed the project
may significantly affect environmental
and/or navigable resources. An explanation
of the nationwide permits, general
conditions and the specific conditions
applicable to each is provided in 2007
Nationwide Permits.

It is unlikely that a gasification facility will
have such a minimal impact that it will be
able to qualify for a nationwide permit. The
most likely nationwide permits applicable to
a gasification facility are:

e NWZP 7 — Outfall Structures and
Associated Intake Structures

e NWP 13 — Bank Stabilization

e NWP 25 —Structural Discharges

Impacts from all activities for a project are
aggregated and the facility cannot complete
a separate specific nationwide permit for
each construction activity of a gasification
facility. If the total disturbed area exceeds
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more than % acre, then an individual
permit will be necessary.

If the project is eligible to use a nationwide
permit, the developer must submit a pre-
construction notification to the district
engineer prior to commencing the activity
(NWP General Condition 27). The pre-
construction notice must be in writing and
include:

e A description of the direct and
indirect adverse environmental
effects the project would cause; and

e Adelineation of special aquatic sites
and other waters of the United
States on the project site.

The delineation can be made by the Corps
or the applicant; however, utilizing the
Corps will likely cause a delay. The pre-
construction notice can be submitted using
a letter or the standard application.

The district engineer must determine pre-
construction notice completeness within 30
calendar days of receipt and can request
additional information. The application will
not be reviewed until complete. The
engineer may request modifications or
impose special conditions to mitigate any
anticipated environmental impacts and
avoid the need for an individual permit.

If the facility is required to submit a
mitigation plan, it must be reviewed and
approved by the Corps as part of the pre-
construction notice completeness review.
There is no specified review and approval
time, but this can take an additional 90 to
180 calendar days and the notice is not
deemed complete until the mitigation plan
is approved.

The facility can not initiate construction
until notified in writing by the district
engineer that the activity may proceed
under the nationwide permit (with any
special conditions imposed); or 45 calendar
days have passed since the pre-construction
notice has been deemed complete and the
Corps has not issued any written notice
requiring an individual permit.

3.3 FAA Stack Height Obstructions

Any construction that will exceed 200 feet in
height or potentially fall in the potential flight
path or restricted airspace for a landing strip
will be required to provide a notice of
construction to the Federal Aviation
Administration, describing the construction
its markings and lighting and requesting a
determination that it will not interfere with
aviation (14 C.F.R. §77).

To obtain a determination by the FAA, the
developer must file a request for Obstruction
Evaluation/Airport Airspace Analysis. This can
be done electronically or by submitting a
written application. Following submittal, the
applicant will be notified if application must
be made to the state as well. Guidance on
marking and lighting is provided in Advisory
Circular 70/7460-1K.

In Kentucky, the Kentucky Airport Zoning
Commission must also approve construction.
The Commission meets six times per year so
timing of the application is crucial.
Applications must be submitted at least a
month before the scheduled meeting.
Instructions and the appropriate forms can be
found on the Commission’s website.

FAA Obstruction Evaluation and
KY Airport Zoning Approval Process
Timeline
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4.0 ADDITIONAL FEDERAL & STATE REQUIREMENTS

4.1 Emergency Planning and Community
Right-to-Know Act (EPCRA)

The Emergency Planning and Community
Right-to-Know Act (EPCRA) established
requirements for Federal, state and local
governments, Indian Tribes, and industry
regarding emergency planning and
"Community Right-to-Know" reporting on
hazardous and toxic chemicals (42 C.F.R.
§116).

According to EPCRA reporting requirements,
the CTL/CTG facility will be required to report
the storage, use and release of hazardous
chemicals. The following link provides
information relating to each potential
requirement applicable to the facility. EPCRA
information.

A gasification facility may maintain Extremely
Hazardous Substances on-site in quantities
greater than corresponding Threshold
Planning Quantities and must cooperate in
emergency plan preparation.

The local emergency planning committee
facility must evaluate the need for resources
necessary to develop, implement, and
exercise the emergency plan, and make
recommendations with respect to additional
resources that may be required and the
means for providing such additional
resources.

Although compliance with EPCRA is not a
permitting action, it will be required and will
impact operational procedures, community
interaction and compliance status.

Coal to Liquids/Coal to Gas - Kentucky Permit Map

4.2 Building Permits, Tank Installations
and Safety Inspections
Kentucky Office of Housing,
Buildings and Construction

4.2.1 Building Permit - Office of Housing,
Buildings and Construction

Prior to construction, the developer of a
gasification project must obtain approval of
construction plans from the Division of
Building Code Enforcement of the Kentucky
Department of Housing, Buildings and
Construction (HBC). The developer may also
need to apply for local permits. Construction
may not begin until plan review and approval
has been completed. Frequently asked
guestions about the permitting and plan
review process are at Building Code
Enforcement FAQs.

Plan review is initiated by the use of the
Submittal Forms which can be found on the
DHBC website at Plan Submittal Forms. All
building permits must conform to the Kentucky

Building Code.

The initial filing with the Kentucky Division of
Housing, Buildings and Construction includes
the Plan Application Form and all applicable
plans, drawings, surveys described in the
Building Plan Application Guide.

The Kentucky Building Plan Review Fee
Worksheet is used to determine the proper
review fee (Fee Worksheet) and is based on
the number and size of the buildings
associated with the gasification facility. The
fee sheet must be filed with the application
and fees paid before construction can begin.
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The review process of the submitted
application is simple. The application and
associated plans and information are
examined for compliance with the Kentucky
Building Code within a “reasonable time”
after filing. If the building official is satisfied
that the proposed work conforms to the
requirements of this code and laws and
ordinances, a permit will be issued. If thereis
a local building permitting agency, the letter
from the Division will not suffice as a building
permit. Rather, the local agency will issue a
permit after receipt of the approval letter
from Division of Housing, Buildings and
Construction.

An application must be approved within 180
days or actively addressed by the applicant in
that time or it will be considered abandoned.
If questions or deficiencies are being
addressed, the Division may grant extensions
of time to avoid a finding of abandonment.
Work must begin within 180 days of the
permit issuance or it will expire.

4.2.2 License to Install Tanks -
Hazardous Materials Section

The Hazardous Materials Section of the

Division of Fire Prevention within the

Coal to Liquids/Coal to Gas - Kentucky Permit Map

Kentucky Division of Housing, Buildings and
Construction issues permits for the
installation of both above ground storage
tanks and underground storage tanks. The
developer of a CTL/CTG facility will likely
construct and operate large tank systems.
Permit application forms to install above or
underground tanks are found at Hazardous
Materials Forms.

4.2.3 Safety Inspections - State Fire Marshall
The Division of Fire Prevention, Office of
State Fire Marshall, enforces various codes to
ensure that all public structures, facilities,
and regulated vehicles are maintained in
such a manner that all occupants and users
of these facilities will be protected from fire,
explosion, or other similar hazards.

The Office of the State Fire Marshall will
review the plans and conduct a safety
evaluation of all the gasification facility
structures during and after construction to
help identify problems and possible solutions
to prevent any incidents. The application to
the Department of Housing, Buildings, and
Construction will provide the coordination
with the State Fire Marshall’s office
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5.0 ELECTRIC SERVICE REQUIREMENTS

The developer must work with the electric
utility that serves the site to establish the
feasibility and engineering studies necessary to
initiate the level of service required for the
facility. In Kentucky there are

= three electric utility companies that
provide generation, transmission, and
distribution services [American Electric
Power (AEP)/Kentucky Power (KP),
Duke Energy (Duke), and E.ON U.S.
(locally Louisville Gas and Electric
(LGE)/Kentucky Utilities (KU))],

= three electric utilities that provide
generation and transmission services
only [Big Rivers Electric Corporation
(BREC), East Kentucky Power
Cooperative (EKPC), and Tennessee
Valley Authority (TVA)], and

= 24 electric utility companies that
provide distribution services only (see
attached map for companies and
service territory boundaries).

A developer using AEP or EKPC electrical lines
will work with PJM Interconnection to address
the transmission of excess power from the
facility. PJM Interconnection is a Regional
Transmission Organization (RTO) that
coordinates the movement of wholesale
electricity in all or parts of Delaware, lllinois,
Indiana, Kentucky, Maryland, Michigan, New
Jersey, North Carolina, Ohio, Pennsylvania,
Tennessee, Virginia, West Virginia and the
District of Columbia.

If E.ON U.S. electrical lines will be used, the
facility will work with South West Power Pool
(SWPP) to address the transmission of start-up
power and excess generated power. SWPP is

Coal to Liquids/Coal to Gas - Kentucky Permit Map

an Independent Transmission Organization
(ITO) under private contract with KU that
administers and coordinates the sale of
electricity on KU’s behalf.

The TVA is a federal quasi-corporation that acts
like a public power company. TVA supplies
power in regions of southern Kentucky but they
do not rely on a RTO to monitor the movement
of their electricity. If a gasification facility will
be in TVA's territory, then TVA will conduct the
required RTO studies in-house.

If a project will use Jackson Purchase Energy
Corporation, Kenergy Corporation, or Meade
County RECC electrical lines, it must work with
the applicable distribution company and BREC,
the generation and transmission electric
company, to address the transmission of start-
up power and excess generation power.

5.1 Electric Utility Approval

A gasification facility will need a substantial
power supply in order to begin operations.
After initial startup, the facility may generate
excess power beyond its own needs.
Coordination with the local electric utility is
required to initiate studies and planning to
upgrade or place new electric lines, ensure
adequate power is available for start up, and
determine an adequate pathway to upload
excess power.

The local electric utility will require an
engineering feasibility study to be conducted
for the gasification project. The facility and the
local electric utility will enter into an agreement
that outlines the scope of the study and
describes objectives, project scope, budget,
roles, systems, and timing.
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A typical engineering study may cost $10,000
and take 60 days to complete. The utility
bases its cost estimate on the engineering
hours estimated to complete the study. The
cost of the engineering study may be applied
to the project as long as the customer
completes the proposed project.

The study will develop a work plan which
describes whether and how the electric utility
can provide appropriate levels of electrical
service and will identify whether additional
right-of-way must be obtained, and whether
transmission lines and substations must be
developed to complete the project. Due to the
fluctuating price and availability of steel, the
electric utility may need an extended time to
construct any necessary infrastructure for the
project. The developer will be able to request
temporary service during construction, using a
form like that made available by AEP.

Temporary Service Form.
Electric Utility Approval Process
Timeline

5.2 Regional Transmission Organization (RTO)
Approval

If a facility generates excess electricity beyond
its own needs, it will need to sell that power
and upload it to the transmission grid. To do so,
there must be capacity in the transmission
system. The facility will have to work with the
RTO or ITO when locating in the service
territory of AEP/KP, Duke, and LGE/KU. If the
facility is located in the service territory of any
of the remaining 24 distribution companies, the
facility will have to work with the distribution
company and the associated generation/
transmission company BREC, EKPC, or TVA.
Contact information for the primary RTO/ITOs
in Kentucky is below.

Coal to Liquids/Coal to Gas - Kentucky Permit Map

PJM Interconnection

955 Jefferson Avenue

Valley Forge Corporate Center
Norristown, PA 19403-2497
Phone: 610-666-8980

Southwest Power Pool

415 North McKinley, #140 Plaza West
Little Rock, AR 72205

Phone: 810-614-3200

One of the core functions of PJM and SWPP is
planning for interconnection to ensure electric
supply adequacy. If a facility intends to place
excess power into the grid, a PJM or SWPP
study will be required.

An RTO interconnection study is made up of a
feasibility phase, system impact phase, and
facility phase. The scope of the study will be
driven by the projected level of power expected
to be available. If less than 20 megawatts (MW)
will be sold on the open market, only certain
sections of the RTO interconnection study must
be performed.

To initiate the interconnection planning
process, the developer contacts the appropriate
RTO. The RTO will assign a Project Manager for
each phase of the interconnection process who
will work with the developer to complete the
necessary steps for that project phase.
Typically, a scoping meeting will be held to
review the interconnection request and
relevant existing studies. The parties will
determine if the study will include a feasibility
study or proceed directly to a system impact
study, facility study, or an interconnection
agreement.

The gasification facility must submit a
completed Interconnection Request and an
executed Feasibility Study Agreement and
agree that the developer is responsible for the
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cost of the study. The submittal of all required
data must be accompanied by a $10,000 study
fee. The $10,000 study fee can be waived for
generator requests under 20 MW in size.
Overlap can be expected in the feasibility and
system impact studies.

Unless otherwise agreed, simultaneously
with the delivery of the Interconnection
Feasibility Study to the developer, the utility
will provide an Interconnection System
Impact Study Agreement. The
Interconnection System Impact Study
Agreement, also commits the developer for
the costs of the Interconnection System
Impact Study, and requires a $50,000
deposit.

Once completed, the Interconnection System
Impact Study is provided to the developer
with an Interconnection Facilities Study
Agreement, again committing the developer
to bear the cost of this study. The required
deposit will be $100,000.

If the planned facility will be located in AEP or
EKPC territory, PJM is the coordinating RTO.
Importantly, PJM accepts applications only
twice a year, making timing of the submittal
critically important. PJM membership is not
required for the initial planning and
construction phases of a generation or
transmission interconnection project, but
membership will be required prior to
commercial operation. Membership may also
be required in order to integrate operational
and market infrastructure with PJIM. PJM
membership entails certain data requirements,
operational and market coordination,
committee support and financial obligations.
Membership requires an initial $1,500 fee and
an annual $5,000 fee.

Coal to Liquids/Coal to Gas - Kentucky Permit Map

If the developer plans a gasification project
within KU service territory, the developer will
coordinate with SWPP, as the RTO for this area.
Unlike PJM, SWPP does not charge a
membership fee for interconnection to the
power system. Similarly, KU contracts with
SWPP to oversee all their transmission services
whereas AEP only interacts with PJM when co-
generation is involved. And perhaps most
importantly, SWPP accepts application requests
on an on-going basis, rather than only twice a
year.

If the developer plans a gasification project in
one of the non-RTO areas the applicable
member utilities and generation/transmission
company will need to be contacted. Non-RTO
member utilities will require similar feasibility,
system input, and facility studies at the same
approximate costs as the RTOs.

The following web link provides access to a
series of guidance manuals from PJM for the
RTO process.

PJM Manuals
RTO Approval Process Timeline

5.3 Kentucky State Board on Electric
Generation and Transmission Siting

Approval

A coal gasification facility may generate excess
power which it will sell to the market, and may
need to construct transmission lines to connect
to the transmission grid. Merchant power
plants and certain transmission lines (less than
1 mile in length and between 69kV and 138kV)
are subject to approval by the Kentucky State
Board on Electric Generation and Transmission
Siting. If the line falls under the Kentucky Public
Service Commission (PSC) jurisdiction, the
developer will need to coordinate and support
the local electric utility in the request for
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approval of the extension of transmission lines.
Statutes governing the Kentucky PSC state that
construction of a transmission line less than 1
mile in length and carrying less than 138kV is
considered an ordinary extension of existing
services and therefore not subject to PSC
jurisdiction (807 KAR 5).

If the line capacity is at least 69kV but less than
138kV and is less than a mile in length, or if the
gasification facility will be a merchant power
plant capable of generating ten megawatts or
more, the seven-member Siting Board will be
convened to approve the construction of the
project.

A guidance manual for Siting Board
application procedures is helpful in
determining what is required (Siting Board
Procedures). The Siting Board is composed of
the three PSC Commissioners, the Secretary
of the Energy and Environment Cabinet, the
Secretary of the Cabinet for Economic
Development, and two ad hoc members,
usually the Chair of the local planning
commission or the County Judge and a
resident of the county where the project is
planned. The Siting Board considers
environmental matters not covered by other
permits, economic impacts and the impact of
the proposed project on Kentucky’s electric
transmission grid.

The applicant starts the process by submitting a
Notice of Intent at least 30 days prior to
submitting the application. The notice is made
public and must include the identity of the
applicant, a brief description of the proposed
facility and its location, the address of the local
planning and zoning commission, if any, and a

Coal to Liquids/Coal to Gas - Kentucky Permit Map

description of set backs. The 30 day period is
used by the Siting Board to appoint ad hoc
members and hire any consultants it may need
for the application review.

The full application is filed at least 30 days after
filing the NOI. The application must contain
information about the project such as evidence
that public notice has been made, a report on
public involvement activities conducted by the
applicant, a site assessment report containing a
detailed description of the project and
thorough analysis of the impacts to be
considered by the Siting Board (visual impacts,
traffic, property values, etc), a statement of
compliance with any local zoning regulations
and noise control ordinances, an analysis of the
effects of the proposed facility on the electric
transmission grid and an analysis of the
economic impacts of the proposed facility on
the community. The applicant must also
disclose any previous history of environmental
violations.

Within 30 days of the application filing, the
Board can set an evidentiary hearing at which
expert witness may be asked to testify. The
Board usually convenes a local public hearing
also. The applicant is required to provide proof
of notice given to each party and the general
public at least five days prior to each hearing.

807 KAR 5:100 establishes the application fees
which are a function of the length of the line
and the amount of capacity it will carry or the
amount of nameplate generating capacity. The
fee may be as much as $200,000.

Electric Transmission Siting Board
Approval Process Timeline
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Introduction

This document was devel oped by the Office of Energy Projects (OEP) Gas Outreach Team
using the feedback and ideas collected from stakeholders at our pre-filing outreach seminars.
It will be updated from time to time as needed, to incorporate new knowledge, techniques, or
options that can help achieve consensus and a better application to the Federal Energy Regu-
latory Commission.

If you are viewing this document on the web site, click on the words that appear in blue to
link to the glossary or to an appropriate web site. A full glossary aso follows the document
for further reference.

The concepts presented in this document are for discussion only, and do not necessarily rep-
resent the views of the Commission or its individual members.




Action Options Overview For Interstate
Natural Gas Pipeline Siting

Early Involvement by All Stakeholders Can
Develop Better Solutions

As aresult of the comments and discussions at six Interstate For more information
Natural Gas Pipeline Facility Planning Seminars, the OEP Gas on how to be involved

Outreach Team developed a set of Outreach Action Options for
pipeline companies, agencies, citizens, and the FERC staff. The
Action Options identify concepts, actions, and activities that will

in a project from a
landowner’s perspec-

help each stakeholder group achieve more effective participation | fIV€, se€ “An Interstate
in the process of planning a natural gas pipeline. Natural Gas Pipeline

The U.S. Depart-
ment of Transporta-
tion (DOT) is re-
sponsible for setting
federal safety stan-
dards for natural
gas pipelines and
related facilities.

on My Land? What

The objective is to provide the best Do | Need to Know?”
possible guidance on different pre-filing

techniques that can be used to address
issues that areraised. Every pipeline project is different - its size,
its location, the company’ s approach to working with stakeholders,
the community’ s interest in participating, the agencies’ experience
with similar projects, etc. The goal of the Action Optionsis to of-
fer some ideas that al stakeholders can customize for their needs.

Pipeline companies are encouraged to

The Office of Pipe- | o " greater involvement from the Working together
line Safety at DOT |\ 4ious groups early in the planning so will pay off by
is at www.dot.gov.  |those who are interested can participate helping to achieve

in the decision making process. Agen- agreements.
ciesand citizens are encouraged to get involved early and make Spending time up

their views known to the companies as soon as they learn about a
potential project. The goal is to achieve consensus and settle-
ments among the groups and the company about an acceptable

front will save time
later. Consensus will

project design. FERC staff has been asked to offer assistance b_e more easily
early in the process to support all stakeholders. Earlier and more ~ achieved through
productive involvement will lead to better project designsand less ~ Implementing these
contentious applications to FERC and other agencies. ideas.
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What All Stakeholders Need to Know

The Players

There are many different participants in the pipeline planning process.

FERC - is charged by Congress with determining whether interstate natural gas transmis-
sion projects are in the public convenience and necessity.

Pipeline Companies - These are the companies that build and operate interstate natural
gas pipelines. They must justify the need, plan the route, and obtain numerous local,
state and federal permits and clearances prior to construction.

Federal, State and Local Agencies - The best way to find out who is involved from your
local and state government isto call alocal town official or a pipeline company represen
tative and ask. Some typical agencies involved in the planning process include:

p Local: Town and County Councils, planning boards, zoning boards, and others

p State: Environmental agencies, historic preservation offices, fish and wildlife
agencies, and others

p Federal: U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, U.S.
Environmental Protection Agency, Bureau of Land Management and Forest
Service

Local citizens and landowners - have interests in whether the proposed natural gas line
will impact their land or their community. Local citizens and landowners are encouraged
to make their views known at any time in the process.

Pre-filing Timeline Example For a Major Project Requiring an EIS
General set of actions followed for most projects:

Open Consider  Meet with  Communications  Select Complete File at
Season Routes for Agencies  with Landowners Proposed Surveys FERC
Pipeline and Citizens Routes
Number of Months
1 2 3 4 5 6 7 8 9 10 11 12




The Process

Generally, the formal process for evaluating a pipeline company’s proposal to build an in-
terstate natural gas pipeline begins when the company files an application with the FERC.
The application includes maps showing the preferred route, the proposed facilities, the
status of permit applications with local, state and federal agencies, affected landowners,
and information on how the pipeline will affect the environment.

The FERC' sreview of the application and determination of need involves the balancing of
the project’ s adverse impact against its benefits. The FERC' s environmental analysis of the
application under the National Environmental Policy Act of 1969 (NEPA) is part of that
balancing. Public participationis akey element in FERC’ s environmental analysis.

The goal of the Action Options is to encourage participation in a process where all stake-
holders have the opportunity to have input befor e the development of the application, so
that issues are raised and addressed and solutions crafted and presented as part of the com+
pany’s proposal.

Some Tips For All Stakeholders

Ask other stakeholders how they want to be com+ NEPA IS...
municated with throughout this process.

) _ . The National Environmental
Agree up front on how stakeholders will be in- Policy Act of 1969 is Iegis-

volved to set expectations at the start. lation that requires federal

agencies to consider the
environmental impacts of
their actions.

Be patient—working together on a complex project
requires understanding from all participants.

Develop summary transcripts from meetings and

share information with all stakeholdersto keep the | It ou'glm_es a ProceSS for

lines of communication open. public input into the
agencies’ decision-making

Set up a process for what can be done if any stake- process.

holder feels their needs are not being met. If eve-

ryone agrees on the process up front, there will be |. |t requires that for major

away to address concerns. projects, a detailed envi-

ronmental study be pre-
pared, including the analy-
sis of appropriate alterna-
tives to the proposal.

Remember that each stakeholder has control over
their own actions and decisions. Thisisavolun-
tary process for all stakeholders.

Formalize agreements in writing so everyone can

be sure they understand and agree to what is decid



Industry Action Options

Start Early, Be Pro-active, Involve Key Stakeholders

Natural gas pipeline companies and their consultants, contractors, and industry groups are
the centerpiece of the pipeline siting process because they are the project planners and pro-
ponents. This group carries alarge part of the responsibility to implement and coordinate the
project activities that occur during the pre-filing time frame. There are a number of separate
components to the actions that the company will need to take, including developing acom:
pany philosophy of commitment, ensuring agency participation, training company represen
tatives and land agents, developing a public participation plan collecting data, and having a
plan for potential mitigation and compensation

As part of its pre-filing groundwork the company should address internal and external plan-
ning and coordination issues. Pre-filing actions should be part of a coordinated plan, since
they involve so many facets of a company and its consultants. Decisions on how to involve
others should be made internally before they are implemented. It will aso be important to
train the project development team on the company philosophy and policy.

Dealing with agencies and citizens in a participatory decisionmaking process can help build
consensus and resolve issues prior to filing. There will likely be some initial costs of time
and money, but these up-front actions should result in quicker processing of an application
and presentation of the record to the Commission for a decision.

Demonstrate Your Commitment to

Public Involvement HAVE YOU:

Companies should create a project team to ) ,
interact with stakeholders. For large projects, | ¥ ASked the Qommun'ty hO_W they'd
the team should include environmental, engi- like to receive information?
neering, and public relations professionals, in
addition to other valuable experts. Atleast | v Described the project in great
one company has formed a separate team spe- detail to landowners?
cifically created for stakeholder outreach.
v Explained to stakeholders how
you will work with them in the
pre-filing process?

P Make sure the team is trained to per-
form the public involvement plan.
p  Build the concept of public participa-

tion into training for all facets of the
project development team. v Told landowners about your

company?
The company should decide early that it will
be pro-active in getting agencies and lard- v Shared safety information?




owners involved in the process and the resolution of issues. Commit to being honest and
open and following through in relationships with other stakeholders.

As part of determining potential stakeholders for a project, identify and establish key
contacts with:

Governor(s) and federal, state, and local politicians
Environmental agencies and groups

Energy agencies/ PUCs

FERC staff

Non-governmental organizations

Federal and state land managers

Local distribution companies

Landowner and community representatives

U U UTUTUUTUTUUTTU

Develop a positive attitude and company philosophy that includes a historical company
mission perspective. Make sure employees at every level and in every division of the
company understand the concept of public participation.

When developing a public participation plan, consider how project announcements and
first contacts will be made, and to whom meetings will be open. Be inclusive, get others
involved early.

Consider involving stakeholders in early efforts to develop the route.

Be prepared to explain the need for the project to agencies and landowners. Explain the
support the company has for the project at opportunities such as meetings and open
houses, etc. Explain supply/demand and get help and/or information from public utility
commissions (PUCs), the Energy Information Administration (EIA), independent system
operators (1SOs) and local entities on regional issues important to landowners.

In addition to sharing information about the benefits of a pipeline,
commit to being open about the down sides too. The public will

respect honesty and it may prevent future misunderstandings. Involve

Intal S takehol
Maintain Strong, Open Channels of Communication ~ “orcroders

with Agencies early and
share
Develop a multifaceted, grass-roots strategy for announcing the pro- information.

ject to federal, state, and local agencies (and to landowners), which
maximizes their opportunity for input into identifying potential issues
and their resolution.




Describe the time table for the project and try to get agency contacts to commit to have
their staffs work at the requested pace.

Be clear about when and how landowners and agencies can best contribute to the plarn-
ning process.

Set up big picture meetings/briefings with agency policy staffs, but be sure to also hold
detailed working sessions with technical staff.

p  Conduct field vidits to help get a better understanding of an issue.
p Consider the source of the information and whether it is really representative of
the agency's assessment.

Explore the potential for team permitting options among agencies.

The value of early coordination and notification of problems is
high. The value of

Tell federal agencies, local and regional officias, and state agen- S sarly
cies about the project as early as possible, with as much detailed coordination and
information as is available, so that they may tell citizens when they notification of
call. Ensure that the information is updated when events or sched- problems is high
ules change. Consider devel oping materials that agencies can pro- '
vide to interested stakeholders and develop a website with the
latest information.

When and if limited resources prevent agencies from timely responses or actions, con
sider funding third-party contractors to work for them.

Provide the FERC staff with accurate, advanced project information in as much detail as
possible so that they can help coordinate outreach to other agencies.

Train Company Representatives and Land Agents

Develop specific training for company representatives and land agents on the importance
of company philosophy and their role in establishing good communication with lard-
owners and continuing it. Landowners want to deal with someone who is personable,
honest, and respectful.

p Land agents are either building or hurting the reputation of the company with all
affected parties they meet.

p Landowner trust will be based in part onexperience with the
industry as awhole.

p Consider using local land agents or hiring local assistance to familiarize out-of-
town land agents with local culture and geography.




Train land agents in dealing with people and on the company’s Land agents are

public participation plan. your
b When people are upset, find out what people are upset representatives
about. to the

p Land agents should be willing to put commitments in writ-

ing or not make them. community.

Plan for Public Stakeholder Input Throughout the Process

Make a commitment to involve affected landowners and other interested citizens in the
project planning process. Inform them, listen to, and record landowner's ideas and
knowledge of the area and environment. Make sure communication is clear and easily
understandable, and respond to them constructively and with empathy.

b Ask the community how they would like to be communicated with. What works
in one area may not work in another.

p Develop apublic participation plan early, share it with landowners, and ask for
comments and suggestions.

b Try to have one consistent contact person that landowners can call, and make sure
that person is clearly identified to the public. Provide the land agent's name and
number and also the supervisor at the company or a company hotline to call.

P Bear in mind first contact issues and their potential sensitivity to landowners - a
cal, aletter, avisit? Consider issuing a public notice in the local newspaper or on
other media (television, radio) before contacting landowners for a survey so that
landowners have some awareness of the project before they are first contacted.

P Pogt information and updates on town bulletin boards and other public places.

b Ask town officials for help contacting local stakeholders so it can be determined
whether or not everyone impacted by the project has been contacted.

p Share where the company gets its information and what resources the company
relies upon.

b Give people time to react to requests, documents etc. Don't expect overnight
feedback.

P During the process, setup a feedback system so citizens know when they will get
answersto their questions. Put answers to general questions on aweb site or
other public place so all citizens can see the information.

p Stay away from industry jargon: use language carefully and be aware of how the

public perceives the company at al times. Using words like “marketing” in puo-

lic settings can give the company a negative image because the word has different
meanings to different people.

Understand stakeholders' knowledge and background.

Consider establishing an ombudsman for neutrality in information and contacts.

p  Consider funding of studies requested by stakeholders.

T T




Project Announcements and Ongoing Information Collection

When announcing the project, be specific and thorough—carefully spell out the process
and timeline for other stakeholders.

When announcing the project, consider the most effective meeting types. Again, ask
stakeholders how they want to be communicated with.

p Do they prefer open houses, or one-on-one meetings, or aletter first?
Should the initial contact be formal or informal?

p Consider meeting locations and times. For example, in an agricultural area, don’t
hold a meeting in the planting/harvest season; or don’'t hold a meeting on a reli-

gious holiday; etc.

p Have qualified engineers and technical staff available to an- When
swer safety and design questions, perhaps with a sample piece announcing

of pipeline, to describe how it is designed and operated. .
the project,

For an open house, notify all stakeholders in the study corridor. Per- consider the
haps present a slide show on pipeline construction and other general
issues so that people unfamiliar with pipeline siting and construction .
can get a clear idea of what is proposed. meeting.

most effective

p Describe the size and types of equipment that would be used.
b Ensure all documents are accurate and consistent. Avoid giving conflicting infor-
mation to stakeholders.

Distribute the following information, whether in pamphlet-form or by other means:

A genera biography of the company,

General information on environmental and other benefits of natural gas,
Discussion of today’s energy market and the need for expanded infrastructure,
FERC background information,

Discussion of pre-filing activities,

Post-filing review process,

Construction information,

Safety information, plans for safety training and the company’ s past safety re-
cord, and

P Intended time frame for completing various activities (a project time line).

U U UTUTUTUTUTUTTU

Share the pre-filing process with landowners in detail so that they can better understand
the steps and decide how to get involved.

Suggest unbiased sources (academics, web sites, government statistics) that are not affil i-
ated with the company so that stakeholders can get information that is trustworthy in




their eyes. Avoid using the term “proprietary information” because it can raise suspicions
and create distrust.

Make sure that all of the information that is used and shared with the public (including
maps, studies, etc) is current and up-to-date.

Follow up on outstanding questions and let people know how the answers will be com
muni cated.

Conduct post-project interviews or evaluations with key stakeholders to make future im-
provements.

Make Route Development and Data Collection Easy Share the
and Understandable pre-filing
process with

The stage of the process where surveys are performed, data collected and landowners in
routes proposed may be the most confusing and complicated for many _
stakeholders. When it’s time to do the detailed route planning, make detail.
sure the landowner knows what to expect and has given permission to

proceed with the survey(s). Survey permission forms should be readable with full disclosure
of survey requirements.

P What does survey permission mean? Recognize and state clearly that landowner

concurrence to alow a survey is not approval of aright-of-way. Know the differ-

ence.

Explain the types of surveys (crew size, survey methods).

p Describe the work to be done (such as: is tree cutting or clearing required? Will

test holes be dug?).

Ensure the survey corridor is wide enough to accommodate route variations.

p  Describe aternative routes the company considered in addition to the proposed
route.

i)

T

Explain Mitigation, Compensation and Benefits in Layman’s Terms

Many landowners are unfamiliar with the rules, process, and procedure of how aright-
of-way payment is made. So, explain the compensation/payment method to landowners.

p Explain the typica procedures which the landowner can expect will be used.

p  Explain procedures and specifics around payments for easements - how are they
determined?

p  Share information about additional damage payment(s) made after construction

b Provide options of what a landowner could request as compensation.




Explain the energy benefits which will result from the project, or other benefits which
could be locally significant.

p  Develop abenefits plan and educate stakeholders about local benefits of the pro-
ject (i.e. payments to landowners, local tax payments, etc).

p If the landowner requests “side jobs,” explain what is or is not allowed and how
the job might be performed for the landowner.

Since practices vary among different pipelines, it is important to be up-front about the
company’s usua custom and whether or not it involves monetary compensation. If any
funding to aid public participation is available, tell stakeholders early.

Conclusion

The proper preparation and stakeholder involvement in the pre-filing process can make the
entire process easier, quicker, and ultimately less expensive. The company’ s reputation with
the community and involved agencies will benefit from a well-devised, well-executed par-

ticipation plan.
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Agency Action Options

Coordinate to Address Multiple Oversight Responsi-
bilities

Numerous agencies (federal, state and local) have arole in natural gas facility siting. All
serve the public and may have overlapping responsibilities. Agencies focus on management
and regulatory requirements span a very wide spectrum of cultural, natural, economic, edu-
cational, political, and other resource interests. As aresult, different agencies may have con
flicting priorities or responsibilities due to their unique focus and or function. What is ided
for one agency may be detrimertal to another. The chalenge hereisto identify what is
needed to avoid or at least minimize obstacles to providing coordination and service, and
how to achieve better results early in the facility planning process. There are several stepsto
coordination, including addressing project issues early, discussing joint participation, defin-
ing agency needs early, and addressing mitigation needs as soon as possible.

Address Project Issues/Concerns Early for Better Results

With many agencies and potential overlapping needs, it is important to get your agency’s in
terests into the mix early so your role is clearly defined and understood from the beginning.
Some of the things agencies can do upon getting an initial contact from a company include
the following.

Know what project components will involve

your agency. HAVE YOU:
commit resources for early involvement should get involved?

Determine the lead federal agency (usually v Gotten support from agency

FERC) and lead state agency, if one, and pro- management?
vide a key agency contact to ask and answer
questions early. v ldentified key issues and

: _— N information needs
Establish coordination and early participation orma ce

procedures among agencies. v Decided on coordination

Consider attending public meetings in order procedures?
to provide your agency’s perspective and ex- _ _
plain your role in the process. v Attended public meetings?

11



Consider Multiple Agency Coordination and Joint Participation

Encourage team permitting to improve your agency's internal and . }
external processes. Team permitting could reduce redundant re- Coordlnatl(?n with
view and provide information concurrently to al interested par- other agencies can

ties reduce timing for
Federal agencies should coordinate regulatory review and ap- reviews and
provals at the federal level early. approvals.

State agencies should coordinate regulatory review and approvals
at the state and local level early.

Determine whether your agency has public notification rules and/or needs to hold public
meetings. Consider whether another agency’s meeting could fulfill the requirements.
Agencies that must involve the affected public and stakeholders before making their rec-
ommendations and decisions.

Even if your agency cannot commit to early involvement, know where to get information
and stay informed.

Consider creating a document that shows how agencies work with other agencies so citi-
zens know how to work with the system.

Consider creating an agency forum for discussion and resolution of common issues.

If resources prevent agencies from timely responses or actions, consider third-party fund-
ing by the project proponent to assist the agency.

Ensure that decision makers and required technical staff are involved early in the process
so that accurate issues and needs are reflected early and decisions can be made more ac-
curately and quickly.

Define Agency Information Needs and Timing Requirements Early

It is very important to identify information and timing requirements as early in the process as
possible. When issues about the project, the process, and likely conflicts or potential out-
comes are defined and acted on early, the process can go more smoothly and efficiently.

Be clear about what information your agency needs and when you need it—have your
requirements published clearly. Examples may be specific route surveys, survey results,
landowner information (approved or denied survey access, etc.), and timing of when all
remaining information must be submitted.




| dentify where and when decisions will be made and who will }
Identify

make them.

“show-stoppers”
If there are any "show stoppers’ identify them as soon as possible. as early as
Examples: If state/local agency code/regulations have siting
guidelines or requirements that conflict with FERC's routing
criteria, or would require use of established "utility corridors’
that are not conducive to a proposed project's end points.

possible.

Agencies should give early and honest feedback on route aternatives. Make sure you
supply whatever information you have.

Agencies should identify any known cumulative effects (both beneficial and adverse im-
pacts) and any growth that will occur in the project area. These should include location
and timing information about any known development or other projects in the vicinity of
the proposed pipeline.

Address Mitigation Needs As Soon As Possible

If resource impacts are unavoidable, but can be mitigated or otherwise compensated for,
identify potential options which satisfy your concerns, as early as possible.

Identify if compensation will be required.
Explain who is responsible for developing mitigation plans.
Conclusion

Although different agencies can often have conflicting priorities and responsibilities, early
and effective coordination can help prevent obstacles. It isimportant to know how to get in
formation and to decide early on how different federal, state, and local agencies will work
together in the most effective manner.
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Citizen Action Options

Citizens Have a Unique Role: Take Advantage of
Your Opportunity to Participate

Citizens and landowners are unique in the natural gas pipeline siting process for severa rea-
sons. While the pipeline company is proposing the action, and the government agencies are
actively involved in the permitting process, citizens are often passively swept into the proc-
ess. While the pipeline companies and the agencies participate in the process in the context
of doing their jobs, the citizens not only must take time off from their jobs to participate, but
their stake in the outcome may be more personal; the project affects their own property and/
or community.

The challenge for citizensis to develop resources that enable active engagement in the proc-
ess, objective application of the process, easier identification of direct or indirect project
benefits, and greater access to information. In order to be involved in the most productive
way, citizens should get involved early and make an effort to understand the process

Get Involved Early and Stay
Informed

Every pipeline company and every natural gas pipeline siting project is different. Projects
that are large or new take longer to plan than

smaller expansions of existing systems. The dif-
ference can depend on geography, the company’s
culture and the type of community that may be im- .
pacted by the siting process. Getting involved v Identified Company contacts?
early and staying informed is a citizen’'s best strat-
egy for ensuring that their needs are met and their | v Learned about the siting
questions answered. process?

HAVE YOU:

As soon as you can become involved, seek out

information pro-actively; don’'t wait for it to
cometo you. If you wait, you could lose an

v Checked the pipeline com-
pany’s web site?

opportunity. .
PPOTEUNILY v Given feedback on how the
p  Constructive participation will get you company or agencies can im-
more answers and information. Partici- prove communication?

pate from a foundation of knowledge
and fact rather than emotion and ru-
mors.

14



¢ Let the company know if you are interested in participating in the planning stage (where
the route is determined) and not just the permitting stage (where the route is reviewed by
regulators and agencies).

SOME SOURCES OF

¢ Recognize what information the companies INFORMATION INCLUDE:
are obligated to provide and what informa- |, Fgpc Regulations
tion is not available. 18CFR380

= Ask questions and follow through cee o
until they are answered to your e FERC Landowner Notification Rule

satisfaction. 18CFR157.6(D)

= Although you should be prepared to .
wait for answers, you should also |+ FERC Website

balance that with being assertive http: / /www.ferc.gov

when it comes to asking for

information you should have. o Interstate Natural Gas Association
= Lots of information is on web sites of America

(companies, agencies); make use of www.ingaa.ord

it.

= See the Industry Action Options for
information about what resources
should be made available to
citizens; ask about them.

= Make sure you get the project

Companies’ Websites
http: //www.ferc.gov /industries /
gas/gen-info /pipecomp.asp

manager’s name and contact
information so that you have someone to call if you have questions.

+ Understand that your active participation in a company’s project can add value. Regard-
less of your opinion, it is in the company’s best interest to work with you rather than
against you.

= Decide if you want to be involved in decisions regarding routing and/or
construction impact mitigation.

= When you send in comments to FERC, also send a copy to the company so they
are immediately aware of your opinions.

¢ Explore whether your local municipality, county, or citizen organization will represent
you as a group.

¢ Know the name and phone number of the company land agent’s supervisor or the num-

ber of the company/landowner hotline. Don’t hesitate to call if you feel you are not get-
ting answers or if you think you are being treated unfairly; the company wants to know.
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+ Consider asking the company if any aid to public participation
such as reimbursement for time and expenses is offered so you
can be involved in the process. Every company has a different can add valuable
approach to how to handle this so don’t be surprised if the com-

Your participation

pany _you are working with tells you it is against their policy to project
provide compensation for your time or expenses. information to the
. pipeline

Do Your Homework to Ensure Your Involvement is ,
company'’s

Productive
planning process.

The process of siting natural gas pipelines is complicated and in-
volves lots of participants and details. The following can help you be
sure you are informed about the process and how you can become a partner in that process.
Know the Participants
¢ Understand the mission and business plan of the company proposing the project.
= Check their web site and public mailings.

¢ Understand the role and mission of the FERC and its processes.

= Check the FERC web site at
http://www.ferc.gov/for-citizens/my-rights/citizen-quides/citz-quide-gas.pdf

¢ Understand the role of federal, state, and local agencies.

+ Understand how your first tier local government can work for you. Your local
government or community may be able to be your advocate.

Know the Process

+ Understand the concepts of eminent domain, federal preemption, and public convenience
and necessity.

+ Understand the process of the National Environmental Policy Act of 1969 (NEPA). Itis
a statute that requires a federal agency to be aware of the environmental impacts of its
decisions.

¢ Understand that the pipeline company will respect you for your honesty, just as you re-
spect them for theirs.

¢ Understand that the regulatory review and approval process may not move as quickly as
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the agencies involved to ensure a smoother process.

Find out what survey permissionis and what survey companies do (e.g. number of days,

extent of work, etc). Be informed.
Becoming a Partner

Determine whether there are, or could be,
direct or indirect benefits of the project to
your community and to you personaly.

Y our knowledge can help accomplish the

goals of the company in away that meets
your needs at the same time.

Allowing surveys is not the same as granting

aconstruction easement. Consider allowing

the company to complete its surveys on your

property as they may document enviror+

mental or engineering constraints if they ex-

ist. You may seek the advice of counsel if

you are concerned.

Improve informational resources. If FERC's
or a pipeline company’s landowner brochure

doesn’'t meet your needs, tell them and sug-

gest ways to improve them.

Conclusion

TYPICAL TYPES OF
SURVEYS INCLUDE:

Civil surveys,

Geotechnical surveys,

Cultural resource surveys,
Wetland delineation surveys, and
Threatened and endangered
species surveys.

Some types, (especially geotechnical
and cultural resource surveys), typi-
cally require localized excavations
at predetermined intervals.

All surveys require that the surveyor
have access to the land. Once access
IS granted, various surveyors may
visit the property intermittently over
a period of time.

There are ways for interested citizens to get involved in the pre-filing stages of natural gas
pipelines that could affect their community. It isimportant that al stakeholder groups work
together to ensure that citizens are actively engaged in the process, understand direct and in-
direct project benefits, and have greater access to information. Early involvement and better
understanding will increase public participation and allows citizens to make their views

known.
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FERC Staff Action Options

FERC’S Role as the Lead Agency

There are many questions regarding FERC's role in siting natural gas pipeline facilities and
how FERC's process is connected to those at other agencies, particularly state agencies.
Landowners clearly look to FERC to provide more information than is currently available.
Further, natural gas companies look for additional help from FERC to coordinate the efforts
of all the other permitting authorities. There are several action options that can address re-
quests for greater staff participation and other resources to aid the various stakeholders in the
planning process. Options include: making an effort to keep information up-to-date, offering
training to share information, and committing to get involved inthe process early.

Commitment to Providing Up-to-Date Information

The FERC web site was revised in the spring of 2001 and represents a marked improve-

ment in appearance and the organization of information. Al-
though it is more user friendly and it's easier to find the informe= e FERC staff can

tion you need, no new functionality was built into the latest re- become involved
lease. FERC is considering further upgrades. Comments received  in projects during
at the seminars regarding the web site included requests for: the pre-filing

stage.

P Summary and status information for major projects. The
summaries could also include links to the applicants project web site.

p  Criteria, requirements, and documentation for getting approval for the NEPA pre-

filing process.

A “home’ for pre-filing (pre-docket number) project information.

p State-by-state links to relevant agencies so landowners can use the FERC site to
get local info.

p A guide on how to contact FERC and ask that they get involved in a project.

A landowner chat room where subject matter experts could respond to questions.

p  Other specific requests to solve problems such as retrieving filed information
from the RIM S system.

p Dataon future projects.

p A list of contacts if people have further questions.

T

iv)

FERC staff and/or other resource agencies (the Energy Information Administration,
PUCs) should work to generate information about the big-picture market for natural gas
and the need for natural gas on aregiona basis that could be presented to various stake-
holder groups.
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During the decision making process, FERC should be sensitive to the difference between
survey permission and landowner support of a project.

FERC should enhance the existing brochure "An Interstate Natural Gas Pipeline on My
Land? What Do | Need to Know?' to include information such as:

p Theavailability of information on the FERC's web site.

P Resources available to landowners (e.g., INGAA web site).

b Materias that companies are required to provide to landowners and others under
the Landowner Notification Rule - when it is provided and to whom.

P What types of routing changes and landowner benefitsin easement agreements
can be negotiated without FERC approval, as FERC will not be involved in ease-
ment negotiations.

p Clarification on how alandowner can become an intervenor.

FERC should conduct exit interviews with landowners after each project that implements
pre-filing involvement to better understand where problems were and how those prob-
lems were solved. Debriefings on completed projects could be used to determine im-
provements to future projects.

FERC should prepare a scoping summary to address issues raised during scoping.

Consider establishing a single point of contact to answer questions.

Training to Improve the Process

FERC will offer training (mainly for industry and consultants) on Revised Regulations for
Environmental Reports (Minimum Environmental Filing Requirements). FERC is currently
planning a series of training sessions; please see www.ferc.gov for session dates, locations,
and other details. Training will also be offered on Environmental Compliance. FERC can
also use these training sessions to provide information to professional participants and to dis-
seminate information on new methods and protocols that improve the NEPA process.

A Commitment to Early Involvement by FERC Staff

By getting

Improve programmatic coordination between the FERC and Ig\éggiiﬁﬂg?/’
other permitting agencies to expedite natural gas projects. coor dinatg
b FERC can make staff available to attend agency coordina- agency and
tion meetings either before or after the filing of an applica N Cltlzen

tion (subject to staffing limitations). participation.

p If needed, help develop interagency or project-related
Memoranda of Understarding between FERC and interested agencies to establish
jurisdiction and responsibilities.
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FERC could help achieve consensus in route planning and issue identification and reso-
lution at the earliest possible point (i.e., before the filing of an application). FERC is cu-
rently in the process of initiating pre-filing environmental reviews. It islikely that
FERC’sinvolvement in each project will be slightly different depending on the case-
specific circumstances. Typically the goal would be to issue a draft EIS very shortly af-
ter an application isfiled. Adequate time should be allotted in the pre-filing phase to
conduct scoping meetings, field surveys, and to compile the reports that are required to
support the coordinated review by agencies, FERC, and third-party consultants.

Asthe lead federal agency, FERC could advise other agencies of their role in the pre-
filing application process.

FERC should consider expanding its process to include giving responses to all levels of
government officials. This response policy would help pipelines in addressing issues at
the local level.

Conclusion

FERC could provide more information to stakeholders and coordinate efforts among agen
cies. FERC's early involvement should improve communication between stakeholders and
could expedite the process.
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Glossary

Construction easement

The area of land, or “footprint” that is disturbed or used for construction of the pipeline.
Thisareais typically larger than the “ permanent easement” and includes extra work areas for
activities such as egquipment staging, topsoil storage, stream and road crossings, and right-of-
way access during construction.

Construction impact mitigation

Those measures that are implemented in order to reduce or undo the potential damages in-
curred during pipeline construction such as soil erosion on slopes that have been cleared and
graded. Inthisexample, water bars or slope breakers could be installed across the slope to
minimize erosion caused by precipitation and the resultant siltation of nearby streams. State
and Federal agencies often attach many construction mitigation requirements to their li-
censes and permits.

Draft EIS
A draft Environmental Impact Statement issued by the lead federa agency for a 45-day com
ment period.

Easement agreements

The legal document, signed by both the pipeline company official and the landowner, that
specifies the route, work areas, amount and method of payment, if any, and other terms such
as restrictions on the use of the land, and possible future expansions of the pipeline.

Easement and damage payments

Payments made by the pipeline company to the landowner or land- managing agency for the
easement or damages resulting from pipeline construction. Damage payments, if necessary,
would be in addition to standard payments for the right-of-way easement.

Easement negotiations

Those discussions between pipeline-company official and landowner about the specific
terms of the easement that may or may not result in a signed agreement. These discussions
are usually conducted by land agents representing the pipeline companies.

Eminent domain
The right of a government to seize private property for public use in exchange for payment
of fair market value.

Energy Information Administration (EIA)
The Energy Information Administration (EIA), created by Congressin 1977, is a statistical
agency of the U.S. Department of Energy. They provide policy-independent data, forecasts,
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and analyses to promote sound policy making, efficient markets, and public understanding
regarding energy and its interaction with the economy and the environment.

Environmental review

From the Federal perspective, implementing the independent review, agency consultations,
and scoping out of issues that are part of administering the mandates of the Nationa Envi-
ronmental Policy Act (NEPA). Depending on the project’s size, complexity and level of
controversy, this review may take between three months to over one year.

Federal preemption
With respect to natural gas pipeline systems under the jurisdiction of the FERC, this broad
legal concept means that Federal authority supersedes the state or local authority.

Formal certificate review
The formal review of an application under the Natural Gas Act which considers, in addition
to environmental issues, rates, markets, financing, and other business issues.

Independent System Operator (ISO)
Organizations that manage the transmission portion (as opposed to the generation portion) of
the electric industry.

Intervenor

Someone who wishes to participate in a proceeding and therefore files a petition to intervene
with the Commission for a particular case. In their filing, an intervenor may additionally
state whether or not they wish to protest the application and whether or not they seek afor-
mal hearing on the application.

Land agents
Those representatives of the pipeline companies who are dispatched to acquire the right-of-
way for the proposed pipeline project.

Lead federal agency

When more than one federal agency has permitting authority for a project, the agencies often
designate alead Federal agency to supervise the preparation of the EA or EIS. The FERC is
frequently the lead Federal agency for natural gas pipeline projects.

