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ArcView Coal Evaluation User's Guide

By William Watson *

Chapter 1.
INTRODUCTION TO THE ACE USERS GUIDE

Purpose: This chapter provides a brief outline of the main features of the ArcView
Coal Evaluation (ACE) Users Guide.

Overview: The methodology of the ACE Users Guide is reviewed. Hardware and
software requirements are reviewed. The main topics/analytic steps in each chapter of the
ACE Users Guide are outlined. The chapter has a set of “frequently asked questions”
(FAQ’s) and references to the pages in the ACE Users Guide where these FAQ’s are
addressed. A short list of GIS references to supplement the Users Guide is found at the
end of the chapter.

' Current affiliation:

Coal Team Leader

Energy Information Administration
U.S. Department of Energy

1001 Independence Ave., SW,
Washington, D.C. 20585

Phone: (202) 287-1971

Fax: (202) 287-1934

Email: William.watson@eia.doe.gov
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Methodology

The geologic coverages developed in the National Coal Resource Assessment (NCRA) are the
starting coverages used in the Geographic Information Systems (GIS) evaluation of coal
resources. These coverages or layers include:

- isopach or coal bed thickness

- structure contour or elevation at the top of the bed
- thickness of coal partings

- point data on coal sulfur and heat content

- areal extent of the original coal resource

- areal extent of the remaining coal resource

- areal extent of mined-out areas

The objective of the ACE is to estimate the amount and location of coal available to be mined by
various coal mining technologies. Availability is determined by the amount of remaining coal as
reduced by

- technical restrictions to mining determined on the basis of slope, proximity,
thickness, and overburden

- social and environmental restrictions determined on the basis of federal and state
regulations, and industry practice

The categories into which remaining mineable coal resources are allocated for future mining
include

- Contour Strip Mines 12-36 inches in coal thickness

- Contour Strip Mines > 36 inches in coal thickness

- Small Area Surface Mines 12 inches and greater, coal thickness
- Auger Mines 12-36 inches in coal thickness

- Auger Mines > 36 inches in coal thickness

- Longwall Mines 42-72 inches in coal thickness

- Longwall Mines 72-96 inches in coal thickness

- Longwall Mines > 96 inches in coal thickness

- Room and Pillar

Continuous Miner 24-42 inches in coal thickness
- Room and Pillar

Continuous Miner  42-72 inches in coal thickness
- Room and Pillar

Continuous Miner 72-96 inches in coal thickness
- Room and Pillar

Continuous Miner > 96 inches in coal thickness



The ACE Users Guide uses the Pittsburgh coal bed as an example application. However, the
methods are applicable to any other coal bed. There could be different types of mining
technology in other applications. The Users Guide provides many examples of how to apply
technical limits based upon mining technology. The methods, which are iterative for any given
mining technology, should transfer directly by mining technology to other coal beds.

The analysis begins by using the extent of the remaining Pittsburgh bed as the starting coverage.
The remaining Pittsburgh is reduced by the area where coal has a thickness less than 12 inches.
Coal less than 12 inches in thickness is not mineable by any mining technology. Then the
resulting layer is reduced by a 50 foot safety barrier around the historic mined-out area. The 50
foot safety barrier represents industry and regulatory practice to meet mine safety standards.

The remaining Pittsburgh bed, reduced by coal less than 12 inches in thickness and by coal in
safety barriers, then is allocated to the various mining technologies. We follow the order
indicated by the technology list above: contour strip mines, small area surface mines, auger
mines, longwall mines, and room and pillar mines using continuous miners. The evaluation by
mining technology starts with surface mining methods. We assign coal primarily at the outcrop
or the boundary of remaining coal to surface mining. The assignment then is made for
underground technologies starting with longwall mining. We assign as much of the underground
mineable coal as possible to longwall mining because longwall mining is the lowest cost
underground technology. Room and pillar mining considers all coal not assigned to any of the
other technologies. In each case coal is consolidated into coal resource blocks to determine
whether there is enough coal to support a minimum-size operation.

Within each mining technology category, the coal passes through these filters as appropriate:

- a thickness filter

- an overburden filter if underground mineable

- a stripping ratio filter if surface mineable

- a filter for surface slope if surface mineable

- a filter for bed slope if underground mineable

- a filter for social and environmental restrictions

The available mineable coal by mining technology (coal that remains after the various filters are
applied) is parsed into coal resource blocks appropriate for the specific mining technology.
When there is not enough contiguous coal (underground mineable) or nearby coal (surface
mineable) to support a minimum size mine for the specific technology, the coal is assigned to the
category, fragmented coal. After the estimate of mineable coal is completed, we delineate the
coal in safety barriers.

For each of the coal resource blocks assigned to a mining technology, we estimate coal quality
characteristics:
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- average thickness (inches)

- average overburden (ft)

- average parting (inches)

- average sulfur content (%)

- average heat content (Btu/Ib)

These estimates are based upon the geologic coverages determined in the NCRA.

The minimum sizes for mines are based upon the configurations of mining technology in
COALVAL. Mine life is set equal to the life of the longest-lived equipment having significant
cost. The minimum size mine (in units of tons of resources) then is calculated using the
technology-specific values for tons of raw coal handled per year, recovery rate, and mine life.

Every time coal is assigned to a mineable technology category, safety barrier, or to a restriction
category (technical, social or environmental), the coal is removed from the latest updated layer of
remaining coal. This procedure keeps a running tab or materials balance account of all
assignments of remaining Pittsburgh coal.

After coal is estimated for the last mining technology, a final breakdown of remaining coal is
made to account for any residual categories for which estimates have not been made up to that
point.

Overall, the procedure can be likened to “peeling and sectioning an orange.” The orange is the
amount of coal remaining as determined in the National Coal Resource Assessment. As we
remove coal that is not mineable (parts of the skin peeled away) we keep an account of why those
parts are not mineable. The sections of the mineable coal “orange” not large enough to support a
minimum-size mining operation are assigned to the fragmented coal category. Social and
environmental restrictions are represented by sections set aside for special purposes. We tag and
weigh all the parts of the orange to build a record of where all the parts of the coal “orange” go.

Chapters 6 through 10 of the ACE Users Guide walk you through the assessment of coal
resources by mining technology.

Getting Ready
Before assessment can be undertaken a number of preparatory steps are required:

- establish a working directory that is used throughout the analysis; keeps all our
coverages and data organized in a single folder

- decide upon a projection and projection parameters for all the coverages to be built;
normally would be the projection used in the NCRA



- decide upon the grid size for grid coverages; set at 16 meters on a side for the evaluation
of the Pittsburgh bed

- determine counties where remaining coal is located; helps us to efficiently download
data used to map the areas restricted by social and environmental limits

- download data to build coverages of the social and environmental restrictions
- delineate the restricted areas including relevant buffers around restricted areas

- convert vector coverages of restricted areas to grid coverages; needed for the efficient
assessment of unrestricted available coal

- add NCRA coverages, including mined out, thickness, partings, and elevation at the top
of the bed

- add a Digital Elevation Model and use it with the bed elevation layer to build a coverage
of overburden

- build a coverage of surface slope (less than or equal to 32 degrees vs. > 32 degrees)
- build a coverage of bed slope (less than or equal to 12 degrees vs. > 12 degrees)

- reduce the remaining Pittsburgh coal bed layer by coal with thickness less than 12
inches and by coal in a 50 foot safety barrier around the mined-out areas

- create a grid layer of coal thicknesses for cells 16 meters on a side; used to determine
whether coal meets thickness filters

- create a layer that has tons of coal as the value in each cell of the coverages; used to
calculate the coal tonnage in various categorized layers

- create a layer of coal partings for cells 16 meters on a side; used to calculate partings for
the coal assigned by mining technology

- create a layer of all social and environmental restrictions; used to determine social and
environmental restrictions when coal by mining technology is assessed

Chapters 1 through 5 of the ACE Users Guide walks you through the preparatory steps.



Hardware and Software Requirements
Hardware Requirements

Both minimum and suggested hardware requirements are provided:

Minimum Suggested
Operating System Windows 95 or 98 Windows NT
Random Access Memory (RAM) 32 mb 256+ mb
CPU Processor Speed 166 mhz 450+ mhz
Hard Drive Capacity 5gb 20+ gb
Video Card 8 mb 16+ mb
Storage/Backup Tape Drive Jaz 2 gb

The Users Guide was designed using the low end of the suggested configuration. The longest
time to complete the most compute-intensive operations was about 10 minutes. The minimum
configuration would work but with long wait times for some operations.