Open season

A process in which a pipeline company solicits market interest for new pipeline transporta-
tion services. Thisis done as part of the pipeline company's planning process to help it deter-
mine the economic feasibility for a project.

Pre-filing time frame
The period of time before an application is filed at the FERC.

Public convenience and necessity
Synonymous with "for the good of the genera public’. Generally, if the Commission deter-
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mines that there is sufficient need for a project after the consideration of all relevant factors,
then it is determined to be in the public convenience and necessity and, it will be processed
and issued a " certificate of public convenience and necessity” or license. These "certificates”
carry with them the power of eminent domain.

RIMS
The Record Information Management System (RIMS) is the database where case-specific
information is stored electronically. It is accessed viathe Internet at www.ferc.gov.

Route variation

Relatively small deviations from the proposed route that are meant to avoid some environ
mentally sensitive area. Route variations usually depart from and then rejoin the proposed
route within a short distance.

Scoping

In the context of NEPA, scoping is the process of asking the public and other agencies to
identify any environmental issues that should be considered in the environmental analysis of
the pipeline project.

Side jobs
Activities which are not related to work required for the pipeline construction but which the
pipeline company may be willing to do for alandowner as part of the easement negotiation.

Survey

Typical types of surveysinclude civil surveys, geotechnical surveys, cultural resource su-
veys, wetland delineation surveys, and threatened and endangered species surveys. Some
types, especially geotechnical and cultural resource surveys, typicaly involve localized ex-
cavation at predetermined intervalsin order to collect the desired data. The other types of
surveys usualy only involve walking the pipeline right-of-way, taking measurements and
observations and may involve taking small samples such as soil and plant samples. All sur-
veys require that the surveyor have access to the land being surveyed. Survey permission
forms may be used to document landowner agreement to alow access. Once access to the
land is granted by the landowner, surveyors may visit the property intermittently over a pe-
riod of time.

Team permitting

An approach that some states have adopted to issuing the many various environmental per-
mits for a particular project whereby the agencies involved coordinate with each other (and
the applicant, public, and cooperating agencies) and issue all their respective permitsin one
action.

Test holes

Small excavations or borings performed in the process of surveys such as cultural resource
surveys or geotechnical surveys.
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Introduction

This document was devel oped by the Office of Energy Projects (OEP) Gas Outreach Team
using the feedback and ideas collected from stakeholders at our pre-filing outreach seminars.
It will be updated from time to time as needed, to incorporate new knowledge, techniques, or
options that can help achieve consensus and a better application to the Federal Energy Regu-
latory Commission.

If you are viewing this document on the web site, click on the words that appear in blue to
link to the glossary or to an appropriate web site. A full glossary aso follows the document
for further reference.

The concepts presented in this document are for discussion only, and do not necessarily rep-
resent the views of the Commission or its individual members.




Action Options Overview For Interstate
Natural Gas Pipeline Siting

Early Involvement by All Stakeholders Can
Develop Better Solutions

As aresult of the comments and discussions at six Interstate For more information
Natural Gas Pipeline Facility Planning Seminars, the OEP Gas on how to be involved

Outreach Team developed a set of Outreach Action Options for
pipeline companies, agencies, citizens, and the FERC staff. The
Action Options identify concepts, actions, and activities that will

in a project from a
landowner’s perspec-

help each stakeholder group achieve more effective participation | fIV€, se€ “An Interstate
in the process of planning a natural gas pipeline. Natural Gas Pipeline

The U.S. Depart-
ment of Transporta-
tion (DOT) is re-
sponsible for setting
federal safety stan-
dards for natural
gas pipelines and
related facilities.

on My Land? What

The objective is to provide the best Do | Need to Know?”
possible guidance on different pre-filing

techniques that can be used to address
issues that areraised. Every pipeline project is different - its size,
its location, the company’ s approach to working with stakeholders,
the community’ s interest in participating, the agencies’ experience
with similar projects, etc. The goal of the Action Optionsis to of-
fer some ideas that al stakeholders can customize for their needs.

Pipeline companies are encouraged to

The Office of Pipe- | o " greater involvement from the Working together
line Safety at DOT |\ 4ious groups early in the planning so will pay off by
is at www.dot.gov.  |those who are interested can participate helping to achieve

in the decision making process. Agen- agreements.
ciesand citizens are encouraged to get involved early and make Spending time up

their views known to the companies as soon as they learn about a
potential project. The goal is to achieve consensus and settle-
ments among the groups and the company about an acceptable

front will save time
later. Consensus will

project design. FERC staff has been asked to offer assistance b_e more easily
early in the process to support all stakeholders. Earlier and more ~ achieved through
productive involvement will lead to better project designsand less ~ Implementing these
contentious applications to FERC and other agencies. ideas.



http://www.dot.gov/
http://www.ferc.gov/for-citizens/my-rights/citizen-guides/citz-guide-gas.pdf

What All Stakeholders Need to Know

The Players

There are many different participants in the pipeline planning process.

FERC - is charged by Congress with determining whether interstate natural gas transmis-
sion projects are in the public convenience and necessity.

Pipeline Companies - These are the companies that build and operate interstate natural
gas pipelines. They must justify the need, plan the route, and obtain numerous local,
state and federal permits and clearances prior to construction.

Federal, State and Local Agencies - The best way to find out who is involved from your
local and state government isto call alocal town official or a pipeline company represen
tative and ask. Some typical agencies involved in the planning process include:

p Local: Town and County Councils, planning boards, zoning boards, and others

p State: Environmental agencies, historic preservation offices, fish and wildlife
agencies, and others

p Federal: U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, U.S.
Environmental Protection Agency, Bureau of Land Management and Forest
Service

Local citizens and landowners - have interests in whether the proposed natural gas line
will impact their land or their community. Local citizens and landowners are encouraged
to make their views known at any time in the process.

Pre-filing Timeline Example For a Major Project Requiring an EIS
General set of actions followed for most projects:

Open Consider  Meet with  Communications  Select Complete File at
Season Routes for Agencies  with Landowners Proposed Surveys FERC
Pipeline and Citizens Routes
Number of Months
1 2 3 4 5 6 7 8 9 10 11 12




The Process

Generally, the formal process for evaluating a pipeline company’s proposal to build an in-
terstate natural gas pipeline begins when the company files an application with the FERC.
The application includes maps showing the preferred route, the proposed facilities, the
status of permit applications with local, state and federal agencies, affected landowners,
and information on how the pipeline will affect the environment.

The FERC' sreview of the application and determination of need involves the balancing of
the project’ s adverse impact against its benefits. The FERC' s environmental analysis of the
application under the National Environmental Policy Act of 1969 (NEPA) is part of that
balancing. Public participationis akey element in FERC’ s environmental analysis.

The goal of the Action Options is to encourage participation in a process where all stake-
holders have the opportunity to have input befor e the development of the application, so
that issues are raised and addressed and solutions crafted and presented as part of the com+
pany’s proposal.

Some Tips For All Stakeholders

Ask other stakeholders how they want to be com+ NEPA IS...
municated with throughout this process.

) _ . The National Environmental
Agree up front on how stakeholders will be in- Policy Act of 1969 is Iegis-

volved to set expectations at the start. lation that requires federal

agencies to consider the
environmental impacts of
their actions.

Be patient—working together on a complex project
requires understanding from all participants.

Develop summary transcripts from meetings and

share information with all stakeholdersto keep the | It ou'glm_es a ProceSS for

lines of communication open. public input into the
agencies’ decision-making

Set up a process for what can be done if any stake- process.

holder feels their needs are not being met. If eve-

ryone agrees on the process up front, there will be |. |t requires that for major

away to address concerns. projects, a detailed envi-

ronmental study be pre-
pared, including the analy-
sis of appropriate alterna-
tives to the proposal.

Remember that each stakeholder has control over
their own actions and decisions. Thisisavolun-
tary process for all stakeholders.

Formalize agreements in writing so everyone can

be sure they understand and agree to what is decid



Industry Action Options

Start Early, Be Pro-active, Involve Key Stakeholders

Natural gas pipeline companies and their consultants, contractors, and industry groups are
the centerpiece of the pipeline siting process because they are the project planners and pro-
ponents. This group carries alarge part of the responsibility to implement and coordinate the
project activities that occur during the pre-filing time frame. There are a number of separate
components to the actions that the company will need to take, including developing acom:
pany philosophy of commitment, ensuring agency participation, training company represen
tatives and land agents, developing a public participation plan collecting data, and having a
plan for potential mitigation and compensation

As part of its pre-filing groundwork the company should address internal and external plan-
ning and coordination issues. Pre-filing actions should be part of a coordinated plan, since
they involve so many facets of a company and its consultants. Decisions on how to involve
others should be made internally before they are implemented. It will aso be important to
train the project development team on the company philosophy and policy.

Dealing with agencies and citizens in a participatory decisionmaking process can help build
consensus and resolve issues prior to filing. There will likely be some initial costs of time
and money, but these up-front actions should result in quicker processing of an application
and presentation of the record to the Commission for a decision.

Demonstrate Your Commitment to

Public Involvement HAVE YOU:

Companies should create a project team to ) ,
interact with stakeholders. For large projects, | ¥ ASked the Qommun'ty hO_W they'd
the team should include environmental, engi- like to receive information?
neering, and public relations professionals, in
addition to other valuable experts. Atleast | v Described the project in great
one company has formed a separate team spe- detail to landowners?
cifically created for stakeholder outreach.
v Explained to stakeholders how
you will work with them in the
pre-filing process?

P Make sure the team is trained to per-
form the public involvement plan.
p  Build the concept of public participa-

tion into training for all facets of the
project development team. v Told landowners about your

company?
The company should decide early that it will
be pro-active in getting agencies and lard- v Shared safety information?




owners involved in the process and the resolution of issues. Commit to being honest and
open and following through in relationships with other stakeholders.

As part of determining potential stakeholders for a project, identify and establish key
contacts with:

Governor(s) and federal, state, and local politicians
Environmental agencies and groups

Energy agencies/ PUCs

FERC staff

Non-governmental organizations

Federal and state land managers

Local distribution companies

Landowner and community representatives

U U UTUTUUTUTUUTTU

Develop a positive attitude and company philosophy that includes a historical company
mission perspective. Make sure employees at every level and in every division of the
company understand the concept of public participation.

When developing a public participation plan, consider how project announcements and
first contacts will be made, and to whom meetings will be open. Be inclusive, get others
involved early.

Consider involving stakeholders in early efforts to develop the route.

Be prepared to explain the need for the project to agencies and landowners. Explain the
support the company has for the project at opportunities such as meetings and open
houses, etc. Explain supply/demand and get help and/or information from public utility
commissions (PUCs), the Energy Information Administration (EIA), independent system
operators (1SOs) and local entities on regional issues important to landowners.

In addition to sharing information about the benefits of a pipeline,
commit to being open about the down sides too. The public will

respect honesty and it may prevent future misunderstandings. Involve

Intal S takehol
Maintain Strong, Open Channels of Communication ~ “orcroders

with Agencies early and
share
Develop a multifaceted, grass-roots strategy for announcing the pro- information.

ject to federal, state, and local agencies (and to landowners), which
maximizes their opportunity for input into identifying potential issues
and their resolution.




Describe the time table for the project and try to get agency contacts to commit to have
their staffs work at the requested pace.

Be clear about when and how landowners and agencies can best contribute to the plarn-
ning process.

Set up big picture meetings/briefings with agency policy staffs, but be sure to also hold
detailed working sessions with technical staff.

p  Conduct field vidits to help get a better understanding of an issue.
p Consider the source of the information and whether it is really representative of
the agency's assessment.

Explore the potential for team permitting options among agencies.

The value of early coordination and notification of problems is
high. The value of

Tell federal agencies, local and regional officias, and state agen- S sarly
cies about the project as early as possible, with as much detailed coordination and
information as is available, so that they may tell citizens when they notification of
call. Ensure that the information is updated when events or sched- problems is high
ules change. Consider devel oping materials that agencies can pro- '
vide to interested stakeholders and develop a website with the
latest information.

When and if limited resources prevent agencies from timely responses or actions, con
sider funding third-party contractors to work for them.

Provide the FERC staff with accurate, advanced project information in as much detail as
possible so that they can help coordinate outreach to other agencies.

Train Company Representatives and Land Agents

Develop specific training for company representatives and land agents on the importance
of company philosophy and their role in establishing good communication with lard-
owners and continuing it. Landowners want to deal with someone who is personable,
honest, and respectful.

p Land agents are either building or hurting the reputation of the company with all
affected parties they meet.

p Landowner trust will be based in part onexperience with the
industry as awhole.

p Consider using local land agents or hiring local assistance to familiarize out-of-
town land agents with local culture and geography.




Train land agents in dealing with people and on the company’s Land agents are

public participation plan. your
b When people are upset, find out what people are upset representatives
about. to the

p Land agents should be willing to put commitments in writ-

ing or not make them. community.

Plan for Public Stakeholder Input Throughout the Process

Make a commitment to involve affected landowners and other interested citizens in the
project planning process. Inform them, listen to, and record landowner's ideas and
knowledge of the area and environment. Make sure communication is clear and easily
understandable, and respond to them constructively and with empathy.

b Ask the community how they would like to be communicated with. What works
in one area may not work in another.

p Develop apublic participation plan early, share it with landowners, and ask for
comments and suggestions.

b Try to have one consistent contact person that landowners can call, and make sure
that person is clearly identified to the public. Provide the land agent's name and
number and also the supervisor at the company or a company hotline to call.

P Bear in mind first contact issues and their potential sensitivity to landowners - a
cal, aletter, avisit? Consider issuing a public notice in the local newspaper or on
other media (television, radio) before contacting landowners for a survey so that
landowners have some awareness of the project before they are first contacted.

P Pogt information and updates on town bulletin boards and other public places.

b Ask town officials for help contacting local stakeholders so it can be determined
whether or not everyone impacted by the project has been contacted.

p Share where the company gets its information and what resources the company
relies upon.

b Give people time to react to requests, documents etc. Don't expect overnight
feedback.

P During the process, setup a feedback system so citizens know when they will get
answersto their questions. Put answers to general questions on aweb site or
other public place so all citizens can see the information.

p Stay away from industry jargon: use language carefully and be aware of how the

public perceives the company at al times. Using words like “marketing” in puo-

lic settings can give the company a negative image because the word has different
meanings to different people.

Understand stakeholders' knowledge and background.

Consider establishing an ombudsman for neutrality in information and contacts.

p  Consider funding of studies requested by stakeholders.

T T




Project Announcements and Ongoing Information Collection

When announcing the project, be specific and thorough—carefully spell out the process
and timeline for other stakeholders.

When announcing the project, consider the most effective meeting types. Again, ask
stakeholders how they want to be communicated with.

p Do they prefer open houses, or one-on-one meetings, or aletter first?
Should the initial contact be formal or informal?

p Consider meeting locations and times. For example, in an agricultural area, don’t
hold a meeting in the planting/harvest season; or don’'t hold a meeting on a reli-

gious holiday; etc.

p Have qualified engineers and technical staff available to an- When
swer safety and design questions, perhaps with a sample piece announcing

of pipeline, to describe how it is designed and operated. .
the project,

For an open house, notify all stakeholders in the study corridor. Per- consider the
haps present a slide show on pipeline construction and other general
issues so that people unfamiliar with pipeline siting and construction .
can get a clear idea of what is proposed. meeting.

most effective

p Describe the size and types of equipment that would be used.
b Ensure all documents are accurate and consistent. Avoid giving conflicting infor-
mation to stakeholders.

Distribute the following information, whether in pamphlet-form or by other means:

A genera biography of the company,

General information on environmental and other benefits of natural gas,
Discussion of today’s energy market and the need for expanded infrastructure,
FERC background information,

Discussion of pre-filing activities,

Post-filing review process,

Construction information,

Safety information, plans for safety training and the company’ s past safety re-
cord, and

P Intended time frame for completing various activities (a project time line).

U U UTUTUTUTUTUTTU

Share the pre-filing process with landowners in detail so that they can better understand
the steps and decide how to get involved.

Suggest unbiased sources (academics, web sites, government statistics) that are not affil i-
ated with the company so that stakeholders can get information that is trustworthy in




their eyes. Avoid using the term “proprietary information” because it can raise suspicions
and create distrust.

Make sure that all of the information that is used and shared with the public (including
maps, studies, etc) is current and up-to-date.

Follow up on outstanding questions and let people know how the answers will be com
muni cated.

Conduct post-project interviews or evaluations with key stakeholders to make future im-
provements.

Make Route Development and Data Collection Easy Share the
and Understandable pre-filing
process with

The stage of the process where surveys are performed, data collected and landowners in
routes proposed may be the most confusing and complicated for many _
stakeholders. When it’s time to do the detailed route planning, make detail.
sure the landowner knows what to expect and has given permission to

proceed with the survey(s). Survey permission forms should be readable with full disclosure
of survey requirements.

P What does survey permission mean? Recognize and state clearly that landowner

concurrence to alow a survey is not approval of aright-of-way. Know the differ-

ence.

Explain the types of surveys (crew size, survey methods).

p Describe the work to be done (such as: is tree cutting or clearing required? Will

test holes be dug?).

Ensure the survey corridor is wide enough to accommodate route variations.

p  Describe aternative routes the company considered in addition to the proposed
route.

i)

T

Explain Mitigation, Compensation and Benefits in Layman’s Terms

Many landowners are unfamiliar with the rules, process, and procedure of how aright-
of-way payment is made. So, explain the compensation/payment method to landowners.

p Explain the typica procedures which the landowner can expect will be used.

p  Explain procedures and specifics around payments for easements - how are they
determined?

p  Share information about additional damage payment(s) made after construction

b Provide options of what a landowner could request as compensation.




Explain the energy benefits which will result from the project, or other benefits which
could be locally significant.

p  Develop abenefits plan and educate stakeholders about local benefits of the pro-
ject (i.e. payments to landowners, local tax payments, etc).

p If the landowner requests “side jobs,” explain what is or is not allowed and how
the job might be performed for the landowner.

Since practices vary among different pipelines, it is important to be up-front about the
company’s usua custom and whether or not it involves monetary compensation. If any
funding to aid public participation is available, tell stakeholders early.

Conclusion

The proper preparation and stakeholder involvement in the pre-filing process can make the
entire process easier, quicker, and ultimately less expensive. The company’ s reputation with
the community and involved agencies will benefit from a well-devised, well-executed par-

ticipation plan.
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Agency Action Options

Coordinate to Address Multiple Oversight Responsi-
bilities

Numerous agencies (federal, state and local) have arole in natural gas facility siting. All
serve the public and may have overlapping responsibilities. Agencies focus on management
and regulatory requirements span a very wide spectrum of cultural, natural, economic, edu-
cational, political, and other resource interests. As aresult, different agencies may have con
flicting priorities or responsibilities due to their unique focus and or function. What is ided
for one agency may be detrimertal to another. The chalenge hereisto identify what is
needed to avoid or at least minimize obstacles to providing coordination and service, and
how to achieve better results early in the facility planning process. There are several stepsto
coordination, including addressing project issues early, discussing joint participation, defin-
ing agency needs early, and addressing mitigation needs as soon as possible.

Address Project Issues/Concerns Early for Better Results

With many agencies and potential overlapping needs, it is important to get your agency’s in
terests into the mix early so your role is clearly defined and understood from the beginning.
Some of the things agencies can do upon getting an initial contact from a company include
the following.

Know what project components will involve

your agency. HAVE YOU:
commit resources for early involvement should get involved?

Determine the lead federal agency (usually v Gotten support from agency

FERC) and lead state agency, if one, and pro- management?
vide a key agency contact to ask and answer
questions early. v ldentified key issues and

: _— N information needs
Establish coordination and early participation orma ce

procedures among agencies. v Decided on coordination

Consider attending public meetings in order procedures?
to provide your agency’s perspective and ex- _ _
plain your role in the process. v Attended public meetings?

11



Consider Multiple Agency Coordination and Joint Participation

Encourage team permitting to improve your agency's internal and . }
external processes. Team permitting could reduce redundant re- Coordlnatl(?n with
view and provide information concurrently to al interested par- other agencies can

ties reduce timing for
Federal agencies should coordinate regulatory review and ap- reviews and
provals at the federal level early. approvals.

State agencies should coordinate regulatory review and approvals
at the state and local level early.

Determine whether your agency has public notification rules and/or needs to hold public
meetings. Consider whether another agency’s meeting could fulfill the requirements.
Agencies that must involve the affected public and stakeholders before making their rec-
ommendations and decisions.

Even if your agency cannot commit to early involvement, know where to get information
and stay informed.

Consider creating a document that shows how agencies work with other agencies so citi-
zens know how to work with the system.

Consider creating an agency forum for discussion and resolution of common issues.

If resources prevent agencies from timely responses or actions, consider third-party fund-
ing by the project proponent to assist the agency.

Ensure that decision makers and required technical staff are involved early in the process
so that accurate issues and needs are reflected early and decisions can be made more ac-
curately and quickly.

Define Agency Information Needs and Timing Requirements Early

It is very important to identify information and timing requirements as early in the process as
possible. When issues about the project, the process, and likely conflicts or potential out-
comes are defined and acted on early, the process can go more smoothly and efficiently.

Be clear about what information your agency needs and when you need it—have your
requirements published clearly. Examples may be specific route surveys, survey results,
landowner information (approved or denied survey access, etc.), and timing of when all
remaining information must be submitted.




| dentify where and when decisions will be made and who will }
Identify

make them.

“show-stoppers”
If there are any "show stoppers’ identify them as soon as possible. as early as
Examples: If state/local agency code/regulations have siting
guidelines or requirements that conflict with FERC's routing
criteria, or would require use of established "utility corridors’
that are not conducive to a proposed project's end points.

possible.

Agencies should give early and honest feedback on route aternatives. Make sure you
supply whatever information you have.

Agencies should identify any known cumulative effects (both beneficial and adverse im-
pacts) and any growth that will occur in the project area. These should include location
and timing information about any known development or other projects in the vicinity of
the proposed pipeline.

Address Mitigation Needs As Soon As Possible

If resource impacts are unavoidable, but can be mitigated or otherwise compensated for,
identify potential options which satisfy your concerns, as early as possible.

Identify if compensation will be required.
Explain who is responsible for developing mitigation plans.
Conclusion

Although different agencies can often have conflicting priorities and responsibilities, early
and effective coordination can help prevent obstacles. It isimportant to know how to get in
formation and to decide early on how different federal, state, and local agencies will work
together in the most effective manner.
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Citizen Action Options

Citizens Have a Unique Role: Take Advantage of
Your Opportunity to Participate

Citizens and landowners are unique in the natural gas pipeline siting process for severa rea-
sons. While the pipeline company is proposing the action, and the government agencies are
actively involved in the permitting process, citizens are often passively swept into the proc-
ess. While the pipeline companies and the agencies participate in the process in the context
of doing their jobs, the citizens not only must take time off from their jobs to participate, but
their stake in the outcome may be more personal; the project affects their own property and/
or community.

The challenge for citizensis to develop resources that enable active engagement in the proc-
ess, objective application of the process, easier identification of direct or indirect project
benefits, and greater access to information. In order to be involved in the most productive
way, citizens should get involved early and make an effort to understand the process

Get Involved Early and Stay
Informed

Every pipeline company and every natural gas pipeline siting project is different. Projects
that are large or new take longer to plan than

smaller expansions of existing systems. The dif-
ference can depend on geography, the company’s
culture and the type of community that may be im- .
pacted by the siting process. Getting involved v Identified Company contacts?
early and staying informed is a citizen’'s best strat-
egy for ensuring that their needs are met and their | v Learned about the siting
questions answered. process?

HAVE YOU:

As soon as you can become involved, seek out

information pro-actively; don’'t wait for it to
cometo you. If you wait, you could lose an

v Checked the pipeline com-
pany’s web site?

opportunity. .
PPOTEUNILY v Given feedback on how the
p  Constructive participation will get you company or agencies can im-
more answers and information. Partici- prove communication?

pate from a foundation of knowledge
and fact rather than emotion and ru-
mors.
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¢ Let the company know if you are interested in participating in the planning stage (where
the route is determined) and not just the permitting stage (where the route is reviewed by
regulators and agencies).

SOME SOURCES OF

¢ Recognize what information the companies INFORMATION INCLUDE:
are obligated to provide and what informa- |, Fgpc Regulations
tion is not available. 18CFR380

= Ask questions and follow through cee o
until they are answered to your e FERC Landowner Notification Rule

satisfaction. 18CFR157.6(D)

= Although you should be prepared to .
wait for answers, you should also |+ FERC Website

balance that with being assertive http: / /www.ferc.gov

when it comes to asking for

information you should have. o Interstate Natural Gas Association
= Lots of information is on web sites of America

(companies, agencies); make use of www.ingaa.ord

it.

= See the Industry Action Options for
information about what resources
should be made available to
citizens; ask about them.

= Make sure you get the project

Companies’ Websites
http: //www.ferc.gov /industries /
gas/gen-info /pipecomp.asp

manager’s name and contact
information so that you have someone to call if you have questions.

+ Understand that your active participation in a company’s project can add value. Regard-
less of your opinion, it is in the company’s best interest to work with you rather than
against you.

= Decide if you want to be involved in decisions regarding routing and/or
construction impact mitigation.

= When you send in comments to FERC, also send a copy to the company so they
are immediately aware of your opinions.

¢ Explore whether your local municipality, county, or citizen organization will represent
you as a group.

¢ Know the name and phone number of the company land agent’s supervisor or the num-

ber of the company/landowner hotline. Don’t hesitate to call if you feel you are not get-
ting answers or if you think you are being treated unfairly; the company wants to know.
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+ Consider asking the company if any aid to public participation
such as reimbursement for time and expenses is offered so you
can be involved in the process. Every company has a different can add valuable
approach to how to handle this so don’t be surprised if the com-

Your participation

pany _you are working with tells you it is against their policy to project
provide compensation for your time or expenses. information to the
. pipeline

Do Your Homework to Ensure Your Involvement is ,
company'’s

Productive
planning process.

The process of siting natural gas pipelines is complicated and in-
volves lots of participants and details. The following can help you be
sure you are informed about the process and how you can become a partner in that process.
Know the Participants
¢ Understand the mission and business plan of the company proposing the project.
= Check their web site and public mailings.

¢ Understand the role and mission of the FERC and its processes.

= Check the FERC web site at
http://www.ferc.gov/for-citizens/my-rights/citizen-quides/citz-quide-gas.pdf

¢ Understand the role of federal, state, and local agencies.

+ Understand how your first tier local government can work for you. Your local
government or community may be able to be your advocate.

Know the Process

+ Understand the concepts of eminent domain, federal preemption, and public convenience
and necessity.

+ Understand the process of the National Environmental Policy Act of 1969 (NEPA). Itis
a statute that requires a federal agency to be aware of the environmental impacts of its
decisions.

¢ Understand that the pipeline company will respect you for your honesty, just as you re-
spect them for theirs.

¢ Understand that the regulatory review and approval process may not move as quickly as
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the agencies involved to ensure a smoother process.

Find out what survey permissionis and what survey companies do (e.g. number of days,

extent of work, etc). Be informed.
Becoming a Partner

Determine whether there are, or could be,
direct or indirect benefits of the project to
your community and to you personaly.

Y our knowledge can help accomplish the

goals of the company in away that meets
your needs at the same time.

Allowing surveys is not the same as granting

aconstruction easement. Consider allowing

the company to complete its surveys on your

property as they may document enviror+

mental or engineering constraints if they ex-

ist. You may seek the advice of counsel if

you are concerned.

Improve informational resources. If FERC's
or a pipeline company’s landowner brochure

doesn’'t meet your needs, tell them and sug-

gest ways to improve them.

Conclusion

TYPICAL TYPES OF
SURVEYS INCLUDE:

Civil surveys,

Geotechnical surveys,

Cultural resource surveys,
Wetland delineation surveys, and
Threatened and endangered
species surveys.

Some types, (especially geotechnical
and cultural resource surveys), typi-
cally require localized excavations
at predetermined intervals.

All surveys require that the surveyor
have access to the land. Once access
IS granted, various surveyors may
visit the property intermittently over
a period of time.

There are ways for interested citizens to get involved in the pre-filing stages of natural gas
pipelines that could affect their community. It isimportant that al stakeholder groups work
together to ensure that citizens are actively engaged in the process, understand direct and in-
direct project benefits, and have greater access to information. Early involvement and better
understanding will increase public participation and allows citizens to make their views

known.
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FERC Staff Action Options

FERC’S Role as the Lead Agency

There are many questions regarding FERC's role in siting natural gas pipeline facilities and
how FERC's process is connected to those at other agencies, particularly state agencies.
Landowners clearly look to FERC to provide more information than is currently available.
Further, natural gas companies look for additional help from FERC to coordinate the efforts
of all the other permitting authorities. There are several action options that can address re-
quests for greater staff participation and other resources to aid the various stakeholders in the
planning process. Options include: making an effort to keep information up-to-date, offering
training to share information, and committing to get involved inthe process early.

Commitment to Providing Up-to-Date Information

The FERC web site was revised in the spring of 2001 and represents a marked improve-

ment in appearance and the organization of information. Al-
though it is more user friendly and it's easier to find the informe= e FERC staff can

tion you need, no new functionality was built into the latest re- become involved
lease. FERC is considering further upgrades. Comments received  in projects during
at the seminars regarding the web site included requests for: the pre-filing

stage.

P Summary and status information for major projects. The
summaries could also include links to the applicants project web site.

p  Criteria, requirements, and documentation for getting approval for the NEPA pre-

filing process.

A “home’ for pre-filing (pre-docket number) project information.

p State-by-state links to relevant agencies so landowners can use the FERC site to
get local info.

p A guide on how to contact FERC and ask that they get involved in a project.

A landowner chat room where subject matter experts could respond to questions.

p  Other specific requests to solve problems such as retrieving filed information
from the RIM S system.

p Dataon future projects.

p A list of contacts if people have further questions.

T

iv)

FERC staff and/or other resource agencies (the Energy Information Administration,
PUCs) should work to generate information about the big-picture market for natural gas
and the need for natural gas on aregiona basis that could be presented to various stake-
holder groups.
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During the decision making process, FERC should be sensitive to the difference between
survey permission and landowner support of a project.

FERC should enhance the existing brochure "An Interstate Natural Gas Pipeline on My
Land? What Do | Need to Know?' to include information such as:

p Theavailability of information on the FERC's web site.

P Resources available to landowners (e.g., INGAA web site).

b Materias that companies are required to provide to landowners and others under
the Landowner Notification Rule - when it is provided and to whom.

P What types of routing changes and landowner benefitsin easement agreements
can be negotiated without FERC approval, as FERC will not be involved in ease-
ment negotiations.

p Clarification on how alandowner can become an intervenor.

FERC should conduct exit interviews with landowners after each project that implements
pre-filing involvement to better understand where problems were and how those prob-
lems were solved. Debriefings on completed projects could be used to determine im-
provements to future projects.

FERC should prepare a scoping summary to address issues raised during scoping.

Consider establishing a single point of contact to answer questions.

Training to Improve the Process

FERC will offer training (mainly for industry and consultants) on Revised Regulations for
Environmental Reports (Minimum Environmental Filing Requirements). FERC is currently
planning a series of training sessions; please see www.ferc.gov for session dates, locations,
and other details. Training will also be offered on Environmental Compliance. FERC can
also use these training sessions to provide information to professional participants and to dis-
seminate information on new methods and protocols that improve the NEPA process.

A Commitment to Early Involvement by FERC Staff

By getting

Improve programmatic coordination between the FERC and Ig\éggiiﬁﬂg?/’
other permitting agencies to expedite natural gas projects. coor dinatg
b FERC can make staff available to attend agency coordina- agency and
tion meetings either before or after the filing of an applica N Cltlzen

tion (subject to staffing limitations). participation.

p If needed, help develop interagency or project-related
Memoranda of Understarding between FERC and interested agencies to establish
jurisdiction and responsibilities.
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FERC could help achieve consensus in route planning and issue identification and reso-
lution at the earliest possible point (i.e., before the filing of an application). FERC is cu-
rently in the process of initiating pre-filing environmental reviews. It islikely that
FERC’sinvolvement in each project will be slightly different depending on the case-
specific circumstances. Typically the goal would be to issue a draft EIS very shortly af-
ter an application isfiled. Adequate time should be allotted in the pre-filing phase to
conduct scoping meetings, field surveys, and to compile the reports that are required to
support the coordinated review by agencies, FERC, and third-party consultants.

Asthe lead federal agency, FERC could advise other agencies of their role in the pre-
filing application process.

FERC should consider expanding its process to include giving responses to all levels of
government officials. This response policy would help pipelines in addressing issues at
the local level.

Conclusion

FERC could provide more information to stakeholders and coordinate efforts among agen
cies. FERC's early involvement should improve communication between stakeholders and
could expedite the process.
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Glossary

Construction easement

The area of land, or “footprint” that is disturbed or used for construction of the pipeline.
Thisareais typically larger than the “ permanent easement” and includes extra work areas for
activities such as egquipment staging, topsoil storage, stream and road crossings, and right-of-
way access during construction.

Construction impact mitigation

Those measures that are implemented in order to reduce or undo the potential damages in-
curred during pipeline construction such as soil erosion on slopes that have been cleared and
graded. Inthisexample, water bars or slope breakers could be installed across the slope to
minimize erosion caused by precipitation and the resultant siltation of nearby streams. State
and Federal agencies often attach many construction mitigation requirements to their li-
censes and permits.

Draft EIS
A draft Environmental Impact Statement issued by the lead federa agency for a 45-day com
ment period.

Easement agreements

The legal document, signed by both the pipeline company official and the landowner, that
specifies the route, work areas, amount and method of payment, if any, and other terms such
as restrictions on the use of the land, and possible future expansions of the pipeline.

Easement and damage payments

Payments made by the pipeline company to the landowner or land- managing agency for the
easement or damages resulting from pipeline construction. Damage payments, if necessary,
would be in addition to standard payments for the right-of-way easement.

Easement negotiations

Those discussions between pipeline-company official and landowner about the specific
terms of the easement that may or may not result in a signed agreement. These discussions
are usually conducted by land agents representing the pipeline companies.

Eminent domain
The right of a government to seize private property for public use in exchange for payment
of fair market value.

Energy Information Administration (EIA)
The Energy Information Administration (EIA), created by Congressin 1977, is a statistical
agency of the U.S. Department of Energy. They provide policy-independent data, forecasts,
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and analyses to promote sound policy making, efficient markets, and public understanding
regarding energy and its interaction with the economy and the environment.

Environmental review

From the Federal perspective, implementing the independent review, agency consultations,
and scoping out of issues that are part of administering the mandates of the Nationa Envi-
ronmental Policy Act (NEPA). Depending on the project’s size, complexity and level of
controversy, this review may take between three months to over one year.

Federal preemption
With respect to natural gas pipeline systems under the jurisdiction of the FERC, this broad
legal concept means that Federal authority supersedes the state or local authority.

Formal certificate review
The formal review of an application under the Natural Gas Act which considers, in addition
to environmental issues, rates, markets, financing, and other business issues.

Independent System Operator (ISO)
Organizations that manage the transmission portion (as opposed to the generation portion) of
the electric industry.

Intervenor

Someone who wishes to participate in a proceeding and therefore files a petition to intervene
with the Commission for a particular case. In their filing, an intervenor may additionally
state whether or not they wish to protest the application and whether or not they seek afor-
mal hearing on the application.

Land agents
Those representatives of the pipeline companies who are dispatched to acquire the right-of-
way for the proposed pipeline project.

Lead federal agency

When more than one federal agency has permitting authority for a project, the agencies often
designate alead Federal agency to supervise the preparation of the EA or EIS. The FERC is
frequently the lead Federal agency for natural gas pipeline projects.

Open season

A process in which a pipeline company solicits market interest for new pipeline transporta-
tion services. Thisis done as part of the pipeline company's planning process to help it deter-
mine the economic feasibility for a project.

Pre-filing time frame
The period of time before an application is filed at the FERC.

Public convenience and necessity
Synonymous with "for the good of the genera public’. Generally, if the Commission deter-
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mines that there is sufficient need for a project after the consideration of all relevant factors,
then it is determined to be in the public convenience and necessity and, it will be processed
and issued a " certificate of public convenience and necessity” or license. These "certificates”
carry with them the power of eminent domain.

RIMS
The Record Information Management System (RIMS) is the database where case-specific
information is stored electronically. It is accessed viathe Internet at www.ferc.gov.

Route variation

Relatively small deviations from the proposed route that are meant to avoid some environ
mentally sensitive area. Route variations usually depart from and then rejoin the proposed
route within a short distance.

Scoping

In the context of NEPA, scoping is the process of asking the public and other agencies to
identify any environmental issues that should be considered in the environmental analysis of
the pipeline project.

Side jobs
Activities which are not related to work required for the pipeline construction but which the
pipeline company may be willing to do for alandowner as part of the easement negotiation.

Survey

Typical types of surveysinclude civil surveys, geotechnical surveys, cultural resource su-
veys, wetland delineation surveys, and threatened and endangered species surveys. Some
types, especially geotechnical and cultural resource surveys, typicaly involve localized ex-
cavation at predetermined intervalsin order to collect the desired data. The other types of
surveys usualy only involve walking the pipeline right-of-way, taking measurements and
observations and may involve taking small samples such as soil and plant samples. All sur-
veys require that the surveyor have access to the land being surveyed. Survey permission
forms may be used to document landowner agreement to alow access. Once access to the
land is granted by the landowner, surveyors may visit the property intermittently over a pe-
riod of time.

Team permitting

An approach that some states have adopted to issuing the many various environmental per-
mits for a particular project whereby the agencies involved coordinate with each other (and
the applicant, public, and cooperating agencies) and issue all their respective permitsin one
action.

Test holes

Small excavations or borings performed in the process of surveys such as cultural resource
surveys or geotechnical surveys.
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1.1 Overview

The scope of Task 5A is to identify and evaluate the potential for geologic
sequestration in the South Shore, Kentucky area. This task evaluates likely
transportation costs and issues associated with carbon storage via pipeline and

likely rock layers (storage units) in the Southeast Ohio — Northeast Kentucky region.

The US Department of Energy (DOE) Office of Fossil Energy National Energy
Technology Laboratory (NETL) has produced the Carbon Sequestration Atlas (2008,
2" Ed.), which provides a detailed overview of carbon storage across the United

States. As a companion, NETL continuously updates their website

(http://www.natcarb.org/index.html) to reflect the work progress described in the
Atlas. For background information on national carbon storage issues and research,

this would be a good source.

This report has taken general information supplied by NETL and provided additional
site specific data for the Southeast Ohio-Northeast Kentucky region, where it is
available. The report evaluates carbon dioxide transportation and storage in this

region.

In general, carbon dioxide can be transported in refrigerated tank cars, trucks, barge
and pipelines. However, to move large amounts of carbon dioxide without
interruption from the point of capture to the point of sequestration, a pipeline is the
most economical means of transport and is being used by the oil industry to
transport carbon dioxide from natural sources to oil fields for enhanced recovery.
Chapter 2 will focus on issues associated with transporting carbon dioxide from

industrial sources by pipeline.

The storage of carbon dioxide (geologic sequestration) is evaluated in Chapter 3.
While carbon dioxide has been used for decades for enhanced oil recovery (EOR) in

the western United States, the industry has not developed criteria for monitoring and
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verification of long term storage. In addition, oil and potentially gas reserves do not
have enough capacity to store all the carbon dioxide currently emitted. Geologists
and engineers are researching other geologic formations that can be used to store
carbon dioxide over several thousand years. This report discusses the most viable
geologic formations to store carbon dioxide in the region of northeastern Kentucky
and southeastern Ohio Geologic data has been compiled and interpreted by the
Kentucky Geological Survey (KGS) and SMG staff. Sources for the information
were made available by the KGS and Ohio Geological Survey (OGS).

Conclusions are provided in Chapter 4 based on the evaluations in Chapter 3 for the
potential for sequestration. As more research and projects are completed, the
estimates presented within this report can be refined.
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CHAPTER 2: CARBON DIOXIDE TRANSPORTATION
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2.1 Overview of Carbon Dioxide Transportation

To deliver carbon dioxide from the plant to the storage site for either storage or
enhanced oil recovery (EOR) and enhanced gas recovery (EGR), transportation
must be available and economical. The South Shore site is located on the Ohio
River, the main CSX rail line, and Highway 23. The site has remnants of a rail loop;
and there are 11 cells remaining in the Ohio from the former Eastern Terminal Coal
facility at the site. Site development plans are to rebuild both the barge facility and
rail loop. Gasification facilities measure their product by barrels produced, the
following table shows a comparison of the possible transportation media for a 10,000
barrel per day (BPD) facility. A 10,000 BPD site would produce approximately 8,217

tons of carbon dioxide emissions per day or approximately 3 million tons per year.*

CO, Transportation Overview

Rail Truck Barge Pipeline
(tank car) (14 to 12 inch line)
Capacity of one unit 80 tons 20to 24 tons 1200 tons
Approximately
: 8800 tons
Number of Units to hold Daily*

1 day of CO, Emissions 100 334 to 400 6.7
(based on 8,000 TPD)

*Dakota Gasification Company (Dakota Gas) sends super-critical CO, from its Great Plains Synfuels Plant through a 205-mile
14-inch and 12-inch carbon steel pipeline to an oilfield near Weyburn, Saskatchewan, Canada. It currently sends 8,000 metric
tonnes at 152 bar using two compressors.

The use of trucks would be least efficient in transporting carbon dioxide from the
site. While barges have greater capacity than rail or truck, carbon dioxide barges
are not currently manufactured in the United States. Therefore, this section will
concentrate on transportation by pipeline. Transportation of carbon dioxide by
pipeline is currently the most common and economical method for transporting large

guantities over modest distances.

! Technologies for Producing Transportation Fuels, Chemicals, Synthetic Natural Gas and Electricity from the
Gasification of Coal. Center for Applied Energy Research. July 2007.
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2.2 Pipeline Transportation

The movement of carbon dioxide by pipeline will require a pipeline system which will
be closely linked to its storage. According to the National Pipeline Mapping System
there are no carbon dioxide pipelines in the state of Kentucky or in close proximity to
the site, but there has been legislation passed in Kentucky in preparation for
planning and construction of a carbon dioxide pipeline.? The legislation and
regulatory work required to develop carbon dioxide pipelines in Kentucky are
discussed at length in a companion report.

This chapter will focus on construction and construction issues associated with a
carbon dioxide pipeline. The majority of all carbon dioxide pipelines in the US are
located in the south central region, where carbon dioxide is pumped from a natural
source and used primarily for enhanced oil recovery projects. Issues not associated
with these pipelines such as water content, locations in populated areas and
transportation pressures will require research and design parameters for carbon

dioxide from man-made sources.

2.2.1 Overview of Compression and Transport Process

For this report, we have included the cost of compression in the overall cost
estimates of transporting carbon dioxide. Once the carbon dioxide is captured, it is
compressed from 0.1 megapascal (MPa) to 15 MPa. The pascal is the standard unit
of pressure and is equal to about ten atmospheres. The number of compressor
stages to achieve the new pressure will vary, but we can assume five compressor
stages®. Based on current technology, one compressor train will consume 40

megawatts (mW) of electricity during a compression cycle.

2 Kentucky Revised Statute 353.750.

¥ McCollum, David L. and Joan M. Ogden (2006) Techno-Economic Models for Carbon Dioxide Compression,
Transport, and Storage & Correlations for Estimating Carbon Dioxide Density and Viscosity. Institute of
Transportation Studies, University of California, Davis, Research Report UCD-ITS-RR-06-14.
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Once the carbon dioxide is compressed then the gas must be pumped through the
pipeline. The following table illustrates the power requirements for the compression

and pumping of the carbon dioxide®.

Power Requirement of Compressors and Pumps

120,000

== Compressor Power (W_s)
== Pump Power (W_p)

100,000 4

80,000

60,000 +

Power [kW]

40,000 +

20,000

0 5,000 10,000 15,000 20,000 25,000
CO,; Mass Flow Rate [tonnes/day]

Figure 1: Power Requirement of Compressors and Pumps as a Function of CO; Mass Flow Rate

As you can see, power requirements for pumping and compression are significant

and should be considered in the cost of construction and operation of a pipeline.

2.2.2 Construction and Operating Costs

Carbon dioxide pipeline cost-construction models developed at Carnegie Mellon
University determined the capital costs would be approximately $6,000,000 to
construct an 11-mile pipeline in the Midwestern United States with a transmission
capacity of 10 million tons of carbon dioxide annually, which is about 3 times what
our site would have. The cost would be approximately $0.10 per ton of transported
carbon dioxide, including costs for compression, which includes a 0.15 capital

recovery rate per year.’
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Using the carbon dioxide pipeline transport model developed by MIT (Massachusetts
Institute of Technology), Carnegie Mellon researchers estimated an ongoing cost of
$0.34 per ton of transported carbon dioxide, with 92 percent being capital costs and
8 percent being O&M*. This estimate is for a 30-km (18.6-miles) pipeline and a mass

flow rate of 4,670 tons per year (tpy) in Central Alberta, Canada.

A study from the University of California provides a breakdown of costs in terms of

percentage of total construction costs.

A University of California study analyzing the costs of U.S. transmission pipelines constructed
between 1991 and 2003 found that on average, labor accounted for approximately 45% of
the total construction costs. Materials, rights of way, and miscellaneous costs accounted for
26%, 22%, and 7% of the total costs, respectively. Carbon Dioxide (CO,) Pipelines for

Carbon Sequestration: Emerging Policy Issues (2007).5

McCollum, et al (2006) calculated the annual O&M costs to be 2.5 percent of the
total capital cost. This value holds true in their model over a wide range of flow rates

and pipeline lengths.

These studies indicate there is a large range of cost estimates generated by
researchers. As pilot projects move forward with geologic storage, researchers will

be able to predict costs more accurately.

Both Denbury Resources Inc. and CH2M Hill have announced carbon dioxide
pipeline projects this year. Denbury plans to build a pipeline from Donaldsonville,
Louisiana to a mature oil field between Houston and Alvin, Texas. CH2M Hill
announced it has been awarded a contract to build a 230-mile pipeline from Lost
Cabin Gas Plant in Wyoming to the Bell Creek Field in southeastern Montana.

* McCoy, Sean T., Rubin, Edward S. (2005). Models of CO2 Transport and Storage Costs and Their
Importance in CCS Cost Estimates. FOURTH ANNUAL CONFERENCE ON CARBON CAPTURE AND
SEQUESTRATION DOE/NETL PROCEEDINGS MAY 2-5, 2005.

® CRS Report for Congress, (2008). Pipelines of Carbon Dioxide Control: Network Needs and Cost
Uncertainties.
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These will be EOR projects, but can provide updated costs and construction

information for later sequestration projects.

2.2.3 Financing

In 2007, House Bill 102 (HB 102) was adopted by the Kentucky Legislature. HB 102
granted the Kentucky Gas Pipeline Authority the power to facilitate carbon dioxide
pipeline projects. The primary purpose of the Kentucky Gas Pipeline Authority is to
provide a financing mechanism for the construction, improvement or repair of any
gas pipelines or appurtenant facilities. Financing mechanisms include the issuance

of state revenue bonds, and notes.?

With financial assurance, a carbon dioxide pipeline could commence. A pipeline
project will fall within the Kentucky Gas Pipeline Authority’s jurisdiction, which has
been granted the power to acquire property, rights, easements, and other interests

to facilitate the construction of the pipeline project.®

2.2.4 Pipeline Construction
According to Barrie et al., typical pipeline-engineering considerations include:

pressure, temperature, gas mixture composition, corrosivity, and pipeline control. ’
These parameters effect construction and costs. This section provides a summary
of those issues.

The most used operating pressure is between 7.4 and about 21 MPa. Above 7.4
MPa, CO, exists as a single dense phase over a wide range of temperatures.
Clearly a transmission pipeline can experience a wide range of ambient
temperatures, so maintaining stability of this single phase is important in order to
avoid considerations of two-phase flow that could result in pressure surges. Two-
phase flow means the CO, exists in the pipeline as both a gas and a solid causing
“dry-ice” build up.

® Kentucky Revised Statute 353.756
" Barrie, J., Brown, K., Hatcher, P.R., Schellhase, H.U., CARBON DIOXIDE PIPELINES: A PRELIMINARY
REVIEW OF DESIGN AND RISKS, University of Regina (2009).
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Contamination of the carbon dioxide gas can have catastrophic effects in the
pipeline. Contamination can simply be water vapor in the gas mixture. Too much
water causes development of carbonic acid in the pipe, which will lead to
deterioration of the pipe material leading to a rupture. Water vapor can also cause
phase shifts in the pipeline (freezing, ice formation). For transport and storage

purposes the carbon dioxide gas needs to be 98 percent pure.

As an example, the risk to humans from a pipeline rupture must be assessed and

planned for responses. Barrie et al suggests a need for Emergency —Response

Planning.
“Knowing that most CO, pipelines may have a number of incidents per year, designers must
ensure that adequate procedures are in place to handle leaks and that there is a review
process with an emergency-response (ERP) team during the risk-review study. Odorization of
CO, in pipelines appears to be a necessity to ensure that there is early detection of leaks.
The disadvantage with this detection approach is that there may not be an increase in the
odor level to indicate when lethal limits are being approached. Special precautions and
design elements need to be investigated and incorporated as necessary. It is critical that a
thorough study be made of the routing, terrain, and seasonal effects, to ensure that a good
dispersion study is performed to assist the ERP team to immediately identify evacuation

needs.”

In Europe, Det Norske Veritas (DNV), with industry partners, is developing new
guidelines for design and operation of onshore and offshore pipelines for the

transmission of carbon dioxide. According to DNV,

“There are various codes and standards available that are applicable to pipeline design and
operation including the U.S. Federal Code of Regulations, ASME Standards B31.4 and
B31.8, IP6, BS EN 14161, BS PD 8010, ISO13623, APl RP1111 and DNV OS-F101. The
guideline under development will provide specific guidance with respect to CO, and will

supplement the existing pipeline design standards. "8

® Fraydis Eldevik, 2008, Safe Pipeline Transmission of CO2 , Det Norske Veritas (DNV). November 2008 Vol.
235 No. 11
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As the carbon dioxide transportation industry further develops, it is expected that

new guidelines will be incorporated into industry standards and regulation.
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CHAPTER 3: STORAGE POTENTIAL
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3.1 Overview of Carbon Storage

Passive sequestration is the most economical method for carbon dioxide storage,
and includes enhanced oil recovery (EOR) and enhanced gas recovery (EGR).
Since reuse of carbon dioxide can be limited, the report discusses geologic

sequestration, storage at depths below 2500 feet.