Many of the files created in a coal assessment are large. It will be necessary to store files off-line
after a specific regional assessment is completed to keep systems operational. A Jaz drive is an
efficient way to accomplish off-line storage. The Jaz drive can be set up to run the projects that
you build in carrying out an assessment. In some cases, you may want to work solely with a Jaz
drive. However, if you do, make sure you make duplicate Jaz disks as you move along. There
are some GIS files that appear to be incompatible with the Jaz operating software so you may
have to restore your files to the C drive to run your ArcView projects.

Software Requirements

ArcView (version 3.1 or latest version which, as of Dec. 1999, is version 3.2)
Spatial Analyst extension (latest version) to ArcView

Excel

Internet Browser

WinZip or comparable utility

WS_Ftp or comparable utility
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Chapter Overviews
Chapter 2

In chapter 2, we establish a working directory, set projection parameters, and determine counties
where remaining coal is located. The county list is our guide when we download coverages for
social and environmental restrictions.

Chapter 3

In chapter 3, we download and add coverages for features where coal mining is restricted. The
projection and datum of the restriction layers are changed to the target projection and datum.
Vector layers are converted to grid layers. Using the “expand “ request, we add buffers to the
protected features. The coverages cover the extent defined by the counties included on the list
prepared in Chapter 2.

Chapter 4

In chapter 4, we download coverages (e.g., from the National Coal Resource Assessment),
including mined out extent, thickness, elevation at the top of the bed, and partings. We add a
Digital Elevation Model and use it to estimate overburden. We reduce the coverage of remaining
coal by a safety barrier around the mined-out extent. Coal must be at least 12 inches thick to be
mined by any method. We create a net coverage of remaining coal by reducing remaining coal
both by the safety barrier and by coal with thickness less than 12 inches. Coverages for slope
restrictions are created. This includes areas where surface slope exceeds 32 degrees (a
restriction to surface mining), and areas where bed slope exceeds 12 degrees (a restriction to
underground mining).

Chapter 5

In chapter 5, we estimate available coal. The coverages for areas restricted to coal are netted out
of the remaining coal coverage to determine available coal. We estimate coal in each of the
restricted areas, in safety buffers, and in thickness less than 12 inches. These estimates are
subtracted from the coal in the remaining Pittsburgh bed to estimate available coal. These
estimates are a preliminary estimate of coal availability. Remaining chapters apply mining
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technologies to the remaining Pittsburgh bed. As a result of blocking the coal for prospective
mining, we identify various technical limits that further reduce and, indeed, re-consolidate the
restrictions on the remaining Pittsburgh coal to arrive at available coal. The final estimates and
the final restriction categories are described in Chapter 10.

Chapter 6

In chapter 6, we estimate coal available for prospective mining by surface mining methods and
by thickness within surface mining methods. We apply technical limits. We apply social and
environmental restrictions. Coal is blocked into units for mining by grouping small contiguous
blocks when separation distance between small blocks is approximately 2 miles or less. We test
to see if total coal in consolidated coal resource blocks exceeds required resources for the
smallest mine size. If not, the coal is removed from consideration but is included in later analysis
to form consolidated coal blocks for underground mining.

Chapter 7

In chapter 7, we estimate coal available for prospective mining by auger mining methods and by
thickness within the auger method. We assume that coal is auger mined as a 50 foot extension of
the area where strip mining stops. The coal in areas restricted by social and environmental limits
is then removed from the coal targeted for auger mining. We check to see if there is enough coal
to support a minimum-sized mining operation.

Chapter 8

In chapter 8, we estimate coal available for prospective mining by longwall mining methods and
by thickness within the longwall method. We identify and analyze contiguous blocks of coal to
determine whether they have total tonnage at least equal to the required resources for a
minimum-size mine. To help that process, a square grid is superimposed on top of the coal
targeted for longwall mining. The superimposed grid has an orientation of about 20 degrees to
the northwest similar to historic Pittsburgh longwall mines. Each square cell of the grid has
about 50 million tons of coal when it is completely filled in with coal. However, cells with large
amounts of restricted coal and cells that are cutoff at the edge of the Pittsburgh bed have smaller
amounts of coal. As appropriate, when the coal is contiguous, the cells with smaller tonnages are
combined to form a consolidated coal resource block. The coal in restricted areas is then
removed from the coal in each of the resource blocks. We test to see if each coal resource block
has enough coal to support a minimum-size mine. If not, the coal is removed from consideration
but is included in later analysis to form coal blocks for room and pillar underground mines using
continuous miners.

Chapter 9

In chapter 9, we estimated coal available for prospective mining by room and pillar methods
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using continuous miners, and by thickness within the room and pillar method. We identify and
analyze contiguous blocks of coal to determine whether they have total tonnage at least equal to
the required resources for a minimum-size mine. Similar to the procedure in Chapter 8, we
superimpose a grid with an orientation of about 20 degrees to help us analyze resources in coal
resource blocks. Each square cell of the grid has about 50 million tons of coal when it is
completely filled in with coal. However, cells with large amounts of restricted coal and cells that
are cutoff at the edge of the Pittsburgh bed have smaller amounts of coal. As appropriate, when
the coal is contiguous, the cells with smaller tonnages are combined to form a consolidated coal
resource block. The coal in restricted areas is then removed from the coal in each of the resource
blocks. We test to see if each coal resource block has enough coal to support a minimum-size
mine. If not, the coal is removed from consideration.

Chapter 10

In chapter 10, we estimate coal in any remaining category where we don’t have an estimate to
this point. These categories include (1) coal which meets thickness and overburden technical
requirements for longwall extraction but is not mineable because the slope of the bed exceeds
12 degrees; (2) coal which meets thickness and overburden technical requirements for room and
pillar extraction but is not mineable because the slope of the bed exceeds 12 degrees; (3) coal
which meets thickness and overburden technical requirements for contour strip mining but is not
mineable because the slope of the surface exceeds 32 degrees; (4) coal that is not mineable
because it has thickness between 12 and 24 inches and an overburden ratio greater than 20 to 1
(too thin for room and pillar and too deep for contour strip mining); (5) coal over 24 inches in
thickness with overburden less than 100 feet (cannot use room and pillar) and an overburden
ratio greater than 20 to 1 (cannot use contour strip mining); (6) all other remaining coal in blocks
too small for mining by any of the technologies, termed fragmented coal. Analysis is applied to
estimate the coal in each category. The coal is subtracted from the latest estimate of remaining
coal in order to maintain an “adding up” check on our methods. Also, we calculate the amount
of coal in areas where social and environmental restrictions apply. These estimates are made for
the coal assigned to each mining technology and to coal that is determined to be fragmented. We
summarize the results and provide final estimates that add up to the tons of coal in the remaining
Pittsburgh coal bed.

Frequently Asked Questions

Question 1: How can | make sure that all the files I create in an assessment are placed in a
single folder or directory on my PC?

Answer 1: At the beginning of each step of the assessment, you should set a working directory.
The working directory is the folder where ArcView stores all your files. See page 2-1.

Question 2:  What should I use as a projection for my coverages?
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Answer 2: The basic geologic coverages that you use in an assessment will have a projection.
The projection and its parameters will be included in the metadata for the geologic coverages. It
is advisable to use that projection for your assessment. This maintains consistency between the
various data sets that the public may wish to use. See page 2-2.

Question 3: How do | project the coverages that | add so that they match the projection of the
geologic coverages that | start with?

Answer 3: If the coverages you add are vector (point, line, or polygon) coverages, then they can
be re-projected using the ArcView Projector Extension. You make the extension active and
provide information in response to Projector queries. You will need to know the initial
projection of the data that you are adding in order to change the projection. Most data have
metadata where the projection is recorded. It is advisable to obtain the metadata and place it in a
binder as you proceed through your assessment. See pages 2-1 and 2-2.

If the coverages you add are grid (cell) coverages, then you will need to add an
extension downloadable from ESRI’s ArcScripts. The extension is called Grid Projector. After
you download and unzip the extension add it to c:\esri\av_gis30\arcview\ext32. It then will
appear as an extension in the list under the View Menu. It works just like the vector Projector
extension. See p. 8-11 for instructions on how to attach to the ESRI ArcScripts site.

Question 4: What is a datum? What should | be doing with respect to the datums for my
coverages?

Answer 4: A datum is an origin point and other triangulated points built off the origin point.
These points are used along with an idealized representation of the spherical Earth to project
spatial data. You need to have all of your coverages in the same projection and in the same
datum. Metadata ordinarily identifies the datum for the coverage. The Users Guide provides
instructions on how to download and apply a utility to change datums. See p. 2-11 through 2-13,
and p 2-15 through 2-17. ArcView 3.2 has a built-in procedure for changing datums.