The geologic study area includes all of Greenup and Carter Counties in Kentucky
and Scioto County, Ohio. In addition, the study area includes portions of Lewis,
Rowan, Elliott, and Boyd Counties (Ky.) and Adams, Pike, Jackson, and Lawrence

Counties in Ohio (see index map).

Information presented in this section is based on regional research and limited local
information from well logs and literature. As research continues, information
presented here will be refined and is expected to be confirmed. Information on
storage in unproven reservoirs is presented with the understanding that testing in
these areas will be required.

More detailed studies of the region are provided by Midwest Regional Carbon
Sequestration Partnership (MRCSP) (http://216.109.210.162/ PhaselReport.aspx) in
their Phase | Final Report 2003-2005 (December 2005), the Ohio Geological Survey
(http://www.dnr.state.oh.us/Default.aspx?alias=www.dnr.state.oh.us/geosurvey), and
KGS along with the Kentucky Consortium for Carbon Storage (KYCCS)

(http://www.uky.edu/KGS/kyccs/). Regional information concerning specific

characteristics of geologic units has been obtained from these sources.

The following data and sources were compiled for the study:
1. Locations of all oil and gas, and waste disposal wells penetrating the Cambro-
Ordovician Knox Group or deeper (Kentucky and Ohio Geological Surveys)
2. Formation tops for geologic units from the top of the Ordovician to

Precambrian (Kentucky and Ohio Geological Surveys)
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3. Available digital geophysical logs for Knox and deeper wells (Kentucky and
Ohio Geological Surveys)

4. Digital oil and gas field maps for Kentucky and Ohio (Kentucky and Ohio
Geological Surveys)

5. Public domain reflection seismic data (2 lines in Greenup County, Kentucky)

6. Various geologic and engineering data from the Aristech Class 1 hazardous
waste disposal site in Scioto County, Ohio (obtained from Ohio Geological
Survey)

3.1.1 Physical Properties of Carbon Dioxide

It is important to understand the basic properties of carbon dioxide in the geological
system. This section briefly describes its characteristics. For more detailed
information, research papers are available on this topic. For purposes of

understanding sequestration potential, the following information is provided.

Carbon dioxide can exist in four phases: solid, liquid, gas, and super-critical gas. At
pressures greater than 1,071 psia (pounds-force per square inch absolute) or 7.38
MPa, and a temperature of 87.8 °F carbon dioxide is a supercritical gas, which acts
as a gas that fills available space but has a density of a liquid. The higher density of
the super-critical phase means more carbon dioxide can be stored in the same
volume than the gas phase. Depending on actual temperature and pressure of the

sequestration target, storage capacity can be several hundred times larger.
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As reported by MRCSP, given the following assumptions about this geographic
region, carbon dioxide becomes supercritical at approximately 2,500 feet below
surface.

e Average surface temperature of 56 °F, and 14.7psia at sea level or 0.1 MPa

e Pressure gradient 0.433 psia/ft (increasing with depth) or 0.003 MPal/ft

e Temperature gradient 0.01 °F/ft

Therefore, storage of carbon dioxide at depths shallower than 2,500 feet will be in a
gaseous state, and depths deeper than 2,500 feet will be as a super-critical gas. For
comparison, at standard temperature and pressure carbon dioxide has a density of
0.1124 Ibs/ft®> while at the critical point it has a density of 29.09 Ibs/ft®, which means
that more CO, can be stored in the same volume when it is in the supercritical stage.

Other physical properties of carbon dioxide include its ability to dissolve in brine

(salt) water. As the salt concentrations increase, the ability for carbon dioxide to
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dissolve in the brine decreases. This is important in the saline aquifers being

evaluated as target formations.
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3.2 Geologic and Geographical Setting

The storage of carbon dioxide will be within sedimentary rocks, such as sandstones
and limestones, with higher porosity and permeability. The sedimentary rocks, such
as shales and some limestones with low porosity and permeability, are used to trap

the carbon dioxide and are located above the storage zones.

Deep rock units in eastern Kentucky
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3.2.1Geographical Setting

South Shore, Kentucky is located in northeast Kentucky along the Ohio River and
downstream from Ashland (Figure 1). It is the western part of the Appalachian
Basin and part of the Ohio River Valley. This area is characterized by flat
floodplains of the Ohio River to the north giving way to rolling hills (foot hills) of the
Appalachian Mountains. South Shore is located along the Ohio River at river mile

351.0 and the site is within this flat floodplain area.

ANALYSIS OF CARBON CAPTURE AND SEQUESTRATION POTENTIAL TASK 5A
NETL Cooperative Agreement # DE-FC26-06NT42449 Page 17



3.2.2 Geological Setting

South Shore is near the Waverly Arch which trends north-south through
Northeastern Kentucky. The Waverly Arch appears to have been active during the

late Cambrian and Ordovician during deposition of the Beekmantown formation.

Since South Shore is on the arch (upwarping) as opposed to part of the Rome
Trough (downwarping), the depth to basement granitic rock is less. In this area,
basement is between 5,000 and 6,000 ft. Further to the north and south and east
the basement rock can be at a depth of greater than 8,000 feet below the surface.
Basement is the lowest elevation that CO, can be stored since the granitic rocks do
not have pore space for storage.
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3.3 Geologic Storage Units

Over the last several years regional formations have been identified by KGS as
potential targets for sequestration of carbon dioxide. Organizations such as the
Midwest Regional Carbon Sequestration Partnership (MRCSP), which includes the
Kentucky Geological Survey (KGS), have begun compiling existing information and
researching formations with regional distribution and the potential for storing carbon
dioxide. Test wells for deep sequestration in this region have been conducted in
Ohio, West Virginia and Kentucky. Information gathered from these tests will
provide a better understanding of the geology and its capabilities for storing large

amounts of carbon dioxide over long periods of time.

Based on experience in the oil and gas industries, scientists have been focusing
sequestration research on saline aquifers where good permeability and porosity are
present. As research has developed, the focus on sequestration targets has

broadened to include the Devonian Shale and Knox dolomites.

3.3.1 Enhanced Oil and Gas Recovery
Oil and gas production is of interest in carbon storage because these areas offer

potential to use CO; in enhanced oil and gas recovery (EOR and EGR), thus
providing revenue to the CO, producer. EOR and EGR have been used
successfully in the West Texas Permian Basin using carbon dioxide shipped via
pipeline from Colorado. These fields are extensive and deep in comparison to those
found in Eastern Kentucky and Southern Ohio. EOR and EGR have not been
extensively tested in this part of the U.S. Most of the oil and gas producers are
small companies with little capital to invest in testing carbon dioxide. Therefore, the
most attractive fields for carbon storage will be mature fields that have used water

flooding in the past and have data to support testing carbon dioxide.
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The locations of oil and gas pools in the study area are shown on the oil and gas
pool map (Figure 2). Red outlines on the oil and gas map indicate gas fields and

green outlines indicate oil fields.

North of South Shore, In Ohio, production is entirely natural gas. The primary
reservoir is the Devonian Ohio Shale, an unconventional reservoir that serves as
both the source of the gas and the reservoir. Natural gas (primarily methane) occurs
in pores in the rock, and is adsorbed on clay and kerogen surfaces. This is
analogous to methane that is attracted to organic matter in coal beds (coalbed
methane). Work by Nuttall (2005) has shown that carbon dioxide can also be
adsorbed onto the organic matrix in black shales, and has a much stronger
adsorption capacity than methane. While still in the experimental stage, there is a
possibility that injection of carbon dioxide into the Devonian shale will result in
adsorption and trapping of carbon dioxide with displacement of additional methane
into producing wells. This mechanism of enhanced gas recovery has been
demonstrated in coalbed methane wells in the San Juan Basin of the southwestern
US. The validity of this concept in organic shales will be tested by the KYCCS in the

next year.

The gas pools in Scioto County, Ohio produce from the Devonian Ohio Shale and
the Mississippian Weir (Borden Formation.). The pools in Pike and Jackson County,
Ohio are primarily Devonian shale producers. Gas is produced from Silurian Clinton
sandstones in Lawrence County. Production data from these counties is available
from the Ohio Geological Survey, but was not reviewed for this study. The Ohio gas
fields may offer potential for the use of carbon dioxide in enhanced gas recovery, but

the viability of this technique in organic-rich shales has not been proven.

The Devonian Ohio Shale also produces natural gas in northeast Kentucky, primarily
from the two pools in Boyd County, the Ashland and Mavity fields. These fields
produce gas from Pennsylvanian Salt Sands, Mississippian Maxon, Big Injun, and
Berea sandstones, and the Devonian Ohio shale. The Ashland field has also
produced oil from the Corniferous interval. The Devonian shale reservoir in the
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Ashland field would provide the largest target for EGR in the area around South
Shore. The field lies about 25 miles from South Shore (to the center of the field).
Boyd County produced almost 150,000 MCF (thousand cubic feet) of gas in 2007,
the latest year for which data are released (see chart below). The production data is
not broken down by field, but more detailed production data is available at the

Kentucky Division of Oil and Gas Conservation’s web site: http://www.dogc.ky.gov/ .

Both the Ashland and Mawvity fields had active production in 2007. Annual oil and gas
production for the period 2,000 to 2,007 is shown on the chart below.

Boyd County Production, 2000-2007
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Part of the Ashland gas pool lies in Greenup County, but oil production is more
important in Greenup than in adjacent Boyd County. Greenup County, south of
South Shore, has produced between 5,000 and 7,000 barrels of oil per year over the
2000-2007 period. This production is from several small fields including Naples,
Hunnewell South, and Ashland. Other older fields in Greenup include Warnock,
Oldtown and Oldtown West. Some of these fields may be suitable for carbon dioxide
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EOR, but an evaluation of individual fields is beyond the scope of this project. The
fields are small and shallow, which means carbon dioxide will remain in a gas phase
in the reservoir, rather than a true miscible flood where greater enhancement of oll
production occurs. Oil production is primarily from the Berea and Weir sandstones at
depths less than 1,500 ft. Annual oil and gas production from Greenup County is

shown on the chart below.

Greenup County Production, 2000-2007
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Neither Carter nor Lewis Counties reported oil or gas production in the time period
2000-2007. The state of Kentucky has no production records for Lewis County. The
pools shown there date to the early 1900's and are abandoned. Carter County
reported minor oil production in the 1980’s and early 1990’s, but no gas production.
The oil production was 60-200 barrels per year, and it is assumed that these wells
are now abandoned. Because we have no record of gas production in Carter
County, the gas pools shown on the map are assumed to pre-date state production

records, and are likely abandoned.
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To summarize, carbon dioxide storage and enhanced gas recovery may be possible
in the Devonian Ohio shale gas fields in Scioto and Jackson Counties, Ohio and
Boyd and Greenup Counties in Kentucky. This potential will not be known until
further research and testing is completed in Kentucky. Enhanced oil recovery targets
occur primarily in Greenup and Boyd Counties, Kentucky. These gas and oil pools
lie within 25 miles of South Shore. The economics of using carbon dioxide for EOR

and EGR in this area will have to be carefully evaluated.

There is no existing pipeline infrastructure to transport the CO, to the fields, and
some reservoirs may not be suitable for EOR/EGR for geologic reasons. The size of
the EOR/EGR targets may not justify the cost of implementing CO, projects. There
are lower cost CO, EOR options than building a pipeline for continuous injection.
On example is a cyclic injection (huff ‘n puff), where smaller volumes of trucked CO,
are injected into a producing well and allowed to react with the reservoir. These
types of treatments may offer a limited market for CO, produced at an industrial site
in South Shore.

3.3.2 Deep Geologic Storage Targets (>2,500 ft)
Geologic storage of carbon dioxide is commonly proposed to occur at depths of

2,500 ft below the surface so that CO, is in a supercritical phase, and can be stored
in much higher concentrations. In the Greenup County area, potential injection

zones below 2,500 ft include from top to bottom (Figure 3):

1. Ordovician St. Peter Sandstone

2. Ordovician- Cambrian Knox Group
¢ Beekmantown Dolomite,
¢ Rose Run Sandstone, and
¢ Copper Ridge Dolomite

3. Ordovician Rose Run Sandstone

4. Cambrian Mt. Simon/basal sandstone
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These porous intervals are confined by several seals. The Mt. Simon/basal
sandstone is overlain by interbedded shales and impermeable limestone of the
Conasauga Group. The Knox, Rose Run, and St. Peter are overlain by a thick
interval of non-porous limestones (Black River or High Bridge Group) and an Upper
Ordovician shale interval that is gradational down into the Lexington (Trenton)
Limestone. For purpose of this study the Upper Ordovician package is combined

with the Lexington formation to form a single confining unit.

Maps and well log cross-sections (see Appendix ?) were made from stratigraphic
tops (the top elevation of each rock layer) available at the KGS and OGS. Numerous
tops were added where missing, and some tops were refined for consistency. For
example, the Rose Run Sandstone was limited to the porous sandstone that would
serve as an injection target, and does not include sandy dolomite often included with
the Rose Run. These maps and cross-sections provide a picture of rock layer

thicknesses and depths.

3.3.2.1 St. Peter Sandstone

Figure 4 is an isopach of the St. Peter Sandstone, which is not present at the site.
However, to the southeast in Boyd County, the St. Peter is approximately 35 to 100
feet thick and at a depth of approximately 5000 to 5100 feet. To the southwest in

Lewis County, the St. Peter is approximately 18 feet thick and at a similar depth.

The St. Peter is considered a deep saline aquifer with regional sequestration
potential. To the southeast in the Rome Trough, the St. Peter is much thicker and

would be more viable for sequestration than at the site.

3.3.2.2 Knox Group

The total thickness of the Knox Group is shown in Figure 5. It ranges in thickness
from 800 to 1500 feet. The thickness of the upper Knox Formation, the
Beekmantown Dolomite, is shown in Figure 6. Near the site, the Upper Knox
Dolomite is between 150 and 175 feet thick.
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This carbonate sequence produces gas and oil in some areas. The porosity is
mainly the vugular areas of the dolomite. The KGS is developing tests to determine
the porosity and injectivity of the Knox formation in Western Kentucky. In Louisville,
the DuPont well used the Knox as the receptacle formation for wastes.

The DuPont well was an injection well used for disposal of waste acids. The waste
acid reacted with the carbonate rocks of the Knox formation to produce CO,. From
extensive research on this well, the formation has shown the capacity to store CO..
From this research, we are able to make assumptions on how the Knox formation

will respond in other areas of Kentucky.

The Rose Run is another regional formation considered a possible sequestration
target. The Rose Run is a saline aquifer that separates the lower Copper Ridge
Formation from the upper Beekmantown Dolomite. The Rose Run is much thinner

in Kentucky than it is in Ohio (Figure 7).

The Rose Run sandstone is present at 3674 to 3707 feet below surface in the
Newell well. The log indicates sand from 3690 to 3701 feet below surface, which is
11 feet of sandstone. In the southeast region of Boyd County the Rose Run is
approximately 1500 feet deep and approximately 100 feet thick. To the southwest in
Lewis County, the sandstone is approximately the same thickness as the Newell

Well (Type Log), but occurs at 600 feet shallower depth.

3.3.2.3 Mt. Simon / Basal Sandstone

The deepest target formation is the Basal Sand, also identified as the Mt. Simon,
which is located above the Precambrian rhyolitic basement rock. It is present in the
type log from 5060 to 5128 feet below surface. It is approximately 68 feet thick with
approximately 24 feet of porous sandstone according to the well records. The
isopach (Figure 8) shows two areas of greater thickness to the northeast and

southwest.
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The Mt. Simon consists of a lower subunit of shale, arkosic sandstone and an upper
subunit of relatively shale-free, massive sandstone. The Mt. Simon pinches out at
the Rome Trough to the southeast of the site.
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Testing of this sandstone to the west in the lllinois Basin is on-going. Permeability
and porosity are known to vary with depth. The Mt. Simon in the Louisville area has
been tested and was too tight to inject wastes in the formation at the DuPont well.
Instead, wastes were injected into the Knox dolomites.
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3.4 Geologic Sequestration Seals

As part of the sequestration model, each geologic target must have a seal. A
geologic seal in this region will be a sedimentary unit that does not have sufficient
porosity and permeability to allow carbon dioxide to flow through the seal. The seal

will trap the sequestered carbon dioxide.

Geologic traps include: shales, massive limestones and dolomites with little or no
secondary porosity and some sandstones where mineralization has in-filled pore
spaces. The seals identified in this section are seals for each of the sequestration

targets discussed earlier.

Deep rock units in eastern Kentucky

system | Seres | Rock units Previous research has
=~ Kope/Clays H H H
Upper 71‘”“ , established which rock units
c | | [ in the deep subsurface are
m 7 . - - -
. possible saline reservoirs
3 P p— and which are possible
&) ' . .
wicdle q sealing or containment
Lower Beekmantown Fm ) i nte rva I S
&
Copper Ridge Dol. E Potential CO,
. sinks/ reservoirs

Conasauga Gp. Caprock-

containment interval

[ ] Unconformity

Upper l\

Mount Simon 85

Cambrian

Sink or seal
D (depends on location)

e~ ]

D Metamorphic and

S e i igneous rocks (mostly seal)

Complex

Proterozoic

Source: KYCCS (2008)
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3.4.1 Wells Creek Limestone and Black River Group
The type-log shows both the Wells Creek and Black River present above the St.

Peter sandstone. They are present at a depth of 2900 — 3508 feet below surface.
Both these units are made up of massive limestones (little or no porosity). In the
Newell well gas was observed within the Wells Creek at 3382 — 3386 ft and 3472 —
3490 ft below surface. However, this does not seem to indicate the potential for
sequestration since this may be local porosity not extending over large areas. The
isopach map (Figure 9) shows the thickness of the seal increases to the south.
Thicknesses range from 500 to almost 1000 feet in the area.

3.4.2 The Conasauga Group, Rome Formation and Tomstown Dolomite
In the Newell well the Tomstown dolomite (4764-5060 feet below surface), Rome

Formation (4616 — 4764 feet below surface), and Conasauga Group (4574 — 4616
feet below surface) are all identified. In the generalized column above, these units
are shown overlying the Mt. Simon and basal sandstone, and are considered seals
for this target. The Tomstown dolomite and Rome Formation are described as clastic
carbonates. The Conasauga Group is compiled of alternating shale and limestone
formations. In the Newell well, these were not differentiated. The isopach map
(Figure 10) shows the thickness of this Group increasing to the southeast. The

Group ranges in thickness from approximately 500 feet to 1000 feet.
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3.5 Geologic Structure

The study area is characterized by a very simple geologic structure. There are no
faults that can be interpreted from the structure maps or available seismic data. The
structure of the rock units consists of east to slightly southeast dip into the
Appalachian Basin, at approximately 70 feet per mile. Two public-domain seismic
lines cross part of Greenup County (north-south and east west), but are about 10
miles from the South Shore site. These lines (included) show strong lateral continuity
of reflectors, indicating no faults and large scale fractures. This is important for

evaluation of sealing units above injection zones.

Structure maps drawn on several geologic horizons show similar structure from the
top of the Ordovician down to the Precambrian basement. Figures 11 — 14 show
the following structures: Top Ordovician, Top Knox Group, Top Copper Ridge
Dolomite and Top Precambrian.

Structural depths range from -2,792 to -8517 ft (below sea level) for the
Precambrian surface. Depths range from -1,129 to -4,774 ft (below sea level) for the
top of the Knox Group. Note the top of the Knox Group rises above the 2,500 depth
below ground surface (-1,800 ft subsea contour) limit for maintaining a supercritical
CO; phase west 15.5 miles west (updip) of the site. This means if CO, migrates
updip, it could change phases, increase in volume and change pressure releases in

the system.

The structure maps also indicate that the predicted path of CO, migration in a saline
aquifer would be to the west-northwest, under the Ohio River toward Ohio. There is
no structural or stratigraphic trap present at the site to trap the CO, and limit
migration. This should not be a negative, as many saline aquifer injection project
sites lack a trapping mechanism. Migration of the CO, would be a slow process, and
solution of CO; into the formation fluids over time will decrease the volume of

supercritical CO, migrating.
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Two well log cross sections were constructed near the South Shore site. The
location of these sections is shown on the cross section index map (Figure 15). The
sections have a sea level datum, and show the structural configuration of the
correlated units. The leftmost track contains the gamma ray log, while the right track

shows the bulk density (RHOB) and neutron porosity (NPHI) logs.

The East-West section (Figure 16) shows the uniform east dip into the basin. The
North-South section (Figure 17) is oriented along strike, showing less structure,

except at the northeast end, where dip into the basin increases.

Units from the top of the Ordovician to Precambrian basement are correlated, and
shaded in color. Sandstones are shaded yellow, while thick confining zones are

shaded green.

Two seismic lines are available for Greenup County and are included in this report.
Lines 89-KD-1 (north-south) and 89-KD-2 (east-west) were acquired during
investigation of injectate leakage from the Aristech hazardous waste disposal site in
Scioto County, Ohio. A map showing the location of these lines is included (Figure
18). These lines are migrated, and illustrate the uniform structure and stratigraphy of

the county.
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3.6 Storage Capacities

In the late 1980’s and early 1990’s numerous studies were conducted at the Aristech
chemical plant site in Scioto County, Ohio, which is about 11 miles from the South
Shore site. Since the late 1960’s four deep wells have been drilled for waste
injection or observation. Concern over nature of leakage of the organic chemical
waste from the injection zone (Mt. Simon Sandstone) upward into the Rose Run
Sandstone prompted additional data collection and reports. Data from these wells
will be invaluable in assessing the CO, injection capacity of the Greenup County
area. Reports and data from the project are available at the offices of Ohio EPA and
the Ohio Geological Survey. OGS sent one of many binders of data from the well,
which is included as Appendix A. These data include core analyses, brine
chemistry, pressure data, core descriptions, and some of the interpretations. KGS
will be obtaining the remainder of these documents to aid in ongoing CO,
sequestration research. Note: during scanning of the binder numerous missing

pages were noted, and KGS will attempt to obtain the missing pages.

The injection wells were in operation for over 20 years. This site is the best control
point for injection data and reservoir parameters for the South Shore property. Some

of the data from these appendices was used as input in the CO; calculations below.

3.6.1 CO, Capacity Calculations

Using data collected in this project, some initial CO, storage calculations have been
made. The capacity calculations were made using the saline aquifer sequestration
calculator at the MidCarb project web site: http://www.midcarb.org/calculators.shtmi .

The following parameters are required to calculate CO, storage capacity:

Reservoir pressure: assumed to be hydrostatic, and calculated at 0.433psi/ft for the

reservoir depth
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Temperature: taken from well log data in Greenup and Scioto Counties

Formation Fluid salinity. taken from Aristech data in Appendix M (Langmuir, 1991,
Table 3). Note the MidCarb calculator has a maximum salinity input of 200,000 ppm.
The actual TDS values listed for pre-injection fluids in 1968 samples were 316,000
for the Mt. Simon and 278,000 for the Rose Run, which means that the capacity to

store CO, will be less than calculated.

Reservoir thickness: thickness of the injection zone, estimated for the South Shore
site from nearby wells (Commonwealth Gas #1 Newell well, Greenup Co. and USS
Chemicals (Aristech) #1 WDW)

Reservoir area: a unit area of 100 acres was used for these calculations

Reservoir porosity. porosity values were taken from core analyses in the Aristech
data; Appendix E. These core porosities closely matched log measured porosity
values in the Commonwealth #1 Newell well in Kentucky, so similar values can be
predicted at South Shore, which lies structurally between the Aristech site and the

Commonwealth Newell well.

3.6.1.1 St. Peter Sandstone zone

The St. Peter Sandstone lies on top of the post-Knox unconformity, and is irregular
in its distribution and thickness. In the Newell well, the St. Peter Sandstone is about
21 ft thick, but is absent at the Aristech site. Logs from the Newell well indicate low
porosities, less than 5%. Because of the thin and irregular distribution, and low
porosity, storage capacity in the St. Peter Sandstone has not been calculated. It may

offer limited storage capacity in the area, but will not be a primary injection zone.

3.6.1.2 Knox Dolomite zone

The Knox Group dolomites may have some injection capacity, especially if fractured.
Log-derived porosity values from the Commonwealth #1 Newell well in Greenup
County show variable porosity values that average 6% over the Knox dolomite
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intervals (Beekmantown and Copper Ridge). Assuming 10% of the Knox may have
favorable porosity values of 8%, a capacity was calculated for a 100 ft zone of 8%
porosity. Using appropriate temperature and pressure parameters, this yields a
capacity of 24,223 metric tonnes of CO, per 100 acres, assuming 100% of the pore

space is occupied.

3.6.1.3 Rose Run Sandstone zone

The Rose Run Sandstone is well-developed in the study area and could provide a
primary injection zone for CO,. The Rose Run isopach map shows thicknesses of
between 30 and 40 ft across much of Greenup and Carter Counties. A thickness of
37 ft was used for the Rose Run calculation. At an average depth of 4,000 ft near
the South Shore site, a pressure of 1700 psi was calculated. A bottom hole
temperature value of 100°F was obtained from the Midterra Associates #1 Huber
well in Greenup County (permit 20187) at the top of the Copper Ridge. Core data
from the Aristech site is consistent with log data from Kentucky, with a consistent
10% porosity in the main sandstone portion. These parameters yield a storage
capacity of 11,138 metric tonnes per 100 acres assuming 100% of the pore space is

occupied.

3.6.1.4 Mt. Simon Sandstone/basal sandstone zone

The Mt. Simon Sandstone and equivalent basal sandstone directly overlie
Precambrian igneous and metamorphic rocks in the study area. This interval is
arkosic in most wells in the area, giving a high gamma ray response on logs (similar
to shales). Cores from the Aristech site and low resistivity values indicate this
interval is porous sandstone, with potassium feldspars affecting the gamma log
response. The thickness of the Mt. Simon varies across the area, but it is the
thickest potential injection interval at the South Shore site. It is 116 ft thick in the
Commonwealth #1 Newell well, about 10 miles from South Shore, and 114 ft thick in
a well in Jackson Co., Ohio. At Aristech, where there are core data, the Mt. Simon is
73 ft thick, and averages 12% porosity. A 25 ft interval in the Aristech Mt. Simon

core ranges from 10 to 15% porosity. A thickness of 100 ft was assumed for the Mt
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Simon in the calculation. A depth of 5,300 ft was used, giving a reservoir pressure of
2300 psi. A higher temperature of 110°F was used for the deeper Mt. Simon. These
parameters yield a CO, storage capacity of 36,757 metric tonnes for the Mt.
Simon/basal sandstone zone, assuming 100% of the pore space is occupied in a
100 acre area and 100 ft thickness of rock.

The reservoir parameters used and CO, capacities calculated are shown in the table

below:
Zone Temperature | Pressure Salinity Thick- Area Porosity CO,
(degrees F) (psi) (ppm) ness (acres) (percent) Volume
(ft) (tonnes)
Knox dolomite 100 1800 200,000 100 100 8 24,223
Rose Run 100 1700 200,000 37 100 10 11,138
Mt. Simon Ss 110 2300 200,000 100 100 12 36,757

The 10,000 BPD facility at South Shore will produce approximately 8.2 thousand
tonnes per day CO, emissions. That means the facility would use up 100 acres of
the Knox formation every 3 days, and 100 acres of the Rose Run in just over a day,

and 100 acres of Mt. Simon every 4 days.
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Knox Carbonate CO, Capacity Calculation

Bolubility of COZ and W olumetrics

MIDCARB | Calculators

Solubility of CO2 and Volumetrics

hitp: fabyss kgs o edu'pl sfabyss/midearb.co2_cale. aquifer

Click on any "Update" button to refresh all of the calculations.

Step 1--MWodify Aquifer Temperature, Pressure, and Salinity as required.

14 quifer Temperature 100 | Degrees F
Aquifer Pressure 1800 |[psia
Salinity |
MaCl concentration 200,000 jippra
Update
o SCF/obl Tbsfbbl scffcuft|lbefouft lbefacre-ft tonnes/acre £t |meffacre-ft
T2 Solubility WWater Water
172 200 306 3.6 154,897 704 1334 4
(with salinty| 4 8.6 132 | 15 | 66606 30.3 573.8
cotrection)

Step 2--Reservoir Volumetrics. Enter aquifer parameters to determine CO2 sequestration volumetrics.

| Reservoir Thickness | 100

|fe et

Reservoir Area|100

ACIES

Porosity |8

%

Sequestration Volume

45%,025 BICF CO2

24 223 tonnes

Update

Eeferences

Kansas Geological Survey

Comments to webadmin@legs ku.edu

TUEL=http:/fwww kgs.ku. edu/hagellan/Midearbiacquifer html

Programs Updated Apnl 21, 2003

1 ofl

10/16,/2009 4:00 P11
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Rose Run CO, Capacity Calculation

Solubility of COZ and ¥ olumetrics

MIDCARB | Calculators

Solubility of CO2 and Volumetrics

hittp: £ abpss. kge s ecuplafabyss/midearh co2 _cale. aquifer

Click on any "Update" button to refresh all of the calculations.

Step 1--Modify Aquifer Temperature, Pressure, and Salinity as required.

14 ruifer Temperature 100 | Degrees F
Aruifer Pressure 1700 |[psia
Salinity |
WaCl concentration 200,000 ppea
Update
. SCE/bbL Ibsibtl scffcuftlbsicuft [bsfacre-ft tonnesfacreft |meffacre-ft
CO2 Solubility Water Water
171 19.8 30.5 35 153,997 70.0 13267
(with salinty | 5, 85 131 | 15 | 66219 30.1 570.5
correction)

Step 2--Reservoir Volumetrics. Enter aquifer parameters to determine CO2 sequestration volumetrics.

Eeferences

| Reservoir Thickness |37

Ifeet

Reservoir Areal100

ACTES

Porosity |10

%o

Secuestration Volumne

211,065 MCF CO2

11,125 ftonnes

Update

Kansas Geological Survey
Comments to webadmin@lkgs ku.edu

URL=http/fwww kgs ku. edu/ldagellan/Mlidcarbiacuifer html
Programs Updated April 21, 2003

1afl

10/16/2009 3:26 PM
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Mt. Simon CO, Capacity Calculation

Bolubility of C02 and ¥ olumetrics

MIDCARB | Calculators

Solubility of CO2 and Volumetrics

it i abras. kige Joa echa'plafabyes/midearh co2_cal e agquifer

Click on any "Update" button to refresh all of the calculations.

Step 1--Modify Acquifer Temperature, Pressure, and Salinity as recuired.

LA quifer Temperature 110 | Degrees F

Louifer Pressure 2300 ||psia

Salinity |- ————
MNaCl concentration 200,000 jippm
Update
. SCE/bbl Tbs/bbl scifcu-ft|lbsicu-ft [bsfacre-ft fonnes/acre-ftfmoffacre-ft
CO2 Solubility Water Water
174 202 310 36 156,698 712 1250.0
(with salinty 75 2.7 133 | 15 | 67.380 30.6 580.5
correction)

Step 2--Reservoir Volumetrics. Enter aquifer parameters to determine CO2 sequestration volumetncs.

| Eeservoir Thickness | 100 |feet
Reservoir Areali00 acres
Porosity |12 0

696,544 WCEF CO2

Sequestration Volume
36,757 tonnes

Update

Eeferences

Eansas Geological Survey

Comments to webadmin@lkgs k. edu

TEL=http ffwww kgs ku edu/Magellan/ Ml decarblacuifer html
Programs Tpdated Apnil 21, 2003

1ofl 10/1642009 3:29 P
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3.6.2 Efficiency of CO, Storage

The capacities calculated above assume 100% of the rock’s pore volume will be
occupied by carbon dioxide. This is an ideal situation that is never achieved due to
fluid characteristics and geologic variability within the reservoir. Frailey (2008) has
defined an efficiency factor for carbon storage that takes into account a number of
factors that reduce the calculated volume of CO, that can be stored in a geologic

reservoir®. Frailey’s efficiency factor takes into account the following parameters:

¢ Net to total area of a basin suitable for sequestration

e Net to gross thickness of a reservoir that meets minimum porosity and
permeability requirements

e Ratio of effective to total porosity (fraction of connected pores)

e Areal displacement efficiency- area around a well that can be contacted by
CO;

e Vertical displacement efficiency- fraction of vertical thickness that will be
contacted by CO,

e Gravity- fraction of reservoir not contacted by CO, due to buoyancy effects

e Displacement efficiency- portion of pore volume that can be filled by CO, due

to irreducible water saturation

Combining these factors using a Monte Carlo simulation results in a range of
efficiency values of 0.01 to 0.04 (1% to 4%), with a confidence range of 15 to 85
percent. The gross storage volumes listed previously should be realistically reduced
by an efficiency factor. 4% is used below to reduce the capacities above to more

likely volumes.

® Frailey, Scott, 2008, Appendix 4, Carbon Sequestration Atlas of the United States and Canada, Second
Edition, National Energy Technology Laboratory, U.S. Department of Energy, 140 p.
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Zone Thickness Area Porosity CO, Efficiency Adjusted CO,
(ft) (acres) (percent) Volume factor for Volume
(tonnes) volume (tonnes)
Knox dolomite | 100 100 8 24,223 4% 969
Rose Run 37 100 10 11,138 4% 446
Mt. Simon Ss | 100 100 12 36,757 4% 1,470

The application of an efficiency factor significantly reduces the storage capacities.

For example, Greenup County is 896 square kilometers or 221,406 acres in area.

Using the adjusted capacities above, The Mt. Simon Sandstone in Greenup County

could reasonably store 3,254,668 tonnes of carbon dioxide, or approximately 1

year’s emissions from the 10,000 BPD facility. The combination of all 3 storage

zones yields a corrected capacity of 6,387,563 tonnes for all of Greenup County, or

2 year’s emissions from the 10,000 BPD facility. Similar calculations can be

performed for the other counties in the area. But it is obvious that a gasification plant

that produces about 3 million tonnes of carbon dioxide per year would quickly fill the

available pore space in nearby counties.
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CHAPTER 4: CONCLUSIONS
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A coal gasification plant in Vresova, Czech Republic. Taken from https:/.../zero_emission_power_plants.htm
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4.1 Capture and Sequestration for South Shore

The capture and storage of carbon dioxide is driven by the desire to reduce
greenhouse gases in the United States. Current research into the viability of carbon
storage in geologic formations continues on both a state and national level. As more
information about the subsurface becomes available, a more informed decision can

be made concerning long-term storage.

Current Capture Technology is limited to acid gas removal using chemical solvents,
such as amines, and physical solvents. Commercial scale carbon dioxide capture
has not been deployed, but is in the works. The technology has been and is being
used to remove smaller amounts of carbon dioxide in the natural gas industry. R&D
for new capture technology is being funded in the US, Canada, and Europe. Pilot
scale tests are being performed now, but commercialization may be several years
off.

Carbon dioxide is currently being transported by pipeline for EOR projects, and new
pipelines are being planned. However, pipelines have not been built for
transportation in the storage of carbon dioxide from power plants or CTL plants. The
total amount of carbon dioxide transported is much greater than for EOR projects.
Researchers in the US, Europe, and Canada are looking at design parameters and
providing new construction and maintenance guidelines. The total costs of

transportation have not resolved because of uncertainties in the construction costs.

The targets and seals have been discussed for each of these scenarios. As stated
earlier, information available on deep formations is limited to a few wells, seismic
data, and interpretation of known areas. As such, this is a preliminary comparison

and the addition of future work should be incorporated.

For the South Shore project, carbon storage will most likely be to the south and east

of the site. On-site deep sequestration is the least viable option at the moment given
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the storage capacities shown in this report. It should be noted that sequestration
whether in deep aquifers or part of an EOR/EGR project will require multiple wells

over the reservoir area. One injection well will not be sufficient over large areas.

Future work for sequestration for this facility should include discussions with the
state geological surveys and wells owners for EGR and EOR projects in the larger
fields. Identification of actual markets is crucial. Research on carbon dioxide
flooding for these fields will also need to be completed.

As KGS develops a better understanding of the sequestration potential in eastern
Kentucky, a location for an injection field would need to be determined and
additional testing would need to be done.
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FIGURE 2

OIL AND GAS POOL MAP



South Shore Oil and Gas Field Index Map
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FIGURE 3

GREENUP TYPE LOG - CLOSE UP
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FIGURE 3B

GREENUP TYPE LOG
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FIGURE 4

ST. PETER SANDSTONE ISOPACH



St. Peter Sandstone Thickness (ft) (reservoir interval)
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FIGURE 5

KNOX FORMATION ISOPACH
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FIGURE 6

BEEKMANTOWN ISOPACH



Beekmantown (Upper Knox) Thickness (ft) (seal and reservoir)
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FIGURE 7

ROSE RUN SANDSTONE ISOPACH
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FIGURE 8

MT. SIMON — BASAL SANDSTONE ISOPACH
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FIGURE 9

BLACK RIVER ISOPACH



Black River Group Thickness (ft) (seal interval)
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FIGURE 10

CONASAUGA ISOPACH
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FIGURE 11

TOP OF ORDOVICIAN STRUCTURE



Top Ordovician Structure Map (sea level datum)
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FIGURE 12

TOP OF KNOX STRUCTURE



Top of Knox Group Structure Map (sea level datum)
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FIGURE 13

TOP OF COPPER RIDGE STRUCTURE



Top Copper Ridge Dolomite (lower Knox) Structure (sea level datum)
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FIGURE 14

TOP OF PRECAMBRIAN STRUCTURE



Top of Precambrian Basement Structure Map (sea level datum)
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FIGURE 15

CROSS SECTION INDEX MAP



South Shore Geologic Sequestration Cross Section Index Map
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FIGURE 16

EAST — WEST CROSS SECTION



FIGURE 17

NORTH — SOUTH CROSS SECTION



West to East Structural Cross Section
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South -North Structural Cross Section
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APPENDIX AA

" - ANALYSIS OF DST DATA FROM ARISTECH WELLS, 1989
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MEMOHAN_DUM
June 20, 1989

TO: Paul Kaplow/Aristech and John Fleniken/Envirocorp

FROM: Gene Collins / REC
RE: - Analysis of DST data from Aristech Wells

Objective: REC has been requested to evaluaté pressure data obtained in the Rose
Run formation by a drill stem test (DST) in WDW No. 3 at the Aristech site in Scioto- -
County, Ohio in May, 1989. These data are to be compared to results of the DST in .
“the Rose Run in WDW No. 1 at this site in June, 1968. = = o . -

Mr. Harlan Gerrish of the USEPA Region V, Chicago, lilinois has contended that these
two tests indicate a pressure rise in the Rose Run of approximately 100. psi since:
1968. REC has been asked to determine whether this is’ reasonable, based upon
these data. : ' o :

Method: The first step was to extrapolate the shut-in pressures for the second shut-in

- period of each DST test by using the Horner plottechnique.” This is a standard, well - . -
accepted method for determining shut-in pressures. This is a plot of shut:in pressure - -

‘versus In (t + At) /At, where t is the duration of the second flow period and At is elapsed
shut-in time in the second shut-in period. Theoty [Horner (1951)] shows that these -

is the true shut-in pressure after all transients due to the -flowing ‘tests Have -
disappeared. , : ' L .

The Horner plot for the 1989 Rose Run DST in WDW No. 3is shown in Figure 1, while
that for the 1968 Rose Run DST in WDW No. 1 is shown.inFigiire 2. Also shown in
Figure 3 is the plot for the DST in the Mt. Simen formation obtained in WDW No. 1 in
1968 prior to beginning injection in the Mt. Simon. The resulting extrapolated P"

e pressure values are shown in Table | along with other pertinent data from these tests.
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Téble 1
Well.  Date Formation =~ Gauge Elev. - P* Brine Sp.Gr.
D e (ft.True S.L) Psi _
WDW#1 5/25/68 Rose Run -3673 - 1896 1199
WDW#1 6/ 6/68 Mt Simon -4988 - .. . 2633 "7 1.255

WDW#3 5/15/88 Rose Run. -3706 - 1969 NA

Data Corrections and Discussion: Valid comparison of P* values for the Rose
Run between the two wells requires that these be corrected for depth to a common
datum relative to sea level. This difference in elevation between the two wells results
in a naturally occurring higher pressure in the Rose Run in WDW No. 3 over that in'

~ WDWNo.1by: o
4P = .433X1.199 (3706 - 3673)
AP = 1713 psi

Thus for the Rose Run, the pressure ih WDW No. 3, corrected to _the ,samej_le_\@ngﬂ as

I WDW No. 1, is:

P oor. = 1969 - 17.13 = 1951.9 psi

| ,whichﬂ_ils '_§til'!_.hi_ghe'r"n_hah._ that in WDW No. 1 by 565.67.psi. .. -

However, it appears that the DST data in WDW No. 1 are in error because the P* value

from the DST, in relation to that for the Mt. Simon, varies from a well established

relationship. (hydrostatic equilibrium consistency) Hydrostatic consistency between -

~ the'Rose Run and Mt. Simon in 1968 is tested as follows:

Letting:

P;" = (Rose Run, 1968 WDW No. 1) e
Py = (Mt, Simon, 1968 WDW-No,.1)- - ™

with dy and d, corresponding depths, we see that hydrostatics would require

- N+ -
PPy = 0433—L22 (4, 6y = 0433 (d; - oy

where vy and y; are the respective specific gravities. Using the P* values above, we



Page 3

compute the average of these, v, implied as -

Pi*-Po* 2633 -1896
Y=7433(d; - di) = 433(4988 - 3673)

or v = 1.294

This differs markedly from (y1 + ¥2) / 2 which is 1.227. Thus it appears that P1* and/or

“P2" are in error since specific gravities are measured with greater accuracy and

precision than DST pressures. =

If we aséign all of this inconsistency to the Rose Run pr‘essure,-we can use hydrostatics

. to compute a corrected Rose Run P” value from the Mt. Simon value. This is by using:

P2’ - 0.433—75—2 (dp- dh)

P

which is:

Py = 2633- 0.433 (1.227) (4988 - 3673)

or

Pi" = 1934.4psi

This value for P* in the Rose Run in WDW No. 1 is'38.4 psi higher than the value from

_the DST.

Thus, with the datum corrected value for P* of the Rose -Run in No. 3 and the

hydrostatic cdrrected vaiue for P” in the Rose Run in No. 1, we sée a difference,

_ . *

= 17.5psi

This difference in pressures (at the same elevation datum) is within the Fange of error

‘of mechanical gauges used in-1968. [Errors of = +16-psi are not uncommon in oider
- gauges] S B

Réfgrengg

, Horner, D.R.: Proc. 3rd World Pet. Cong., Sect. ll, E. J. Brill, Leiden (1951).
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SUMMARY OF STUDIES PERFORMED AND METHODOLOGIES
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A. Organic and Inorganic Geochemistry

As sumﬁarized in previous sections, biogeochemical studies were
conducted to determine fate énd‘trénsport of chemical constituents.
The chemical conditions within the hydrologic system wererassessed 
(e.g., ahaérobic vs. aerobic, saline v&. fresh water, host rock-
fluid intéraction, etc.), -as well és_‘bothwithe: potential for
biodegradation and resulting compound-épecific biodegradétion

- products.

A number of transport and transféfmation-proéeSses‘can atffect tﬁé
concent:ations of thgse compounds asrtheiflﬁidS-migrate. Théser
include volatilization from water to-vapor phase (if present),
cation exchange, and;oxidation, The iﬁportande of each of these’
meéhanisms was aiso'asséséed. Adsorption of'both_organic-and-

ihorganic constituents onto rock matrix:and the potential for

differential contaminant movement were - examined, as well .as a .

number .of chemical transformations such -as pH changes and  the

potential addition 6f'other inorganic species through dissolution.

clear understanding of both the chemical system and potential

chemical interactions. ' : o LA



B. Organic Chemical “Fingerprinting"

Groundwater samples from the Rose Run and injectate were re-

analyzed using state-~of-the~art LC/MS/MS techniques, wherein very

. detailed, compoundespécific'analyses are being conducted. Results

of these énalyses are pending. The results of chemical finger-

.. printing are included in Section IV of this report.: . .
€.  Hydrogeologic ang'GeolpgiclAssessments ‘
As previously stated, a site-specific gethdrologic agsessment was -

.conducted as part of-thg.UIc petition and.prbvided'a gdod under-

,'standing'of regional geclogy. A summary of the ‘site aqd,regioﬁal

hydrogeologic conditions was discussed in Section III above. In

the UIC study, a detai;ed examination (microscopic) of the core-

(Appendix A) was alsg‘conducted'to provide detailed mineralogical

information, - and well logs (Appendix T), drilling data, .and.

" literature. reviews ail_provided.additionai:geologic;informatioﬂx,r~

Although hydrologic information in the area is limited, the Project

understanding of the hydrogeologic conditions (Appendix.cC). A

regional structural geology (lineament):study_waS‘also egnducted,

~wherein geomorphic anq&geophysigg;_gataﬂwéféwihtegrated to assess

the nature of structural features.




2,

-
| {_?
R

D. Gépphygicgl Information and Well Construction Assessments

Geophysical studies were conducted to provide both detailed site-
specific and regionallgeologic, hydrplogic, and geochemical support
infofmation; For exémple, Sdhlumbergér.Was retained to assess
whether the organic fluid content of -the groundwater couldrbe
determined usingJWeli_ioﬁ data (Appendix F)y. ‘A regional saismic -
survey was conducted to evaluate largeescalé_structural character=-
istics £hat‘wefe not apparent in cores or in'ﬁhe-geologid litera-

ture (Appendices D and E). Well ‘histories were studied, and

" méchanical integrity tests (MITs) were examined to assess well

construction (Appendix G and H). The ‘chemical nature of drilling

‘fluids that were used during drilling of WDW No. 3 was also

- evaluated (Appendix U).

‘In addition, an derial photography survey was conducted to examine:
‘historic land use in the_facility area; the results of. this survey
“-prompted Aristech te ' conduct a field magnetometer  survey over:an

"apprOXimat91y 1000 square foot area. The purpose of this magnetic -

survey was to determine if buried metal is present at the site,

including, possibly;'metaliic well conductor. casing that could be:

present. Results oflthié survey are included in Appendix V.o

Sm——i.
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E. Data Validati C

A large quantity of data collected from a number of'sources and

analyzed by various laboratories were used for this assessment.

| The use of quality data was a hiéh‘priority.for‘the-project;
. Therefore, the'Prqject Team conducted comprehensive data validation.

. -and quality assurance (QA)/quality'dontrol (QC) -exercises. for:all

'Hata -~geologic, chemical, hydrologic, geophysical, MIT, etc.
These exercises assured that only the most reliable information was

used in assessmentsz(Apﬁendicesf;_and W) .

- F.  Additional Site Studies

To complete this assessment and as'discﬁssed above, the Project -
Team evéluated the'hi$toric production at thé Haverhill facility,-

as well as the manufacture.of similar prqductsf(and'waste diSposal

_pfactices) -in the Haverhill area. - Harrison/Kroll. conducted
- comprehensive. interviews of area residentS/employees,fwhiehvalso L

~included a study of historic Phenol manufacturing processes in the

drilled into the Rose Run Formation were identified (Appendix K).

ERM also conducted a well and industry survey_within»a 50-mi1e
radius of the Haverhil}wgﬁgilitg.iappendix"iflﬁmAerial phbtographs
taken between 1951 and 1988, covering an approximately 10-mile
radius surrounding the'facility, were also examined. -‘A field
survey of the area immediately .surrounding‘ the facility was

conducted, as well as a field magnetometer survey (Appendix V).



Appendix B

Miscellaneous test and analyses
APINO 3408720219 completion and DST data Knox dolomite
Arrington well DST results APINO 4705300069 MaryVil-le Limestone DST (no

pressures) brine analyses (Overbey, 1961).
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Oil & Gas Report—Jackson, Mason & Putnam Counties 13

Cambrian System
Upper Cambrian '

Trempealeau Fofmatidn—'I‘hjg formation, composed mainly
of brownish-gray dolomite in the Mason-69 deep well, may range

in thickness from 400 to 600 feet in the area of the report. It is

generally finely crystalline with scattered sand layers and small

amounts of gray shale.

A Franconia-Dreshach Formation—In the Mason-69 deep well,
this formation is a white to light brownish gray, finely crystalline,

sandy dolomite, 199 feet thick, The maximum thickness in this

-~ area is probably 400 feet. .
Eau Claire Formation—This unit is composed of greenish

gray and brown silty, dolomitic shales and dolomites. The “esti-
mated range in thickness is 460 to 600 feet. In the Mason-69
well the Bau Claire is 403 feet thick. o

Mt. Simon Sandsfone—A sandstone with shaly and dolomitic
interbeds, the Mt. Simon is 116 feet thick in the Mason-69 well
and may range to 250 feet thick in the area of this report.

Basal Complex—1In the Mason-69 well; 77 feet of the base-
ment complex, supposedly of pre-Cambrian age, was penetrated.
The upper 22 feet or so consisted of a granite wash and the lower
35 feet was composed of a material resembling micaccous gneiss

" or a chlorite schist.

EXAMINATION OF MASON COUNTY BASEMENT TEST:

" Only two wells have penetrated the entire thickness of sedi-
mentary rocks in West Virginia: The Sandhill well in Wood County,
which has been thoroughlycovered in the Survey Report of In-
vestigations No. “18, and the Grover Arrington No. -1 well in
Mason County. The log of the Mason County well is included here.

The author wishes to' acknowledge the aid of Dr. Ping-fan

t County.
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Chen, Petroleum Geologist, of the Survey, whose partial log of
this well from 3,300 fect to total depth was consulted.:

Grover Arrington No. 1 Well (Permit Mason-69)

By United Fuel Gas Company, Clendenin Diftrict; elevation 597.2_:;'

located 2.50 mi. S, of 38° 45 4.12 mi, W. of 82° 09

- Drilling began June 7, 1959, and was completed on hugust 8, 1959,
It was-a dry hole. Four drill stem tests” wers _attempted, the results of
which ‘werg as- follows: R

Zone #1, from 7662 to 7672 feet showed salt water; total chloride,
112,500 ppm. . . :

Zone #2, from 7643 to 7663 feet showed salt ‘water; total chloride,
183,000 ppm. : .

Zone #3, from 6682 to 6687 feet, packer failed, no test.
Zone #4, 6669 feet, packer failed, no test.
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S SUBSURFACE ENGINEERING + OIL PROPERTY MANAGEMENT

' PO, Box 388 : ‘ _ : C 1105 GRANVILLE ROAD -
. GRANVYILLE, OHIO . . MNEWARK, OHIO

. 36597 C ' 344.2427
) s -

344.8542 .
| p ot € T
o . é.chqu@uﬁutﬂf Co O .
~ COMPLETTON PROCEDURE - ’
CAMBRIA CLAY # 1-A

, 2-20;71- Logged withVSchlumbefgpr utilizing Compsnsated Formation Density and
Dual Induction Laterolog from 5873' to 5273' (depth of first logging
program, ) : o ' : o

2-21-71. Ran 5609.27' 4" oD, 10,5, K-55, API, $wls, R-2, 8 rd thd easing to
' 55641, Fitted cdsing with & centralizers and an automatic fillup shoe
and float, Cemented with 240 sks Class A cement with 2256# D-53 and
600# D-33; followed top rubber plig with 500 ga. Dowell perforating -
acid. ‘ o : . '

3m 5.7 Moved service rig from Hanover to Pedro: unable to move onto. location;
. : _cat did not meet rig as scheduled. : ' o

)6-?1 . Rigged up service machins. Shelwell logged with Gamma Ray, Cement
i’ ' Density Survey and Collar Locator. Perforated at 5447t with & Single
Plane Five-lay Jet,’ . :

l;fPErforations aﬁﬂ5h&?' entered the most peorous gzone of the Coppér Ridge
‘and also that zone with the most favorable fluid saturations, '

PR

.:Epowell rigged up to. displace that acid spotted during cementing of
"ahsing., ’ , I ) ‘ i

Pressured up to 1000 psi and lst acid soakAwith nb.resﬁits.,‘Inoreaéed

Yy

pressurg to 1500 p

o 2000 psi with slight pressure bleed-off. ' Permitted soid lesk aoe
to decrease pressure to 600 psi; displaced 450 gal, acid &t 1000 psi and
0.5 BPM, - . ' C

Following initisl surge of displacement fluld, woll flowed at an“esti-
mated rate of 15 BPH for three and one half hours.” Shut well in over

night. - : e -

3- 7= Flowed well at estimated rate of 15 BPFH for six hours with slight gas
bubble apparent in displacement fluid. . ‘

3~ 871 Swabbed well to 1000 feet (estimate) with well flowing behind suabbed -
~ show of gas (mostly acid gas) in fluid and behind swab. Continued X LY
) bing - unable to lower fluid below 1000 feot, ‘ o

3-10-71 Swabbed well to 1000 feat: lost acid gas. and @aturai:gas: swabbed salt
watar; _unable to lower fluid below 1000 fet‘z_t}rHE_mwsmN"OF GEDLOGICAL SURVEY MAKES
| " NOAFFIRMATION CONCERNING THE COMPLETENESS
' ~ AND ACCURACY OF THIS INFORMATION.



o

3-41e71

3.12-71

3-15.71

3 )7t '._.

3.17-71

Set bridge plug at 5430"

Porforated at 5373t with a Slngle Plane Four-Way Jet. These perforations
opened the upper portion of the Copper Ridge Dolomite - a seetion with -
good porosity, goed mud cake and favorable fluid saturations.

Swabbed well’ to 5300'- well producing some salt water with slight show of
gas' able to light gas. Shut in over night.

No- pressure build-up over night; fluid level at 3000', Set bridge plug
at 5310', Porforated 5272' ‘= 5275 with seven Jets, These perforations

'opened the lower Rose Run section as requestad by H, Atha.

Swebbed well: unable to lower fluid below 3000!,

Swabbed well; detected some gas insswabbad fluld and in front of swab' un-
able. to lower fluid below 4000°. ,

Set bridge plug at 5010' perforated at 4866', Swabbed well dry.»
Perforations at this point (4866') Opened the upper portion’ of the Boek-

(‘mantown Dolomite where gas was observed on the Baroid Gas Detector. log

analyeis indicated fractuvre systems with little porosity, but slightly
less than favorable fluid saturations. ' _

"Chocked well for fluid accumulation- swabbed only slight amount of salt
.water (less' than 100 feet); host probably due to pipo runoff,

-:Shclwell perforated from~483?' t0'4866' with 59 Jets.

- Dowell pumpod 1000 gal, 15@ H Cl. acid at 4866 perforations, Pbrforations
took acid easily at 1000 psi., Acid wes diqplaced at loss than 1 BPM at .

400 psi (ave) .

| -Swabbed displacing fluid and acid back.: wcllimaking gas throughout swab-
_bing Oporations (est. 40 MCFPD) SRR .

4?1

i~20.71

2571
-26-71
~29-71
~30-71

_Checked fluid in holc found 2700'; swabbed well dry, gas flow estimated .

at 40 MCFFD, _
Tried to swab well down, obstruction probably bridge plug at 2800' (floatlng)

Rigged up tools; drove plug to bottom of hole (5010%).

Set bridga plug at 4986' “findd lovel at 2500'; swabbed well down,

‘Chooked fluid level at 1500'; swabbed well down; gas estimsted st 40 MCFFD,

Checked fluid level at 1000'; swabbed well doun; gas production estimate at
40 MCFFD. ' :

Dowsll pumped 5000 gal. 15% H C1 acid (10 gal. A130 + 10 gal. Wog 480 gal.
L-2) at 400 psi at & BPM,  ISIP was 300 psi.yyg piviSION OF GEOLOGICAL SURVEY MAKES
NO AFFIRMATION CONCERNING THE COMPLETENESS
AND ACCURACY OF THIS INFORMATION. *



'Swabbed well down; detected slzght increase in gas.

o Swabbad well down from fluid level of 1500'.

Checked fluid level at approximately 1500' Swabbed well down., Esti-
matad gas-at’ approximataly 50 MCFPD. : : :

b

.

Remarks: Acid apparently did not stimulate Beskmantown Dolomite as
: 1s noted from above results., It is to be noted that acid
' -swabbed back was not spent as well as it should have been,

It is also to be noted that the fluid level after acidi-
zatlon was approximately the same as that recovered during
testing of the same horizon, ‘ : :

- Apparantly, this zone wiil produoe water with gas in some
‘quantities == whether or not desirable, ©

-.There remalns the possibility of re-stimnlation by fraoturingr '
I suggest we postpone any .further stimulation to.a later

 pariod following some h0pefu1 andsnccessful exploration of

"~ the area, _ _ :

THE DIVISION OF GEOLOGICAL SURVEY MAKES
| . _ : NO AFFIRMATION CONCERIING THE COMPLETENESS
) | A : 7 AND ACCURACY OF THIS INFORMATION.



: ; ' . - - v
. FLUID SAMPLE - DATA Date  2-14-71 Neeter 266008-B iﬁ ¢
¢ Yler Prassure P.5.1.G. at Surface Kind SIRADDLE Halliburton Sg E 3
h. )ery: Cu. Ft. Gas ; of Job OPEN_HOLE District WOOSTER »8 [ &
*ec. OH . MR, MULLINS - ) 4 $ ¥
cc. Water Tester . MR, BENNETT Witness MR, VERNEW g { ¥
cc. Mud- 'Drilll_ng ) :
Tot. Liquid <. | Controctor ATHA DRTLLING COMPANY DR £
Grovity. ARl @ k] EQUIPMENT & HOLE DATA
Gas/Oil Ratio : : cu, fr./bbl. .| Formation, Tested — Knox, N
- . _ Elevation 125' GL Et |
RESISTIVITY = 'CHLORIDE Net Productive Interval - Fr I
o e CONTENT ol Depths Measured From__Kelly Bushing , g
Recovery Water @ lF pom | Total Depth.___ - 5305 .. Fr 1
tecovery Mud —_— @ . *F _.] Main Hale/Casing Size 7 7/Rf' ' _ - E
Recovery' Mud Filtrate @ ] A ppm Drf!I'Collar ‘Length 465" 0.2 60_Anchor 5|
vud Pit Sample — @ *F, - 1 Driil Pipe Length 4668 1.D.2 764" i & N
Aud Pit Sample Filtrate @ *Fo - "_.ppm | Packer Depthts) _A700=48500 G -Obk Ft. 1
Aud Waight 8.7 _vis _37 __cp | Depth Testér Valve. 4673 Ft.
. TYPE - AMOUNT . Depth Back Surface : . Bottom -
iushlon Ft. Pres. Valva Choke  ~ 3/gW. Choke 3/&" E
Geoversd 250 Feetol ' zas cut mud plliE]?
tecovered Feetof ;‘ .
. : “ =]
‘ecovered Feet of g_ é : :‘
er  ed " _Feetof ‘ / 5 g v
v —_ _ 3 ~
ecovered Feat of ' 4t
smoiks SEE -PRODUCTION TEST DATA SHEET ' % ‘
| Gougs No, %55 Gauge No, 276 Gaugs No. 360 — 5 \
[EMPERATURE auge No. auge No. | Gauge No. . e E i
pepth; 4675 Pt | Depth: 4727 Ft.]. Depth: - 4855' o, - = 3
- 12 Hour Clock - 12 Hour Clock : Hour Clock| Tool O AM, 2] 1y
~ 109, | Blanked otf NO Blanked OffY€8 Blanked Off Opened 6340 _ pM. 3
; ' e T ol AM. k-
lual “F. Pressures :Pressures ]z Pressures Closed17:55  p.M. v
— Fietd Ottice flold | Office Field | office. Reported | Comauted e
lal Hydrostatic [2317,0 - 2309 2307,8 | 2320 2510 - Minutes Minutes ' | [-~—I §|©
Flow Initial (91,0 60 64,7 80 g ; 8
—_ Final 81,6 92 107.8 | 105 45 | 3fE
_Closed in 469.4 470 4741 | 478 , 30 o | §i¢
Flow —nitial [102,0 115 118.5 124 HYDRASTATIC — —_— & g E
— Final [122,4 127 140,1 | 143 R@;@"gﬁ-’"’ OFOG!‘OB SURVE T
-~ osed in |326,5 327 323,3 ]334 NEERIH E LOMPLEREqs c’
Elov —Initial | Y PF THIS-inROR ﬁ?ESS : 5
low ——— LRNATTON- h
~—_Final . g
- Closed in : : . " '“
al Hydrostatic 2295.9 2309 2307.8 1 2320 2510 — ———

DN u.g.4,
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“{Casing peérfs..-

" 1Gos gravity.—.

“{Spec. gravity.

Bottom choke_.
—Qil gravity. _
_Chlorides.

266008-B

.Surf, temp. : *F  Ticket No

_-GOR

ppmi - Res, .. @ *F

te

Time . Coaam, |
p.m,

Chake
Size

- Surface 7.

Pressurs
psl

Gas
Rate

MCF

Liquid
Rata
BPD

Remarks

.16140

3./8'"

Opened tool for first flow with a good

blow, offrbbttom 5 gallon bucket.,

stayed .same . throughout rest of flow

'VCIOSEd tool for 30 mtnute first

: closed in pressure

3/8" [

Reopenedvtool for 30 minute. first

E floﬁ witﬁfa-gbbd'bldw.}~ -

' 1Teras to surface, but very weak 5"

:fwater on.manometer, 3500 cu. ft

“-324 hours

18:25

13/gn ]

:'Cloggdftdol for 30 minute second

-;,_clésed iﬁngfessur .

[agess

”~30ff bottom with test tool -

Tob over R

FAINYTED 1n u & &

. :
\ THE DIVISION og m:m
: A NO AleRMATION cong ERNING THF camm;wss




— | | E Ticket E £z
y cke {
_ FLUID SAMPLER DATA. Date 2413+71 Number 266008 ~ A . ||42
" 'u)p,essu,. P.5.1.G. at Surface | Kind STRADDLE TEST . (fiburton sg ,
.gowry Cu. Ft, Gas o of Job CPEN_ HOLE District WOOSTER, OHIO é,g E .
: ] . ; =3
cc. Qil - : ! . : - E =
cc, Woter | Tester . BENNETT Witness - VERNEW § E %
ce, Mud Di'illlng e ' ) ) "':,l r4 R}
 Tot. Liquld cc. : Contractor ~ ATHA DRILLING COMPANY . NM S _||m a £
avity APl @ . EQUIPMENT & HOLE DATA - B é(
15/0ll Ratlo : cu, ft./bbl. | Formatlon Tested snox S S
: . ] Elevation 725 GoL. - Ft,
RESISTIVITY - CHLORIDE . ~Net-Productlive Interval ? Ft.. | E
. ' . o CONTENT |- All Depths Measured From._ Kel].}.r Bushing R i
.icovery Water e @ L SR ppm.. jTotnl Depth. - . 2303 i - ‘i*.&-.
;coyggy Mud’ e @ 'R, | Main Hole/Cosing. Size. 7 7{8 — - vy | :
covery Mud Filtrate @ *F. _ppm ,Drlli_Collar Length 421 LD ‘2.50"ANCHOH £
id Pit Sample ~  — @ —°F. | Drill Pipe Length. 48231 _ip.. 2,764" i
.~ 1d Pit Sornple Filtrote . @ °F. ppm | Packer Depthis)— 4850. = 000" oHk _Ft. HER
1d Weight 8.8 vis_ 37 cp.| Depth Tester Valve 4828 _ Fr, '
. OUNT . i ' . Surfac " Bott T o
shion - e N.O.NﬁM o Ft. Efe'}'hvaaaﬁ 'NONE . .C‘;:ok:‘_ 3/8" €hp?::»-~'-‘r3/'4"-, REAE il '
" cavered -1000' Feat of Bﬂﬂ CU.t mud S =1 5; | ;
covered 500" Feetof .Salt water and gas cut mud §' .
- covered ~ 1500° Festof ~ Balt water - 9.3# § n-a
¢ }d -'Feet of g g ‘
covered - Feet of - .' uf +
‘marks SEE" PRODUCTION TEST DATA SHEET... % I
) 3 : JohL SURVEY o o
1 i G B
0 AFFIRMATION CONCERNING B fupiriay
e Gaupe Mo, 455 Gouge Mo, 276 | GougeNo... 260 TIME e | e
EMPERATURE pepth; . 4833' . ! Depth;_ 4879 et| pepth:  5004" Bt : _ | & - 5
. . 12 Hoqr Clock | . 12 Hour Clock 12 _ HourClogk] Tool . . AM. 5 1 E
109 «r, [ Blanked Off NO Blanked Off _YES Blanked Off YES Opened 2:45P.M. | r
: ' [ Tool AM. | I8 E
ual *E, Prassures - Prg_s_#qre;sl : ..o Pressures Closed _(5¢ 3QP-M. .

. _Flald i Office Fleld _Office _Fleld Office_ Reported c"""’“"". g E
lal Hydrostatic | 2359,3 2387 2374,1 | 2398 - 2462 Minutas Minutes _ "
Fiowy nitial | 91,8 | 104 129,3 | 129 - - - 1lg | §|2

- Final | 1001.0 1001 1004,3%| 1015 - - - 50 54 v 3|E
_ Ciosedin | 2147.9 | 2148 2153,3 | 2160 - - 45 | 40 é’ ¢
FIOW II"II"O' 970.3 * 986' 982.7 997 - - —— _— (=] i .E-
_% Final | 1363.3 | 1373 1374,7 | 1382 - 1 a 30 32 8|3
. Josedin | 2147,9 | 2150 2153,3 | 2161 HYDROSTATIE 60 59 ilc
Flow —0itial RELEASE: 2288 ——— | -—— 5
e Final o
—_Closed in
ol Hydrostatic | 2359,3 2370 2374,1 | 2383 - 2431 — — -

_____ I K I O W | [oe el anall o dos ool M AT A LITTLE 9 #2429 10M ‘/'.—'ll. 1419
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xa;-‘:,'n: g. pﬂrfc i Boltom chokn '_h ~3/4" ::. . = _u_'S.urf. terl'"r; — 18 *F 'U’.T“-T-.k“ Né - _ 266008-A
J I A — Ol gravitymom ———— GOR— R A
Spec. Qrovity.—._ = Chlonde= : — PP Res e B L

Date | Choke |- Surface 1] i Gas I Liguid R ey
Choke - B o anadu, L

l/ Time - :.nn:.'_ Sl_ze . Prgs‘url I :‘?\OC'F BRSu _

02i45 5/_8"; wone” | e -"'roo1 opened on first flow
=y . - l S Good blow off bol:l:om |

, : -5 ga110n bucket -.scayed aame”

I - T :'through first flow time e

- 03,35 3/3" NONE Glosed for f:l.rsl: cloaed :ln pressure .

04;20 o 3/8_" NONE -_ _. o B . ~'0Pened to_ the second f].ow Rt

1" Good blow off botl:om :

_ ;'of 5 gallan bucket

04.2; B Y/ L NONE R Gas_to the surfaca but very

_*",weak - stayed same through

3 "second flow

)9435.0 : ‘3/:8“ "'HONE_?: 1 . "_Aclosed for final closed 1n e

i 05= 50 0 |38 NONE, R R - OFf° bottom with t:ools

’ .'_A'Job over ;-.';‘-5

_-"‘Bubble hoae was l: in to free e off
o fir___ﬂQH - .

% 1| TuE piisIon OF GEOLOGICAL SURVEY VAKES

1; : . |NO AFFIRMATION CONCERNINGTH
| N 1 ' : a ﬂo AND ACCURACY OF THIS INPOHMATION._

l FRINTEOD 1M Q. 8.A, . . ' - PRODUCTI ON TEST DATA ) LITLE 1n.4u (e llyn-ll
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0026306

Box 21/

CoUATY T L
g n _“‘x‘,,",:‘

.‘.\_. ‘-:__‘_;'-. .-'g._.}_

R R FEVTING ] AN S1AT
KPPENDD( Cl -BRILL STEM TEST NO 1 AND SWAB Tf.ﬁr :
T . LOGAN nt et o L
“e : . ‘ - o 16430.;FEETTO 26.1‘5ﬂ FE\E.T':"-'_ ‘;::': o

(It

APPENDIX C2 ... DRIEL’ STEM TEST NO: 2 AND swms 'm;ss'
‘ 'BEREA QDY
679, FEET TO 734@ FEEI‘\ oy

- M : ."; .-.:1;:"--." "": ‘\.\ :. ‘:\.] .‘:“" “““ '-“. N:..'::..‘“.
- ABPPENDIX C3. | ,._-_._DRIIJI STEM TEST=N® :s AND SWAB 'r&",s"r E
' . LOCKPORT 74+ -1 17 5 3t

-17574 FEET '1!0 1790:7 _EE’I‘*! -
o S R S A AL TR \\' Ky,
"APPENDIX C4 . . .-DRILL S’I‘EM’ ’I'EST“NE:» n ANn qWAB TEST

B UPPER KNGX: BT L
f.|_ 4012FEE’1‘ To 4035 FEE’F

MR LY ff"l Y

?s

| APPENDIX C5 . DRILLSTEM Tasr Na:m_ o
T - UPPER- KNQXJ: FETEO A ELY
4006 FEET TO. 4035FEET L

TN L Al

"ROSE RUN
, 4181 FEET ro 4225 FEET ,
. SEFETT LR 07 K
APPENDIX C7 . . mmLL STBM TEST ﬁi:i 'G'AND SWAB TI:{
_ LOWER ENOX-" CoomlE TR

g4467 FEET TO. 4480. EEET

., - et
e, . . PR
TR, 1

ENVIROCOHP_ SERVICES & TECHNOLOGY, INC.
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y 601626
' Box 24
APPENDIX C4
) DRILL STEM TEST NO. 4 AND SWAB TEST
' ‘ | UPPER KNOX

4012 FEET TO 4035 FEET

) )

 ENVIROGORP SERVICES & TECHNOLOGY, INC.



. 30-1708 . UPPER KNOX D.S.T. PG. 1

1w 1Y .

ARISTECH CHEMICAL CORPORATION
TEST/MONITOR WELL

SN ~ DRILL STEM TEST NO. 4 - FLUID RECQVERY
€ )' - ' S 4/14-18/91 .
DATE TIME ELAPSED TANK TOTAL = INCREMENTAL VOLUME
TIME . . GUAGE VOLUME VOLUME THIS TEST
(HRS) "{INCHES) (GALLONS) (GALLONS) . (GALLONS)
4/14 20:30  PRIOR TO - 10.250 1273.5 ' ' 0.0
_ ' TEST START o - :
START TEST _ : - _ _
. 23:30 - 0,00 .7 10.250 1273.5 0.0 )
4/15 01:00 0.50 10.250 1273,5 0.0 - 0.0
02:00 1.50-  10.375 1292.8 19.3 19.3
03:00 2.50 10.500 - 1312.0 19.2- 38,5
04:00 - 3.50 10.625  1331.3 19.3 57.8
05:00 - 4.50 10.75%0 1350.5 19.3 77.0
06:00 5,50 10.875 1369.8 19.3 96.3
07100 6.50 10.875 1369.8. 0.0 0 96.3
68:00 ~7.50 11.000 ~ 1389.0 19.3 - 2115.5
09:00 - 8.50 11.250  1427.5 38.5 154.¢0
10:00 9.50 12.375.  1446.8 19.3 173.3
11:00 10,50 11.500°  1466.0 19.3 _ 192.5
12:00 " 11,50 11,500  1466.0 0.0° 192.5
13:00 12.50 11.500 ° 1466.0 0.0 192.5
14:00 13.50 - 11.625  1485.3 19.3 211.8
- 15:00 .'14.50 11.750 1504.5 19.2 23%.0
) - 16:00 15.50 12.000° 1543.0 - 38.5" 269.,5
. 17:00 16.50 - 12,0000 1543.0 0.0 269.5"
18:00 17.50 12,000 .. 1543.¢0. 0.0 269.5
19300 18,50 - 12.000 1543.0 - 0.0 -~ 269.5
20:00 19.50 12,000 - 1543.0 0.0 269.5
21:00 20.50 . 12.000 1543.0 0.0 269.5
y 22:00 21.50 . 12.600 1543.0 0.0 269.5
f 23:00 - 22.50 12.000 1543.0 0.0 269.5
24:00 -~ 23.50 ' 12.000 1543.0 0.0 269.5
4/16 0L:00 24.50 12.000 '1543.0 - 0.0 269.5
02:00 25.50 . 12.000 1543.0 - 0.0 - 269.5
03:00 26,50  12.000 1543.0 0.0 269.5
04:00 27.50 12.000 ~ 1543.0 0.0 269.5
05300 28,50 . 12,000 ' 1543,0. 0.0 269.5
06:00 29.50 "12.000 1543.0 0.0 269.5

NOTE: 6:00 A.M, GAUGE O TANK INDICATED 11-7/8" "IN TANK -
WAIT FOR POOL WELL SERVICE SWAB UNIT S - ' :
POOL RIGGED UP, DEPTHOMETER INDICATED FLUID LEVEL WAS @ 1611 FT.
WILL RESTART TEST AND LET CUM. FLUID TO DATE MAKE UP PART OF FLUID
LEVEL INCREASE (FOR PURPOSES OF THREE TUBE VOLUMES, NOW = 1216 GAL

18100 0.00 12.000 " 1543.0 0.0 269.5

18:30 0.50 13.000- 1697.0 . 154.0 423.5

19:00 ' 1.00 13.250 1735.5 38.5 462.0

19:20 1.33 13.625 1793.3 57.8 -519.8

19:40 l.67 14.375 1908.8 115,5 = 635.3

). ) 20:15 2.250 14,625 1947.3 38.5 673.8
: 21:00 3.00 14.750 1966.5 19.3 - 693.0

22:00 - 4,00 14,875 1985.8 _ 19.3 - 712.3



oA

~ 3081708 ' 'UPPER KNOX D.S.T. _ . PG.;
| : | . o | .

: 23100 5.00 15,000  2005.0 19.3 731.

w1 4717 01:00 7.00 . 15,125 2024.3 19.3 ‘ 750.
p“>- - 03:00 9.00 15.750  2120.5 . 1 96.3 847,
‘ . 05:00 11.00 16.000  2158.0 - 37.5 884,
07:00 13.00 16.125  2178.4 - 20.4 904,

08:00 14:00 -16.500  2236.5 . 58.1 963.

. 10:00 16:00 17.000°  2314.0 77.5 1040.

12:00 18:00 17.000  2314.0 0.0 1040.

- 14:00 20:00 17.000  2314.0 0.0 - 1040.

16:00 ©22:00 17.250  2352.5 - . 38.5 - 1079,

18:00 . - 24:00 17.625 - 2410.3 . 57.8 < 1136,

20:00 26.00 17.625  2410.3 - - 0.0 . 1136,

22:00 28,00 " 17.750  2429.5 - 19.3 1156,

o 24:00 30.00 - 17.875  2448,8 19.3 - 1195,
4/18  02:00 32.00 - 18.000 2468.0 _ 19.3 - -~ 1194,

- 04:00 34.00 18.250  2506.5 ° © 38.5 1233.

TONWOEOONMBUTO WO T

. READY FOR COLLECTION OF REPRESENTATIVE SAMPLE T '
' LET WELLs RECHARGE UNTIL 08: 00, 4/18/91 . T
08:00 38.00 18, 250 2506.5 : 0.0 1233.

@1»0

10:00 - 40.00 . 18.375  2525.8 - 19.3 1252,
11:00 -~ 41,00 18.625 2564.3 - 38,5 . . 1290.8
12:00 ° 42.00 - 18,875  2602.8 - 38.5 1329.73
©13:00 - 43,00 ° 19.125 2641.3 ' 38,5  1367.8
14:00 . 44.00 19.250  2660.5 - - 19.3 . 1387.1

15:30 45,50 19.500  2699.0 - 38.5 1425.6
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{&PPENDIX C5

DRILL 'STEM TEST NO. 44

UPPER KNOX

4006 FEET. TO 4035 FEET

S

ENVIROCORP SERVICES & TECHNOLOGY, ING,



BRISTECH TEST WELL

4-

40067 > .4035.0 .
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GAUGE NO:_225 DEPTH'aaaa*L__ BLHNKED OFF *Nﬂ. ~HOBUR OF ‘CLOCK i--12
Jmo| DESCRIPTIBN_" PRESSURE | . TIME — TYPE.

| .REPORTED | E£ALCULATED | REFUHTED .| CALCULATED

INITIQL HYDRDSTHTIC | 1755 17835 |

A 5
B INITIRL FIRST FLDH- .L 4. . 4B1.7 T
R . ‘ 18 32 F
C | FINAL FIRST FLDN , o 479.5 o
C INITIHL FIRST CLDSED IN : 479.5 S :
o ' 159 159 C
D FINAL FIRST: ELDSED “IN | 1768 . . 1784.7 o o _
E°| INITIAL SECOND: FLDN . I 490  487.7 T .
: S . R 54 58 F
F | FINAL SECOND FLOW . ' 545 . 559.5 -
F | INITIAL SECDND CLDSED IN” ’545 ' 559.5 S ' o
| o o 718 715 .| C
G | FINAL SECOND ELOSED ~IN 1768 . 1786.7 : L
H | FINAL HYDRDSTQT;Q.‘f' - 11789 1783;5



fBLHNKED;UFfogg“

"HDUR-DF CLOCK 72

GHUGE NO ; ___3* b
| 1D -

DESCRIPTIUN

PRESSURE

TIME .

TYPE

._INITIW

PVDRDSTH ic

REPORTED |

1771 1790

CALCULATED

.8

REPDRTED [ cALEULATED

-,-INI1IHL FIRST FLDN

FINRL FIRST FLQH

628

1049

18 S 032

o . olo oo

';INITIQL FIRST CLQSED IN

FINAL FIRST CLOSED-IN-

1798

0
i
1049 .1
1815 .

158

159

A

INTTTAL SECONDTFEQH
FINAL SECOND FLOM

664 .
BL17.

—

54 - 58

INITIAL SECOND:CLOSED-IN

FINAL .SECOND. CLOSED - IN

B17.

1805

1812

8 - 115

Tl T

'FINAL HYDROSTATIC

1805

1790 .

3 eI




" . APPENDIX C.7

DRILL STEM TEST NO, 6 AND SWAB TEST
. LOWERKNOX =
4446.7 FEET TO 4480 FEET

.wae_%
b 2y

ENVIROCORP SERVICES & TECHNOLOGY. INC.



30-17086 LOWER KNOX D.§.T.

PG.1
ARISTE}CH CHEMICAL PORPORATIDN
TEST/MONITOR WELL -
DRILL STEM TEST NO. ,6"- E‘LUID RECOVERY
e A 5/09/91 _
DATE TIME -ELAPSEDq' - TANK- TOTAL - -INCREMENTALr*’f VOLUME
TIME = GAUGE . VOLUME VOLUME THIS TEST
(HRS) {(HRS} - { INCHES) (GALLONS) {GALLONS} (GALLONS)
5/09 08:00 PRIOR TO: 34,250 4970.5 ‘._JiO;Q.-- o 0.0
: '~ TEST START, - : R 7
=“:31'11:‘1'\"1' TEST C R S
- .09:30 1.50° - 34,750 5047.5 - - 77.0 - 17,0
©10:00 . 2,00 - 38,000 5551.0 . -] 503.5 5805
10:30. 2.50 . - :40.000 -5871.0 - . 320.0 -900.5
11:00 3.00. . 42,750 6328.0 - 457.0 - 1357.5%
11:30 - 3.50 45,500 6803.0 475.0 - 1832.5
S “12:00 4.00 49,000 7419.0 616.0 2448.5
' ) Stop swabbing continuously, have achleved th ree tubing-volumés. R
L 13:30 .5.50 49..500 7%507.0 : 88,0 2536.5
15:00 7.00 - 50,000 1595.0 88.0 2624.5
16:00 . 8.00 50.750 7670.5 ¢ - 75,5 27000
16:30 8.50 - 52,000 - 7946.0 - 275.5 2975.5
17:00 ' 9.00 © 53,000 8122.0 . 176.0 3151.5
Begin sampling at 19:00. Dbave Evans with OEPA on location to observe.
s -19:00 11.00 55,500 8562.0 440.0 . 3591.5
20:00 12.00- . 58.000 9001.0 439.0 4030.5
21:00 13.00 - 63.000  9881.0 880.0 4910.5
22:00 14.00 . 68.000 110760.0 - 879.0 5789.5
.23:00 15.00 68.250 5 . 44,5 58340

10804
Finlsh sampling at 22:30,. . '



30-1708 -LOWER KNGOX D.H.T, B.G.2
S ARISTECH TEST WELL _
DST NO.6 - LOWER KNOX (4447 FT. - 4480 FT. )

FLUID LEVEL AND "TUBING VOLUME" DETERMINATION
- May 9, 1991 -
. TEST: INTERVAL ~ 4480 FT. - 1447 FT.; 33.0 RT.

TOTAL VDLUME oF 4n HOLE =

.6528 GAL /FT,
VOLUME BELOW . PACKER =

21.54 GALLONSH‘”"

¥*DUE TO THE FLUID-INFLUX AND' - RECHARGING" CAPABILITY OF THIS TEST ZONEi:'
THRER TUBINGJVOLUMES WERE CALCULATED USING THE ENTIRE TUBING STRING.

TUBING VOLUME 1S .1624 GAL. /FT., PACKER IS5 SET AT 4447 FT
., THUS, ONE "TUBING VOLUME" = ,1624 (4447 FPT)
. ONE "TUBE VOLUME" =" 722 GALLONS

SYSTEM VOLUME = 744 GALLONS
'THREE TUBING VOLUMES =

-.-....._...-._...—._.--—-.—--.-._-..—.-.-.-—..-....._...__
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~TEST WELL

B

44487 - 4480 .0

LEASE NAME

Lo - TEST NO. ¢

TESTED INTERVAL .

LERSE OLNER/COMPANY NAME

* IRTION

i AREA; ¢

FIELD: -

STATE

__OHIg

B, = BNG.

_ ARISTECH BLANT-

| ARISTEEH CHEMICAL % EwvIROCORP

_éjt f N

",LEIQEEL.NU}: _
L TESTMOL B

ET ND. 00783100 | .

"BO-MAY-g1

- KALKASKA

._.mqmn<mmxHrr :

COLNTY

_. | scIpTD

R




 GAUGE ND Hﬂjxﬂ:
: =ID | |

BLHNKED DFF _NQ

HUUR OF CLth (2120

DESCHIPTIUN

PRESSURE

TIME

" REPORTED_]

CINITIAL HYDRUSTHfIB

{21181

CRLCULRTED

21169,

REFURTEB -] ..cALCULATED

-_END oF BUILDUP

STHRT OF BUILDUP

EER

. 2061

L1181 |
2058

283

o272

"FINRL FIRST FLDH

INITIAL FIRST FLUN

9
¥
4
B
2

1446

1405

T?\ T T QE‘I“hMF‘i- r‘,
= FE I O S | .l._l__l ut..!..-u l."l.p

M:.T

“mim ol oD

FINQL SECDND CLDSED IN

o Te

785

e ET

FINAL HYDROSTATIC,

‘% %'

TYEE,,jﬁi




LANGED OFFYER oUR OF ceock: 12

‘_REPDRI:EFEEISSEEL'E&RTEﬁ REI:’D}%TFE:[%TIIM%HI:.CL_IFR.TED.- TYP_.E '

LAL" TATIC - | 2140 . 2139: | -

| sTART OF BUILDUF:' [ 206 205,

CEND OF BUILDUP,JJ;.-J";" 2085 . éoaé;
INITIAL FIRST FLGu | '

| FINAL FIRST FLDH {“

=
=i

283 272 | C

916  914.
| 2081 1437
ZQINITIHL SECOND CLDSED IN _faoal ,i;§é7~

1446 - 1405 | F

2
a

o™ Mmoo o DlE:

; g ~73& 186 | C
| FINAL SECOND CLOSED-IN . | 2082 - 2080. o NN

{_FINRLLHYDRDSTHTlﬂ, T 2082 - 2081"

olw o =l o 'O’




Appendix C

List of wells in the AOR with RHOB, porosity and permeability calculations for injection
intervals - L o e -




{APPENDIXC | . ! ' ‘ [
Aristech ' ‘

. | well number 1

Scioto County, OH

Grean Township

Permit no. 20212

DGS Core No. 2958 data sheets bmldlng i P8—68 002630 (see APPENDIX E this report)

Depth {ft) Kmax(md)A Parm K-90(md) vertical perm (md) Vertacal.(md) Porosity |Grain density {FM
-|14242-4246.5 ' 0 _ ' 0 - NA 3.9 2.63]RSRN
4250-4261.2 83 - 33 NA 10.4 2.61iRSRN
- 15632-5561 : 94 - 268 NA[ -~ 119 _2.55|MRVL
5563-5573 : 38 - g 0.4 NAl  39|NA |MRVL
Aristech _
Monitor well _
Scioto County, OH ]
Green Township _

Permit no. 60141
DGS Core No. 3409 data sheets building | P2-91 002637 (ses APPENDIX E this report)

] Deptggt)i  Kmax{md) {Perm K-90{md) vertical perm {md} %meakfmd} {Porosity [Grain den [ F%
4021-22 231 - 0.02] 002] - 22| 2.79|BKMN
4193-94 6 83| . 007 9.1 2.65|RSRN.
4202-03 86 it I 1.4} 1271 2.84|RSRN.
4592.5-93.1 0.1 ' .. D.06 <011 - 271 2.731CPRG
5196.5-87.0 1.8 004 ... - 17 3.6 2.84]CPRG
Aristech T
wall number 3
Scioto County, OH _
Green Township

Permit no. 80033
DGS Core No. 3248 data shests bmldmg { P1-80 002632 (see APPENDRX E this report).




APPENDIX C

Nu Corp. Energy Company .

#1 Trepanier

Jackson County, OH

Frankiin Township -

Section 8

Permit No. 102

OGS Core No. 2898

Source: Core Laboratories, Inc.; Zomm. Depths m::oam.ﬁma on cores are 10 ft ammcmq than those on core ammr:u:o:m.

_

_um_.B. ._.o Air MD_ _uo_,om_a‘ : Fluid Sats. : ,_
Samp No.| Depth Max. ' | 90deg. | Vert.' | Gex. Fid. -Qil Wiater | Gr. Den,. | - Description FM
1] 4498-99 0.1 0.1} 0.1 1.5 ol 94.7 2.77] UO_. SDY,SL/SHY,FOSS RSREN
2] 4499-00 3 2.5] 0.2 3.1 0 56.5 2.68 -SD,SLISHY RSRN
3] 4500-01 17| 171 - 0.9 7.8 0} 24.8 2.67 SD,SL/SHY RSRN
4] 450102 33 32 -1.94. 9.6 0 62.3 2.64]. SD,SLISHY RSRN
5| 450203 26 26 - 14 11.5 0 89.5 2.65 SD,SL/SHY RSRN
6] 4503-04 156 152 11 12.8 0 94 2.63 8D,SL/SHY RSRN
7| 4504-05 60 17 1.2 10.4| 0 82.8 2.62 SD,SL/SHY RSRN
8| 4505-06 17 15 0.6 8.6 0 71.3 2.64 SD,SL/SHY RSRN
_9] 4506-07 6.3 5.8 0.5 8.4} 0 71.1 2.64 SD,SL/SHY RSRN
10| 4507-08 6.7 6.6 1 9.1 0 72.9 2.66 SD,SL/SHY RSRN
11| 4508-09 3.5 3.4 0.6 7.7] ol 734 2.64{ - SD,SL/ISHY RSRN
i2] 4509-10 0.3 0.2 0.1 5.2 0 85.4 2.63]: SD,SL/SHY,STY RSRN
13} 4510-11 0.1] 0.1 0.1 2.9} -0 :85.3( 2.7 SD,SL/SHY RSRN
14] . 4511-12 0.1 0.1]. 0.5] 5.3 0 77.3 2.68] SD,SL/SHY RSRN
15[ 4512-13 0.2 0.1 0.3 5.6| 0 75 2.68| SD,SL/SHY RSRN
16] 4513-14 8.6] 7 2 K 0 75.8 267 SD RSRN
17| 4514-15 8.1 7.3 04 - 7.3 0 76.9]" ' 2.66| SD RSRN
18] 4515-16 3.5 3.4 0.5 9.5 0 79.5 2.68] SD,SL/SHY RSRN
18| 4516-17 0.9 0.8 0.1 ] 0 86 2.65 SD,SL/SHY RSRN
20| 4517-18 20| 16 0.2 -11.8] -0 78.1 2.64} SD,SL/SHY ‘RSRN
21y 4518-19 18 16 1.7 12.5( 0 - 847 2.68 - SD|  RSRN
22| 4519-20|. 159 144 35} +14.9] 0} . 73.1 2.68 SD RSRN
23| 4520-21 28 26 46} 10.8] 0 980.7 2.68 - SD RSRN
24| 4521-22 83 59 41 13.2}) 0 - 86 2.68|- SD,SL/SHY RSRN
25| 452223 71 70 27 13.6] -0 80.9 2.68] - -8D,SL/SHY RSRN|"




26| 4523-24 198 194 98 14.8 0 89.3 2.68 SD,SL/SHY| - RSRN
27| 4524-25; 20 19 0.1 9.9 0 72 2.68 SD,SL/SHY| . RSRN
28| 4525-26| 184} 152 22 13.2} 0 95.3 - 2.67 -~ SD,SL/SHY RSRN
29] 4526-27|. 178| - 159 51 13} of - 98.8 2.68 _ S RSRN
30| 4527-28 180} 162 78 1341 0 - 98.1} 2.68{ SD,;SL/SHY RSRN
31| 4528-29 109| 103 41 _124] 0| - 97.8 2.68 SD,SL/SHY RSRN
32|  4529-30 11 3.4 0.7| T 0. ~69.6 267| SD,SLISHY RSRN
33| 4530-31 0.1 0.1 0.1}: - 4.3] 0 75.6 2.68( _SD,SL/SHY RSRN
-~ 34] 4531-32 0.2} 0.1 0.1 -2 0] - 75 2.67 - 8D RSRN
Y
N
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APPENDIX C

Hope Natural Gas

No. 8634 Power Qil Company-

Wood County, WV

Permit No. 351

DGS. Core No. 768

Source: 1959, West Virginia mmo_om_om_ mc_.<m<. _:<mmamm=o:m 20. .5 p. 126, Amw

Interval: Wells Creek-Rome

: : : Longit. Shear

Thermal | Dielectric{ Magnetic| Young's | Rigidity |Poisson's| Internal | Internal ' _

Depth ' | Density | Porosity | Cond. | Constant: Suscep. { Modulus | Modulus { Ratio Friction | Friction. | FM
10670 2.79 9.3 32 5 S JWLCK
10692 2.665 0.7 13.2 8.1]- WILCK
10710 2839 0.14{ 11.1 9.1 BKMN
10730 _ 6 BKMN
10750 2.749 0.5 10.8 8.5 BKMN
10771 2771 0.2 12 8.2 BKMN
10791 2.813 0.45 12.2 7.7 BKMN
10831 . . . . BKMN
10851 2.783 0.15 9.7 11.5 1 9.5 3.75 0.26 0.019 0.008|BKMN
10871 2.832 0.2 11.7 9.6} 3 8.65 3.64 0.19 0.023 0.014|BKMN
10891 2.817 0.1 11.5 8.1 1 BKMN
10911 2797 0.45 10.4] - 12.9| 2 8.55| 295 0.44 0.04 0.04{BKMN
10931]. 2.836 0.35| 12.6] 7.8] 2 BKMN
10851 2.804 0.45] 10.6 8.6] 4 . BKMN
10971 2.811 0.25 11.3 _ 4 7.5 3.45 0.11 0.026 0.023|BKMN
10991 2813 0.35] 11.1 8.6] 2 6.9 3.05 0.13 0.024 0.027|BKMN
11011 2.841 0.2 11.8 7.7 _ BKMN
11031 2.815 0.4 11.4 5.9 6.15 28 0.1 0.023 0.057|BKMN
11050 2.835 0.25 11.7 7.4 1 BKMN
11070 2.827 0.25 12.2 7.4 2 5.95 2,75 0.09 0.038 0.025|BKMN
11090 2.824 0.45 13.2 10.5 1 . BKMN
11101 2.825 0.4 13.2 10 1 745 3.25 0.14 0.032 0.029|BKMN
. 11130 2.819 02 13.7 " 8.6 1 4.25 2.3 -0.09 0.068 0.043{BKMN
11150 2.818 0.35 12.6 8.4 1 , . BKMN
11170 2.756 0.15 11.2 7.4 1 8.55 37 0.16 0.031 0.015]BKMN
11190 2.797 0.3 11.6 7.7 1 3.05 2.1 -0.27 0.022| 0.038|BKMN




11211 2.79 06 12.1 93 1 . BKMN _
11230]  2.814 04} ... 11.6 10 o[ 356 22 0.21]  0.114] _ 0.038|BKMN
11951] _ 2.819 0.45 12.1 8.9 1. 445 235 -0.06] . 0.065] _ 0.031|BKMN
11267|  2.819 03] 115 8.4] y , K ~ |BKMN
11291 2817 0.45 11.9 9.6 1 |BKMN
11330] _ 2.676] _ 0.55| 97 11.4) 1] 7 |BKMN
11349] 2.805 0.65 11.6} 7.5} 1 BKMN
11371 2.805 0.35] 16 8.5 3] i BKMN
11391]  2.792 105 112 76 1 6.6 29 013 0.078] . 0.044|BKMN
11410]  2.815 0.45 122 8 6.85| 390 0.18]  0.036|  0.041|BKMN
11431 2.816 0.45 118 9.7 2 ) BKMN
11450  2.813 02 113 77 6.45 2.9 012 0.03]  0.02|BKMN
11470] _ 2.835 0.45 112 74 — BKMN
11491]  2.803 04| 122 9.2] BKMN
11510| _ 2.709 035 - 10.1 8.2 2 BKMN
11531 2.825 025 1.9 8| BKMN
11551 2.819 0.45 131 84 BKMN
11671]  2.824 0.3 12.2 8.4 2 BKMN
11591]  2.821 0.3 12.4 9.1 BKNIN
11611} 2.806 03 11 0.1 BKMN
11631| . 2.813 0.4 18 8 BKMN
11650]  2.651 0.45 14.7 4.6 2.95 1.85] 02| 0412] 0.041|RSRN
11671|  2.729 0.45| 14 6.8 3.3] 2 0.16] 0,005  0.055|RSRN
11684 2.63 05| 152 45 43 245 -0.41] _ 0025  0.031|RSRN
11924]  2.824 075 124 56| 7.2 305] _70.19] 0074] _ 0.067|CPRG
11945 2.819 0.3 134 8.6 K _ ~_|CPRG
13005|  2.819 0.25 92 7.8 4 MRVL
13026|  2.678 0.65 10 6.2 B _ MRVL
13045 2.832] 02| . 104 78 8 74| 2.95 0.19] 0024 0.01]MRVL
13066]  2.663| 06|  13.7| 5.7 o[ MRVL
13086 2.66 0.7 126 52| 6 MRVL
13106] ~ 2.515 25 135 45| T MRVL
13126]  2.683 0.6] 7 7 8 IMRVL
13146]  2.799 0.35] 8 8.6] 10] 5.25 250 005] 0028 "0.01|MRVL
13165]  2.675 085 74 6.9 MRVL
13314 2.91 0.35 5 435 57| PCMB
13318 565 02] 7.9 93 al PCMB
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Appendix E

Tests and analyses from Ari_sfech_ Class 1 well site, Scioto County, Ohio "




Summary of Aristech Class ! Storage Materials agency series #728-024
- - : record series # 725-295
APPENDIX E CLASS
1 DATA/REPORTS , o : )
e ; Laocation Bar Code . BoxNo.. Dates Company] General Report Contents " Description
R Burilding 1 ~ i
Building I 002630 . 28. 12/20/67-4/1/88|" Aristech |Report P3-68 Table 3 Fluid HSo.aEnnm through core samoples of
) MINSM, well # 1. ﬂm
H Building I 002630 28 . |Report P8-68 Table 1 Core’ Ev.md. well #.1: Berea; Ni
5 - . . Peter; Rose :
Building 1 002630 23 . |Report P2-58 | Bigure 3 Pressure Transient tests, .
Beildme I 002630 28 ) Report P2-88 Annnlus pressure test, well #1 & #2.pages 86-88
Building I 002632 .30 ... . [1/25/90-5/1/90 | Aristech [Report P1-30 Appendix I:Chemical analyses formation fuils: BERE, -
: 1 - L | [CNSG/ROME, MNSM, RSRN, SNPR, well#3.
‘| Building I 002632 . 30 Report P1-5¢ - - [Core analysis and resuls for vogdg and porosity,
7 . . . L i well # 3.
3 Building I 002633 . { . . 31 5/1/90-5/31/50 | Agistech [Report P2-90 Appendix’4.3-H: Core Analysis, well # 3. .
Building T 002633 31 - T [Report¥2-90 . | Appendix 5.3-C: Chemical Analysis, BERE Sample in
. . i Scioto County brine well
Building | 002636 34 4/6/91-7/12/91 | Aristech [Report P1-91 vol. 4 Appendix 5.1-A Tnterference Testaualysis_|
002636 34 : . [Report P1-91 vol 4 Ppage 9-2 Step-rate test analysis. .
002636 34 i Report P1-91 vol 4 page 9-2: In-sitn stress test. 1
002636 34 _ . -|Report P1-91 vol 4 Appendix 9.0-A: about 200 pages; Pressure fall-off, step
) . N rate and Interference tests for WOW 1.2 & 3.
002636 34 | . "~ .. |ReportP191 vl 4 | Appendix 7.3-B; Chemical analysis of samples of
BERE and LOGN, well # 4. :
002636 34 Report P1-91 vol. 4 Appendix 7.3-C; Chemical analyses of water |samples,
) well # 3. :
002636 34 .. |ReportP1-81 vol. 4 .{ Appendix 7.3-D Chemical analysis of formation -
, : les i Scioto County brine wells.
002636 34 Report P2-91 Appendix, C.1 to C.7; DRILL STEM and SWAB tests.
002636 34 Report P1-91 vol 4 Appendix 6.3-LPetrographic study of core 1 5015
. 6109 (MNSM), Maryville this report, well # 3.
002637 35 7/12/91-8/15/91] Axistech (Report P4-91 ) Appendix I: Description of Formation Testh
. : : Procedures. Well #3
002637 33 Réport P4-91 Appendix G-2: Surmary off Formation. H,a#« and
. Logeing Procedures. Well #3 '
002637 35 . ReportP4-91 . ° : |Appendix G-3: Surmmary off Formation a&&m and
. Logeing Procedures. Well #4
002637 35 , Report P2-91 Appendix G IN-SITU stress test. )
002637 35 . : Report P2-91 Appendix B: Petrographic core analysis, well# 4,
’ Samples from BEMN, RSRN, CPRG, ROME
. : L (Maryville this report)
002637 35 : Report P4-01 Appendix G-4: Step-rate testing, well # 3
Building I 002637 35 'P3-01 Tables 1 through 5: Yn-Situ stress test data. '
Building 1 002637 35 Report P3-91 Rose Run/ Copper Ridge Rpeort V 1 sections|3 & 5
. |analvees and dats weels 1,2, 3. 4
Bulding I 002639 8/15/61-8/31/91] Axistech |Report P4-91 Appendix 5-1: In-Situ Stress Measurements.
Buildingl| . 002639 : Report P4-91 Appendix AA DST Data Analysis,
Building I 002639 , ReportP4-91 . | Appendix BB: Sumwary of Stadies Performetl and
__IMethodologies.
Building T 002639 ) Repott P4-91 Appendix M: Assesstnent of Havertnll Fluid Chemistry.
Building 1 002640 5/12/68-1/1/96 | Aristech JReport W1-68 Inter-office memorandum well 1 jume 15, 1968
;
.._.
4)2/Class 1/ m_._.BamQ note: P## stands for vmﬁﬁ/,,\o_:_..:m Number - Year - k_o\w_&uba//_ummm 1
,. ..f.. e
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002630
Box 2.8

06-S cort # 2953

K .

TABLE 3

- USS CHEMICALS.
COMPARISON OF FLUID MOBILITIES
THROUGH CORE SAMPLES OF
_ - MT.,.SIMON SANDSTONE
HAVERHILL ;WASTE DISPOSAL WELL

Fluid Mobility Ratios Compared to

_ T Perm ____Mt. Simon Brine 1/ o
- Sample Depth, %  toAir  Fresh Mt. Simon . Filtered Phenol Waste
No. -~ K.B.  Por. - Md. Water _Brine = T, 7pH . 6.4 pH"
1~ " 5540  18.7 .- 55 2,06 1.00 S 1.22
2 *5544 13.7° . 30 - 3.26 Loo o127
7IX 5545 15,3 43 . 1,00 1.43
3 ' 5547 15.6 227 3,14 .00 - = 1,29 ,

- 75X 5549 4.1 4 . 1.00 _ o 1.4y
76X - 5550 15.8 50. : ‘1.00 . 1.56
4 5552 1407 10 4,46 - 1.00 . .37 .
82X 5556 - 16.9-. .26 © 100 ,//-/'""“, 1.82

Avg 9.7 pH waste 14.4 ' 329 2.58 1.00 1.26 :
Avg 6.4 pH waste 15.3 40 1.00 - 1.47

1/ "Mobility" of a fluid is defined as the permeabihty of that flu1d

I B

23

L

10-17-68

mk

_divided by the viscosity of -the fluid,The mobility ratio is the
ratio of the’ respective Il'lObllitleS of the two fluids, (See pages.
~ 4and 5 for: discussion. ) ' '

EARLOUGHER ENGINEERING
TOLSA, OKLAEOMA
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Eﬁwmﬂlh DISPOSAL Sﬁmrh NO. 1

SCIOTO COUNTY, OEO

mcggbw.m OF OOWm ANALYSES

| Y
R
3% B d
NN L=
1 O %,
v O 0 Wl s
(A ) wvr
)
Q
Core - o Depth, Feet .
No. . Formation From __To
1 Berea S5 . - 710 733.0
2 Zmﬁucw.m. Ls, plug , . 1805 1834.5
- . Newburg Ls, whole oou..m, - 1805 1833.0
3 St. Peter Dolo el 3979 40070
4 Rose Run 8§ =~ 4242 4246.5
5 Rose RunSs 4250 4261.3
6 ~Mt. Simon §8 : 5532 5561.0
7 Mt. Simon S8, shaly - 5563 5573.0: __
8 Granite _ . 5395 36 17.0
. | 10-18-68 mk

Zoﬁ >um_w.wma Dense.

- Avg - Average ‘Average Average % Soluble
Feet . Perm Porosity Grain Bulk in 159
Analyzed  Md Per Cent Density  Density - HC]
23. 1.5 12.1 2.66 2.34
11, 4.2 2.1 2.79 2,73 96
5, e 5.9 P2 082 '2.63
SRR T 2.5 2.74 2.67
4.5 ~0- 3.9 2.63 2.52
11, '33. 10.4 2.61 - 2.34
29. 26.8. 11,9 2.55 . 2.26
10. © 0.4 3.9~ .




EArLOUGHER ENGINEERING : )

d M RESULTS OF GORE ANALYSES
compANY______ USS Chemicals — wel_Haverhill Disposal Well No, 1 -
. ALY | Lale [ Meas S _
e | quptp W | R | {Graim | Bulk | 7T Remerts
- '1_ . . |Dengity |Density S :
BEREA SAND | CORE Nd. 1 (710-733 FEET)
1 . 710.0 2.2 |- 12.2 172.70 | 2.87 Sand
2 | 711.0 3.4 13,8 2.64 | 2,27 | Sand
8 - 712.0 2.5 13.4 2.64 | 2.29 © | Sand
4 | "713.0 2.2 14.1 2.69 | .2.31 " | Sand
5 [ +714.0 1.9 13.8 2.67y 2:31 | 0 |Sand
6 | 715.0 | 4.0 14.3 2.66 | 2.28 | Sand
7 | .716.0 1.3 13.3 2,69 | '2.33 | Sand
8 717.0° 3.7 14,4 2.64 | ‘2,26 | Sand
9 1 718.0 1.3 13.8 2.68 | 2.31 Sand.
10 719.0 0.4 12.5 2.62 | 2.29 Sand
11 | 720.0 -0~ 5,0 ¢ :2.58 | -2.45 .| Dense muddy sand
12 | 721.0 =0- 2.4 '2.62 | 2.56 - | Dense muddy sand
13 | 722.0 0.2 11.8 2.64 | 2.33 | Shaly sand . .
14--| . 723.0 © 0.8 11.8 2.65 | 2:34°| - |Shaly sand
15 | .0 724.0 1.0 | 13.8 2.68 | 2,3t | . - |Shaly sand
16 | - 725.0 0.8 - 14.9 2.69{ 229 | | Shaly sand
17. |-+ 726.0 1.6 16,7 2.70 | 2.25 | Shaly sand
18 727.0 3.1 |. 15.4 2.66 | 2.25 Shaly sand
19 | 728.0 - | 0.1 7.0 2.65° | 2.46 | - - | shaly sand
20 | 729.0 | 0.4 11.2 2,66 | '2.37 [ ~  |Shaly sand
- 21 |© 730.0 0.9 11.9 2.66 | -2.34 | | Sand
22 | . 731.0 2.0 13.6 “2.63.| 2.27 | . |Sand
23 |- 732.0 - 1.4 13.4 2.63- | 2.28 | ‘Sand '
24 733.0 0.4 5.8 2.64 2.49 Sd and shale lam
~Average 1.5 12.1 2.66 | 2.34
- NOTE: Bu\lk density|measured on dry dore plug| -Grain {lensity calculated. '
— frpm bulk dgnsity and [Washburh Bunting) porosity|. ** L -
mk . ' o SUMMARY . (Continued following page) -
Depth, Faat - Feat . Avg, Avg., - v, Ol
| _Sec, ) Fg_r&ﬂ_e_n. From - - To . _g& PAE\I':I'QI'I %g? Sglf “s’gf.ar' ;élgi'g}??}tt




EarLOUGHER ENGINEERING
RESULTS OF CORE ANALYSES

' . USS Chemicals

Table 2 (Cont'd)

19

Haverhill Disposal Well No. 1

. COMPANY. WELL
) ~1Cale”  [Meas 7o wOL
e A For Eu Grain | Bulk ,i'_n“l‘5%_ " Ramarks
o Density | Density| HC1 ' '
NEWBURG LIMESTONH CORE NO. 2 (1805 - 1835 FEET) 3/4"P1L gs
25 1805.0 2.6 2.83 2.76 98" | Dol, grey,.V.vugular
26 | 1806.0 1.6 2.80 | 2.76 98 | Dol, grey, V vugular
27 | 1807.0 8.5 2.84 | 2.74 97 | Dol, grey, V vugulax
28 | 1808.0 - 0.5 2.81 }-2.80 | .98 |Dol, grey
29 | 180%.0 - 0.6 2.79 2,77 95- | Dol, grey
30 | 1830.0 0.7 2.80 | 2.78.|. 98 Dol, gréy.
31 | 1831.0" 1.2 2.76°1 2.73 | 89 [Dol, grey’
32 | 1832.0 3.5 12,76 | 2:66 97 [ Dol, brn vugular
33 |.1832.5 6.8 2.78 | 2,59 | 96 |Dol, brn V vugular
34 | 1833.5 0.9 2.76 | 2.74 ~-- | Del, grey
35 | 1834.5 _1L.o0 2.78 | 2,75 | .93 |Dol, grey -
Avefage 2.1 2.791 2.73 | 96
The [following porogitis ‘ % measured on 4" long whold core vugular sections using grain

densfities from aboye & calipgred bulk yolumes. ,
+[103 | 1805.0- 6.0 2.82 | "2.65 | -~ |V vugular, grey dol
104 | 1806,0- - 8.5, 2,82 2:58 | - -~ | Vvug, grdol, cra,ckﬁ
105 | 1807.0-08. 6.4, | 2,82 2,64 | --- | Vyugular, grey dol
1'106 | 1831,0-32. 5.1 2.76 | 2.62°|" -- |8l vug, bin dol
107 ] 1832.0-33. 3.3 2.76 | --2.67 -~ |V vugular brn dol
Avetage ’5.9 2,80 | 2.63
NOTIE: Vugular zg; from 1/8"[to 1-1/4" vugs with iarg'e ambunt of secondary .
crystal deposition if vugs. Chemical dnalysis ¢f white drystals ipdicate
dolomite with Ca/mg ratio of 1.91:1. Chemical analysis of,.gr_ey t'ock: 1nd1cates
dolomzte yith-Ca/mg ratioof 1.73:1. R - :
bw © SUMMARY (Continued following page) -
Dspth, Faet Fest \ Ava. Avg. Avg. Ol
s Formation T sie Am fe S R ol

Ft




EarvoucnER ENGINEERING

‘Table 2 (Cont'd)

- 20

2 RESULTS OF CORE ANALYSES
EfoMP ANY‘ USS Chemicals WELL Haverhill Disposalw_ell No. 1
_ Air : o] - Gale.. {- Meas
i ol I " é’a‘:r%‘e% " °| Grain | Bulk " Romarks
: ' , Deiisity |Density
| ST. PETER |CORE NQ. 3 (3979 |- 4009.3|FEET)
36 3979.0 -0- 6.0 2,74 2,58 Shaly dol, grey
37 ' 3984.0 -0- 0.6 2.69 | 2.67 Limy dol, white
38 3989.0 | . -0O- 1.8 2,74 | 2.71 Limy dol, ‘white
39 3990.5 . |  -0- 2.9 2.75 | 2.67 “| ¥ shaly dol, lLimy
40 .| . - 4002.0 . -0~ 0.4 2.73 | 2,72 Dol, grey, V.F.
41:]  4007.00 | _-0- | 3.% 2.78 | 2.69 | Dol, grey:
AVerage : -0- 2.5 2.74°| 2.67 R -
.| ROSE RUN | CORE NQ. 4 (4242/0 ~ 4246.5 FEET) o
42 - 4242.0 -0- | 0.0 2.65 | 2.62 Grey dol sand
43 4243.0 -0- 1.2 2,65 | 2,62 | 'Grey dol sand
44 [ . 4244.0 --0- 4.1 2.65 | 2.54 - 81 shly, sl gr dol
- S . - - chert nodules. -
45 4245,0 -0- 6.1 12.59 | 2.44 - |"White sand
46 | 1 4246.0. | -0- | 7.2 2.59 | ‘2.40° .| White sand
Average -0~ 3. 2,68 ‘I 2.52 S
ROSE RUN | CORE NQ. 5 (42500 - 4261.8 FEET) =~ o
47 " 4250.0 83. 11.1 '2.60 | 2.30" | Sand
. _:43; 4251.3 53, .1’0._.:'.7; 2,62 | 2.34 Sand S
49 .4252.5° 62, 11.4 2,60 | 2.81° ‘Sand, sldol, F
50 | ~.4253.8 | 18. 11.8 2.62 | 2,31 Sand ¢ -
1 51 4255.0 2.1 10.7 2.60 | -2.32 Shaly sand
52 4256.3 0.3 8.0 2.56 | 2.36 Shaly sand,
53 | 4257.0 48. 14.9 2.62 | 2.23 ‘Sand
54 4258.0 52, 14.1 2.58 | 2.21 Sand
55 | 4258.8 .| 1.8 | 10.3 | "2.58 | ‘2,32 ‘Shaly
56 | 4259.7 . | ..1.0. { :.8.,5 . 2.66 | 2,41 ‘Shaly . o
57 4261.2 0.3 2.6 2.61 | ‘2,55 'S1 dol sd w/sh strks .
Aveifage 33, 10.4 2.61 . 2.34
bw SUMMARY (Continued following page)
Dapth, Feet Feet o Ava, Avy. wvg. QI
so Formatin T— s Am s Wk gasl



EARLOUGHER ENGINEERING. _
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! N RESULTS OF CORE ANALYSES
. COMPANY USS Chemicals wewr_Haverhill Disposal Well No. 1 -
f Air o o 5T o : |
) Sopte Rentp LR | okw | Gg | Neas | Ramarks ;
- : ‘ ___ |Density |Density | ' |
| MT. SIMON |CORE NO| 6 (5532.p-5560.8 FEET) . :
58 | . 5532.2 4,9 7.3 2,65 | 2.47 ‘Sand, shaly :
59 5533.0 -0- 1.2 2.46 | 2.43 Sand : |
60 5534.0 .| 0.4 3.5 2.62 | 2,53 | Sand . |
- 61 5535.0 I, 4.4 2.71 | 2,59 ‘| Sand, shaly !
62 - 5535.8 27. 119 . 2.61 | 2,30 Sand
63 [ . 5587.2 ' | 94, 14:1 2.64 | 2.22° Sand -
64 | © 5538.0 71. i4.1. 2,57 | .2.21 Sarid
65 | ~ 5539.0 21. 13.9 1 | 2,60 | 2.24 Sand
- 66 5540.0 18. - 10.6 | 21.5 | 2,56 | 2.29 Sand
-67 | = 55¢1.0 65. 13,6 2.59 | 2.24 Sand, VF . |
68 |, - 5542.0 . | 60. 14,6 2,55 | 2,18 Sand B 3|
- 69 . 5543.0 6.7 | 1.1 ] |.2.63 | 2.34 ‘| Sand "
70 |  5544.0 48. 13.4-110.2 | 2.53 [ 2,19 | Sand- |
71 | - 5545.0 - 55, 14.2 ] 2.88 | 2,21 | Sand -
72 5546.0 |- 22, 12.9-0 . 1 2.58 | 2.25 Sand 1
73 | - 5547.0 - | 21, 14091 7.2 2,53 | 2015 Sand
74 |  s548.0 - | 75, 13.7 | 2.57 | 2:22 | Sand :
78 5549.0 | 42, 14,4 2.55 | 2.18 Sand N
V76 5550.0 | - 48. 15.7 2.55 | 2,15 |- Sand |
77 5551.0 | . 39, 15.6 | 2.52 | 2,13 Sand -4
|78 - 55831.9 - 7.6 14.0 3.7 | 2.56 | 2.20 Sand :
79 5553.0 . 43. 15.7 . 1 2.55 | 2.15 Sand }
80. 5564.0 | .. 2.7 10,7 2.54 | 2,27 Sand B
81 5555.0 1.1 14.0 2.56 | 2.20 Sand . i
82 5556.0 4. . 15,9 2.54 | 2,14 Sand -k
83 5557.0 o 5.1 ] 13,1 2.52 | 2.19 Sand o:
84 5558.0 | 1.0 10.8 2.58 | 2.30 Sand i} il
85 |- 5558.9. [ 0.6 10.0° . 2.57 | 2,31 " |'Sand, shaly .
86| 5559.9 65108 2.33 | 2.26 | Sand, shaly o
87 | 5560.7 0.1 | 7.8 12,51 | 2.31 | Sand, shaly "
Ave._,ﬁage Kw = Pern] 32!_6!:-8 ed di 11‘1‘_19ed " ; 1__2! ':_g‘ﬁ_g ! 226 N IR T L g
- - - SUMMARY {(Continued following page) E
_ - _ o | , ;
Depth, Fest Feat ’ Avg, Avg. Avg, Ol] R
See. Fermation - From - v To Sc?nd FQ}::%'. ';g?.' S%!r . “S,at?r %’3}\ s
) ‘...n




Earroucaer ENGINEERING Table 2 (Cont'd) R2
RESULTS OF CORE ANALYSES . :

compANY_- USS Chemicals 7 ' WELL. Have_rhilll Di;‘qusali_V.Vell No. l
As ] 7. N z
Sarmle I:::se%t;h Pﬂd}?r ' lre‘:'mélargf R . P ngfﬁ?ggt ) Remurk:-
MT. SIMON | CORE Nd. 7 (556315573 FERT)
88 5563.4 -0~ 3.5 i Shaly sand
89. 3564.3 | -0- 1.3 . Shaly sand
90 | ' 5565.4° - -0- | 6.4 L Shaly sand
91 5566.6 | 3.9 8.6 ' ~{- | Shaly sand
92 | 5867.5 | :0- | 6.2 Shaly sand
93 | 5568.4° .| 0.1 6.1 ¢ Shaly'sand
94 5569.5° | -0- 1.8 Shaly sand
95 5570.4 -0- | 1.8 Shaly sand
N 96. 53571.4 | -0- 2.4 Limy sand
97 | 5572.4 | -0- 0.7 | Limy sand
Average o] 0.4 3.9
| CORE NO. 8 |(5595-5617 FEET) |GRANITE, NOT ANALYZED
mk o . SUMMARY
. Depth, Fest Faat : Ava, Avp, Avg. Oll
Sec. Formatlen Frem To sand FQ\r’gw %:‘rl.' Soulf? Végfer é:lgl]}f.:r}-“;
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8.1 Annulus Pressure Test Well No. 1

Waste Disposal Weil No. 1 was shut in and prepared for
testing at 6 00 a. m on Sunday November a, 1987 A high pressure
pneumatic pump ‘was used to pressurize the annulus to 2240 psi the
following Monday morning.- Approximately 100 psi was bled off the

annulus to allow anyientrained air to escape. The well was

. .repressurized to 2250 psig and the official mechanical integrity-*

':test was. started at 10 00 a.m. After v hous, the pressure ‘hagd -

fallen 50 psi this was within the 3% limit- imposed by. the OEPA.

'After an additional 30 minutes, only 10 ‘psi was lost indicating
gthat the well was reaching stable equilibrium._ The ‘initial
\pressure loss was therefore due to thermal - effects and the

‘:fintroduction of trapped air into the. annulus."-t“*

' Mike Moschell OEPA communicated with ‘Ernie Rotering, after

witnessing the annulus pressure test. Approval was granted to

: commence injection and the well was put back into service.

'uA copy of the prsssure test report is presented in Table 8.1. OsI.'

8.2 Annulus Pressure Test Well No., 2

Waste Disposal Well No. 2 was - shut-in and brepared for

utesting on’ Wednesday,‘OCtober 28, 1987. " The' official pressure

" test was performed at 10 30 a.m. and was witnessed by Mike
r;MOschell (GEPA) - The test was conducted at 2245 psig._'NO‘loss

lpwas recorded after 1 hour. a copy of the- pressure test report is. -

presented in Table 8.2.0-I.

86



TABLE 8.1.0-1

P | ANNULAR PRESSURE TEST

) oreraTor/owneR Arrcadid (CLo . STATE PERMIT MO
ADDRESS _ Doy (9~ EPAPERMITNO.
e Ton, - DATE OF TEST ta/z.glrﬂ
WELL NAMEANUMBER LAyDLS -‘él -CLASS I"‘
LocaTion f=0,5 TONNSHIP (A2e N COUNTY Sci,&
CORRECTIVE "ACTION . MECHANTCAL ‘INTEGRITY. D0 sacns T

. COMPANY REPRESENTATIVE./ M Cox FIELD  INSPECTOR- B, ﬂ\cmxuﬁ .
- TYPE PRESSURE GAUGEA@ __)mcn FACE PST ruu. SCALE, [@ PSI INCREMENTS-
!\
NEW GAUGE ~ YES __ NO _\/' IF NO, DATE OF TEST- CALIBRATION
‘CALIBRATION CERTIFICATION suamm:n- YES o NO _
RESULTS: - o
D . PRESSURE gpsxe)
TIME A ANNULUS ~ ~ ~ TUBING
Ipi3D . . R"AYE
- zﬂ‘fl-.fn _JdJd4gs
o foNss 1,1&4“5'
' "fl&lO .',LEKL(‘T o
fl (lb -)Q L/ .
D é)n qs"
TEST PRESSURE: ~~ ~ = = o rm-uﬂ

. - - .(-""
MAX.. ALLON_AB-LE,PRESS,URE-CHANGE: T%ST PRESSURE X 03 2{7—3 / PSI

ONE HDUR PRESSURE. CHANGE CQ 2 PSI

. TEST PASSED /V7 . TEST FAILED /7  (CHECK ONE) I I S
IF FAILED, ND TNIECTION MAY OCCUR UNTIL CORRECTIONS HAVE BEEN MADE AND HELL PASSES.

0 / 28/% 7

~ DATE
- 4 | ,Lc.é’.f /?_')/29/97
STGNATURE OF OEPA REPRESENTATIVE / 9£TE S
) 0EPA-1987
15244

87



Table 8.2.0~1

e | . ANNULAR PRESSURE TEST
) 0PERATOR/OWNER P cver ly Chom,  STATE PERMIT NO.
 ADORESS _Wex /2] EPA PERMIT NO.
&5 DATE OF TEST _J//‘?/S"r
WELL NAME/NUMBER _LQLQQ%! cLass __ |
LOCATION P(A—G’V —  TOWNSHIP 6 Eg So Al COUNTY ° gc, :C“ .
CORRECTIVE ACTION. .~ . _ MECHANICAL- INTEGRITY PP e £50 Re hﬂh

<

COMPANY REPRESENTATIVE j

e Can, FIELD- INSPECTOR M Mmc he lf
TYPE : PRESSURE GAUGL%LQ_FtINCH FACE

TPST FULL SﬁALE PST- INCREHENTS

NEW GAueE CYES . N0 IF NG, DATE: OF -TEST CALIBRATIDN |
" CALIBRATION CERTIFICATION SUBMITTED 'YES Jgf' NO
RESULTS:
, | PRESSURE (PS1E) _
_TIME ' ANNULUS JUBING
pLes _&&)’;Q W8E o
_[pitD —adds. X

o _/rze 0 _A236.

J_oise© 220 _
L0ido 2210 . e

__Lbﬂ _2200 S
1o ey {85

_L__z_o_ 21499 —in 1

TEST PRESSURE 22 S0

MAX.. ALLUNABLE PRESSﬂRE CHANGE : TEST PRESSURE X 03 L PST

—u—--—.—— --——-—-——--—n——---n---c_-a——--‘—--ﬁ-.’--'—--

TEST PASSED /V/ TEST FAILED /_ / (CHECK ONE) .. '
IF FAILED, N[l I ECTION MAY OCCUR UNTIL CORRECTIONS HAVE BEEN MADE "AND: NELL PASSES.

Vel /37

QOF COMP NY REPRESENTATIVE ' j  DATE
Y/, I( / ¢/ P
\ SIGNATURE OF OEPA REPRESENTATIVE "~ DATE
Joepa-9sr 8s

152411_
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INTRODUCTION |
Fivé Coré samples'from the Knox Group and underlylng ‘Rome
Formatlon fromJAristech Chemical Corporatlon s test/monltor'well in
Haverhill, Ohio, were sent to TerraTek . for routlne
po:csity/permeability measurements: and petrographic analysis.

| Petrographio analysls performed on these Cambro-Ordov1c1an samples

consists of "thin ‘'section microscopy, X-ray diffraction analy31s,

-and scanning electron mlcroscop?' -Table: 1 - 1lsts depths and -
_ stratlgraphlc 1nterva1 for- each sample. - e
B SRR LR R Tﬂﬂel‘ h
S : §amples gg lyzed ' :
4021.0 ~ 22.1 ' . Knox Group - Beekmantown Mémber
4192.9 - 94.0 Knox Group - Rose Run Member
4201.9 - 03.1 ~ Knox Group « Rose Run Member
-4591.5 = 93,1 ~ Knox Group - Copper Rldge Member

. 5196.6 ~ 97.0 Rome’ Formation




ANALYTICAL PROCEDURES
1. Petrographlc Analysns ' o S

Thin section samples were impregnated with blue dye epoxy or"
" red fluorescent epoxy under hlgh vacuum to access matrix poros1ty,
mlcrofractures, and . 'micropores w1thin. the sample rock fabric.'
Samples were then slabbed mounted to either standard thin sectlon'-f
slides or overslzed 2" x 3" glass’ slides; and ground to a thlckness‘
Qf. approxlmatelyr'so mlcrons a Portlcns of ~thin sectlons were=5
] stained.with Alizarin Red and potas51um ferricyanide to facilltate
1dent1f1catlon. of . dolomlte, calclte,“ and ferroan carbonates .
Indlvrdual samples were analyzed to determine rock classrflcatlon,'

mlneralogy, diagene51s, and por051ty type(s)

2 X-Ray anfraction Analysis (XRD)

glk Ana;gg;g Representatlve one-gram splits -of bulk samples~1:

aré ground in acetone in agate mortar to <325 mesh ¢ (<457 um)-- then

scanned at 2°20 per minute from 2-65°28. Diagnostic peaks of
minerals identified on resulting dlffractograms are rescanned cnf-
dupllcate samples. Approx1mate welght percentages of the mlnerals B
are determlned by- comparlng diagnostic: peak 1ntensities with thoSe

generated by standard pure phases. mixed in - various. kriown
proportioens. ' '

Clgz An glﬁsi'° Bulk samples,rat least 35 grams 1f p0551b1e,

are sonlcally dlsaggregated ln deionized water, allowed to settle.
sufflclently to yleld the de51red.part1c1e size fraction (generally'-”

<2 um or <5 um), decanted, and centringed The resulting slurries

are smeared on glass slides and x~rayed at 1°9 per mlnute following

‘air-drying (2-37°), vapor glycolatlon for 24 hours: at 60° C (2-22°),
heating to 250°C for one hour (2-15° ) and heating to 550° c for one
hour (2-25°). Approximate weight percentages of the layer

._Silicates identlfled on diffractograms corresponding to these

treatments are determined by comparison of diagnostic peak
intensities with those generated by pure reference clays in
appropriate mixtures. '



3. Scanning Electron Mlcroscopy (SEM)

) : - SEM samples prepared from core materlal were mounted on. an SEM

'sample mount and coated under hJ.gh vacuum with gold - Samples were .

then exam:.ned using’, a Hitachl S—450 SEM equlpped w:l.f:h a Kevex_.-'-

‘energy dispers,:.ve x—ray spectrometer. Samples were examined and -

_ photographed at a range of magnificatlons to exhibit the morphology
-of the rock. fabrlc and pore’ system. -Identification’ of pore-lim.ng"
or pore-filllng coraponents was made whenever possible.




KNOX GROUP BEEKMANTOWN MEMBER

e ) Sample 4021 from the Beekmantown Member of the Knox Group is _

characterlzed by flnely crystalline dolomlte. - X-ray dlffract:.on_
- (Table 2) 1nd1oates that- dolomlte and - quartz are the: dominant .
components. _ MJ.nor amounts of- late stage pyrite were also observed -
in thin -sectlon. . Relicts of a somewhat 1aminated bioturbated
“fabric’ are. present, but: dolomltizatlon has been fa:Lrly pervasive L
—and destroyed most. original texture. e o

‘Porosity is dominated by vugs of- various sizes. - Many are
elongate features ' parallel to 1aminatlons, th.ch may be the '
' remnants of a fenestral fabrip - Very little. intercrystalllne -
porosity was observed in thevmatrix-. Most vugs ‘are. lJ.ned to fJ.lled '
by enhedral' dolomite crystals Larger vugs, which range up to 2 em
in diameter, - commonly contain - dolomite rhombs up to 5 mm in
" diameter. The quartz measured 1n the X=ray: dJ.ffractJ.on is a pore- o
fill'ing component which precipltated prior to the: ' ‘eyhedral
dolomite.' Pore-fJ.llinq quartz is’ somewhat irregularly dlstrlbuted
Z;Eg-?? whereas pore-l:.n:.ng/fllllng euhedral dolomite is present in almost
| ) -alil~“vugs, Pyrite is also a 1ate pore-fllllng component - Several -
,narrow fractures ware also observed. . o

A poros:.ty value of 2.2% was measured in. the routine analysa.s. :
" Visual J.nspectlon of the 1nterval suggests that poros:.ty var:t.es
. somewhat 1oca11y. Some vugs may also be J.solated and ineffective. .
Maximum horizontal permeability of 231 nd was mneasured in ‘one
irectit : e other horizontal direction and in
a vertical orientat'-ic')n:.._ ‘The- h:Lgh horizontal value indlcates that

some vugs are well interconnected .at least on the scale ¢f the
whole core. No fractures large enought to account- for th.!.s high -
permeability value exist in the full- dlameter sample.



ey

. TABLE 2

X-ray Diffraction Analysis -

—

' Sample No.

4201 -

e
4202

4192 "

4598

“ulk | cray

Bulk | Clay.

Bulk..} -Clay

-Bulk_-'

’ .:Clay

Quartz

14

88

- 84

13

. Plagloclase -

g

K-telds‘par 5

1

'-_Dal_or-nlta- 3

_86.

16

U

Pyrite

T

Halte

T

- Kaolin

| e
(+ 10A Mica)

M.L. Chiorita/
Smectite




a ) The dlagenetlc sequence env151oned for this sample is as
1 ). follows: ' o

1. Dep051tlon of carbonate mud - in a shallow

‘ ‘marine setting.
© 2. ~ Compaction and 11th1f1catlon of lime mud.

3. Fracturing.

4. . Dolomitization and dissolution.

5.. Precipitation of pore-filling quartz.

6. Precipltation of -pore~lining/filling euhedral
: dolomite.

7.  Precipitation of pore filling pyrite.




_ KbKIXtSRCHJP ROSE:RLMﬁDdEBdBER _
Two samples, 4193' and 4202', were analy2ed from the Rose Run .
Member of the Knox Group:.’ ' ' '

Sample 4193' ls composed malnly of chert 'Thls rock was . .
originally an oolitic 11mestone but has been completely silicified.
Original = textures .and fabries have "been preserved through
-replacement of calc:.ta.c textural elements by silica. oOoids range

from medium to Coarse sand size and were orlglnally cemented by

calcite. Ooids with both radial and. concentrlc internal structure
are present. Silicified- 1ntrac1asts are also present but - are much
leéss abundant than coids. Partially open and - partlally filled
fractures disrupt the fabrlc and form a brec01ated mosa:.c of

y -

silicified clasts.

A number. of dlfferent conventlonal or uncenventional porosmty.
types  were observed in this sample. On -one hand, two different.
generatlons of fractures are present. An earller set formed prior
to silicification and is partially fllled by silicified isopachous.
calolte and ankerite, which- precipitated followxng 5111c1floation.
Slgnlflcant amounts of porosity remain along this - fracture set.

~ The second generatlon of fractures occurred relatively late. These“
-fractures are partlally open and form an- orthogonal network ‘across -
the sample._ Conventionally, 1nterpart1cle‘porosrty is present_
‘between ooids, and intraparticle porosity. is présent within ooids
and intraclasts. A"Ihtrapertiole porosity 'is dominated by

microporosity as indicated by SEM analysisf'-Finelly, vugs and -
dissolution voids are also present, Dissolution porosity formed
prior to silicification. Interparticle, lntrapartlcle, and vuggy -
porosity present prlor to 5111c1f1cat10n was .net destroyed durlng
silica diagenesis. ~ i L o
..... A routine por051ty value of 9.1% was measured for this sample.
Of the porosity types present fracture porosity and interpartlcle
_ porosity are the most significant. Mlcrolntrapartlcle and "vuggy -
';) porosity are 1less abundant than fracture and intraparticle
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poroisty. Intraparticle porosity5within carbohate'grains is likely

ineffective in‘transmitting fluids. Measured permeabilities range

form 0.07 md to 6.0 md. Fractures likely play an important role in
permeability. Vertical permeability (0.07 md) is reduced by low
angle stylolites near the middle of the full diameter sample.

Diagenesis of this 'interval is relatively complek. - The . -

fcllOW1ng is- a generalized sequence indicating major dlagenetic-
events: e . B ' '
1. __Dep031tion of carbonate grains in a- shallcw

- marine. setting.

2. Cementation by calcite.

3.  Compaction and. fractqring '

4. DPrecipitation of 1sopachous fracture llning
. calcite cement.

-5, Dissolution and formatlon cf vuggy porosity..
6. . Pyrite precipitation. '
7. Silicification.

8. Precipitation of fracture-filling ankerite in’
early fractures.
9. rFormation of- late orthogonal fracture set

Saﬁple 4202', also from the Rose Run: Member is a quartz rich

- sandstone and plots in the upper portion of the subarkose field of

a Folk (1974) 'sandstone classification diagram - (Figure 1).
Monocrystalline quartz is . the dominant framework component although

“minor -amounts  of- polycrystalline gquartz- .-also’ present..
- Potassium feldspar is dominated’ by’microciinefand-censtitutes:Z%-toni-r

3% of framework grains. Lithic grains and chert constitute another
2% to. 3% of the . major‘miﬁeralogy. Many . lithics “are . partially

dissolved ‘and are probably sedimentary rock’ fragments. - No
accessory grains were observed 1n this thin: sectlon. '

The sample is dominated by ‘fine to _medium - grained sand,
Median grain size of 2.02. ¢ was measured for 50 random grains
(Figure 2). Framework grains are rounded and moderately well to
well sorted. Grain contacts are dominated by point and long
contacts, 1ndicat1ng relatively minor compaction.



Flgure 1 Modal Ana1y31s
' . Company : Aristech Chemlcal Corporation
Well : Test/ Momtor. Haverhill, Ohio =~ -
‘Formatlon . Knox, Rose Run Member S
Quartz

su uthn.ren.lte )

Feldspars 2% 50 25 - Rock Fragments
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X-ray diffraction analysis (Table 2) shows very little clay in .
the’ sample. SEM analysis encountered minor amounts of mixed-layer
illite-smectite. Illitessmectite-exhibitsrpore~lining‘and pore-
filling morphologies, but constitutes lessAthan'l% of'the.bulk-

composition. -

Quartz and fe.lds-par are the dominant cements. - Both are
present as overgrowths on framework'grains. ~No carbonate cement -

‘was observed, but may have bheen a factor. in the diagenetic history -

Calcite, if once present has been removed. through dissolution.-

. Porosity is dominated-bv intergranular'and "moldic" pores.-
formed by the complete dissolution of framework grains. Lithic and
feldspar grains, along with carbonate cements that may have -been
present have beeh removed by acidic formation waters. - Short,
high—angle{_partially epen fractures are present but :probably only -
affect"thisl interval :locally Minor amounts. of intragranular
porosity Wlthln partially dissolved grains were also observed. |

Porosity and permeability are greatest in - this sample.;
Intergranular porosity. constitutes a major portion of the 12.1%
measured in .the routine analysis. ‘Horizontal permeability-

: measurements do not show significant. variation, suggesting that |

fractures do not signiflcantly_affect.permeability.'

- The following diagenetic sequence is.- env151oned for 'this:

‘ sample.

1. Deposition in a shallow marine setting.
2. Compactlon

" 3. Formation of silica and feldspar overgrowths.
4. Calcite cementation. ‘ -
5. Fracturing.l
6. . Dissolution.,- '
7. Formation - of minor pore—lining and pore-

filling illite-smectite. ' : .
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KNOX GROUP COPPER RIDGE MEMBER ("B" ZONE")

Sample 4593' P from the Copper R_J.dge Member of the Knex Grduﬁ‘,
is -characterized by silty dolomite interlaminated with . thin
siltstone or very fine sandstone laminae. - Dolomite laminae are
finely crystalline and contain scattered quartz and feldspar silt.
8ilt and very fine sand also occur ih.this-laminee; siltstone.

" laminae are'lightly biotgrbated and define ripple marks in one

portion of the’ _samp_lé. - Siltstphe _iamin-ae are 'eeinent‘ed by a

combinat'ion' of gquartz. and dolomite cements. . Rounded to elongate -'

5111ceous nodules are allgned parallel -£o sone. lamlnatlons.._These

- nodules were evaporltlc in orlgln probably anhydrite nodules that

silicified later. Several stylolites were also observed at the
interface between rock types.

x-rayrdiﬁfraction_anaIYSisx(Table 2) indicated'that quartz and

'feldspar grains are about. equal’in abundance.- Illite and mixed-
. layer chlorlte—smectlte are the dominant clay minerals. SEM

analy51s 1nd;cates that. these clays have pore-lining and pore-
£illing morphologies in siltstone laminae. . Clays eppear more
abundant in-siltstonehlaminae than in the silty dolomite. Pyrite
is also present and 1is typlcally a late stage replac1ve or pore-
£illing compohnent.

Porosity;is{dOﬁinated by micrcporosity.in siltstenevlaminaeg
Porosity is also cbserved within the silicified evaporite nodules.
Porosity in silicified nodules is present between. quartz erystals -

r)

and individual pores can be relatively large. Former evaporite
nodules are, however, limited in extent and typlcally isolated.
Porosity w1th1n nodules is likely isclated and ineffectlve. The
2.7% porosity measured 1n thlS sample 1s primarlly mlcroporQSLty
within siltstone 1am1nae.“ Very little’ por051ty was observed in
silty dolomite laminae. Permeabllity is relatively low, reflecting

" the dominance of mlcr0por051ty



The follow1ng dlagenetlc sequence is env151oned for thls o

sample- ' ' e ' '

O e Depgsition in a restricted‘ shallow ‘marine. .
- setting. S S -

2. Bioturbation. '

3. Compaction and formation of stylolltes.

4. Silicification.of evaporite nodules; silica
cementation. of siltstone laminae.

5. Precipitation of pore-filllng and replaciver
-pyrite..f _

N




ROME FORMATION o
lSample 5196 represents the Cambfiap Rome,Formation_anﬂ is -

éharactetizmi by medium to coarsely crystalline dolomite. As
indicated by X-ray diffraction (Table 2), dolomite is the dominant
mineral component. | The minor amount of quartz and feldspar
measured in the XRD analy51s occurs . as - scattered detrital gralns.
Clay  minerals are concentrated in discontinuocus- more ~finely
crystalline patches,; which may be burrows. ‘Texture and

~distribution of these clayey, finely crystalline patches are

sﬁggeetive of bioturbation. Dolomitization has been extensive and
obliterated almost all origlnal fabric. Wlspy compactlon*related'
stylolltes are present in clayey portlon of the sample.

Vugs and, to a lesser degfee, fracturee dominate poresity.
Vuggy porosity is well developed throughout most of the. sample.
Most vugs and fractures are lined to partially filled: by euhedral
dolomite crystals. - The outer edges of .pore-lining dolomite rhombs

“are composed of'ankerite:indicating a change in. formation water .

chemistry with time. Some parts. K of the sample are poorly
impregnated with the fluorescéent epoxy, suggesting isolation of
vugs or extremely small pore throats. -

Porosity measured -in the routine- analysis +is. 3.6%.

~ Permeability measuréfients show'51gn1f1cant'var1atlon indléating'the

probable importance of fractures to permeability. Fractures are

- present in both clayey and clay-free portions of the sample. . Vugs .

were only observed in clay-free areas.

The diagenetic sequence.fcr this sample is as follows:

1. Dep051tion of carbonate material in a. shallow
marine setting. _ e

2. Lithificatiom.- ST

3. Compaction and stylollte formation.

4. Fracturing.

5. Dolomitization and dlssolutlon forming vuggy
porosity. -

6. Pre01p1tat10n of pore-llnlng/fllllng'dolomlte.

7.. Pre01p1tat10n of pore-llnlng/fllllng'ankerlte.
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 TABLE 3

Full Diameter Permeability and Porosity Data
- - Aristech Testhonitor Well '

' Sample -

Number

. Depth

@

" Paimeabllity

| Kmax_

{md)

K90
()

Vert

(md)

‘ Porosrty

(%)

' Grain -
Density

(@r/co) |

| ..Lithology

4021.0-22.0

" 281

.02

02

e

2,79

Dol,ltgy,cxi, vay.frac,suc -

| 4193.0-94.0

6.0

) _3'!3

o7

o285

Chttbrn-itgr, wthrd mgr. ss sti sty'_ -

4202,0-03.0 |-

86 "

70

1.4

127

264

|-Ss wh,mgr,su bdd sty

“}..4592.5-93,1

B [V

v :aeﬁ :

<.01

27

2.78. -

_;Ss,mgy,vf_gr,v/dol,calo x[s.s'ty.i dd

@ s o |m

| s196:5:97.0

1.8

T e

1 -.04.

1.7

3.6

2.84

a '-Dbl.ltgy-ltgfn;-c-\'réxl.vgy-.lntxl,sty :




'DESCRIPTION BCHEME FOR CARBONATE SEDIMEHTARY ROCKS.-

ROCK TYPE, COLOR, GRAIN BIEE / CRYBTAL SIZE, POROSITY TYPE, hCCEBSORIEB

KEY TO ABBREVIATIONS:

aff - anhydrite filled

fracture
alt - altered
anhy - anhydrite(ic)

arg - argillaceous

bdd - bedded

" bent - bentonite

bf - buff.

biot --bio@urbated

bit - bitumen

:rbl'— blue(ish)

- blk - black

‘bnd - banded

: brec - breccia(ted)

e
i

Nbrn - brown

bur - burrowed

c - coarse

cal¢e - calcite(areous)
carb - carbonaceous-

cff - calcite filled
. fracture

cgl - conglomeraﬁe
chky = chalky
chlor - chlorite

frac - fracture

. fri - friable

gff - gauge filled -
- fracture

‘glauc - glauconitic

gn - green

U gr - grain(ed)
‘grnl - granule-
9y - gray |
'QYP - gYP$um(1ferous)

. hem- - hematite(lc)
Cif - incipiént fracture-.

ipcl_f lnclusion“

. intprt - ;nterparticie
Antrprt - intraparticle
intxl - intercrystalline-'

lam - laminated

‘lav ~ lavender

1i§ - lignite(ic)-
ls - limestone

1t - iighﬁ'_

m - medium

.mar =~ maroon .’

pff - pyrite filied

. Eracture
pls ~ pisolitic
pk - pink

pof - partially open
: fracture i

. ppvgs - pinpoint vugs
-‘pig - parting(s)
_purp = purple
pyr - pyrite{ic)

qff - quartz filled
~fracture

'-_.qtz ~ quartz

red - red

sa - salty
~sdy - sandy
sh - shale. -

" shy - shaley

sid - siderite

- 8il - éilica(eeus)

81/ - slightly -
sltst ~ siltstone.

slty - silty:_..'
ss ~ saridstone .

cht_4 chert

chty - cherty
cly - clay(ey)
clyst = clayétone

dism - disseminated
.dk - dark '

dff - dolomite filled
fracture

dol ..~ dolomite(ic)

£ - fine

fen - fenestral

fis -~ fissile

fos - fossil(iferous)

mas - massive-
mic ~ micro
mica - micacious

‘mol - moldic

ﬁﬁum;.nodu1é(§jﬂm
o -~ oil

of - open fracture

ool - oolitic

org - organic
orng - orange
pbl - pebble
pel - peloids

 stn4:4atain4ed44ing;%r

‘str - streak

styl - stylclite
suc - sucrosic -

" tan - tan

v/ = very
ve - very-coarse'
vf - very fine

vgy - vuggy

wh - white

wthrd - weathered
yel - yellow
X1 - crystalline .
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INTRODUCTION

Aristech Chemical Corporation (Aristech) requested that Research & Engineérin
Consultants, Inc,, (REC des]iign a step-rate test procedure to be executed in their Well
No. 3 at Haverhill, Ohio by Envirocorp. Aristech also requested that REC provide an
engineer on-site for the test and that REC evaluate the test data. The nvirocorp
report, dated April 2, 1991, describes the steg—rate field activities while this report
describes the design of the test and evaluation of the data.

RATIONALE FOR THE TEST

. 'The proposed test was planned in response to an Ohio EPA rc(g}cst. It Was noted by

that-agency that the step-rate test previously conducted in Well No. 3 was not entirely

- -satisfactory because of equipment problems. Specifically, the inability to pump at very -
low rates precluded obtaining an essential part of the test data. . o '

THEORETICAL BACKGROUND | | |
The basis for design and -evaluation of a steg-rate test is that superposition of
fundamental flow solutions applies to flow of a slightly compressible fluid 1n a porous

 medium with unchanging properties. Specifically, for injection into a well with a rate
' history,described by a step function . , : :

- )
(1) Q=g = X Ag ot <t<t,

T |

as shown in Figur_c 1.

Agy

L A

|
|
: . e
) " tz.
Step Rate History

‘

>

L e e
s

FIGURE 1
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the bottomhole pressure is [see Collins, 1961)

- ' n_l 27 .

| I Pucr,
2 P(t,)=F, =P, + 3 Ag F 28
) Pl =F = ° ..z‘i o 4"Kh{ (K(tn“ti) }

Here consistent units apply and the symbols are:

K = permeability

¢ = porosity fraction

i = viscosity .
thickness of interval

h =
. 8 = skinfactor _
- Py = static shut-in pressure -
Iy = well radius

In this, the function F is well approximated by the exponential integral function.

=8

~which is a tabulated function. Now if the skin factor -is.changed suddenly from one fixed
value to a new value at some point in time, then after this time, the pressure is given by

: o
3  Fw= [Tl

| ' .' n-1 . 9

- : D Pren?). o
4 ‘ P't)Y=P, =P + Aq; <F + 28
(),U (J.n 0_5 %mmh{ﬁmgﬂj }

®  R-R= -9,

This shows that if one shbulcfplét--the data-of P, versus Gy then there should be a

... change in slope of the resulting graph by the amount

| . 2u |
6 - slope change = —_— (-8
(6) pe chang PPt



[ttt it e R T L R L O T T I B AR TN LA L SN S S S PTR et e T e R hra e st

at the point where S changed.

For example, if P,, versus qy_; is well approximated by a straight line

(7) Pn = a-+ b—-gn—l » >n,
and similarly for the P,
(® P, = a+b'q.,,n<n,

then b'- b is given by Eq. (6). _ e
Now, if a well is h])cfgraulically fractured by injection, this effectively introduces a
negative change in skin factor.” In fact, for a vertical hydraulic fracture of length 2L,

, If)risected by the wellbore, the change in skin factor is, for an infinitely conductive
acture, _ i ' ' : '

o) §'=S = —faiL

Thus, a step-rate test can determine the bottomhole injection pressure at which a
fracture is created-by identifying the point of a sharp change in slope of the P vs. g plot. .
* However, a more gradual change in s ope can occur simply due to a slow change in the
- skin factor in the following manner. ' ' S

- If the formation permeability:is Kp, from the well radius out to some radius p, and has

- yalue Kbeyond ryp,, then the skin factor can be showntobe, - . - R

- Hence, if the increase in pore pressure near the wellbore,; due to.injection, simply
- "dilates” the pores, this will cause Kp, to be greater than K and S to be more negative.
This "pressure sensitive permeability” causes a progressively more negative skin factor
and hence a gradual decrease in slope of the P versus q plot as pressure increases. This
effect will precede the event.of fracture -initiation, if the formation i previously
unfractured, or fracture opening if already fractured, as pressure increases,

——

The phenomenon of pressure sensitive permeability is directly. related to that of
permeability reduction due to compaction. For example, Figure 2 exhibits laboratory
data showing the decrease in permeability of core plugs due to an increase in confinin]gl .

) pressure on the sample. Here, the level of pore pressure was less than 100 psi in a
iiz# - cases ie, atmospheric effluent pressure. Thus, it is the difference, confining pressure
mifus pore pressure, which determines permeability variation, :



B0 % - . 0]
1. ——]
\\ \\ (2 (4)
40 : 3)

() 38 Miidarcs
o0l () 408 Milidarcies
"I (8 45.0 Miidarcies
() 4.35 Milidarcles
(5) - 632 Milidarces

-1 n
0 3000 8OO0 9000 12000 15000 18000 :
Compaction Pressure {pounds per square inch)

Permeability with Zero Compaction Pressure
" g

FIGURE 2

~Effect of compaction on permeability of consolidated rocks.
{(After Fatt and Davis, 1952)

Now, to initiate a fracture in unfractured rock, the wellbore bottomhole pressure must

‘reach the value

(A1) Py = 38, -S4 =P, + T,

-‘but fracture opening can oct:ui"at fhe pressuré’

(12) | Fo = 38; —Su -,

- if such fracfures do exist (Eﬁanlson _&'Fairhurst; 1967). Here, Ppp is the "formation
.breakdown" pressure and Py is the "fracture opening" pressure. These pressures are
~ given in terms.of the existing principal horizontal tectonic stresses;. Sy (minimum) and

Sy (maximum), and the insitu pore pressure Pp. Itis the tensile strength of rock; T,

‘which defines the difference in Pgpy and Ppg. These. relationships are based on the

premise of a vertical fracture,"“és“‘h%osed to a horizontal fracture, and indeed it is well
documented (Howard and Fast, 1970) that for depths below about 2,000 feet subsurface

-7 stresses are such that this will be the case. -

TEST DESIGN AND DATA EVALUATION

There are many misconceptions about step-rate testing which are prevalent in the -
industry. Among these are the assumptions that each rate should be sustained to reach -
a steady-state pressure. Another is that all rate steps must be equal in magnitude and
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“duration, However, none of these resumptions are really correct. Indeed, all one
must do to obtain a good test is to be sure that adequate data points are obtained at
- pressures below and above the critical pressure. That is, one is simply trying to identify
the critical pressure at which the skin factor of the well changes (becomes more
negative) and any rate sequence which accomplishes this can, in ]fprinciple, be used.
However, evaluation of a step-rate test is made very much simpler if rate steps of equal
duration and magnitude are employed; then, one simply plots the observed bottomhole
pressure at the end of each rate step, just cPrim' to the next rate chanﬁ versus the rate
- at that point. The resulting graph should be essentially a "straight line” with a slope
change at the critical pressure. F : :

- It is essential, however, that the initial rate step must not cause the wellbore pressure to
exceed the critical pressure.. Indeed, the previous step-rate testin Well No. 3 was not

- entirely satisfactory because the initial rate was too high, This was a consequence of
equipment problems. (A low-rate pump was not available). o o

Based upon the data obtained durng the previous step-rate test in Well No. 3, and
-estimates of the critical pressure from other Mt. Simon wells, a maximum lowest rate
was estimated which would not cause bottomhole ressure to exceed the critical value
(= 0.6 x Depth) while injecting at this rate for two hours, Then this rate was proposed
-as the increment, Aq, to be used for all steps and step durations were limited to 15
- ‘minutes. However, upon re-entering Well No. 3, it was found that fill material was in-
the wellbore and this was cleaned: out usmi% coil tubing only to a slant well depth of
‘6015 ft. Thus, approximately 'the.upger 10 ft of the total 35 ft of Mt: Simon formation.
was fully exposed to receive injected fluids.”  This was deemed acceptable for the test
since it is the threshold pressure for fracture opening or initiation near the top of the
Mt. Simon which is of critical interest. e -

Three step-rate tests were then executed with rate sequences and resulting pressure
data as displayed in Figures 3,4 and 5. ‘Here, as in the previous step-rate test, there

- ‘were some mechanical problems; and only in the final test, Step-Rate Test #3, was a
- truly satisfactory test obtained. The end-step pressures,  plotted versus. -the

- corresponding rates, do show the classic "two straight linetpattern. The intersection of -
. these two straight lines defines the critical pressure usually identified as Ppp or Py, In
this case, the intersection would definitely be Ppg, fracture opening pressure, since

there was a previous step-rate test. Although Well No. 3 was never fractured during a
wellbore stimulation, the rock was sli tléfr ured during the three previous step rate
tests. Therefore, Prg is represented as the intersection of the two lines. There 1s also

evidence -of curvature beginning at a lower Ppressure indicating pressure sensitive
- perméability, ¢ S - SR A

“~

Injection Forecast model of REC by a history matchingﬁoces‘s. In this case, the model
- essentially evaluates Eq, (2) for an input rafe history. Thus, by adjusting values -of the

‘Now to evaluate these three tests more completely, the. data were used with the

__ parameter groups
P, ,—-—u ‘r’cw.ch ,and §
Kh Kh

a match of observed and computed’preésures can be achieved.

5
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Model results were generated for two cases, one in which $.was maintained at a
constant value of 3.0 and one in which the value of S was adjusted to achieve a match in
observed and computed pressures. These results are shown in Tables II and IIT for the
fixed parameters shown in Table I below. : ' o

- TABLE I
P, = 2630psi
p =056cp
'K =20md
e =011 . .
¢ =55x106psit
h = 35ft

- Note that, although six parameters are listed as fixed, some of tliese can in fact be
varied provided that the group values defined above remain fixed. This follows, of
course, simply because parameters enter the calculation only in these specific groups.

- . Observe that the model;stud¥ indicates in Table III that in the first step-rate. injection
+test the skin factor was very large at the start of injection then steadi,l}ﬁﬁl]gcrcasgd and

became negative only after a pressure above 3400 psi was reached.. This behavior is-

ical of a well with significant particulate formation permeability damage which .
"cleans up" with injection. ‘The negative skin indicates either fracture opening or
pressure sensitive permeability as discussed above. R :

-.. The second step-rate test was almost classical 'and began with a skin of about 3. This
- - skin is consistent with wellbore fill obstructing some ‘of the formation. .Observe that -

- skin was reduced ‘with increasing %)_ressure becoming -3 at a pressure above 3400 f)si.

S However, the jump in rate from 20 gpm to 79 gpm was too large and did not allow
The third and final test was completely satisfactory. . The beginning skin of 0.1 with
gradual reduction and ultimately becoming negative to the value of -2.5 was truly classic

: : | ; _ imulated results are shown graphically for
Step-Rate Test No. 3 in Figure 6. The sh;ght "overshoot” in computed pressures in the
beginning of each step is due to the fact that the actnal rate increases® are not -
instantaneous as in the simulation. L '

. These data clearly indicate a pressure sensitive permeability with a threshold pressure . -
in the neighborhood of 3200 psi and a fracture opening pressure of 3375 psi. . The
‘negative skin factor of -2.5 is contributed by pressure. sensitive permeability as well as -
possible opening of existing ffactures. It is not possible to truly distinguish the relative

contributions of these two mechanisms from these data. : . :
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TABLE II

" ARISTECH CHEMICAL CO,
HAVERHILL, OH

WDW NO.3
BOTTOM HOLE PRESSURE REPORT
: Pressure
Time Rate Vol Obs Calc Bottom Hole Pressure -
Date . Days GPM MG Skin P51 Psi PMin- 2000. - -PMax= 4000
. HISTORY MATCH * = calc 0= observ
STEP RATE TEST #1
'03/23 /91 13:24 0.0 0. 3.0 2630 2630 ***kdkkkkikk()
03/23/91-13:36 1.7 0 3.0 3043 2688 Fxdkkikkkkikk 0
- 03/23/91 13:48 2.1 0 3.0 3076 2703 F¥dkkddkiikhdkk 0
-03/23/91 14:00 2.3 0 3.0 3087 2713 *kkdkkkkdkdkhddi 0
03/23/91 14:12 3.4 0 3.0 3128 2752 kkdkickkkkikkkk 0
03/23/91 14:24 5.0 0 3.0 3176 2809 - **¥kdkkkkdkkdkikikx
03/23/91 14:36 6.3 0 3.0 3216 2857 F¥kkkdkikkikikikk 0
03/23/91 14:49 8.5 . 0 3,0 3220 2937 dd¥dxmiiidkikkiiokk
03/23/91 15:00 11.1 0 3.0 3264 303] kdkddekdendkkkikikikik
03723/91 15:14 17.9 0 3,0 3337 3274 F¥kikikdiokkkkkkkikikiik()
- 03/723/91 15:21 5.0 0 3.0 3150 2855 ddkkdckkkddddhidk 0
©03/23/91 15:39 0.0 0 3.0 2670 2663 F*kikkikkkkki()
- 03/23/91 16:04 60.0 0 3.0 3555 4783 kkdkdcikddiedicieidohdodiiok ki (ko ko k
STEP RATE TEST #2 a :
03/24/91 11:54 0.0 0 3.0 2615 2634 -***********0
03/24/91 12:15 0.7 0 3.0 2630 2658 F*¥*dkkkkikk()k
03/24/91 12:45 1.0 -0 3.0 2639 2670 *dkkkkkiikik()
03/24/91 ‘13:16 1.8 0 3.0 2670 2700 *dkdkikkkkik(pk
03/24/91 13:46 3.0 0 3.0 272] 2745 *xkdkkkikkikk()
03/24/91 14:16 5.6 0 3.0 2805 2841 F*&Ekkdkikhkkhk(jh
03/24/91 14:45 7.8 0 3.0 2929 2924 Hhkkikkkkidikkkkk()
03/24/91 15:03 0.0 0 3.0 2770 2656 F¥**kkkdiikik ()
" 03/24/91 15:35 10.0 0 3.0 3118 3006 ey 0
03/24/91 15:37 20.0 0 3.0 3211 3314 idddddddskikkdhdkkhik(phk
_03/24/91 15:56 0.0 0 3.0 2663 2665 kikiddkikkk() _
. D: L4 .' J . b /8 KRR

~ STEP RATE TEST #3

03/25/91

03/25/91
‘03425/91

il
L
P .
e \,-._/

03/25/91
03725/91
03/25/91
03/25/91
03/25/91

03/25/91
703/25;91

03/25/91
03/25/91
03/25/91
03/25/91

2617 2637 '****¥§*¥***0'

10:00 - 0.0 0 3.0

10:30 2.0 0 3.0 2662 2709 kskkwakkikx .

11:00 3.1 0 3.0 2692 275] *hhsarkankagis N

11:30 5.5 0 3.0 2756 2840 *dwawksshnrkingr :

12:00 8.1 0 3.0 2836 2038 hmmkskkkmiudkux

12:30 11.5 0 350-2956 3067 - *mkhkiokkiiokiiik(hk

12:50 15.0 0 . 3.0 3056 320] *kkkkkukmknahkinnrkn

13:30 20.6 0 3.0 3180 3414- *********************0****

13:59 24_1 0 3;0 3267 3554 ***********************0*****

14:30 29_4 0- 3.0 3356 3760 ************************0********‘
15:00 35'3 0 3;0'3437 3989 **************************0**********
15:30 41l2 0 ‘3_0 3485 4221' ***************************0*********
15:34 0.0 0 3.0 3079 2006 **ksxkkmwmkkiinik ()

15:58 60.0 0 3(0 3622 4897 *****************************0*******



TABLE III

" ARISTECH CHEMICAL cO.

HAVERRILL, OH
HWDW NO. 3
BOTTOM HOLE PRESSURE REPORT
Pressure
Time Rate Vol Obs Calc Bottom Hole Pressure -
Date Days GPM - MG Skin Psi Psi- PHIHH 2000 PMax= 4000
_ - HISTORY MATCH * = cale = observ -

,STEP RATE TEST #1 : : - o _
©03/23/91 13:24 0.0 0 35.0 2630 2630 F¥¥dkkkkdkkk()

037/23/91 13:36° 1.7 0 31.5 3043 2876 *dddkkkkdkkddkkikk (-

03723791 13:28 2.1 0 28.0 3076 2902 *¥kikkkkikskasrsk Q.

03723791 14:00 2.3 0 24.5 3087 2904 Fhwkdkkrikikiiiik

03/23/91 14:12° 3.4 0 21.0 3128 2989 *¥wkdkkrkwiikkkkhkik ()

03/23/91 14:24 5.0 0 17.5 3176 309] F¥kdkkdkdkkikdkihikiiik()
03723791 14:36 6.3 0 14.1 3216 3127 Fikkmkkkkkkkkkikikkkk ()
03/23/91 14:49 8.5 0 10.3 3220 3177 FkkkEkdkkkikkkikkikiik()

- 03/23/91 15:00 11.1° 0 7.1 3264 3206 Fddciiokikkikkkiioiiikkik()

_ ~03/23/91 15:14 17.9 0 3.0 3337 3274 iekikddidkikikkdkikidkiikiii(
© 7 03/23/91 15:21 © 5.0 0 4.0 3150 2875  F¥*kkkdkickikkkikk 0
- 03/23/91 15:39 0.0 0 1.3 2670 2663 Fdkkkkkdkkick()

03/23/91 16:04 60.0 0 -2.5 35585 3505 -****************************0

¢ STEP RATE TEST #2 ‘ ' _ : , :

~03/24/91 11:54 ~ 0.0 0 3.0 2615 2634 kkkkkkikki(}

03724791 12:15 0.7 -0 2.9 2630 2658 *x¥kkkkkkhi(x

- 03/24/91 12:45 1.0 0 2.7 2639 2669 Fxdkkkdikkki()

"03/247/91 13:16 © 1.8 0 2.4 2670 2696 ¥ikkkikiikkgk
03/24/91 13:46 3.0 0 2.2 2721 2736 ‘rdkkdkkdnkink()

1 03/24/91 14:16 5.6 0 2.0 2805 2820 ridkidkkkdkikk(k ,

- 03/24/91 14:45 7.8 0 1.8 2929 2890 *ikkAmikkdkikidik() . .
. 703/24/91 15:03 0.0 0 1.7 2770 2656 bbbeieiaicistiatatniadl | SR

© 03724791 15:35°10.0 0" "}.5 3118 2949‘-******************

03/24/91 15:37 20.0 0 1.5 3211 3198 **********************0

03/24791 15:56 0.0 0 3.0 2663 2665 **kkkkndnknk()

03/24/91 16:24 79.0 0 -3.0 3682 3642 ******************************0.

STEP RATE TEST #3 ' e
- 03/25/91 10:00 0.0 0 - 0.1 2617 2637 **dkkkkkkik()

.03/25/91 10:30 2.0 0 0.1 2662 2686 *¥dkkikkdkix(y-

03/25/91 11:00 3.1 0. 0.1 2692 2716 kdnkikkikikk . e
103725791 11:30 5.5 -~ 0 0.1 2756 2778 - *kkkkkkkkikkkkg 0 "

03/25/91 12:00 8.1 0 0.1 2836 2847 **kkwmkkkkkmikk]

03725791 12:30 11.5 0 0:6-2956 2960 . ¥*k¥kdkickkkkkikkkk()

03/25/91 12:59 15.0 0 0.6 3056 3062 Fikkkkikkkikkiikkik()

----- 03/25/91 13:30 20.6 0 0.1 3180 3183 Fddkkikdkkdikikikkiik()
03725/91 13:59 24:1 0 0.0 3267 3274 ¥kkkkkikikkikxikkiikik()
03/25/91 14:30 29.4 0 -0.5 3356 3361 dedekededdodedededodokddekdodok ok kdk k()
03/25/91 15:00 35.3 0 -1.0 3437 3442 *ddkikiiikkkikiihikiikiickk()
03/25/91 15:30 41.2 0 -1.6 3485 3487 *ikkddkkdkihkkikikkkkikkkik()
03/25/91 15:34 0.0 0 0.0 3079 2906 F¥¥kkkkkkkkkdhkkk
03/25/91 15:58 60.0 0 -2. 5 3622 3619 Fikddkdekddkdodkiokiokddkddokdddokkkhdk()



e FIGURE 3
STEP RATE TEST #1
ARISTECH CHEMICAL CORPORATION
"WATER DISPOSAL WELL #3
~ MARCH 23, 1991

Gauge at 5441 Tt. (verttoal) eubsurTece
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FIGURE 4
~ STEP RATE TEST #2
ARISTECH CHEMICAL CORPORATION
WATER DISPOSAL WELL #3
MARCH 24, 1991

Ceuge et 5441 Tt.. {vertlecol) subsurTece
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. FIGURE 5
STEP RATE TEST #3
ARISTECH CHEMICAL CORPORATION
WATER DISPOSAL WELL #3
MARCH 25, 1991

Gauge st 5441 Tt. (vertlicel) eubeur-‘f'ace;.
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FIGURE &

‘ STEP RATE TEST #3
ARISTECH CHEMICAL CORPORATION
WATER DISPOSAL WELL #3
MARCH 25, 1991

Geuge ot 5441 Tt. (vertical) subcurTace

< 1r ,
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P3-ai

ooy TR T e R R L et R i it T TR T A SRR T T e .
wu in In-Situ Stress Measurement Data Summary (Monitor Well) ,
<% Table 1
& =
Test .Formation “Interval Date Time Lithology/Description
Identification Name Depth (BGL) Start 1st Inj. +/-1 min. . :
| : (ft) BN
Reference Mt. Simon () - - Sandstone
Z1 Rome 5386-5390 5/31/91 12:33 Dolomite w/Shale
225 Rome 5379-5383 6/4/91 05:37 Dolomite w/Shale/Fracs
z2 Rome 5373-5377 5/31/91 16:34 Dolomite
Z3 Rome 5360-5364 5/31/91 19:12 Dolomite w/Shale/Sandstone
Z4 Rome 5315-5319 5131791 23:27 Dolomite w/Healed Fracs
Z5 { Rome ~ 5241-5245 6/1/91 02:59 “Shaly Dolomite
26 ___Rome " 5198-5202 6/1/91 06:41  Dolomite w/Shale/Fracs/Vugs
27 w Conasauga - - 5174-5178 6/1/91 08:21 Dolomite w/Shale
226 " Conasauga 5142-5152. 6/4/91 16:39 _ Shale _
Z8 . Conasauga 5117-5121. 6/1/91 112:03° Shale
Z9 | Conasauga 5068-5072 6/1/91 17:57 Shale/Dolomite w/Fracs
Z10 Oo_%m_‘ Ridge :Qoa 4975-4879 6/1/91 21:49 Dolomite
Z11 ~Copper Ridge (Knox) 4821-4825 6/2/91 10:10 Dolomite
Z27 Oon_u_oq Ridge (Knox) 4623-4633 6/4/91 . 21:18 Dolomite
Z12 Copper Ridge (Knox) 4472-4476 6/2/91 14:56 Dolomite w/Vugs/Fracs
Z13 _Copper Ridge (Knox) _ 4255-4359 6/2/91 16:26 Dolomite
214 Rose Run (Knox) 4210-4214 6/2/91 22:50 -Sandstone
215 mommﬂmcn,ﬁx:oxv - 4194-4198 68/3/91 00:13 . Limestone/Chert
216 - Rose Run (Knox) 4186-4190 6/3/91 01:41 Sandstone
217 - Beskmantown (Knox) 4174-4178 6/3/91 04:43 Dolomite/Shale
Z18 Beekmantown (Knox).  4160-4164 6/3/91 05:48 Dolomite
Z19 Beekmantown (Knox) . 4140-4144 6/3/91 08:43 Dolomite
220 mmmxam:,osz (Knox) 4121-4125 6/3/91 10:11 Dolomite
228 Beekmantown {Knox} 4050-4060 6/5/91 01:29 Dolomite w/Shale
221 Beekmantown {Knox) 3970-3974 6/3/91 13:28 Dolomite
: - 222 WellsCreek =~~~ 3900-3904 6/8/91 o 17:00 ‘Dolomite/Limestone
- 223 Black River 3780-3784 6/3/91" 20:51 Limestone ;
- z24 Black River 3548.5-3552.5 6/4/91 00:04 _Limestone w/Fracs
- ~ 1 ~
, , 5
- !



oo Ansiech wnemical Lorporation navernil-Fiant o
n- mzc Stress zmmmcﬁmama Umnm m:BBmQ (Monitor Well) -
Table m
- Test Formatlon . Rate Packer -Injection Pp
ldentification Name {GPM) Set (PSI) Gauge Depth (PSD) (PSIFT)
S He = 7% L (ft) o .

Reference = _s_ Simon = - - 5546** 2633 - 0.475"*
Zt " 'Rome . 2.1-4+. 1000 . 5377 | 2560 0.483
Z25 , " Rome - 230 . 595 5370 2543 0.474
z2 ’Rome 230 850 5364 2609 - 0.486
Z3 _ "Rome . 230 . 750 .. b535%. 2585 - 0.483
z4 Rome . 230 500 5306 2568 0.484
25 Rome S 230 650 5232 2523 0.482
Z6 | ' Rome . 240 900 5189 . 2501 0.482
Z7 ;. . Conasauga 240 775° 5165 2489  0.478
226 - ' ‘Conasauga 7.00 630 5133 2473 0.482
z8 Conasauga . - ‘. 230 - . 650: . - . 5108 2464 ©0:482
79 . Conasauga - . 250 . 850 . . 5059 - | 2427 048
Z10 |  CopperRidge (Knox) 2.40 ﬂwc - -4966 2373 . 0478
Z11 % Copper Ridge (Knox) 240 520 - 4812 - 2320 0.482
z27 . Copper Ridge (Knox) 6.90 580 4614 2217 0.48
z12  , Copper Ridge (Knox) 240 700 . 4463 2157 0.483
Z13 . Copper Ridge (Knox) 230 745 . 4246 2045 0.482
Z14 . RoseRun(Knox) . 230 400 4201 -] 2008 0.478
- Z15 - Rosg Run{Knox)” 230 815 4185 | 1988 - 0.478
216 - Rose Run {Knox) - 240 T 840 4177 - 1991 . 0.477
217 .mmmx_:m:,ozs (Knox) 2.40 875 4165 : 1986 0.477
Z18 Beekmantown (Knox) 2.30 . 660 4151 1976 0476
Z19 Beekmantown (Knox) 250 520 4131 S 1970 0.477
Z20 Beekmantown (Knox) =~ 250 870 4112 - 1954 0.475
728 Beskmantown (Knox) 7.00 680 4041 1920 0.475
21 mmmxauaoss (Knox) ~ 2.50 520 3968 | 1893. - 0.478
Z22 “WellsCreek 240 670 . 389t 1859 - 0.478
Z23.  BlackRiver 2.50 520 3771. .| 1796  0.478
724 Black River 240 Jmm 35395 1678 0.474

| \J/m *** Data from 1968 DST



~Aristech Chemical Corporation Haverhili Plant .
or <<m5

In- m_E m:mmm _,\_mmmca_soa Data Summary :so_._
Table 3
Test Formation Injection Pl Po PE |
" ldentification Name- - Gauge Depth (PSI) _ (PSUFT) {PSI) (PSVFT) (PSl) (PSI/FT)
o SR
Reference Mt. Simon - = : - - — -
Z1 Rome. 8377 4543 845" - - 3500**  .651-.730**"
725 Rome - 5370 C 4249 . 799 - - 3840 715
Z2 Rome” . 5364 ' 4002-4089 W. .746-.762 - - 3820 712
Z3 Rome 5351 3837 : a7 - - 3525 .659
24 Rome 5306 3653 | .688" - - 3375 636
Z5 i Rome 5232 4073 : 778 - - 3560 .680
6 : Rome 5189 3880 : 748 - = 3590°"* .692
7 : Conasauga 5165 3182 _ 616 - - 3075 595
Z26 ogmmmcmm_ 5133 3660 J13 - - . »3450* ».672"
Z8 Conasauga - 5108 - - .3924 .768 Pco =3910 Pco=0.765
Z9 ; Conasauga .. -~ 5059 3347 661 - - 3150 623
210 Oo%mq Ridge- ?:Qc : 4966 3180 634 - - 2725 .549
1 Copper Ridge (Knox) 4812 3286 .683 - - 2920 607
227 Oounmq Ridge (Knox) 4614 3361 728 - - 2920 . 633
Z12 Copper Ridge (Knox) 4463 - - 2860 641 Pco =2990 Pco=.670
Z13 Copper. Ridge.(Knox) 4246 - 2958 700 - - 2390 563
214 Rosg Run (Knox) 4201 2048 702 - ~ 2550 607
215 Rosé Run (Knox) 4185 o= - 4203 1.004 Pco = 4420 Pco = 1.056
Z16 Rose Run (Knox) . 4177 2910 .700 - - 2705 - .648
217 - Beekmantown (Knox)- 41865 3086 741 - - 2725 .654
218 Beekmantown Ax:oxv 4151 2812 877 - - 2575 620
218 Beekmantown (Knox) 4131 2771 .671 - - 2450 .593
Z20 Beekmantown (Knox) 4112 2717 661 - - 2485 .604
228 wwmwsmaos_: {Knox} 4041 2904 719 - - 2460 .609
221 Beskmantown {Knox). 3961 2041 | 742 - - 2500 - 631
722 Wells Creek. 3891 2728 i J01 ~ — 2220 571
Z23 Black River 3771 27110 | .719 - - 2145 569
Z24 m_mow m_<mq_ mmwm 5 2500 ” 706 - - 2080 -.588
_ Note *** = Significant uncertainity associated with “?mmm figures.
—~ : ] —_



-~ Aristech Chemical Corporation Haverhill Plant
- In-Situ Stress Measurement Data Summary (Monitor Well)
S | Table 4 -
Test Formatlon Shut-In sP © Interval . Approximate Formation Pressure
identification Name Gauge Depth (PSI) (PSI/FT) Depth (BGL) Rise Required to Exceed
S (ft) : . , Minimum Horizontal Stress (PSI)
Reference Mt. Simon L — - - - . - _ _ -

Z1 e Rome - 5381 = 2650-3800*** .492-.7Q6*** 5386-5390 @ Pp =048 65-1216™""
725 _ Rome .~ 5374  3455-3690  .643-.687 = 5379-5383 876-1112

z2 Rome ~ -~ 5368  3420:3450 .637-.648 - 5373-5377 843-875

Z3 _ Rome .~ 5355 3450-3470 .644-.648 - 5360-5364 878-900

Z4 Rome =~ 5310  3225-3335 .607-.628 - 5315-5319 674-786

Z5 Rome , ' 5236  3295-3385  .629-.646 5241-5245 780-869

26 _ Rome ! - 5193 3375-3460 .  .650-.666 ~ 5198-5202 883-966

Z7 Conasauga -~ . 5169 3020-3055 ' ,584-.591 ~  5174-5178 @ Pp =048 538574

226 Conasauga 5137 3225-3275 .628-.638 _ 5142-5152 760-812

z8 Conasauga 5112 -. 3050-3565***.. .597-.697*** - 5117-5121 598-1109***

Z9 , Oo:mmmcmm . 5063 . 2860-2925*** . .565-.578""* .. '5068-5072 430-496"""
210 Copper Ridge Axsoxv 4970  2700-2725 .543-.548 4875-4979 @ Pp =0.47 363-388
VAR Copper Ridge (Knox} 4816 2825-2850 587-. mmm 4821-4825 563-588

z27  Copper Rldge (Knox) 4618  2690-2820  .583-.611 4623-4633 522-651

Z12 Copper Ridge (Knox) 4467  2715-2810 .608-.629  4472-4476 616-710

213 Copper Ridge (Knox) ~ 4250 - 2310-2335 .544-.549 4255-4259 _ 315-336
Z14 Rose Run cn:o_.u,c - 4205 2375-2410 .565-.573 - 4210-421 - @ Pp-=0.47 ~ 399-433

215 - Rose Run (Knox)} ~ 4189  3250-3630*** .776-.867*** ﬁma-ﬁmm . 1282-1663"""
Z16 Rose Run (Knox) ~ 4181  2530-2575 - - .805-.616 4186-419D - 564:610

217 Beekmantown {Knox) 4169  2525-2575.  ..606-.618 = . 4174-417 @ Pp = 047 567-617

Z18 . Beekmantown (Knox) . 4155 - 2435-2510  .586-.604 - 4160-4164 =~ 482-557

Z19 Beekmantown (Knox) 4135  2360-2400 571-.580 - 4140-4144 418-455

Z20 Beekmantown (Knox) - 4116 ~ 2340-2410 - .569-.586 4121-4125 407-477 -
-Z28 Beekmantown (Knox) 4045 2260-2350 .559-.581 4050-4060 360-449

z21 - Beekmantown (Knox) 3965 2310-2425 .583-.612 3970-3974 448-563

222 WellsCreek .+ - 3895 ~ 2220-2215 - 570-.568 = 3900-3904 @ Pp =047 390-386
- 223 Black River - 3775 2080-2130 -.551- mm# . 3780-3784 @ Pp =047 306-355

224 Black River 3543.5 2025-2050 _mﬁ mﬂo. . wmnm 5-3552.5 . 358-386

—% : . S ”m T e & \1/ H , Zo_m:. m_m:___nma c:omam,___aw mmmnn_m_mn s&_s this m:m_&m._ﬂ




2_.&83 o:ma_om_ 00606”6: Im<m3___ Plant

Drill- mﬁma Test Data mcasmq

Zo_mm .n not qm_u_.mmo_.zw%o <m_cm insufiicient sample/shut-in time

Table 5 -
Formation Weli Umﬁ‘ | __:ﬁim_ mmcmm Depth u.* Note Brine
(ft KB) |- (it KB) (psi) K
Logan Test | 1/21/01 | 164.2:261.5 | 157.7 63.7 - 1.033
Berea ‘Test | /20001 | e79:2734 672.7 324 | . - 1,095
No.3 .| 4/13/89 701-751 710 333.3 | LowPerm/ Plugged 1.03 |
No.1 | 5/14/68 712-733 - Plugged i oom
f ‘
Niagran No. 3: - = — - 1.17
Newberg | Test 391 | 1757.4-1790.7'] 17509 837.7 - 1.007
No. 3: - e : - 12
No.1\ | 5/16/68 | 1795-1835 | 1805 859 |NotP*, Plugging| 1.193
‘Beekmantown | Test ' | 4/20/91 Aoow.méwm.m 30055 1805.7 _ 1.218
(Upper Knox) N . . L
Rose Run Test i 4/25/91 41814225 4170.0 1912.2 = | t1.214
(Knox) No.3 | 5/5/89 | 4503-4588 | 457200 1968.8 | Deviated Well | 1.19
_ ‘No.1 | 5/26/68 | 4220-4265 4230.0 18956 | - — 1,199
Copper Ridge | Test | 5/8/01 | 4446.7-4480 4440.2 2078.2 - 1.20
(Lower Knox) I _ | n
Mt.Simon | No.3 | ‘o25/89° | 59786109 5065 26459 | Deviated Well | 1,052
No.1 | 6/5/9167 | 5520-5565 5545 2633 - 1,005
Lower Mt. | No.1:| 6/6/91¢9 mm.a-mm: 5613: No Perm. -
Simon - 1

2 - fluid “wm_,:n_m n:_ﬁm.% injectate

: N



P44-9/
| | Barcode @637
Y | o - Ba3s
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- DESCRIPTION OF FORMATION TESTING PROCEDURES
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Tor Connie Walker

from: Jack Slechta

Subjet: D@Scription of a Swab/DST

pae: December 3, 1990 | | o ATKEARNEY

 Swab ‘ ,

A swab is a device equipped with an upward-opening check valve = R
that is designed to fit snugly within the well casing or - _
tubing that provides a means of removing fluid from the well '
when pressure is insufficient to support flow. The swab is ?
lowered on a wire line to a point well below the surface of

the fluid in the well and rapidly withdrawn to the surface, 3
1ifting above it the fluid through which it has been lowered. ]
Removing a part of the column of accumulated fluid within it
reduces the pressure within the lower end of the flow tubing E
or casing. This process encourages more fluid to flow rapidly o
in from the surrounding formation creating upward nomentum of o
the entire column of fluid. In some casés, the swab is used - '
simply as a mechanical lifting device for removing fluids from
wells without any intention of inducing flow. : )

o Drill stem Test
i) ‘

A drill stem test is a method .of testing a formation to
determine its potential productivity before installing casing
in a well. Incorporated in the drill stem testing tool are a
packer, valves or ports which may be opened and closed from
- the surface, and a pressure-recording. device. The tool is
7 lowvered to the bottom of the hole on a string of drill pipe .
' and the packet set, isclating the formation. to be tested from
the formations above and supporting the fluid column above the ,
packer. A port on the tool is opened to allow the trapped
pressure below the packer to bleed offfintd;the'drill“pipe,;
in 2 formation to atmospheric pressure and
allowing the well to produce. The well fluids may thus be
sampled and inspected. REE T -

Repeat Fo;matibg Tester : R . 7\ 1

The Repeat Formation Tester (RFT) tool is designed to take an
unlimited number o¥f “formation pressure measurements at the )
surface during a single trip in the borehole. 1Instead of %
using explosives to activate the tool, the RFT .tool is ;
operated by an electrically driven hydraulic pump. The
hydraulic operation provides the capability of repeated set- .
retract operations. RFT pressure measurements are accurate
Wy within 0.13 percent making the data applicable for pressure

) profiles to 'fluid  density, fluid contacts, differential

' depletion, and reservoir inter-communication,




Memorandum
December 3, 1990
Page Two

The RFT tool_can.alsb take one segregated fluid sample from a

‘single test depth or two samples from different depths during
a single trip in the borehole. When the tool is set, the body

is held away from the borehole wall by a packer on one side

and backup pistons on the other. A filter in the probe on the

hydraulic pump greatly reduces flowline plugging. The minimum

- recommended liole size to use the RFT tool ig"61/2 inches, and
~ the standard chamber size is'a 1 gallon and-2 3/4 gallon, or
two'2+3/4-gallon capacity per sample. & .- . S
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1.0 I-N_l’!t;_' RODUCTION

This_report summatizes the constructlon of the Aristech Chemlcal Corporation Waste stposal Well No. 3.
Envrrocorp Services & Technology, Inc. was contracted to construct the well.

Well No. 3 was spudde.d on April 7 1989 when the cement used -to set the conductor pipe was drifled out.
Drilling operations were completed on October 4, 1989 when the laist of the. drilling equipment was rémoved from
the wellsite. . The well is currently on a suspended status, as of the date of this- feport, awaiting.a permit to
operate.: A bridge plug is sét msxde l:hc 7 inch protection casing, the injection’ tubmg and packer have not- becn
installed. A well schemauc is. mcluded as Drawing 30-1237-1, v

2.0 'SUMMARY OF. LOGGING_-AND- TESTING RMS

" For thc sake'of readability, the supimary of well operations does not reference to'the. ap’pend:ces containing the
' m[ormauon gathered while constucting Well-No: 3. The mformatlon can be found in the appendices as listed

in Table’ No T,
TABLE I
ARISTECH CHEMICAL CORPORATION
) . DISPOSAL WELL NO. 3
. TABLE OF AEPENDICES
_© APPENDIXVQLUME . = - - - CONTENTS
. A Co 2 E Open Hole Gcophyswal Logs _
B 3 . Cased Hole Geophysical. Logs and Selected Engineering
. |  Llegs - |
C 4 Drill Stem and Swab Tests
D 4 Mud Log '
E 4 Drilling and-Completion Flurds
F 4 Directional Survey: -
G 4 Core Dafa - Roc_l_g_Mschanlcs and Rock Properties
H 4 oo * Summary of Casing and Cement
I 5 Chemical Analyses
b J 5 Mechanical Integrity Geophysical Logs

ENVIROCORP-SERVICES & TECHNOLOGY, INC.-




. .
.
-~ mechanical problems.

)

The geophysical log measurgiments obtained from the open (uncased) hole are contained in Appcn‘dix A. Tiable
II-summarizeé thelogs run and the appropriate appeﬁdix Information concerning formation ﬁorosities, indicated
fluid resistivities, and apparent fithologys are obtained from the open hole logs.. A Borghole Televiewer was run
(o obtain indications of fracturmg within the strata imnediately overlymg the Mt. Simon mjectmn interval,

Cased hole. geophysmal Iogs run for evaluation of cement bondmg, cement placement, and the eondition of the
protectmn casing are contained in Appendix B, Appendix B also contains. logs run through the drﬂlstrmg to
confirm packer setnng depths for _th.e swab tests’ condueted durmg construction of the well, -

- Formatlon tests were eonducted as shown in TabIc Il Tests No. 2 and No. 9 (convent:onal bD.S. T) gave

indication of a permeable formation. -Reservoir charaeteristics were calculated from the rccorded pressure data.

A summary of tests 2 and 9:-

:J.‘_eggig Formation, . Extrapolated -Permeability Flow Capacity

Reservoir : _

(test depth) - Pressure - (md) - -(md-ft.)
| o (psig) - o |
- 2 ‘Rose Run- -~ 2010.8 2272 . 34083
' : (4503-4588") o ,

9 Mt-Simon 26459 . 163 . 21213
' '.(5978’-6109’). : o

Further detalls ‘are contamed in Appendix C. Tests No 4, No. 6, No. 7, and No. 9 .(swab tests) also gave
indication of permeab]e formatxons (Test No. 9 was a combmat:on convennonal DST. and swab test). -

The 'swab tests were eonducééd for the purpose-of obtaining a representative sample-of fluids contained within

‘the formation-tested. The mechanical nature of the test procedure precluded obtaining any reservoir data other

than producing bottom hole pressure while swabbmg Appendix C also contains the swab-test summaries. Three
tests, No. %, No. 3, and No. 5 gave indication of.non- permeablﬁ formatlons. “Test No. 8 was mconclumve dueto -

The formation fluid saniples obtained were split with the Ohio Environmental Protection Agency and analyzéd
by independent laboratories. The complete’ Iaboratory resuits are found in Appcndlx I the summary of ahalytical
rcsults are found in Table VL. - e

L TT

-.A mud logger was cmployéd_ to analyze the drill cuttings circulated from the hole during the drilling operation.

A [inal mud log is included as Appéndix D, Appendix E contains information on the drilling fluid. A
conventional bentonite base drilling fluid was utilized throughout the construction of the well until the protection

casing was set, The Mt. Simon injection interval was cored in.it's entiréty using a salt-polymer system, The salt-
polymer mud was employed to minimize formation damage.

ENVIROCORP SERVICES & TECHNOLOGY, INC.



~ TABLE II
' ARISTECH ‘CHEMICAL CORPORATION

DISPQOSAL WELL NO 3

ENVIROCORP SERVICES & TECHNOLOGY, INC.

SUITE - . .. DEPTH. .
NO.. ‘DATE(S)  LOGRUN . LOGGED APPENDIX REMARKS
1 . 4/11/89  Indiction ~ SFC.- 880 A-5 -
L Sonic - - 'SFC - 880’ A2 -
-Caliper . . §FC- 880" - -
- Gamma Ray SFC - 880 A-5 -
TA  4/14/89 RET. . SFC - 880’ A8 Repeat formation tester sample _
R - “(summary) . recovered was split with O.EP.A, -
ENG 4/16/89  TEMP. SFC- 780" . - Bl : Temparature log to evaluate - -
. T T S ' cement placement. Note: Eng = -
‘ Engmcenng Log, See hote below
2 4/18/89°  CBL/VDL - 877 B2 Cement bond log with variable
- ‘ ' ' , densnty '
ENG  4/24/80 -  Survey -F “Wellbore direction. and.deviation
' 1 5/26/89 : ‘ -measurcments
ENG 6/7/89 ] GR/Neutron SFC- 4590 = B-14 , Venfy packer settmg depth.
' with CCL ' ‘ o (Gamma Ray/Ncutron with casing
collar locator).
3 6/17/89 . DLL/MSEL  SFC-$852 A4 Dual Iatherolog
: -~ LDT/CNL- - SFC - 5852’ A-l - " Litho-density/compensated neutron * ©
- DIfSP/GR  SFC- 5852 A5 Dual induction/spontaneos - - |
: : _ : . potentlal/Gamma Ray g
_ ‘Cyberlook . . 875 - 5852 A-3 .
ENG - 6/19/89- ) GR-CCL SFC - ‘B-15 ' rVerify Apaékcr- setting depth,
ENG 7/13/89 ° GR - CCL SFC - 180(5' B-16 Véﬁf}f packer setting depth, ‘
ENG  7/17/89- = GR - CCL- SFC - 1500 B-17 “Verify 'pa'c':kér:Setting depth.
4 8/7/89-  DLL/MSFL  5620'- 5025  A-4 Due, to-severs hole jroblems,
8/15/89 LBT/CNL 5610’ - 5950° A-1 .-~ lopging was not complcted until -
Senic “oe SFC - 5957 —---AZ 8/15/89.
BHT 4000 - 5950° AT BHT = Borchole Televiewer
Directional 800’ - 5908’ . A-6
Survey . : -
CBL/VDL . - 65 - 7908 B-3 Relogged surface casing i
Cyberlook 5700° - 5900° A-3 o : ;
ENG 8/20/89 ‘Temp. SFC - 3000" ‘NI Locate top of cement
ENG 8/22/89 = .CBL/VDL 2000° - 3030’ NI Evaluate cement
CET © 20000 - 3030 NI o ‘

o

TN

[Pp—



- TABLE II (CONTINUED)
ARISTECH CHEMICAL CORPORATION
DISPOSAL WELL NO. 3

Y OF GEOPHYSICAL LOGGIN

SUITE o DEPTH
NO, - 'DATE(S) LOGRUN  LOGGED AP_EM REMARKS

"ENG 8/27/89 CBL/VDL 2200’ -'5950" B-4 Evaluate cement
CET Do 22000 - 5950 B-5 o
ENG 8/28/89  Temp.  SFC-3274 NI Evaluate annular injection
, . - - : s procedure
ENG 8/30/89  CBL/VDL -~ SFC-505¢ =~ -B.6 Evaluate cement
e . CET SFC - 5950° B-7 '
5 ' 9/11/80- 'CBL/VDL . SFC-5950" B-10 - o
: 9/12/89 . CET. . - SFC-8950 . B-11 ‘CET = cement evaluatlon tooI S
ETT-D- - - - SFC-5950° . NI " .ETT = Electromagnetic Th:ckncss
_ - o - (casing mspcctlon)
- Temp.- . SFC-5950" - B-8 -
. MFC . -SFC- 5950 -B-9 MFC = Multl-Fmger Cahpcr
6. 9/20/8% - DLL . 5880 - 6088 . A-4 .
: ) Sonic - .- 5880 - 6092 A2 -Soniclog‘ h’as been computer
. . . . processed
ALDT/CNL . 5880 - 6088’ A-1 '
. Cyberlook - 58808 - 6088 A-3
7 9/28/89 o E’I"I‘—D 207 - 6006 B9 " Base log for future reference -
. , ETT-D 850°- 6006  B-10 - '
'_-'-Qu:cklook

*NOTE: Engineering logs run for field- evaluatmn of operatmns are not always dlstrzbuted as final copies.

NI'= notincluded . .

ENVIROCORP SERVICES & TECHNOLOGY, INC.



'TESTNO. : APPENDIX

1 C1
2 2
3 C3
4 4
5 o
6 Cé
7 C7
8 - C8
9 o

TABLE I ,
ARISTECH CHEMICAL CORPORATION
DISPOSAL WELL NO. 3

SUMMARY OF DRILL STEM TESTS

 TEST INTERVAL

.00 - 751

(Berea)

4503 - 4588
(Rose Run) -

5598’ - 5733 _
(Rome/Conasauga)

4491~ 45917
. (Rose Run).

a4l sz
" (St Peter)

1788 - 1858!

{Newburg)

1500 - 1570°
(Bass Islands -

"Niagaran")

- 5963 -.6109"
(Mt. Simon) .

5978' -:6100"

AMt. Simon)

TEST TYPE
Convel‘nfioﬁai.

Conventional ‘

Conventional

“Swab Test ~

. Swab Test .

Swgb' Test

Swab Test

Conventional

Conventional -

& Swaly

ECOVER
No recovei'y_.

Recovered 10207 (10 0 bbls)

- fluid in drlllplpe

Recovered 2 gallons from -

- ‘sampler.

Recovered 188 bbls format:on o
fltud -

‘Recovered load ﬂuld only, no
'formatlon ﬂmd :

Recovered 93 7 bbls formatnon
fluid,

Recovered §7.3 bbls. form_ation
fluid with-trace oil. . -

Misrun, No:test,

: Recovered 1’270 bbls, formauon
fluid.

ENVIRGCORP SERVICES & TECHNOLOGY, INC.



o | | TABLE.IV |
)y 5 ' ARISTECH CHEMICAL CORPORATION'
| ' DISPOSAL WELL NO, 3

_SUMMARY OF CORE RECOVERY

Depths Cut ~Amount  Amount
Core . Measured Cut. . ‘Recovered,
No.  Depth, Ft.. - {Ft)  (Ft) Remarks
1 5600-5654 4 s -'Conasauga/Rome
ﬂ | o | o Confining Interval
2 5654-5695 N - Conasanga/Rome
S - Confining Interval
3 56955733 ... 38 . 38 . . AConasauga/.Rome
' : - ‘ . .Ccmfin‘iﬁg Interval :
5915-5973 58 29 .- . ’Severe Hole Problems Prior To- Conng
59735978 5 3 - Two Trips With Core’
- a ' ' “Possible Top of M. Slmon @ 5981.
6 5982-6027 45 45 Tentative Top Mt. Simori Porosity @ 60115 Ft.
Yoo 7 emreem 45 45 e S
8  6073-6097 24 24 . Granite "Basement"
L @ 6079 Ft. Measured
o 60976109 12 12 Total Depth 6109 Ft,
;o
- TABLE V

ARISTECH CHEMICAL CORPORATION

SUMMARY OF MEASURED ROCK. MECHANICAL PROPERTIE.S 3

(REFERENCE APPENDIX NO, G- 1)

s

. Closure “Prue- ~@2yN3) o Hyd‘x‘oStatic‘ ~ Closure

- Gradient “Vertical -Closure .| " Pressure At "Pressure At
— Measured (PSI/FT) Depth Pressure Depth-Fresh - Surface-Fresh
Depth - 2) )] (PSIy Water Water
5678 0.871 . 5252 4574.5 23109 22636 .
-) . 5708 0912 5279 4814.4 23228 2491.6
5709 0.920 5280 4857.6 23232 25344

ENVIROCORP SERVICES & TECHNOLOGY, INC.



The well was drxlled directionally to-a bottem hole location that is approxxmately 1695 feet Noith and 1116 feet

. East of the surface location at a measured. depth of 6109 fcct A copy of the directional survey information is-

included as Appcndlx F.

Cores were.cut from ﬁeasured depths of 5600 feet to 5733 feet, 5915 feet to 5978 feet and 5082 feet to 6109
feet. Table I'V. summarizes the core recovery, Appendix G-2 contains details- of the Rome/Conasauga cores

- and Appendix G-3 contains the Mt. Simon core information. ' In addition, mechanical rotk properties were

measured.on three- samplcs ds summanzcd in Table V. A detailed report. on. the détermination of the r0ck
mcchamcal propc‘rtzcs is mcludcd in Appcnchx G 1. :

The. surface casmg, 10-3/4" 405 lb/fect K-35 with short thread and cguphng, was sct at 883 feet and cemented

to surface with 475 sacks of cement. Appendxx H-1 contains the O.D.N.R. Record. of Casmg, Cementing and
Mudding as well as the treatment report supplied by the cement contractor, The protection casing, 726 Ib/ft.
K-55 with. long thread and coupling, was set at 5978 feet The bottom-two joints of .protection casing were MN. -
80 gradc for corrosmn resistance. After cernenting t the first stage with 467 sacks’ ”L:tc Poz" (yield 2.26 cu.ft./sack).
and ta‘ﬂmg 1n with 170 sacks Class A (yield 1.18 cu. ft, /sack), the staging collar was, opened in preparation for
ccmentmg the second stage. It was not possible to-circulate through the stage.collar with mud returns to surface

_ and the- secOnd stage cement Was gborted. Appendix H-2 contains the report on cementing cqunpment installed

on'the protection casing as well as the- mstallatxon summary. Thlckt‘:mng time and compressive strength tests
were performed on the cement blend proposcd for the protectlon casmg The test results. are contained in
Appéndix H-3.

Mcchamcal Iutegrlty Tcstmg (MIT) mcluded various unofficxal pressuré . tests.of the protection casing. An

- official-annwlar tost is to be performed subscquent to mstal[atlon of the- injection tubing. Results of the Oxygen
" Activation Log run as a part of the MIT are: contained i in Appendix J-1. Appendix I-2, contalns the. Radnoacnve .

Tracer (RAT) survey

ENVIROCORP. SERVICES & TEOHNOLOGY, INC.



- TABLE VI
ARISTECH CHEMICAL CORPORATION
~ DISPOSAL WELL NO. 3
SUMMARY OF CHEMICAL ANALYSES

Pormations:  Berea/ Rose Run  Rose Run Hia@aran Revburg  Mt. Simon

Cuyahoga H {2 {Bass 1sl.)
Depths: 145 4503 491 1500 1788 3978
{feet) 122 {586 4541 1570 1858 . 6109
Sodium C o omg/L 9,900 - 46,500 44,600 - 42,500 42,70 14,000
Potassium ng/L - 96 3,100 3,330 -1 1,210 1,430 T4
Calcinm ng/L . 3,000 38,500 = - 36,400 38,900 2,850
“Maghesiun ' Comgl 730 4,900 6,070 8,970 9,150 - 424
Temperatire ot 24,6 23.0 21.8
Bariva g/, Y 2.5 1.4 14 i <0.1
Mlalinity (to pH 6.3)  mg/L o« 1. <l 1,430
~Mkalinity {to pH 4.5) ng/L 33 295 .. 129 68 840 2,110
Aluninun - "o/l N, D, - d 12.¢ R -1
0 T o 5,76 §.22 9,58
Specific Gravity - 103 S U5 B (. 1.2 1.05
Specific Conductance ~ umohs/cn 686,000 : 607,000 - 445,000 - 553,000 84,400
fotal Dissolved Solids - - mg/L- 54,000 270,000 287,000 277,000 327,000 - 48,400
DiMetnyl Benzyl Alcohol mg/L  M.D. . 74 W0y D 150
Pheno! - .. mg/b 8.0 . 520 400 0.14 H.D, 440
Diphenylamine ng/L “HLD. ¥.D. N.D. ¥.D. N0 KD
hlpha-Picoline ng/L BD - N k0. RO X.D. 1.0,
Total Suspended Solids  mg/i 52 945 220 137 64 1,550
Sulfate g/l B2 380 e 180 130 2,490
Chloride ng/L: 29,000 160,000 170,000 - 139,000 179,000 21,200
Kitrate Hitrogen ©mgfL WD Nt 220 <10 <0 - <10
Carbonate pg/L KD N.D. <l <] <1-. 1,480
) _Bicarbonate ng/L 1 295 1y 68 b40 <]

! Dissclved Oxygen  mg/L’ _ K.D. «0.5 5.9 0.5 9.5
Iron - g/l - 2.1 130 60.8 122 b4 15,1
Kanganese Bg/L 0.5 5.8 .35 2.3 2.9 0.4

- Viscosity ©oeps 1.0, I LR z
Acetone ng/L 0.4 12 Al 0.11 0.024 800
Cumene fydroperoxide ng/L KD 0N R R
Acetophenone ag/L. K.D. 6.6 -6 ¥.0. - .0, 35
Ammonia Witrogen ng/L 51 .56 80.5 133 129 409
Aniline 2g/L H.D, ND. R, R N AR Y
Total Chromium ng/L - H.D. KD, tt .1 025 018 <0.05
Formic Acid. ' mg/L 1,100 10 183 - T <5 < 1,335
Toluene ng/L I R N M N C 0,26 0,12 11
Lead ' ng/L R.D

35 <0.3 <0.3 ¢f.2 0,03

{ Comene Hydroperoxide could not be deternined due to possible degredation and impure standafds.

4 Matrix Interference

| Bk

J indicates that the value is estimated,



’ )) - 3.0 SUMMARY OF FIELD ACTIVITIES

The following section summarizes the field activitics associated with the construction sequence performed on
(he Aristech Waste Disposal Well (WDW) No. 3. A detailed chronological report of the daily field activities
comprises Appendix 3.0 of this document. At the appropriate times, daily mud checks were performed and the
results of these tests can be found in Appcndm E. As the hole was drilled directionally, gyro Surveys were run
periodically and various contract companies were utilized during the course of this project. Great Western
Drilling Ray Resources Rig No. 7. pcrformcd the actual drilling. Eaton Well Drﬂlmg drilled the coriductor well.
Schlumberger ran the well logs, and Smith Directional Equipment was used to directionalize the well,

On Februvary 2, 1989 Enwrocorp (formcrly Ken E. Davis Associates) personnel began the initial field work for
the Iocatxon of WDW No. 3 at the Aristech Chcm:cql Corporauon

~ On February 9, the conductor well was drilled, cased w}th 16 inch casing, and cemented to the surface By Eaton
Well Driliing. Approximately one month later, Ray Resources rigged up their equipment. The cement plug was
located in the 16 inch conductor pipe at a depth of 77 {cet. "When - a depth of 880 feet was reached, the
Schlumberger cqmpmcnt was rigged up and the Dual Induction log (DIL), Gamma Ray (GR), Sonic, and Callper
logs were run, A mud check was conducted the next day to assist in log calculation of formation’ resistivities.
The Baker inflatable packers for the Drill Stem Test (DST) were set in place at depths of 705 feet and 755 feet,
creating a S0 foot test interval. A Dowell Nitrogen Unit was utilized during the DST since the Ohio

N

i Ty,
S
L )

~ Environmental Protection Agency (EPA) requested nitrogen jefting be mcorporated into the procedure, Split
samples of the drilling mud were then taken in conjunction with the Ohio EPA. '

On April 14, using a chcat Forrnatlon Tool (RFI‘) fluid samples were taken at depths of 200 feet and 700
fcct. The Cuyahoga Sandstone and the Berea Sandstone Formations are found at these depths. - The Aristech
laboratory analyzed these samples for total dissolved solids (TDS) and obtained a result of 35,000 ppm for the

Berea Formauon Aristech’s samplc No. 5 rcglstcrcd 49,000 micro-mohs and the Ohio EPA° samples No. 1 and

. : w additional water samp e
l'or thc Oth EPA the RFI‘ was run for a second time to a depth of 214 fcct A build-up test was also perforined
at this depth. The attempt to take a grab sample at 214 feet was unsuccessful, however, a sufficient quantity of
water was collected between 60 feet and 714 feet. A second build- -up test was conducted -and then the Stevcn 3

N Casing crew ran 10 3/4 inch casing touchmg bottom at a dcpth of 879 feer. '

"‘--._..___

On April 16, the casing was cemented with 475 sacks filling the casing hole annulus to the surface as witnessed

by the Ohio Department of Natural Resources (ODNR). The cement was Class A with 3% Calcium Chloride
having a calcylated yield of 1.18 cubic fect/sack A Schlumberger temperature log was then run from a depth

e

of 750 feet to the surface for. evaluation of the cement placement. Results of the tcmperaturc log md1catcd '
i ) continuous cement. The casing head and blow out preventor were then set in place. The cement was dnllcd
from 775 feet MD to 830 feet MD, the bottorn of the cement. ‘The hole was then drilled beyond this point to



PR a depth of 945 feet MD, placing the bottom in the Ohlo Brown Shale. A Cement Bond Log with Variable

g :B Density Log (CBL/VDL) was run from 878 feet to the surface and the Smith Data Directional Equipment was

~set up. On April 19, they started to directionalize the well, A gyro survey was run from 878 feet up to the

surface. Another gyro survey, run at 1350 feet MD, determined the inclination and direction to be 7.8 N 45.°E

and the true vertical depth (TVD) to be 1348.7 feet. The gyro survey was executed again at depths of 1774 feet
mnmm%mmmmwmmh@mmmm@MMMwNwa

From April 19 through May 16 8'78 feet MD to 4400 feet MD, directional surveys were run rcpcatcdly with -
‘the last of the series showmg a drift anglc and bearmg of 32.9 N.38.5E. The well was also reamed penodmally '
to a diameter of 9 5 mches down to a. dcpth of 3958 feet MD.

On May 17, the hole was drilled to a depth of 4588 feet, within the Rose Run Formation. The following day,
the hole was nitrogen jetted and after the fifth cleansing, split samples for DST No. 2 were collected in
cooperation with the Ohio EPA.. Thcse DST samplcs "were representative of the arca between 4503 fest MD
and 4588 feet MD DrnIl pipe samples Were collcctcd at a depth of 1000 feet MD and four fluid” samples were '
_.collected from the sample chambcr at a pH of 6.8 and a temperature of 76 F. - :

Drilling resﬁmcd on May 19 and at the end of six dhys the depth had been increased from 4575 feet MD to
. 5344 [eet MD placing the bottom in the Knox Formatlon Directional surveys were run often during this drilling -
4 ) ep:sode At 5239 feet MD and 4827 feet TVD a gyro survey detcrmmed the inclination and dxrectlon to be
. 218N 3FE.

el
N

Based on a révicw of the mud logs from Aristech’s WDW No. 1 and WDW No. 2, the core point of WDW No. -
- 3-was chosen to be at a depth of 5600 feet MD, placing it within the Conasauga Foundation. A series of these
-, cores were taken between May 26 and May 31. Core No. 1 was cut from 5600 feet MD to 5654 feet MD (34 -
feet); Core No. 2 was cut from 5654 feet MD to 5695 feet MD (41 feet); and Core No. 3 was cut from 5695 feet
- MD to 5733 feet MD (38 fcet) Each core was described, photographed and preserved for future reference

according to, standard ocratin roccdure ay of coring, the mud-

content. The conccntratlon was less than 10 pPpm,

A third DST was performed June 2 within the Rome/Conasauga formation;, from 5598 feet MD to 5733 feet

MD. Results of DST No. 3 indicated a virtually nonpermeable formatmn -a8 " Bnly 65 feet of drilling mud (0.3

barrels) entered the drill string during the two flow pcﬂods of thc test. The duration of flow period number
__ one was 480 minutes and flow period number two was 130 minutes. After review of the DST Chart by the

Oh:o EPA, approval was granted to drill within 100 feet of the Mt. Simon Formation. This point was reached
on June 4 at a depth of 5875 feet MD. '

On June 8, packers were once agajn placed into the Rose Run qundation based on a request by the Ohio
EPA for additional DST samples. The packers were set at depths of 4491 feet MD and 4591 feet MD achieving

10
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a total space of 100 feet. A Gamma Ray Neutron log was run to verify these depths. The hole was then
swabbed through the drill pipe from June 8 through June 13 with a total of 158 barrels of fluid having been
recovered during this.time interval. Twenty-one split samples were collected during Episode No, 1. After.
Aristech’s laboratory determined that three consecutive samples had been collected which were identical with
respect to temperature pH, conductmty, and phenol concentration, 21 additional split samples were collected,

Episode No. 2, in an uncontaminated atmosphere. A total of 188 barrels of flnid had been recovered during this
test. A Lithe Density Tool as well as a Compensated Neutron log (CNL), Dual Laterolog, Micro SFL log, and
a Dual Induction log with gamma ray (GR) and Spontaneous Potential (SP) were rin from the current depth
of 5872.feet- MD-to. the base of the surface + casmg : ' C

On June 20, the packers were set thh a 61 foot spacing having been anchored at 4171 feet MD and 4232 feel
MD to test the St. Peter Formatlon Gamma Ray and Neutron-logs were run in addition to a Casmg Collar
indicator (CCL) to confirm the packer depth. Twenty -four barrels of fluid had been recovered with this test
but it had been determined there was no-apparent flulc‘l entry from this formation. Fresh water was pumped

~ into the: formation in an attempt to clean the formation: This fresh water treatment resulted-in failore of the -

bottom packer. Subsequently, swabbing was initiated and a total of 109 barrels of fluid were recovered.,

Due to. the poor condition of the annular mud, it became necessary to concentrate on circulating and conditioning
the.mud from June 23 through June 28." Excessive chlorides in the mud resulted in a high water loss and created
"wall cake" in the well and increased. the drag on the pipe causing it to become paralyzed, Starch, defoamer, and
polymer were added to enhance circulation and increase viscosity. The pipe was ﬁnally freed and extracted after
six days of condltlomng

Drilling was suspended until July 14, while procedures for further drilling were clarified between Aristech-and
OEPA. On July 14, the packers were set for a swab test of the interval from 1788 feet MD to 1858 feet MD,
placing it within the Newburg Formation. Swabbing began and samples were taken over the course of two days
with a total of 93.7 barrels of recovered fluid. Four days later,-a swab test was run on the Bass Islands Group
of Silurian age (referred to as the Niagaran Formation by t i i

feet MD and 1570 feet MD, creating a 70 foot space between the packers. - Swabbmg resulted in 67. 1 barrels of
recovered flu1d Samples were taken on July 19 completing the test,

Operations resumed July 30 pursuant to agreement betweeen Ari_et_egh.-a-nd.‘OEPA. Alfter several days. of -
circulating and conditioning the mud wfttrt—hecasing point caléilated at 5985 feet, coring of the Rome Foundation

~began on Avgust 2. The coring started at 5915 feet MD with the core point calculated at 5985 feet MD. A 29
“foot core was obtained. The hole was'then reamed in its entirety which was to a depth of 5973 feet MD. An

additional one foot core was retrieved'ﬂter-reaching a depth of 5978 feet MD. Through a review of WDW No.
1 density logs, it was suspected that the Mt. Simon Formation might have been porous at a depth of 5981 feet
MD, therefore, coring was terminated. Over the course of several days, it was necessary to ream the well, 8.5
inches to 9.5 inches, prior to running the logs. On August 11, a Sonic TD-SFC, a directional survey TD-SFC,

A
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and an additional Litho Density Neutron log were run. Attempts to use a borehole televiewer failéd due to an
equipment malfunction. Feeling the original CBL was inconclusive, a second CBL-VDL was also run from 790
feet MD to the surface casing. The second test indicated good bonding had been achieved.

On August 16, permission to drill an additional five feet was received. These last five feet were drilled in two
stages. Two fect were drilled then Tally No. 1 was taken, measuring 5975.24 feet. The last three feet were
then drilled and Tally No. 2 was measured at 5973.62 feet. The geolograph was determined to be at 5983 feet

MD. At this time, 158 jomts of 7 mch well casing were placed into WDW No. 3. ‘The casing was to be cemented -
in two stages, After cementmg the first stage, the stage collar (which had been sct at 3127 feet) was opened in” -

preparation for cementing the second stage. The well could not be circulated after opening the staging toal,
A temperature log was conducted indicating the top of the cement was at 2250 feet. The stage tool was closed
alter squeezing 50 sacks of ccment through the tool. After waiting several- more days, a CBL was run from 2000
- feet MD to-3030 feet MD.

On August 25, cement was drilled from the stage tool and then the cement was dr‘illed from 5719 feet MD, the -
top of the first stage. cement (inside casing), to-5968 feet MD. A Cement Evaluation Tool (CET) was used from
5950 feet MD to the surface and indicated several voids and a possible cave-in. A CBL and a temperature survey

were run from 2200 feet MD to 5950 feet MD. Additional CBL and CET logs from 5950 feet MD to the surface -

were run at 2200 psi. The top of the cement was confirmed to be at 2600 feet MD.

The next task was to run a one-inch tremle line into the annular space- between. the 10 3/4-inch and 7 inch

casings. Cement was pumped through this line from a depth of 1275 feet MD-to the surface After curing

several days, multiple logs were run on the cement and casing, A temperature Tog survey, and Electromagnetic

Thickness Tool (ETT), and a CBL. “VDL (no pressure) were run between the absolute bottom and the surface.
A CET (no pressure) was also utilized and the 7 inch casing was pressure tested at 3000 psi.

On September 13 the drilling of the remaining cement continued as well as coring into a new formation upon
reachmg 6027 feet MD. A 45 foot core from the Mt. Simon formation was pulled ard documented. From this

-~ Y
H )F
T

description, the main porosity of Mt, Slmon was picked at 6011.5 feet MD and drilling resumed. During the next
scveral days, a 46-foot core was taken between 6027 feet MD and 6073 feet MD. A 24-foot core was taken
between 6073 feet MD and 6097 feet MD, and a 12-foot core was taken from between 6097 feet MD and 6109
feet MD. The coring was completed September 20, The next day, a_Laterolog, Litho Density- log, anda
Compensated Neutron Porosity log wére.run across the-open hole interval.

" On September 22, a borehole televiewer and sonic were utilized, a directional survey was run, and the DST on

the Mt, Simon Formation was initiated, The packers were set for a test interval between 5978 feet MD and 6109 _
feet MD. Samples were taken on September 26 and a total of 205 barrels of fluid were recovered during the
test. Two days later, an ETT was run from 5978 feet MD to the surface.

12



2!

On September 30, a bridge plug was at 5884 fc_ct and the drilling mud was inhibited against corrosion. The
system was pressure tested at least three times at 3000 psi and held at 2900 psi. Dismantling the drilling
equipment bcgaxi and was completed October 4,

The well was reentered on November 16, 1989 to prepare for an interference test to be performed as a part of

- the land ban petitioning process. The bridge plug was retrieved and a packer set, on tubing, at a depth of 5941

feet..- 1000 gallons of 15% HC1 acid were pumped into the Mt. Simon formation with a maximum surface
Lreating pressure of 700 psig: Aftcf recovery of the load fluid, all three. Aristech wells were equipped with

neeessary. pressure rccordmg cqmpment and the-interference test was. complcted on- November 30, 1989.

' Subsequent to the mtcrfcrcncc test, a step rate test was performed on Well No. 3. The results of both tests

are contained and discussed in _the petition document, which will be submitted upon its completion in accordance

‘with Aristech’s permit to drill,

On December 13, 1989, a Radioactive Tracer Survcy '(RAT) 'was:Tun and an Oxygen Activatidn Log (OAL)

was completed on the 14th. Results of both surveys gave indication. that all injected fluid was entering the Mt.-

- .Simon formatxon w1th no fluid movcmcnt past the mjectlon packer or upward outside. the casing,

. Thc_\packcr_‘ was_remo'ved from the w'e.ll and the bridge plug reinstalled; at 5941 feet. ‘The Well was returned

(o a-suspended status, waiting for permission to install injection tubing on December 19, 1989.
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1.0 INTRODU I N

This report summarizes the construction and testing of Aristech Chemical Corporation’s Monitor Well (Deep
Well No. 4). Envirocorp Services & Technology, Inc was contracted to construct the' well,

The Monitor Well was constructed in accordance with the approved well plan with minor modifications as
dictated by hole conditions. Any deviations to the well plan were communicated to Ohio EPA by the Aristech

- -representatwc The sampling was done as required and resulis of the sampling were not adverscly mpactcd by

hole conditions. AH fluid samples obtained are representative of fluids contained in the formations to bé tested
pursuant to the well plan, The well has been perforated in theé Rose Rui but has not been swabbed to ensure
fluid entry at this time. 1t is anticipated that reliable fluid and pressure mformatlon wx]l be obtamed over the
life of the well in accordance with the well plan, : ' o

The Monitor Well was spudded on January 17, 1991, Sevcn inch casing was set at 101.5 fcct below ground

- surface and cemented to surface. Unless otherwise noted, depths are measured from ground surface. A four

inch core hole was then drilled to 2170 feet. Durmg this-initial coring operation, representative formatlon fluid
samples were obtained from the Logan, Berea and Lockport formations. The details of the sampling events and
the validated analytical results will be submitted under separate cover.” The hole was rea.med out to six and one
half inches in diameter to a depth of 2105 feet to enable the placement: of a four and one half O. D. casing in
the hole, The casing was set at 2105 feet and cemented to surface in two stages.

Four inch coring contmuad with representative fluid samples being collected from the Beekm&ntOWn (also known
as Upper Knox), Rose Run and Copper Ridge (also known as Lower Knox). The well was cored to a total depth
of 5434 feet WLM (wire line measurement), All cores from 101.5 feet to bottomhole were recovered split and -
stored as required by the well plan. No cores were taken in the unconsolidated alluvium or bédrock above 101.5
feet. A monitor well stratigraphic column is included as Drawing 30-1708-1. After total depth was achieved,

28 in-situ stress tests were performed for determ:nat:on of fracturc gradlents in the format:ons below 3550 feet _

Analysis ofthcm—sxtustrcss tests are -.- ... e under separate-cover—The well wasthemr o ugged ba

to a depth of 4303 feet and 2-3/8 irich monitor well casing was mstal]ed The monitor well casmg was then
cemented to surface with 160 sacks of cement, '

A Cement Bond Log (C-BL/VDL) was run on the moritor well casmg ‘The -casifig was perforated in the Rose
Run Formation from 4186 feet to 4222 feet. .. The CBL/ VDL ¢onfirmed proper cementing of the casing from

bottom hole to surface. A pressure monitor was, installed on June 27, 1991, A schematxc of the well as

completed is shown as Figure 1.0,
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2.0 SUMMARY OF LOGGING AND TESTING RESULTS

The specific information acquired while drilling the Monitor Well has been included in the attached appendices. _
The contents of these append1ces has been listed in Table I, The appendices have been referenced where
_applicable instead of i mcerporatmg lengthy discussions.

.TABLE I
‘Aristech Chemical Corporation
Monitor Well

' TABLE OF APPENDICES

» APPENDIX | 'CONTENT

A ' _Open Hole Geophysical Logs

B ~ Cased Hole Geophysical Logs and Selected Engineering- Logs
C. " Drill Stem and Swab Tésts

D C_‘ore Log _

B Dire_'ctional"Sum"eys

F Summary of Casing and Cementing

G " In-Situ Stress Test, Re’corded Pressure Data

H " Core Analyses of Ohio DNR-Selected S_ampl'es

The geophysical log measurements obtamed from the open (uncased) hole Iogging are contained in. Appendix
A, Table Il summarizes the logs. Information concermng formatlon porosities, indicated fluid resnstmtles, and
_apparent hthologles can be- obtamed from the open hole logs. - ' '

Cased hole geophysxcal logs, run for evaluation of cement bonding and cement placement are contamed n
Appendtx B, Selected engmeermg logs are also contained in Appendix B, -

5 i

Drill Stem Test (DST) and Swab Tests were conducted as shown in Table II1, ~Further details are contamed in
Appendix C.

...

the formation tested. Appendix.C also contams the swab test summaries. A summary of the chemical analytes
“from the representative samples is included as Table V. Further mformatlon concerning the analyses is
contained in the analytical report, submitted under separate cover, '

In-situ stress testing was perfornied for the determination of fracture gradients, Table VI summarizes the in-situ
stress test intervals. The recorded pressure data for each interval tested is contained in Appendix G. Further
information is contained in the Report of In-Situ Stress Testing, submitted under separate cover,

2



Five core samplcs were chosen by Ohio DNR for geophysical analyses. ‘The results of the analyses are contained '
in Appcnd:x H. Porosnty and permeability were measured and petrograplnc analyses were done. The
petrographic analyses included thin section microscopy, X-ray diffraction’ analyses and scanning electron

microscopy.
TABLE II
. Aristech Chemical Corporation
' ' Monitor Well
SUMMARY OF GEOPHYSICAL, LOGGING
Properties,
"Depth Log Run  Measured Appendix . Remarks _
2169’ - 138 CNL/FDC Porosity : "'A.l Measures neutron porosxty and denmty
: ' - porosity. Includes gamma ray which i is the
main correlating log device,
2169 - 830°. Sonic Por_osity. o A2 Mcasures open hole p0r051ty Could be
- used to correlate seismic reflection data.
2169 - 138" Induction _Resistivity A3 Measures resistivity of formation fluids.
? o ' Gives gualitative indication of permeability.
& - :
R Rl . 3
= 5434’ - 2106 CNL/FDC Porosity Ad Measures neutron porosity and dcnsxty
porosity Includes gamma ray which is the
main corrclatmg log device.
o 5434 - 2106 Sonic - Porosity AS Measures open hole -porosity. Could be
S . used to correlate seismic reflection data.
. 5434’ - 2106'  Induction - Resistivity A6 Measures resistivity of formation fluids.

Gives qualitative indication of permeability.

2108 - 138 CBL/VDLSonic n%me—Bﬂ—Gmrmdmatmn of cemext placement and

bonding, Surface casing evaluation.

1982’ - Surface Te_inp: Log Teinpc’raturc -B.2 Measures differences in'témpcratui-e behind
' casing, . .
5360 - 5150 CCL ,Gamma Ray _ B3 e Cortélation log rua to confirm packer depth

for first in-situ stress test

Tt 4122-170° T CBL/VDL ; Sonic .Devicé “ B4 - Gwcs indication of cement placement -and
. - ‘ bondmg ‘Monitor casing evaluation.
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Test No.
DST 1

DST 2

- DST 3
DST 4
ps'r 4-A
DST 5

DST 6

Appendix
c1

1
c3

4

cs
C6

C7

" TABLE III

Aristech Chemical Corporation

Monitor Well

SUMMARY OF DRILL STEM TESTS AND SWAB TESTS

Test Interval (ft.

Logan .
1642 - 261.5

Berea
679.2 - 734

Lockport

1757.4 - 1790.7

Beekmantown
4012 - 4035

-Beekmantown .

4006 - 4035

. .Rose Run
- 4181 - 4225

Copp.er Ridge

. 4446.7 - 4480

Test Type

Conventional &
Swab Test

Conventiohal' &
Swab Test

. Conventional & -
Swab Test

éo'nvcntiondl &

. Swab test

Conventional

Conventional &

Swab Test

- Cohvcntional & .

Swab Test

. Recovery

Pre_ssufe Recorded 63.7 psi
Recovered representative sample

Pressure Recorded 324.3 psi
Recovered representative sample

Pfessurc Recorded 837.7 psi
Recovered representative sample

Pressure not Recorded
Recovered represenitative sample

Pressure Recorded 18057 psi
Pressure Recorded 1912.2 psi
Recovered representative sample

Preésurc Recorded 2078.2 ps_i ,
Recovered representative sample

A continuous core was cut from a measured'dé_pth of 101.5 feet to 5434 feet. Table IV summarizes the

formation intervals. - The core log is 'mcl.ud‘ed in Appendix D,




TABLE IV

Aristech Chemical Corporation

Monitor Well » .
SUMMARY OF FORMATION TOPS FROM CORE LOG

Measured Depth (ft.)

- Formation

L Logan
. 4268 Cuyahoga
659 Sunbury 7
679.1 Berea
- 8236 Ohio Shale.
1296.5 Olentangy
1436.9 Delaware
11500, Salina
©1669.8 Lockport
. 18798 . Rochester
20899 Dayton
7 '2;56.1" Brassfield
Ty 2206.7 Cincinnati Group
C' ﬁ _ 32443 - Trenton |
' 3319.8 Black River
-3845.7.‘ Wells Creek
39202 Beekmantown .
, 41816 Rose Run
' 4218.3 Copper Ridge
5048.3 Conasauga
5192.5 Rome
543 Total Depth

* Coring began in the Logan Formation at 101.5 feet,



- TABLE V

.j:’ Aristech Chemical Corporation
" Monitor Well
SUMMARY OF TARGET ANALYTES

InOrganics o , © Volatiles
Alkalinity B 7 - Acetone
Ammonia-Nitrogen ‘ Toluene
Bromide . = Formic Acid
Bicarbonate | _
Carbonates ' ' : Semi-Volatiles 7
Chloride ' . + Acetophenone
Dissolved Oxygen E : . -Alpha'-Pic'oljne A
Nitrates _ : Aniline - -
Tot, Dissol, Solids ' - Phenol
Tot. Suspnﬂ. Solids : ' Cumene ~ .~ -
Specific Conductance , DiMethylBenzylAlcohol
Specific Gravity . ' - DiPhenylAmine

-"}S}i Silicates . o BisPl_lenol‘ A
i Sulfates _ o : '
‘Viscosity ' : Total Phenolics
' L | Before _

Metals _ : o Formation
Aluminum . . _ 7 After - .-
Barium | A -

' Calcium
Hex.Chi'on_limﬁ :
Tot.Chromiumy
Iron
Lead
'-Magnesium )
Manganese _ )
Potassium o
Sodium



TABLE VI
Aristech Chemical Corporation

* Mid Point Packers

o Monitor Well .
IN-SITU STRESS TEST INTERVALS
_ Tool Depth to - Pump-in - Packer
Date =~ Test No, Spacing M,P.P.* Formation Rate, GPM  Inflation Pressure
5/31/91 - 1 4 5388 Rome o 21-44 1000 |
- 5/31/91 2 4 5375 Rome 23 850
5/31/91 3 4 5362 Rome 23 750
- 5/31/91 4 4 5317 Rome 23 500
6/1/91 5 4 5243 Rome 23 650
. 6/1/91 6 4 5200 Rome 24 900
" §/1/01 7 4 5176 Conasanga = 24 775
6/1/91 8. 4 5119 . C‘onasauga 2.3 650
6/1/91 9 4 5070 ‘Conasauga -~ 2.5 850
6/1/91 . 10 4 4977 Beckmantown 24 750
6/2/91 T 4 4823 Beekmantown 2.4 520
. 6/2/1 - 12 4. 4474 Beekmantown 2.4 700
v} 6/2/91 13 4 4257 Beekmantown 2.3 745
6/2/91 14 4 4212 Rose Run 23 400
6/3/91 15 4 4196 Rose Run 23 - 675
6/3/91 16 4 4188 Rose Run 2.4 640
6/3/91 . 17 . 4 4176 Copper Ridge 24 . . . 675
6/3/91 18 4 4162 Copper Ridge. 2.3 K 660
. 6/3/91 19 4 4142 Copper Ridge 2.5 50
6/3/91 20 4 4123 Copper Ridge 2.5 670
6/3/91 21 "4 3972 Copper Ridge—— 2.5 520
6/3/91 22 4 3902 Wells Creek. 24 670
6/3/91 23 4 3782 Black River 25 52
6/3/91 24 4 3550  Black River 2.4 55
6/4/91 25 4 5381 Rome .- 237 595
6/4/91 26 10 75147 - Conasauga 70 - 630
 6/4/81 27 10 4628 Beekmantown 6.9 580
6/4/91 28 10 4055 Copper Ridge 70 = . 680



‘5.\*&\'\""“;‘3;-.,31.;

. rigged up and run into the hole for DST a

(
3.0 SUMMARY OF FIELD ACTIVITIES

. The following section summarizes the field activities associated with the construction of the Aristech Monitor

Well. Deviation surveys were run at different depths and the results are included in Appendix E. The well was

drilled using a continuous coring rig. Formation fluid samples were collected. during the swab tests by CH,M

Hill. The chemical analyses results from CH,M Hill are roported in "Aristech Chemical Corporation, Haverhill
Plant, UIC Monitoring Well, . Formation Fluid Sa.mplmg and Analysis Report" submitted under separate cover.
A detailed chronologxcal summary of the. daily field activities has been included in Section 4.0,

On January 14, 1991 Envirocorp pcrsonnel began the initial field work for the location of the Monitor Well at
Aristech Chemical Corporation’s Haverhill, Ohio facility.

‘The 7-inch casing was set at a depth of 101.5 feet and cemented to the surface. A S-inch flush joint casing
* (temporary drilling protection string) was set-and continuous coring of the formation began with a 94 mm core -

bit. Coring continued to a depth of 261.5 feet, The drill string was pulled out of the hole and Halliburton’s drill

- stem test (DST) equipment was rigged up and run into the hole, The test interval for DST No. I was-from 164.2 -

feet to 261.5 feet. After the initial portion of the DST of the Logan formation was completed, three tubing
volumes of formation fluid were swabbed prior to collection of the representative sample by CH,M Hill,

The coring continued into the Berea formation until a depth of 734.0 feet was reached.  The drill string was
tripped out and Halliburton’s DST equipment was rigged up and'run into the hole for DST and Swab Testing,
At this depth DST and Swab Test No. 2 were performed over the interval -679.2 feet to 734.0 feet.

Representative fluid samples were collected for chemical analysis by CH,M Hill after three tubing volumes were - -

swabbed.

When DST and Swab Test Na. 2 was completcd the coring continued into the Lockport formation until a depth
of 1790.7 feet was reached. The drill string was pulled from the hole and Ha]hburton s DST eqmpmcnt was

1790.7 feet, During, the second opening of the test asscmbly, three tubmg volumes were swabbed and a
representative sampie of formation fluid was recovered for chemical analysis. Fluid samples were collected-by -
CH,M Hill for chemlcal analysis, S : _ ’ : ..

After the complction of DST and Swab Test: No. 3, the contiﬁtiéﬁs;”;:oring drill string was run back into the hole
and coring resumed. Coring continued through the Rochester’ formatnon and into the Dayton formation to a

“depth of 2170.0 feet.

Schlumberger Logging Services rigged up to run the geophys:cal logs. Neutron, density, gamma ray, caliper, dual
induction and sonic logs were run on the open hole from 2169.0 feet to 138.0 feet. The sonic log was run from
2169.0 feet to 830 feet. There was insufficient submergence above 830 feet for the tool to function properly.




Once the open hole geophysical logs were completed, a 6+1/2 inch bit-was run into the hole and reaming began.
The hole was reamed from 1015 feet to 2105 feet.

- On March 19, 1991, 48 joints of 4-1/2 inch 10.5 Ib. casing was set at 2105 feet ground level. The casing was

cemented with 100 sacks of premium cement contammg 10.8% Mtcrobond 6% Halad 344, 2% CaCl,, 5% CFR
2P, and 1/4 1b. of Flocele, followed by 175 sacks of premium cement, contammg 10.8% Microbond, 6% Halad
344, 2% CaCl,, and .5% CFR 2P. Thc cement did not circulate to the surface. Young Wuelme Semcc was
called to run a differential temperaturc log to locate the cement top. :

The dlffercntlal tsmperatnrc log was not able to pin point the top of thc ‘cement 50 Schlumbcrger was called in

" ‘torun a CBL/VDL. The top of cement was indicated af 454 feet from ground level. Halliburton was contacted -
. to do an additional cement stage using 100 sacks of standard bulk cement with 4% gel and 5 sacks of 5%. CaCl,.

Schlumberger perforated the 4-1/2 inch casing with four shots radially from 429 feet to 430 feet.” Halliburton
began pumping cement mto the 4- 1/2 inch casing perforatlons Approximately 2 barrels of cement were
circulated to the surface After the cement was set, it was drilled out at the 430 foot level where the stage
cement job had been done and at the bottom of the casmg Schlumberger was then called in to-run a cement
bond log on the casing (CBL/VDL) Cormg resumed from 2170 feet with a 94 mm core bit on March 24, 1991,

After drxllmg thc ccmcnt from the surface casmg, coring continued to a depth of 4035 feet. The drill strmg was

pulled out of the hole and Haihburton s drill stem test (DST) equipment was rigged up and run into the hole,

. The test interval for DST No. 4 was from 4006.7 feet to 4035 feet, After the initial portion of the DST of the

Beekmantown formation was completed, three tubing volumes of formatlon fluid were swabbed prior to

collection of a representative sa_.n‘)p}l_c by CH,M Hill, The test was rerun (DST 4A) to obtain pressure data = -
* because the clocks in the pressure recording equipment had run out during the first test. .-

The coring continued into the Rose Run member of the Knox formation until a. depth of 4225 feet was reached. -
The drill string was tripped out and Halliburton’s DST equipment was rigged up and run into the hole for DST

. and Swab Testing. DST/Swab Test No. 5 was performed over the interval 4181 feet to 4225 feet. After three
. tubing volumes were swabbed, representative fluid samples were collected for chemical analysis by CH,M Hill.

After DST/Swab Test No.5 and s.aq:lple collection was completed, the coring continued into the Copper Ridge
member of the Knox Group until a depth.of 4480 feet was achieved. The drill string was pulled.from the hole

‘and Halliburton’s DST equipment was rigged up and run into the hole for. DST/Swab Test No, 6. The interval

tested was from 4446.7 feet to 4480 feet. Formation fluid was swabbed until three tubing volumes were removed
prior to sample collection for chemical analysis, Represcntatwe fluid samples were collected by CH,M Hill for

""" chemical analysis.

After the completion of DST/Swab Test No. 6 and sample collection, the continuous coring drill string was run
back into the hole and coring resumed. Coring continued through the Copper Ridge formation, the Conasauga
Shale and into the Rome formation to a total depth of 5434 feet below land surface.



-

Schlumbetger Logging Services nggcd up to run the geophysical logs. Ncutron, density, gamma ray, caliper, dual
induction and sonic logs were run on the open hole from 5434 feet to 2105 feet

The core rig was released and a complctlon unit was. rigged up on the well in preparation for in-situ stress

testing, Using an inflatable straddle packcr assembly, twenty-eight intervals were tested for the determination

of fracture gradients and closure stress. "Pressures recorded during the in-situ stress testing are contained in
Appendix G. Analysis of the test results is contained in "Results: In-Situ Stress Measurements at the Aristech
Chemical’s Haverhill Facility, Research and Engineering Consultants, July 1991" submitted under separate cover,

A discussion of thé théory is cortained in "Protocol: ‘In-Situ Stress: Measurements at the Anstech Chemical’s -
" Haverhill Facility, Research and Engineering Consultants, January 1991 ' '

Upon completion of the in-situ stress testmg, I-Ialhburton nggcd up in preparation for plugging the wellbore back

to the agreed momtormg point, Using the balanced plug method, 84 sacks of Halliburton Standard cement were

emplaced from. total depth up to 4292 feet.” After waltmg for the cement to harden for 24 hours, the top of the

- cement plug was-tagged at a depth of 4523 feet. An 18 sack plug was spotted and subsequently tagged-at 4517
- feet after 24 hours WOC (waiting on cément). A third plug, 35 sacks, was emplacéd at 4517 feet. After reverse
circulating at 4288 fect, the well was securcd for a 24 hour WOC pcrlod The third plug was taggcd ata depth-

of 4298 feet with the work stting,

On Monday, June 10, 1991, 2-3/8 inch 4.6 lb/ft J-55 non upset tubmg was run into the well to serve as the

monitor casing. The casing was set-at 4301 feet, based upon the casing tally; Each connection was wrapped with
teflon tape and torqued to 600 ft-Ibs, The casing was mternally hydrotested to'a minimum of 4600 psx during.

installation. On Tuesday, Juoe 11, the casing was cemented to surface with 110 sacks-Halliburton nght cement

(mixed to 12.4 Ib/gal slurry weight to minimize the hydrostatic gradient) followed by 50 sacks 50/50 Pozmix, -

Apprommately three barrels of cement slurry was c:rculated to surface. The well was secured for a five day
WocC. -

After waiting for the cement to harden, Schlumberger Well

tools could not be lowered below 4131 feet and the well was logged from 4131 feet to surface, The log showed
that cement had been emplaced from 4131 feet to a depth of 168 feet. A 1-1/4 mch workstrmg was pxcked up_

and run into the well and removed the obstruction from 4131 feet. ' S e

On Monday, June 24, 1991, the interval-4269.feet (PBTD) to 4131 fcet was logged and the well was perforated

from 4186 feet to 4222 feet. A tubing stop was set in the casing at a depth of 4148 feet to insure a stationary -
gauge depth. A pressure monitor was mstalled and routine and:periodic pressure recording commenced on June

27, 1991,

10
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PPENDIX

IN-SITU STRESS TEST, RECORDED DATA -

ENVIROCORP SERVICES & TECHNOLOGY, INC.




30-1754 . IN-SITU TEST. TUBING TALLY " PG.1

ARISTECH CHEMICAIL CORPORATION
IN- SITU STRESS TbST TUBING TALLY -

e i o - b e s o o o = e ot o Aime Rt e oL

'f')' . .CORRELATE-TO ATLAS WIRELINE GAMMA RAY-CCL
~ .PUP JOINT IS LOCATED AT 5345 FT. TO 5349.5 pr.

LTOP OF. PUP 15 42.99 FT. ABOVE MID POINT PACKERS
-BOTTOM OF PUP 18 38.94 FT EBOVE MID POINT PACKERS

et AT ra e o n

5345 FT+ 42,99 FT= 5387.99 FT 15 Wee
293495 PP+ 38,94 FT= 5368.44 T O1S MPP

7MID9§01NT PERF%:(MPP)':S B3y bT"EoR THIS TEST
*.FIRST JOINT 32.30 BT, 3085 15 ABOViS ELOOR NET-fsrzs;ﬁs FT .

LALD DOWN'

CHESTH ¢ TUBLING © U LENGTH OF  TSTRING LEPTH. REMARK S
L . S-JOINTH  STRING - . JABOVE . OF TEST. - .
(L&NQTH)-; (TO MED) .. bLUOh T
1 S B3 00 N.A. . 5388 . J/31/91
7 g e oos3ge.Uo. 43 S B375
300 o LT 838800 Y a6l 5362 V- S
) . 28.45 % 535y .55 - . .- Y7 AMT IN‘:HOLE -
4 - 20 32.83 . 5326.92 CAuS0 T 5317 §/33-6/1/91
. 3 30.66 . 5296.26 , .+ -~ DD PUPS
5 4 32.71 5263.55 21,0 5243 - DELETE PUPRS.
; ) 5 27.80 - 5235,175 ' o
G 6 26.04 5209.71 9.7 5200
7 o 5209.71 , 34.0 5176
7 27.15 5182, 56 :
g 25,45 5157.11 -
8 ' 9 27.52 5129.59 10.6 5119
. 10 26.35 5103, 24 _ 7
9 11 27.60 5075.64 5.6 5070 -
12 27.18°  5048.,46
13 26.09 5022.37 , o o
10 14 27.07 4995, 30 18,1 -4977 6/1/91
TRIP 10 DOWNLOAD MEMORY GAUGES, TH1P BACK 1N T0 TEST
15 - 27.30 4968% .00
16 27.75 4940.25
17 28.80 4911 .45
18 26,95 4884.50
19 32,70 4851, 80
11 20 27.55 4824,25 1.3 4823 6/2/91
T | 32.31 . 4791.94 ‘ '
22 26.55 4765, 39
23 . 31.15 4734, 24
24 26.80 4707, 44
_ 25 27.60 4679,84
) 26 25.20 4654.64
: 27 30.45 4624.,19

28 32.60. 4591.59




30-1754
7

HY

ﬁ_>‘.

13
14
15 .
16
17 -
18 -
19
20.

[\ %)
“pa

49

29

30

31

32

33
34
35
36
317
38
39
10

.l

T 47

43

a4
46

47

50

P-4

ég

25

53
54
55
56
57
58
59
60

51

32,
.65
.55
65 -
.00
32.
.80
32.

32

.32
32.

26

31

31,
- 31.
- 32,
31

70

45

45
85

T
L7120
.32

L33

.75
W
45
5.90 .
A2
.30
L 40
.80
-39
51
CT0
.38
.48
.47
.36
.78

15

.47

4558 .

4526

4242

4210

4146
4114

4082,
4050
4023,
3990,

3959

3927,
3895,
3862,

3830

89 .
;24
4493,
4461..
4435,
4402,
4370,
4338,
4306.
4274,

69
04
04

59

79
34
49

79
3T
.65 -

4230
4178 .
4178
4146.

65

33,

33

00,
00
.25
50,
NS
73 -
43 ,
03 .-
23
84 -
S35
3798.
3767.
3734,
3702,
3669,
3638.
3610.
3580,

63
25
77
30
94

le

41
914

19.

T30

ELe
22,
16,

23.

LB,

-'U25f

15,

30.

TRIP IN TO RETEST ROME FORMATION

0

5391.85

10.

IN-SITU TEST TUBING TALLY

B o I SRS SURE R I S o]

9

LALTe
" 4162 e :

3972

PG.2 - ;

e e o e et e

4474

4257

4212
4196 - 6/3/91
4188 -

:
|
i

L

4142
4123

3902

3782

3550

5381 6/4/91

I B .
N

TRIP OUT WITH PACKERS TO CHANGE INJECTION INTERVAL FROM

FOUR FEET 10 TEN FEET.

A NET CHANGE 1IN
OF THREE FEET.

SWoOI0 U we —

28.
32.
30,
32.
27.

26
27

26

45
63
66
71
80

.04 .
.45
25,
27.
: 33

45
45

5391.,

5362

5238

00

.55
5329 .
5299,
5266

92
26
55

38.75
5212,
5185,
5160,
5132.
5106.

71
26
11
66
33

13,

THE INTERVAL CHANGE RESULTS IN
STRING LENGTH ('fO MID POINT OF PACKERS) -
TOTAL LENGTH OF STRING IS NOW 5391 FEET,

6/4/91

5147




IN~-SITU TEST TUBING TALLY

BG.

11 27.6% 5078.68
. 12 27.18 5051.50
v 13 26,10 5025, 490
{ ) 14 27.05 4998, 35
15 27.60 4970.75
16 25,16 4945.59
17 - 27,34 4918.25
13 26.69 4891 .50
19 28.79 4862.77
20 26,95 41835.82
21 31.46 4804.66
44 Eb .86 47T 80
23 32.40 4745, 40
249 . 31.74 4713 .66
.25 32,37 4681, 34 ‘ -
27 26 32.31 - 4649,03 21,0 4628
27 31.74 4617.29 . -
28 31.74 41585, 55
2% 32.43:- 4553.12
30 26,91 - 4526,21
31 32.37 . 4493.84
32 31,30 . 1 4482.59
33 32270 00 4429.84
39 . 27.53 - 14402. 31
35 32.34° 4369.97 g
36 . 26.58 4343.39 |
37 30.50 4312.89 ;
38 32.66 4280,23 |
) 39 32.72 1424751 i
- a0 32,66 - 4214.85% :
41 32.61 4182, 24 |
42" 32.65 4149.59 ;
43 25.97 4123,62 :
: 14 32.39 4091.23 ;
28 45 3L.77 4059, 45 5.5 4055 ;
TESTING COMPLETED, §
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CHEMICAL ANALYSES OF FORMATION FLUIDS

APPENDIX |

1. FORMATION TEST #, BEREA (REFERENCE APPENDIX C- 1) '
2 FORMATION TEST #2, ROSE RUN (#1) (REFERENCE APPENDIX C-2)
3. FORMATION TEST #3, ROME/CONASAUGA (NO RECOVERY NO ANALYSTS)
(REFERENCE APPENDIX C- 3) A |
4. FORMATION TEST #4, ROSE RUN (#2) (REFERENCE APPENDIX 'C-4)' |
s, FORMATION TEST #5, ST. PETER (NO RECOVERY, NO ANALYSIS)
(REFERENCE APPENDIX cs) - _
FORMATION TEST #6, NEWBERG (REFERENCE APPENDIX C-6)

&

it

=~

FORMATION TEST #7, BASS ISLANDS ("NIAGARAN") (REFERENCE APPENDIX C-7)
8. FORMATION TEST #9 MT. SIMON (REFERENCE APPENDIX C-9) - A

ENVIROCORP SERVICES & TECHNOLOG_Y, INC., -
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‘Technical
Testing 3 ‘ | | o
) ' laboratories Inc | LABORATORY ANALYSIS REPORT
QRISTECH CHEHICHL CDRPURQTION N Laboratory Number J0457.;'_ - Regpectfully
uDw #3 ICD LAE GRAS WATER S Sampled ‘by CLIENT
787. FT DEPTH T ' Date Received 84/17/89

Date Sampled B4/14/85%

ANALYSIS FOR REQUESTED METALS

' - o - ANALYZED
FARAMETER ' . . RESULT MDL UNITS METHOD DATE/TIME/ANALYST

RARIUM(Total) 9.2 0.01  MG/L - ER@B.7 - 05/84/8% 18:08 MS
CHROMIUM(Total) - : - ND . . B.825 MG/L  EP@8.7 85/B4789 18:00 MS
. LEAD(Total) : ND " 8.88 NG/L  EBRB.7 = @5/84/8% 18:09 MS
IRON(Total) ' _ _ 2.7 . 8.815 NG/ £200.7 B5/85/89 18:80 NS
MANGARESE (Total) _ : 8.5 - B9.004 MG/L E208.7 ©  @3/85/89 16:88 MS
ALUMINUM (Total) - S . ND - 8.1 - HMG/L ER80.7 B5/B5/87 18:88 WS
CALCIUM(Tetal) E ‘ 3908 S B.2 7 FMB/L £200.7 83/85/83 18108 MS
RAGNESIUNM (Total) : - 7380 .. 8.2 MG/L  ERBG.7 B5/B5/83 18:GB MS

- BOTASSIUM(Total) : * . % - © 8.1 nMG/L E258.1 BS5/85/89 12:88 DK
& )IUH(Tctal) ' 9960 . 8.62 MG/ E273.1  -B5/B5/89 12:88 DK

_HD Hot detected at a concentbat:on greater than or equal to the MDL - Methud Detect:on Limit

REF:. USEFQ Test Methods Far Evaluatxng Sol1d Uaste* SW-84€,3rd Ed.jNov,1986.

REF: USERA; Hethqu For Chemical Analysis Of Water And Hastes; March,1983.

1256 GREENBRIER STREET, CHARLESTON, WEST VIRGINIA 25311 — TELEPHONE 304 346-0725
4643 BENSON AVENUE, BALTIMORE, MARYLAND 21227 — TELEPHONE 301 247-7400
CINCINNATI OHIO AREA — TELEPHONE 513 4213872 OR 606 344-0084

. i



Technical -
Testing

Labowtones Inc.'ff LABORATORY ANALYSIS REPORT

| hRISTECH CHEMIGAL CDRPDRQTIDN Labnratory Nunber Jl?SE Respectfuliy
' : S : . Bubmitted:
C WDW 3 450374587  #6 - Sampled by CgIENT‘ - . :
- S Date Received 05/18/89 e
bate Saupled_05/i7/89 : .
: _ _ o o oy
ANALYSIS FOR REQUESTED METALS S RY b
o I o © . ANALYZED'
" PARAMETER _RESULY . MDL  UNITS METHOD DATE/TIME/ANALYST
- BARIUM(Total) - ) © 1.7 .. 0.3 MB/L. EB00.7 - 05/2/89, 12:00 M5
CHROMIUM(Tatal) . . - -~ . ND © : 25 -M8/L - ER00.7  05/26/89 12100 M3 .
~ LEADATetal) . .- ... - ND . 1.0 MB/L  E239.1 - 05/31/89 16:00 DK . .
. COPPER(Total) S .- - ND 1.0 - MG/L - EROO.T | 05/26/89 12:00°MS
. IRON(Total) . L . t20 ... 100 - MB/L E236.1 05/31/89 16:00 DK
. MANBANESE (Total) 4.5 . 100 MB/L . E243.1 0 05/31/B9-16:00 DK
" ALUMINUM(Total) .ND 80 T.MB/L - EROR.1 . 05/31/89 16:00 MS
. MAGNESIUM (Total) 4800 . . 0.082 MB/L. ER4B:1  05/30/89 16:00 DK’
g~ TJTASSIUM(Total) ©3700 .. 0.1 MG/L E258.1.  05/83/89 15:00 DK
. A7,000 . 0,027 MG/L  EE73 1 . 05/30/89 16:00 DK

~ODIUM{Total) -

e

ND: Not detected at a concehtﬁéﬁion greater than or équalgﬁo:the MDL - MethudyDetéction-Linit
- REF: USEPA; Methods For Chemical Rnalysis-ﬂf Water And Wastes; March, 1983. 7

)

1256 GREENBRIER STREET, CHARLESTON, WEST VIRGINIA 25311 — TELEPHONE 304 3460725
4643 BENSON AVENUE, BALTIMORE, MARYLAND 21227 — TELEPHONE 301 247-7400 -
CINCINNATI, OHIO AREA —- TELEPHONE 513 421-3872 OR 606 344-0084
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' Technical
‘Testing :
Laborcﬂorles Inc;

L'ABOIRATOI._?Y;  ANALYSIS  REPORT

. Laberatory Number J1751

Respec’c ful ly:.

ol IUM{Total)

E273. 1

ARISTECH cHEMIan CORPORRTION
' I o : Submitted:
. WDW #3 43503/4587 45 Sampled by CLIENT g
. R : Date Received 05/18789 - /}/IA/ >’ —
Date Sampled 05/17/89% - | |
ANALYSIS FOR REGUESTED METALS . 609
5\3\—
B B S . : ANALYZED
PARAMETER REGULT  MDL. UNITS METHOD DATE/TIME/ANALYST -
BHRIUM(Tntal) 3.3 0.3 . MB/L E200.7  0S5/26/89 12:00 M3
- CHROMIUM(Total) ND © - 2.5  MB/L E200.7 ' 05/26/89 12:00 MS
“LERD(Total) 35 1.0 MG/L ER239.1  05/31/89 16100 DK
COFPER(Total) | 24 1,0 - MB/L - E200.7 ~ 05/86/89 12100 DK
IRON(Total) . C140 . 1.0 M8/L . ER36.1 . 05/31/89 16100 DK
. MANGANESE (Total) - 7.1 0.5 . MB/L  E243.1  05/31/89 16300 DK
ALUMINUM (Total) ND ‘20 - MB/L E202.1- - 05/31/89 16300 MS
MAENESTUM(Total) . m000 . 5.0  MB/L  EBAR.1  (5/30/89 16300 DK
£ ASSIUM(Total) . 3700 10 - ME/L EB58.1 . O05/23/89 15100 DK
46,000 5.0 MB/L 05/23/89 12100 DK

—

ND: Not deteeted at a cnncentratwn gr*eater‘ than or- equal tn the MDL - Methud Detectwn Limit

)

______REF' USEF‘F\ Methuds Fm" Chemcal ﬂnalys;\s Of. Water Qnd Wastesy March, 1983

1256 GREENBH[ER STREET, CHARLESTON WEST VIRGINIA 25311 — TELEPHONE 304 346-0725
4643 BENSON AVENUE, BALTIMORE, MARYLAND 21227 — TELEPHONE 301 247-7400

CINCINNATI, OHIO AREA — TELEPHONE 513 421-3872 OR 606 344- 0084

’
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. Techhicdl

Testing . e o
7 laboratories Inc. - - LABORATORY ANALYSIS REPORT
CRIGTECH CHEMICAL CORPORATION -~~~ ‘Laboratory Nusber Ji752 .- Respectfully .
' : Co , ' . _ i Bubmitted: .
WDW #3 4B03/4587  #6 .- . Gampled by CLIENT  © . -
_ L o ' Date Received 05/18/89 - OI/W(;—’/

Dat’e ‘Bampled 05/17/89
R ANALYS1S FOR REQUESTED METALS |

Fe , - I S - _ ANALYZED
' PARAMETER - - : , " RESULT  MDL  UNITS METHED  DARTE/TIME/ANALYST
. BARIUM(Total) o S L7 .. 0.3 MB/L 0 E200.7 ' 05/26/89 12:00 MS
. "CHROMIUM(Total) .. =~ . ‘ S UND DL 2S5 MB/L- E200.7 . -05/26/89 12100 MS
. LERD{Total) - - S : " .ND . 1.0 MB/L ER39.1 05/31/89 16100 DK
COPPER (Total) ' o .ND . £.0 . MG/L - E200.7  05/26/89 12300 MS
- IRON(Tetal) | . _ 120 - . 1.0 -MB/L ER36.1 - 05/31/89 16:00 DK -
* MANBANESE (Total) | o &5 1.0 MB/L - ER43.1 05/31/89 16:00 DK
ALUMINUM (Total) - 1 "ND . - 20 - MB/L - E202.1 05/31/89 16300 MS
L MOGNEGIUM(Total) PV _ - 4800 0.02  MB/L. -EB42.1 ~ 05/30/89 16300 DK
% FASSIUM(Total) : 2700 - 0.1 . MB/L. E258,1 05/23/89 15:00 DK
0.02 MG/L . E273.1 . 05/30/89 16t00 DK

“BODIUM(Total) : 47,000

 ND: Not detected at a concentration greater than or equal to the MDL - Mebhod Detection Limit

_REF: UBEPR; Methods For Chemical Analysis Of Water And Wastes; March,1983.

) |

1256 _GREENBR!ER STREET, CHARLESTON; WEST VIRGINIA 25311 — TELEPHONE 804 346:0725
4843 BENSON AVENUE, BALTIMORE, MARYLAND 21227 — TELEPHONE.301 247-7400
CINCINNATI, OHIO AREA — TELEPHONE 513 4213872 OR 606 344-0084



i
N

. LABORATORY RESULTS




* Environmental Resources Management, inc.

AT
)

o 855 Springdale Drive -AExl'on. Pennsylvania 19341 « (215) 524-3500 « Telex 4900009249

- 15 November 1989
Mr George Chada
Aristech Chemical Corporatlon
Room 2156 7‘
600 Grant Street _ ' BRI -
- Pittsburgh, PA 15230-0250 - . FILE: 881-04-00-01 -

Dear George: . -~ .

Please find enclosed with this letter the Mt. Simon Formation permit
analysis report and a corrected copy of the Rose Run Formatmn SR

: perm1t analysis report

While preparing the Mi: Slmon report Enwronmental Resources
Management, Inc. (ERM) discovered a misinterpretation regarding
the formic acid analysis on the original Rose Run permit analysis
report submitted to you. The quantitative results for the two trials
indicated on Lancaster Laboratories, Inc.'s (LLI) analysis report are
actual sample values and are not spiked sample results. ERM has
reported the formic acid results for the Rose Run and Mt Simon -
samples by averaging the two trials reported by LLI The formic acid

~ results for the other formatlon samples were reported correctly.

If you need any further clanﬁcahon, pleaso donot-hesitate to call me..

I apologme for any inconvenience this may have caused you.

Sincerely,
o _ DavidR:Blye ‘
Quality Assurance Manager
DRB/stb '
Enclosures
N cc: Tim Prothero-Anstech
) - .Susan Barry-ERM

The

I a ;I‘r‘! /H
An affiliate of the Environmenta! Resources Management Group with offices woridwide Gioup

e



Aristech Rose Run Well #3 Brine Water Samp!e
Lancaster Laboratory Incorporated No WW 1400857

' Date Submitted: 6]15{89

_ o FIESULT LIMITOF
ANALYSIS AS_BEQEJMEQ : Q.UANIEEA]JQN
Sodium * 44,600. mg/L . 05 mgl
. Potassium o 3,330. mg/L - 0.5 mg/ll
Calgium B 38,500. mg/ll. 0.05 mg/lt
Magnesium . ' 6,070. mg/t . 0.05. mglL :
Temperature (Measured in the field, value reported separately) o
Barium S 1.8 mgll 0.1 mglL
Alkalinity to pH 83 ' o<t, mgl. - 1. mg/L
Alkalinity to pH45 B 129 "mg/L 1. mglL
Alumlnum B - <l, mg/lL 1. mgil
5.76 , '0.01 mglL
Speclﬂc Gravlty N O SIS
. Specific'Conductance - - 607, 000 ‘ p,mhos/cm 1 i pmhoslcm -
Total Dissolved Solids ‘287,000, . mg/L ' 100 mg/L-
Dimethy! Benzyl Alcohol . a4, mg/t - . - 0% mg/ll
"Phenol , o 400. 'mg/L 0.1 mgll |
Diphenylamme Co ' ‘ND. . 04 mgll
Alpha-Picoline- -~ N.D. - 0.1 mgil
. ‘.- Total Suspended Solids ' 220. mo/L 20, mg/l -
) Sulfate 330. mg/ll 50, mgi.
Chloride : 170,000, mg/L '20." mglL
Nitrate Nitrogen = . - - 220, mg/l. - 10, mgik
. Carbonate . . <1, mglL o tomght
- Bicarbonate y 129, mg/k - 1. mglL
Dissolved Oxygen S <05 mgil 0.5 mg/L
o . ... 608 mg/l 0.05 mgll
' Manganese. - - . 235 mg/L - 0.01-mgil
Viscosity ' ' 3. .cps 1. c¢cps .
Acetone - 210. mg/it 1. mglL
Cumene Hydroperoxide* . . T
Acetophenons : 6. mg/l. o 01 mgll
Ammonia Nitrogen 80.5° mg/L 0.1 mg/L
Aniline ~ N.D. - .01 mg/L
Total Chromium - o <01 mgiL .01 mgiL
Formic Acid ** 169. mg/L 5.0 mglL -
Toluene : ' ND. e 005 Mgl

Lead o . 03 ML 0.3 mgil

- Cumene hydroperoxide could. not be determmed due to Impure
reference material, as well as what appeared to be degradatten in the

chromatographic system.
Page'l of 2



** . The reported formic. acld resuit of 169 mglL Is an average of two trlals _

which yleldad the following results: 168. mg/L Trial #1

- 170. mg/L Trial #2
Additionally, the sample was spiked with 200 mg/L 'of formic acld and
provided arecovery of 83.8%.

- Indlcates the result Is less than the smallest amount which can be

accurately quantitated
N.D. - Indicates none detected.

_ Note: These results have been transcribed by ERM ‘Inc.- from the "
~ Lancaster Laboratories Inc. analysis report for the Hose Hun Well #3
'j-f'Brine Water Sampls (LLI#WW 1400857) : _ e

Page 2 of 2



Environmental Resources Management, inc. Letter of Transmﬂtal

“‘} 885 Springdale Drive » Exton, Pennsylvania 19341 « (215) 524-3500

.TO Aau,t:ﬂ OQWPCO [T "Rt R/ wall 23

7 2_1-0‘7 . = Pl 27005
ATTENTION M] 7--' M 7 56 i

M‘H 0/44 45(_0319 | . AM}MW

GENTLEMEN:

WE ARE S‘ENDING' You E/Attached L} Undgr separate Cover via the following items:
() Shop' drawings _ [J Prints -  1 O Plans 0 Sémples- i O Specifications
O Copy of letter 0 Changa order 0. '

COPIES DATE NO. : ' -. .DESCRIPTION.

| [ =12=6] 1 | Reg QU.M Wit #—3 W UxJo'*i-« SOMLﬂ'ZL.

k—uol«-fd—w M

THESE ARE TRANSMITTED as checked below:

i = s st e

N

For appl;oval 8 Approved as submitted 0 Resubmit__ copies for approval
o For your use O Approved as noted ' a Subm!t_coples for distribution
As requested O Returned for corrections [ Return____oo}rected prints
I For review and cornment i v j— , e . —
, (1 FOR BIDS DUE. .19 [0 PRINTS RETURNED AFTER LOAN TO US
REMARKS -

COPY TO -’i - 5‘0-?- BMW
I-_IC ' ‘ v SIGNED: Ddxﬂc//e /&42,

If snciosures are not as noted, kindiy notify us at once. 4_




- . Specific: Conductance
- Total Dissolved Solids.

'Ar!stech WDW #3 Nawburg Formatlon Sempie
~ Lancaster Laboratory Incorporated No.: WW. 1413820

Date Submitted: 7/18/89. .
S | RESULT

551 000.

umhos/em - :

o -’ LIMIT- OF
Sodium = . A2, 700 mglL 0.5 mglL -
Potassium =~ = - - 1,430, "~ mg/l. . 0.5 .mg/L

. Calclum E 88,700. mg/L- . 0.05 mg/L
- Magheslum =~ = 9,150, mg/lL . __0105 mg/L
Temperature (Measured in the fleld, value repor’ted separately) - . .
" Barlum - ¥ 1. mgil 0.5 ‘mgiL -
AlkalintytopH83 <1, mgl 1. -mg/l
- Alkalinity to pH 4. 5 S 640, mo/k 1 -mgll
.. Aluminum - ' 5.4 mg/L 0.1 mg/L
pH (Measured in the fneld value repcrted separately) L
‘Specific Gravity o 1.2

1 - umhos/cm

327,000. . mg/L - -40:: mmglt -
- Dimethyl Benzyl Alcoho! N.D. .. 0. 02 ‘mgiL
Phenol - . _ ~ N.D. - .0.02 mg/L
Diphenylamine " N.D.~ 0.02 mg/L
g Alpha-Picoline - .. - ND. : 0.02. mg/iL
Y ) * Total Suspended Solids " 64, mg/L .omg/l
' Sulfate 130, . mg/L. - 50. .mg/l
" Chioride . ' 179,000. mg/L 20 mgll-
‘Nitrate -Nitrogen S <10, mglL 40.: - mg/L
Carbonate - . <1, - mg/ll .1, .mgll
- Bicarbonate . : 640. . mg/L 1. mg/t
I Dlssolved Oxygen <05 mg/iL . 0.5 mg/L.
' lran- - . 64, mgiL . 0.05.mg/L
' Manganese_ _ : 29 mg/lL 0.2 mg/L -
Viscosity v . 3. ops -~ 1. cps
-Acetone - 7 0.024 mg/L - 001 mglL o
Cumene Hydroperoxlde* ‘ - o
Acetophenone, N.D. : . 0 02 rnglL
Ammonia Nitrogen - - - 128. mg/L .05, mg/L
- -Aniline S .N.D. S o002 mgt
Total Chromium S 0.16 mg/L - 005 mgit.
Formic Acid ~ : <5, mglL .50 mglL
Toluene S 0.12.mg/l.- - - 0.005 rng/L
Lead , _ E . '<0.2 mg/L .02 mglL .

- Cumene hydroperoxide could not be determined due to lmpure :

reference material, as well as what appeared to be degradation in the

chromatogrepmc system.
. Page 1 of 2
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< lndlcates the result is lass than the smallest amount which can be
accurately quantitated:

“N.D. - lndlcates none detected

Note: These. results -have been transcribed by ERM, Inc. from the
* Lancaster Laboratories Inc. analysis report for the Newburg Formatlon
sample (LLI# WW 1413820) :

Page20f2



Aristach WDW #3 Newburg Formatlon Sample

Lancaster Laboratory Incorporated No -WW 1413820

Date Submitted: 7/18/89

pH (Measured in the field, value reported separately)
. Specific Gravity ' 1.2

Speciflc Conductance 551,000.

pmhoslcm

LtMﬁ' OF

o : ‘ . RESULT =
Sodium _42.700. mg/l 0.5 mgIL
Potassium . - .- 1,430. . mg/L 0.5 mg/L
Calclum - - 38,700. mg/L 0.05 mg/L
Magnesium © 9,150, mg/L " 0.05 mg!L
Temperature (Measured in the fleid, value reported separately) e
Barium r 1. mg/ll 0.5 'mglL
Alkalinity topH 8.3 - . : <i. - mgi. 1. mgil -

- Alkalinity to pH 4.5 : . 640, mg/L 1. mglL.
Aluminum 5.4 mg/l 0.1 mg/L'

o 1. | pmheslcm

Total Dissolved Solids 327,000. mg/L : mglk
“Dimethyl Benzy! Alcohol ~  N.D. _0 02 mg/l
" Phenol : “N.P 0.02 mg/L.
: Diphenylamine.. - N.D .- 0,02 mg/L
e .Alpha-Picoline - N.D. . - 002 mg/it
£ ) Total Suspended Sollds 64, mglL 7. mgh
et Sulfate ' ... 1800 mg/L. 80. . mg/ll -
Chioride 179,000, mg/l. 20. .mg/L
Nitrate ‘Nitrogen ' <10, mglL 10. mgl
_Carbonate . S <i. - mg/L -1 mgih
Bicarbonate - 640, mg/L 1. . -mgll -
/ Dissolved Oxygen o - <0.5 mg/L 0.5 mg/L
f Iron . _ . ‘64, mg/L . 0.05 mg/L
- . Manganese - .. 29 mglL 0.2 mg/L
Viscosity ' ) e 3. cps . .1, c¢ps
Acetone ' 0.024 mg/L 0.01 'mglL
Cumene Hydroperoxide® = — .
Acetophénone o N.D. - 0. 02 rng/L L
Ammonia Nitrogen - 128, mg/t 0.5 mg/l .
Aniline : T N.D. - .0.02 mg/L
Total Chromium . 0.15 mg/L 0.06 mg/L ~
- Formic Acid . B <5, mg/L - . 80..mglt
Toluene e 0.12 mg/lL. - """ 0,005 - Mg/l
Lead . . . S <02 mglL_ _-02 mg/L a

- Cumene hydroperoxlde could not be determined due to lmpure

- Page 1 01'2

- reference material, as well as what appeared to be degradatlon in the
: chrematographic system
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< - Indicates the result Is less than the smallest arnount which can be

_ -accurately quantitated.
* N.D. - Indicates none detected,

“Note: Th'ese.re'suits have been transcribed by EHM, Inc. from the
. Lancaster Laboratories Inc. analysis report for the Newburg Formation .
 sample (LLI# WW 1413820): . . . ‘

Page 2 of 2



Aristach Rose Run Well #3 Brine Water Samplo

- Lancaster Laboratory incorporated No.: "WW 1400857
. Date Submitted: 6/15/89 L ' _
o RESULT - LIMITOF .
Sodium - 44,600, . mg/L 0.5 mg/ll
Potassium . 3,330. mg/L - 0.5 mg/L
Calclum 38,500, mgt - - 0.05mgl
Magnhesium R 6,070. ma/l ....0.05 mg/L -
Temperature (Measured in the field, value reporied separately) -~
Barium = - R - 1.8 mglh- - 01 mglL -
Alkalinity to pH 8.3 <., -mglk. 1. mgh
Alkalinity to pH 4.5 120 ~mg/ll - 1.7 . .mg/L.
Aluminum ' <l mgll 1. mg/L
pH - _'5.76 0.01 mg/iL
Specific Gravity 148 U
Specific Conductance 607,000, . pmhosfom - 1. . pmhos/cm
Total Dissolved- Solids: 287,000, mg/l. . 100, mgA
: . Dimethy! ‘Benzy! Alcohol .44, mgiL 0.1, mgil -
: Phenol =~ - 400, -mg/L "0 mgll
) Diphenylamine . N.D. C 0.1 mg/k
N _Alpha-Picoline ok . ND. - . 01 mgl
) Total Buspended Solid 220. mg/L 20, . mgiL
R - Sulfate S 330. mgl = 50. mg/l.
Chioride S 170,000, mg/L . 20, mgl .
Nitrate Nitrogen "p20, mgi-.  10. mglL
‘Carbonate «1. mglL - 3. mglL -
Bicarbonate - 120, 0 mgl. . 1. .ma/L
l Dissolved Oxygen <0.5 ‘mg/L ‘0.5 . mgiL
Cdron ~ 60.8 mg/L- - 0.05 mg/L
Manganese - 2.35 mg/L © 0.01 mg/L
Viscosity 3. cps 1. ¢cps -
Acetone 210. mg/L 1. mg/L
“Cumene ‘Hydroperoxide® - ——
~Acetophenone ' - 6. mg/L . 01 mg/Lb
Ammonia Nitrogen . 805 mg/l 01 mglk- - .
~Aniline : ‘N.D. - 04 mglL-
~“Total Chromium <0.1 mg/L 0.1 mg/lL
Formic Acid ** : IPIEEE
Toluene - “ND. 705 mg/L
* Lead T <03 mglL 0.3 mg/L
* . Cumene hydroperoxide could not be determined due to impure
reference materlal, as well as what appeared to be degradation in the
chromatographic system. o ' _
) : Page 1 of 2



T ] ]
'\ -
N e B

-t

W

- Formlc Acid (Sample was. splked wlth 200 mg/L of Formic Acid and

o provlded the following results:) - 168. mg/L Trial #1

170.  mg/L Tria #2
83.8 % Splke Hecovery

- Indlcates the result ls Iess than the smallest amount which can be

accuralely quantltated

N.D. - Indlcates none detected.

Note “These results have been transcrlbed by EHM Inc from the

" Lancaster L.aboratories. InG. analysls report for. the Flose Flun Well #3
~'Brine Waler Sample (LLI# WW 1400857). . e

Page 2 of 2 -



Afist,e’ch WDW #3 Niagaran Formatibn Sample :
Lancaster Laboratory incorporated No.: WW 1414238 . -
Date Submitted: 7/20/89 o -

RESULT . : - LIMIT-OF

- Sodlum S 42500, mg/l - - 05 mglL
. Potassium . . : 1,210, mg/L ~...05- mg/L -
- .Calclum 36400, mg/h . ~005moll
< Mégnesium | .- 8,870. - mg/. - . 0.08 mgiL
Temparature (Measured in the field, value reported separately)
Barium 1.1, mglL 0.5 mgil
‘Alkalinity to pH 8.3 <1, mg/k 1, . mg/L
AlkalinitytopH45 -~ . 68. mg/hk tooomglh
Aluminum _ . 12.9 -mg/l 0.1 mg/lLk -
pH (Measured in the field, value reported separately) e
Specific Gravity - R B A e '
Specific Conductance’ 445,000, pmhos/cm 1, pmhos/cm
Total Dissolved Solids . 277,000. mg/L 100,  mg/l
~ Dimethyl Benzyl Alcohol 0.9 ymg/L - - 0.02mgt .
Phenol . 0.4 mg/l - .70.02 mg/L..
Diphenylamine - L N.D. oo . 90,02 mg/l. .
Alpha-Picoline = ND. 0.02 mg/t
Total -Suspended Solids 337. mg/l - 7. mg/il
Sulfate : 180, mg/l - 50, rmg/L.
Chiloride . .439,000. mg/l. .. 20.  mg/k
Nitrate Nitrogen - '<10. .mglL. . 10 mg/L .
Carbonate B . 1. “mg/l 1, mg/k
‘Bicarbonate - 68, mgl - . 1. mgl
Dissolved Oxygen: C 59 mg/ . 05 mgl
~lron : ) 122. mg/l. . ¢ 005 mgll
Manganese ° o 2.3 mg/l . - 0.2 mglL
~ Viscosity : S 2- .cps 1. ©ps
Acetone’ o . ' 0.41 mg/k . 0.01 mg/l
‘Cumene Hydroperoxide* ' L :
" Acetophenone’ ' ND. . . 0.02mg/lk
Ammonia Nitrogen & . '133. mg/ik . .- 05 mglk
Aniline o <0.02 mg/ll 0.02mglL
Total Chromium © . p25mgl . . 005mglL -
Formic Acid <5, mgh e
Tolugne . - S 0.26-mg/.” . 0.005. mg/lL
Lead o i . «0.3 mg/L - 0.3 mglL

- Cumene- hydroperoxide could not be'déte-rniined due 1o Impure
reference materlal, as well as what appeared to be degradation in the
- chromatographic system. . : :

Page 1 Ao'f72



< - Indicates the result:Is less than the smallest amount which can be

accurately quantltated

'N.D. - Indicates nong detected
- J - indicates this value is an estlmate.

Note: These results- have been transcribed by ERM Ine. from the

" Lancaster Laboratories Inc. -analysis report for the Niagaran Formation :
) sample (LLI#WW1414238) .

Page20f2. -



Date Submitted: 7120/89

Aristach WDW #3 Nlagaran Formation Sample
- Lancaster Laboratory Incorporated No.: WW 141 4233 .

RESULT

, LIMITOF
ANALYSIS A&BEQE.[MEQ QUANTITATION
Sodium 42,500. mglL 0.8 mgll..
Potassium 1,210. mg/ll - -0.5. . mg/L
Calcium - 36,400, mg/L 0,06 mg/L
Magnesium : 8,970. mo/l. ~0.05 mg/L.
Temperature (Measured in the field, value reported separately)
Barium 1.1. mgiL 0.5 mglL

- Alkalinity to pH:8.3 <t. mgl 1. mgh.
Alkalinity to pH 4.5 - 68. mglL t.- - mg/L
Aluminum 129 mglL .01 mgiL

- pH (Measured in the field, value reported sepa:ately) R
‘Specific Gravity : 117 . e
Specific Conductance 445,000, umhoslcm ‘1. - pmhos/cm. -
Total Dissolved Solids 277,000, mg/L 100 . mgil .
Dimethyl Benzyl Alcohol - 0.19 Jmg/L - .0.02mgll
Phenol - - 0.14 mg/L . -0.02 mg/L
Diphenylamine N.D.. - 0.02 mg/l..

. Alpha-Ficoline ~ N.D. . 002 mgh.
R Total Suspended Solids - '337. mgl . 7. mgl
Sulfate _ 180. mg/l. - 50.. mg/iL

Chloride - 139,000, . mgiL 20, mgil
~Nitrate Nitrogen <10. mg/L. - 10. mg/L
Carbonate <t mgiL 1. _..mglL
Bicarbonate 68. mgiL 1., mg/L

/ . Dissolved Oxygen 59 mgil - 0.5 moll .

: lron 122. mg/iL . 0.05 mg/L
Manganese 23 mg/L ' 02 mg/L
Viscosity 2. c©ps 1, . ¢ps -
Acetone ) 0.11 mgIL _:-,-,'0,01 mglL
Cumene Hydrdperoxiue—' - . '
Acatophencne : N,D. 0 02 mglL
Ammonia Nitrogen 133. mg/L 0.5 mg/L.
Aniline | <0.02 mg/L 0.02 mg/L
Total Chromium 0.25 mg/L 0.05 mg/L
Formic Acid - <5.  mg/L .
Toluene - . 0.26 mgil. -7 0. 005 mo/L
Lead ' <03 mg/lL 0.3 - mg/L

- Cu-nane hydroperoxida could not be determlned due to Impure

Page 1 of 2

. reference material, as well as what appeared to be dagradatlon in the
,chromatographic system. _



- Indicates the result Is Iess than the smailast amount which can be
aocurately quantitated : _ ,

N D. - Indicates none detected.
- Indlcates this value Is an estimate.

" Note: These results have been transcribed by ERM, Inc. from the
~ Lancaster Laboratories Inc. analysls report for the Nlagaran Formation
sample (LLI#WW 1414238) "
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ARISTECK CHEMICAL CORPORATION . _ Formation: Conmsapge/Rome/MI.Simon Date:  6-JULY-1989
Waste. Disposal Well ¥o_3 065 corE H 334§ Corlng Fluid: Wster Based Mud *nalysts: pavis
Scioto County, Chio : , _...m.ﬁn Mo.: Emwirocorp 50-1277 '
_ f PERHEABILITY : | POROSITY | GRAIX DEWSITY | - LITHOLOGICAL DESCRIPYIOR
SHPLE DEPTH | FLXL DIAMETER PLUG FFdl  Plug Fiug [Full Plug Plug |
RUMBER §Kmanx - K90 Very. Horiz  Vert {Dism. Roriz. Vert jCism. Mor¥z. Yert |
fr | xd wt wd ond X % x| i
T 5608-05 [ 5.30 4.30 p.4s |24 [ 2.7 ISh & 4ry doic scalc lew dns frac vyfrsc
2'5801-02 | 0.9% - 0.27- <0.91 I 6. | 2.8 - [Pat gry vfxln vsh.scalc Lom dos
35502-03 | & ¥ .00 ] 25 | 2.7 . [sh blk/dk gry vdelc scale foss lam chs frac vifrac,
& S605-05 | L ] | - §5h Bl gry dolc sealc| lam dhe frac wifrse TBFA
¥ 5604-55 | 1 f |5k blkfk gry ool scotc Lam dax frac w/frac TBFR -
- b S6U5-08 | I 0.9 | 2.3 [pol dk gry vixin frac v/frac B . PET.SHPLE
7 5606-07 | ! I ISh bk dolc lam dns frac | TEEA
B 5607-08 ] : i _ [ Ish blk dole tme des frac|TEFA
9 5608509 | S.70 5.10° p.19 i 1.8 | 2.74 ISh blk vdolc deas Feme v/frac
10 5609-10 | _ i f [Sh blk dole dne frac w/fdsc TEFA.
11 5810-11 | ] | Ish blk delc dns frac v/frac 1BFA -
12561812 | 0.1 0.0 <0.Q3 [ o7 1 2.7 fool & gry vfxln vsh dns [frac
13 5612-13 , | ¢ Ist & gry dolc dns frac TBER
T4 F613-14 | } I Ish ok gry dolc dns frmc TBFA
15 S614-15 | | [ [Sh &% gry dolc dhs frac TBFA
16 5615-15 | I ) Ish & gry dole dns frac TBER .
W S616-37 | I X 2.72 sh blk dotc dns frac [
18 5617-18 I ] ISk & gry dotc dns Frac THEA
19 5613-19 | { i . Ish o gry dole dns frac THFA
28 5619-20 | ] 1.3 | 2.69 |5b bik dole dns frac _
21 5620-21 | 05 310 *647 | 1.8 [ 2.86 {ool o gry vfxin scalc vsh Llom dns v/frac
22 5621-22 I oL I I - ish dk gry dolc lam v/Frac THFA . :
2% 5622-23 | ! 1.9 | 2.7% |sh blk dolc des PET SHPLE
% $5623-2¢ | { ! Ish bk dolc dos 1BFA
3 5624-25  } i o.% | 2.72 |SH blk dolc dns
% 5825-26 | £.06 1.%0 ©.20 1 1.8 .1 2.80 ol gry vixln vsh calc (am sh lom dos v/ frac
TROCORP .."..Eﬁmm.n £ IECHNOLOGY, IkC. \.
AN \.I./..
. .
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ARTSFECH CHEKICAL CORPORATION Formetlon: Conasauga/Rome/Ht . Simon Date: S-JILY- 1989
Haste Disposel Well X0 3 Coring m.ﬁc.mmu.nnnﬂ.. Epced MHud Aralysts: Davis
Scioto Covaty, Dhig File Moz .mziﬂonwau 30-1277
i - PEmMERBIUITY } POROSITY ' | GRALK DENSITY . | LITBOLOGICAL DESCRIPTION .
SHPLE . OEFTH | FULL DIRMETER o PLUG JFeli  Plug Plug [Full  Plug Plug | ,
NUMBER | marx K9 ¥ert.  Horiz  Yert [Diem. Koriz. Yert [Diae. Xoriz. Vert I
: ft | nd od W md )X x| ox g ms/oe ]
27 562627} I [ Jool acy fxin vsty scalc lam dos v/ froc TBFA
28 5627-28 | 1.30, €.7% 6.% 1 11 ] 2.8 - .+ P4l dk gry fxin shy calc |lem dos v/frac
29 5628-29 ) . | } R : -~ [vol. dk. gry fxin shy calc lam dns w/froc (Rubble) TBFA
30 5629-30 | ] 5] .. 2.3 Jool o gry fxln sshy dns. wffroc
31 5630-31 | i | ISh gry dolc law dos v/frac THFA .
32 36331-32 | C ] ] |Sh gry dolc lom dus v/frac FBFA
33 5632-33 | &30 148 1.15 ] 1.¢ J2.e ISk bk dolc sity lam dns ¥/frec PET.SKPLE
34 3633-38 ] S i { ISt ik dolc sity lom das v/frac TBFA o
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~ APPENDIX 53.C . |
CHEMICAL ANALYSIS, BEREA SAMPLE IN SCIOTO COUNTY BRINE WELI,




)

Neo.29
Brine le No.

N"\Cﬁq'GEOLOGICAL SURVEY OF OHIO
WILBER STOUT, State Geologist

' L COLUMBUS
BULLETIN 37 . S
TESTS ON SAMPLES

Material sampléd Brine ; " County Scioto . -

Nameofbed = DBerea sand : . ' Township: Jefferson .
, . . ' Section 9 (Houston Bollow) .
Sampled by W. M. Enight, Portsmouth *-Property ownerChag, Ziegler leass #2
Date of sampling ~ Marc¢h, 1931 = ,  Operator Local company,  Edward '

. Testsmadeby Downs Schaaf analyst e uKkeffnery president, W, M,

. Knight, secretary, 5o0g Uhion S:
T 07/0(39ﬂ1f : Portsmouth- - ‘

Specific gravity, 1, 078 et 15°¢C, Mineral'sediment, none,

Composition of

' . . ‘saline matter /L
2 A 62,78 q% ""‘ tr ¢
Br | 0.27 — 10 G &/ Ly
S04 - - - 0,06
COs o . . none- ' R ‘ _
HCOg. 0,02 ST B
Na 22,86 — A5,|73 Grjeiar
K. - _ 1 - 0,20 , 220
Ca - 10,80 . o
Sr o : ‘ m———

. ‘ 100,00 -

: : - 110 0 grams per 1iter
Total dissolved sollds (09,86 Im/L &1.97170
- - ' l02,0 M ﬂ kilogram

Driller's record A J

Elevation of well head 655 Tt,

Top : Bottom . -
Berea sand . 256 - 315
Totel depth ' 339

Pumps about one-inch stream of brine regularly,
Water 8 feet in sand or at 264 feet.



‘Brine Sample Ho, 46 - Ne.d
o DS _Lab. . NO. 265
GEOLOGICAL SURVEY OF OHIO

" WILBER STOU'T, State Geologist -

o COLUMBUS
BULLETIN
| TESTS ON SAMPLES
* Material sampled Bpipe W County: Lawrence '
Name of bed Second Water of Big Lime Township Elizabeth
- Section
~ Sampled by w. R. Maxey o .. Property owner Ceramic Clay CO- NOo ]
- . - Dateof sampling.  (Oct,,. 1951 ) '_-Operatgt Ohié Fuel Gas. Go.
;(-fTﬁStS madeby Down.s Sohaaf i '_,;q@ 20 Seu T

Speoific gravity, 1.16 at 15°C. Mineral sediment, none” |

Composititn of sallne matter.

-.‘

c1 /.511,2’8 62,69 — I z.-.z o GrllisT

Br 1,967 . 0,81 AL D uu/L; e
804 . A9/ 0,12 .29 _
.CO0p nonse o SRR
‘HOOs 43" L 0h02 T
MNa A5/} . 18,62 RN -*/h“'
K /J AN 0,87 — I, 28 & Jids e
Ca 3, 577 . 13,18 SRR
Mg ﬁ, 1130 3434 '
' . (AleF8) 08 ¢5 0,035 -
‘ _ jsw,a P2 . 0,005
. : . Sy } 3% ? ' 0457
. 100,000

e ; 243,02 grams per. 1iter
Total dissolved solids. 242 3’9’ '
SR L 209.5 grams per kilogra.m

. Drillers record

o Brine from gﬂdepth of about 2,800 ft., .
e T Top Bottqm
: yr’ ! Send 520 : 540 ‘Nao- waber
\_Jy‘ : ' Sand 585 : : ;
v - Salt sand 665 710 . % bbl. water 6'?5-680
. ~Samd - . 720 760 .3 M 740
Maxton sand - 760 770 o
Big Injun sand 865 1078 ‘
. Hamden: sand . = 1340 1350 _ R -
- Berea grit sand 1480 - 1628 . Hole full water, No oll
7 Lo . - or -gas
Nizgara lime 2340 2948 Brine sample about 2800
Clinton sand - 3199 - 3207 94,5860 cusfts No oll or

_ L L water
Total depth 3252 :



Tests made by

Sample #121

GEOLOGICAL SURVEY OF OHIO

Dow Chemlca.L

W= 512
_Brine__ Bottle No. 93

Sp. Gr. at 25/25°C .
°Be' W a4 v e e .l

% CaCl,. e e
6 Mgclz l 0- l..'. C , - .

.-1Ratio %Caclz/éﬁgﬂlg

% NaCl . . . . . -

% KCl . o- ol_.-. 7.!. .

!

8?’.]5{‘ B J'OHN H, MELVIN’ State Geologist
o : . COLUMBUS R
TESTS ON SAMPLES -
; . Quad. Sc1otov1lle
Material sampled Brine . - e - County - Scioto
Name of bed Trempe aleau = . ' Township Harrison
. ' Depth 5840 Bm/er Sawnple: Section SE 17°
Sampled by .. -+ .+~ Property owner Albel‘t B. Will Pf"l
Date of sampling Nov.‘ 1964 o srator.. Young & . Henneberger

Well: permlt ﬁ202

T PE R 4 N

S I 742 T

e e . . 21.8" '

e e e e e 6.04: " .
e e e e . 2078500
e e e e . . 12,76
< ee ee o . 0.53

21,50

,3[_3 0. }-,-. / .!_‘rr}' I
: 945 : ,Q '\h/g




g FoRM £8 -T-82. : ) . PAN AMERILAN (A WIS ST
s ' ' ' RESEARCH DEPARTMENT
"WATER ANALYSIS

N b T S 1N

AL R L]

No & — J/‘iéfz,#.et“g. (e Slents
., .."_.l(.m/y_.(-l- /2/

o . W-398-D' '

* aare_ Albext R Will Well Mo Lo Lab N,, ']]-16'7138

4 — _County....—2¢ioto. __State_Ohio

Al‘rm of- Survey Twp. Harrison l/h SE __Blk Section 17 - T _ R'

Exact Location— . — Sample Seties NO.—ee—mr
Producing Stratum ; PBTD _Total Depth.—

Stratum  Yiclding Sample Trampealedy FromMuu— To
* Condition of Well - ' N

Sample Collected From-.. :

" Collected by.

_Date Collected

Method Used

Bailer Cable Tool

_Date Received

Transmittal Lettec by e : e —Date_ _File_
o (Centra.l ﬁivision )’- g S o _
o Per Cent - N T Per Cent'-'-‘ - Cateulated e
Radicle Anl:lynu (a) P. P. M. (5). | . (n) X (b_.) . R%a;::lt;:g. . Compoun d - P- P... M.
N« (23,19 _ |55,397 —ons | -2.400, eq~¢'pg o7 | NmsOC b
Ca 10.50 . 125,100 o499 | 1,252, 49 |14,69 f NaGl - p1ho 828
Mg, 3.05 7,300 0822 600, 06 | 7.0h . — NaxCOs _
Fe i NaHCOy . - . W7 -
o . CaS0. 7 9’48 .
' : A ‘ S o CaCl - - 69,311
50.__ 07 . 75 | oes | 3.6h ] L0k .. T CaCO |,
a é3. 18 151,000 . | 0181 | b 258,20 149.95 | Ca(HCO)e [ -
cO, - 0 N [} N -3033.3 R ORI « TR a CMgsO. - ; RO
HCOr s O : _— .'%ll-._. _ 0164 - .56 . e R MgCh - . ‘558"5’?9" I
HS - - : : R L "MgCO. I T
, : Ivi;j‘ﬂCO.):
Total solids 283 aummnhon of radicles : 2'-;9 006 P.PM.
/f'ota| solids by evaporn{on and igm‘tinn of residue at low red heat : . 259 760 . PEM
'n'r. ' | H Vahxe 5 l+| Spcclhc Gravity so'/so-P 1_ 178

: | Sample ad received: Resu_dwtv ohms/M’M OUB - at )

PROPERTIES OF REACTIQN IN PER CENT

 PRIMARY SALINITY: 50, + R oo, with, equal value Na (K) . AERI, ST S
SECONDARY SALINITY: If SO, 4 Gl is greater than Na (K) - s
: N T T e L T— oo With equal value of Ca + Mg = L3, b e
PRIMARY. ALKALINITY: Excess Na (K) over 8C: + Lo I I— remeeniwith equal value of COs + 8 =, - -
SECONDARY ALKALINITY: Excess Ca + Mg over 50s + Cl =, wlth equal value of COy 4.0 bl 2. 0% s
CHLORIDE SALINITY: Cl:+ (30¢+'Cl) = X wo% e = e 99 02 : : .
SULPHATS SALINITY: so. + (80 + O = X 100%hummmeres =2 mesnrermpeeissmmntiol s

NOTE: Multiply Parts per Million by .0‘583 to oirta.in Grains per Gallon. -

' REMARKS:

X. W. Bolt _
‘R« 8+ Tremalne °
G. W. Schmidt (4)

mg/1 " (ppm)
- Iodide 0
Bramide 520




_ STATE OF OHIO
DEPARTMENT OF NATURAL. RESOURCES
PIVISION OF GEOLOGICAL SURVEY '

File-No,__298.

) , ' : . ) ) . : ,.' County SC':"i'-r;-‘hn

. L Tov\.rnship | Bloom
- TESTS ON SAMPLES B o
y - Séction 55 :

Oak H+11

.15’ Quad..

. 7% Quad.
Dow Chemical

Maten.al sampled BI‘:L Ile

meedbed depths of 1000'5 lBOO’.and l90qahmﬂmynmmw,_ SSR 184 61)

TeSts n’iade by

Dow Ironton #3 T.D. £050 '

o Sa.mpled by . s - o Property_owner :
lé4ﬁ55 '

. Date of sa‘mp‘lm-s - -Oper__;:bi:- Sl

Samples taken at ‘completion of balllng SERI RS

© First Day’ 1910—1940 RS Second Day 1950—1972

'Déptﬁffr§ﬁ,ﬁq§6r'wéil;f,' . 1900 1500, . 1000 -

'_Sp{ Gr. at 20°C . .-.:; ,’.;u,.A. "1;1967 - 1.1967 ‘1.19€?T
| °Be' . . .. e . . W . . 2%.8%5  .23,8% | 23.3%
B CaCly . . ... .. v e . 9.30

%CaCl, . . . . ,';g;j, e e 3.0 a

BECL & v v i e 0.26

% NaCI B N - e e . L 10-5 T
< £

% 12 * L] . * e . . . . L} n » o . ._ 00012 7.



STATE OF OHIO*

DEPARTMENT OF NATURAL RESOURCES

DIVISION OF GEOLOGICAL SURVEY -

’ ----Material sémpled Br:Lne SO

- Name of bed _

Sampled by

_3/12/5

Date of 'sﬁmpiiit‘g*

. TESTS . ON SAMPLES

Lt Tests: made b—y
' Laboratory number

Property owner

File No. 5057"

Couaty Scloto

Township Green

Loﬁ 29

Section

15" Quad._GTeCDUD

7% Quad...

~Déw Chemical

SSR 186- 851

Dow Ironton Well 5 1. D.

163

¢ Operatof Ji—

~ Located Q_milesfsduth of wueé;ersburg;on U. S. 52‘

Sampié'dé@tﬁffboﬁ:SﬁffaCe
Sp.. GT. 85 209G v e e w e v e . .1 1817 . 1.1817
°Be".'3 C e e e e 22, 30 22,30 .
% Cacl2 . .. :8;577' glen-
%MECLy . .. .. - 2.98 3.00
Ratio §%§%%§ C .. 2.9 2.9
% NaCl . . . . . .. 9.4 - 9.4
% KC1 . . 0:22 .24
B BToe v e e e e e 0.1372. - 0.1371 |
2 SO C e e e T '0.0010° - 0.0010

Samplés takdn. at completion of'bailing.



STATE OF OHIO

DEPARTMENT: ‘OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL SURVEY ' .
7 . File No 506
County Lawrence
. _ .. Hamilton
: . _ - Townshipe—— e
TESTS ON. SAMPLES - g
' ‘ Section :
15" Quad Greengp
Co e . _ . , 744" Quad
: Brlnef-u_“-.'u‘ S . .. Dow Chemlcal
Macenal sampled S L T SN SRV Tesn:s made by
" Name of bed Depth 'L_a,borratory qumber SSR 18.7) 620 _
" _Sampled by '_Pr_opg¥ty ownei_ _ Dow Iron‘bonu #2
Daté‘o’f éamﬁling '12*4'62. - — Operato: e

#2 Ironton - Sectlon 7, H amllton Twp. , Lawreuce County, Ohlo,
Total depth 2Q31.ft. The ©p. Gr. oo thls sampie appears low
'1ndlcat1ng some dliution. . TR o

_Spec. Gr.fat 20/2009_._,7. . ... 141897

OBE s 4 e o e e e e e Cee e 23.12
_‘ :.-'899‘
% MgCly « + - o .. 288
BRACL © v v e e e e e e .. 9.90

-
'
-
. -
-
-
-
.

.}6 K.Cl L . + . o‘ . .- - . . " . . 0'21— 7 .
1'Rat1° é¢i§i§3 e e i5:1g :
% BT i e e e .”;_ 0,149 f

T L e e e e e e 0.0011

T—



. Ma.tenal sampled -

Name ofbed deBth 250' and 2250'

Brlne

. STATE OF 0H10

DEPARTMENT OF NATURAL RESOURCES

DIVISION OF GEOLOGICAL SURVEY .

TESTS ON, SAMPLES

o Tests made by

207

County Law:_t‘enc.e o

File No.

Township ... Eliz‘a;b ath
. Section - 4 :

s’ Quad.___Lronton

- 7L Qﬁad .

Dow Chemlcal L

.- Laboratory numbér :

B 186-—21 ¢

~ Date .of Sé,fﬁpling__ :

San_1p1e_d by . : .
316-55

- Prope:ty owner .

R Ope'ratu;

Dow lronton well 4- T.D, 25

ifSample taken from baller at depth 1ndicated after acldlfylng

and com;.etion of ‘bailing.

Sample depth from surfage (ft.) 250.""1.2250:'
el Sp. Gra. at 20°C . . P . | 1.2045  1.2062
i)_ C°Be' L o . e . S . 24.62. 0. 24.79.

% Cally « o« v v v i e . 9.84  .9.82

; %'Mg012 e e e e e e e 2,52 .. 3, 39
; Ratio é%%%l o 2.80 3.90'

%NACL « v v v v e e . 9.9 10.5

7 (0 P ——— . 0.2 0.26 1.

BBE e e e e e e e 0.1485  0.1525 -

% Iy . e e e ' 0.0013

. 0.0013
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'8.3.4 Pressure Transient Well Tests and Fina] Injection Interval
Parameter Assignments : g '

Three types of well tests were conducted and analyzed during the
calibration process conddpted in orderl:to'-mode1 the Aristech Chemfca]
Corporatien, Haverhill, Ohio site: ;ressure fa11 off step-rate, and-
inter-well pressere interference'tests. AnaTysis of these tests, along with

the discussion of other retated injection interval parameter assignments are -

'1nc1uded in the- fo1]ow1ng section.

Fall-0ff Test Analysis

Pre1im1nary reservoir characterization - for  the Aristech Chem1ca1-

Corporation,_HaverhiT1 Ohio faC111ty Was acComp11shed through the analysis

of 1nJect1on pressure fall-off tests Figures 8. 3 4-1"and 8.3.4-2 exhibit

plots of these pressure fa11 off tests as ‘pressure versus the 1egar1thm of

"e1apsed shut-in t1me

The f1rst step in analysis of ‘the pressure fa11 off. port1on of pressure.
trans1ent data is based upon treat1ng each well as' injecting for a Tong time -
at a constant rate, q, prior ‘to shut-in. Bas1c transient pressuﬁe theory

(Co]l1ns, 1961) then indicates that the bottomhole pressure should decrease

in accord with

where
'$ = skin factor (dimensionless)
R = "effective" well radius (feetj
- PEL = bottomhole pressure f?owing'just erior to shut-in (esi)
¢ = porosity (fraction) '
q = flow rate (gpm) |

p = viscosity of reservoir fluid {cp.).

817
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characteristics of the Mt. Simon disposal interval and account for thc over-calculation of pressure during
the early time of the November interference test.

9.2 Step-Rate Test Analysis - _ _
Figure 9.2-1 exhibits the results of the November 30; 1989 étep—rate test executed at Aristech Chemical
Corporation WDW No, 3. This test was carried out using rates of 21.2 gpm, 27.6 gpm, 31.2 gpm and 33.6
gpm. Figure 9. 2-1 indicates that a pressure-sensitive increase in permeability begins when the bottomhole
m]cchon pressure reaches a threshold value. Since an injection rate starting at 21.2 gpm caused the
pressure to exceed the threshold value prior to stabilization during the first flow penod a specific value -
for this threshold can not be calculated However, a qualitative review of the data shows that this critical -
pressure is less than 3400 psi, and more nearly 3200 psi at a depth of 5416 feet below ground level (BGL).
This corresponds to a gradient of between 0.59 psi/ft. and 0.63 psi/ft. When pressure is above a gradient
of this magnitude, increases in permeabi]ity will oceur in the Mt. Simon,

The probable mechanism for this observed pressure-sensitive permeability is the openmg of .an extensive
network of pre-existing micro-fractures in the Mt. Simon. Both lithology descriptions -and core data
discussed in the geology section and appendlccs of this document support this view. .

The anticipated factor limiting the vertical extension of this fracture opening, process is that closing stresses -
in less competent rocks will be grcater than those in the Mt Simon. These issues are addressed in greater
detail in Appcndlx 9.2-A.

A second step-rate test was performcd on WDW No. 3 in March of 1991, Results and analysm of thm test - -
will be forwarded to Ohio EPA when they becomc. available, : :

| 9.3 In-Situ Stress Tests

Numerous in-situ stress tests are scheduled to be run in the tcst/momtor well which is currently bemg
constructed at Aristech, These test results will have a di ing ¢ - i :

pcrmlttcd injection pressures at the Aristech facility. Results of the stress testmg will be- submltted to Ohxo
- EPA as an addendum to this repermit application.,
}

9-2
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- APPENDIX. 9.0-A

RAW DATA - PRESSURE FALL-OFF, STEP RATE AND INTERFERENCE TESTS FOR

WELLS NO; 1, NO. 2 AND NO. 3

ENVIROCORP SERVICES & TECHNOLOGY, INC.



APPENDIX 7.3-B

 CHEMICAL ANALYSIS OF LOGAN AND BEREA FORMATIONS -

SAMPLES FROM TEST/MONITOR WELL

ENVIROCORP SERVICES & TECHNOLOGY, INC..



Test Well Analytica Report
: Berea

Potable . Berea,Formdtion Fluig
Water Sample 1 DUQligate'_Avg.

InOrgandcs

Alkalinity . o ' Ppin N.A. .8 N.&, - 8
,Ammonia-Nitrogen‘ ‘PPm N.a, 150 N.A. 150
Bromide : .bpm N.a. -~ 564 558 561
"Bicarbonate _ ppm N.A s g ~ N.a. 10
Carbonates : - ppm NJA, o0 g N.A. 0
Chloride : Ppm N.A. . gasgg 82500 82500
Dissolvead Oxygen Ppm - T : : T
Nitrates © ppm N.A. “<p.03 - N.a, <0.03 .
Tot.Dissol.80lids Ppm N.A, 125000 2133000 134000
Tot.Suspnd Solids Ppm N.a, © - 2680 N.& 2680
Specific Conductance umohms/cm ~N.A. 192000 N.A. 192000
Specific Gravity units N. A, “1.09s l.09s5" 1,095
Silicates " ppm N.A, - B.2 N . N.A, 5.2 N
Sulfates o ppm N.a, . <5 <5 <5
Viscosity : _ _
Metals S S . .
Aluminum ppm N.A, 0-.186H N.A. 0.186b
Barium ppm N.A, - 141 g N.A, 141 E
Calcium - ppm N.a, 8790 N,a. 9790
Hex, Chromium . ppm o R :
Tot ., Chromium ' Ppm o N.A. 0.0248 y N.A, 0,025 y
Iron, : : Ppm Na, - igg g N.A. - 188 g
Lead " Ppm N.Aa, - 0.719 g N.A, 0.719 g
Magnesium o pem N.A. 2960 _ N.A, 2960
Manganese bpm N.A. - 2.540 EN N.A, 2.540 BN
Potassium : _ T ppm N.&, 260 N.A, 260
Sodium _ © ppm N.A, 32900 N.A, 32900
Volatiles _ o . .
Acetone ‘ - Ppm 0,005 BJ. 0,410 By N.A N.D, BL
Toluene . Ppm 0.002 70, 649 ~ N.A, 0.640 1,
Formic acid : ' PR N.a, «10 <10 <10
Other Volatilesg o - o
Methylene Chloride PPM - 0.005 B .0.429 g N.A. N.D.  BL
Benzene . . PEm N.D,. .+ 0. 200 o- N.A. 0.200 J
Methyl Ethyl Ketone “Ppm 0.120 . .. N:D, N,a. N.D, L
" Chloreform ' ppm 0.023 N.D, N.A, N.D.
iBromoform_ ‘ pPPm 0,001 g N.D. " N.A. N.D.
Bromodichloromethane " ppm 0.012 N.D, N.a, N.D.
Dibromochloromethane pPpm 0.006 N.D. N.a, N.D.
Ethylbenzene ‘ PR 0.039 - 0.200 g N.a. 0.200 g
Xylenes (total)y ppm 0.190 2,000 N.A. 2.0
4fMethylw2-Pentanona Ppm 0.017% D, N.A. . N.D,



Test Well Analytical Report

fj _ . Berea
Potable Berea Fofmatidnrpluid
Water Sample 1 Duplicate Avg,
Semi-volatiles L | N
Acetophenone AR PPM N.D, N.D, N:D, N.D.
Alpha-Picoline . - ppm - N,D, N.D. N.D. N,D:
Aniline : ) ppm ‘N.D. N.D. N.D. N,D.
Fhenol ppm N.D, N.D, N.D. N.D.
Cumene. (screen) - . . ppm "N.D. S NL.D, N.D, N.D,
‘RiMethylBenzylAlcohol PPM N.D. S ND. N. D, N.D.
DiPhenylAmine o - PPm - N.D. N.D N.D. N.D.
- Other Semi~VéIatiles : N.D,  §;9,_ -N.D. "N.D.
2-Methylnaphthaleéne PR -N.D, - ND. N.D.  N.D.
N-Nitrosodiphenylamine . ppm  N.p, 0.004 J1 0,003 J1 0,004 3
rbis(ZEthylhexyl)Phthalate,ppm N.D, 0.009 g 0.005 J 0,007 JL
‘Total Phenolics | Lo - o _ o .
Formation . ‘ ppm N.A, " <0.050 - N.A, <0.050
Before Formation - ppm N.A. <0,050. - . nN.,p. <0,050
After Formation "~ PPm  N.A, 0.090 0.070  o0.080
Footnotes r ' ' '
3) o -'ﬁ?nipfnsodiphenylaziue cak 8oL be seperated from Diphenylanine

b - reported :vgiﬁe obtained vas less thap the CRDL (Contract RequiréﬁfDgtection{aepofEiﬁg_Linit) but ﬁgfeéter
than or equal to the 0L (Instrumeat Detect{on Liait), _ ' A

b~ value wéerleés then the IDL or vas not detected.
, L - veported value vas estinated becavse of interference,

4 ~ spiked sample recovery vas ot vithin contro) limits,

.
¢

analyte ie found in

UglL¢.

the a

ssd@iqted blank as vell a5 the sam
g carefully,

le, ﬁqf

J - estimted velue. Mass spectral dats indicates the présencé'qf a Compound heloy the POl (Pracedita]
~ Quantifieation Linit), , _ . - ;

- b~ cozmon Iabdratory crosé-dOﬂtimiﬂﬂui. ‘Result is reported as *non-detect? if'result Is tess than 10 tipes

the concentration found in any associated blank, bls0, cross-contaniant nay be introduced into “sanple
upen dilutios, even vhere it qoep pot appear in any asgociated bisnk,

“~-§ - reparted value vas determined by_metnod of standard additions.

XD {or 'H:D.) - Xot Detected. 1f the sample concentratiog is less than 10 times the concentration of 3
raterial found ip the dlank, then the result is taken as *non-detecteqy, Mso, non-detected' is mngeq
vhen one sample of & pair hag a reading, but duplicste or split sanples does not phoy similar readings,

;) ¥a (o Bk} - not analyzed,

e