Question 5:  Since much of the analysis is performed using cell coverages, how do I determine
an appropriate cell size for the analysis?

Answer 5: Cell size is determined as a matter of convenience for the analysis. The data set with
the largest cell size determines the resolution of the data used in your analysis. For example, if
your DEM is 100 meter data and your bed elevation coverage is for 300 meter cells then an
overburden coverage derived from the 2 coverages cannot be more accurate than the 300 meter
data. The width of buffers around restricted areas is an important consideration for setting cell
size. The “expand” request is used to build buffers. An expand of 1, expands the selected
feature by the width of 1 cell. Therefore, if you want a 50 foot buffer and multiples of 50 feet for
other buffers, then a cell size of 50 feet would be an expeditious choice. If you work in feet, then
the map units for your projected data must be in feet. See discussion, p. 2-14 though 2-15.



Question 6: Where do | obtain the data representing social and environmental restrictions to coal
mining?

Answer 6: The data are found in several places: (1) ESRI ArcData Online; (2) ESRI Data and
Maps; (3) the USGS Oil and Gas Assessment; and (4) EIA. Chapter 3 of the Users Guide walks
you through the steps to download data from the various sources, reproject it, convert it to grid,
and buffer the restricted areas. The data described in the Users Guide are at a 1:100,000 scale.

Question 7: What are the good-practice strategies | should use to name and catalog my data and
coverages?

Answer 7: Here are some of the basics: (1) for any data obtained from external sources, obtain a
copy of its metadata and place the metadata in a binder; (2) ArcView assigns a default name to
the coverages you create; you should record these names as you go along; (3) at the end of each
major analytic step you should use the ArcView Data Source Manager to rename newly-created
coverages and data files; (4) at the end of each major analytic step you should delete any
coverages that are not needed. At the end of each chapter (starting with Chapter 3), the Users
Guide prompts you to rename and consolidate files.

Question 8: What assurance do | have that the commands are producing the result | want or
expect?

Answer 8: Many times you will be able to see visually that the command has worked as
advertised. You start with a coverage. You run a request to alter the coverage. You can zoom
into the new coverage to see if the outcome is correct. Also, an “adding-up” rule is imposed.
Each time we finish with the assignment of coal to a specific category, we subtract that coal from
the layer that contains unassigned coal. The coal in the updated “remaining’ unassigned layer
should, of course, be equal to the coal in previous remaining layer reduced by the coal just
assigned. The Users Guide walks you through a series of adding-up checks.

Question 9: A lot of the data for social and environmental restrictions is organized by county.
Doesn’t that mean that we will have to handle many data sets to complete the assessment?

Answer 9: Yes, the data files for streams, populated places, and water bodies are aggregated to
the county level and have to be downloaded separately. However, early in the process of analysis
we use ArcView’s Geoprocessing Wizard to merge the county files into a single coverage file.
Thereafter, additional processing is performed on the single file. In general, our approach is to
merge pieces into a single coverage to cut down on the number of files handled in the analysis.

Question 10: Should I be careful about how the software resamples data as | move from floating
point to integer grids and from an initial cell size to a different cell size.

Answer 10: Yes, absolutely. You need to be aware of how the data could be changed according
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to the resampling method applied. At appropriate places, the Users Guide discusses alternate
resampling methods and provides guidance on the appropriate choice.

Question 11: Aren’t we handling a lot of data? Shouldn’t | expect some operations to take a long
time?

Answer 11: The data files and coverages are large. We minimize processing time by converting
floating point grids to integer grids which process a lot faster. When we perform an integer
request against data, the data are truncated. To maintain significance, we often multiply the
initial data by 10 or 100 so that after truncation we do not loose information. Then to obtain final
results, we divide through or adjust labels to account for movement of the decimal point. With a
450 mhz processor, the longest running operation is about 10 minutes. Most requests are
completed in a matter of seconds.

Question 12: Isn’t it difficult and complex to calculate the tons of coal in various coverages and
coal characteristics such as sulfur content in various coverages?

Answer 12: Estimation of coal tonnage and coal quality is not at all difficult. The procedure for
estimating tons is to create a grid coverage that has tons of coal by cell as the cell value. This
calculation is straightforward: tons are the product of area, thickness, and density. A coverage of
tonnage by cell is obtained by transforming the thickness coverage by multiplying it by cell area
and coal thickness. Then for any given coverage or part of a coverage, we obtain tons of coal in
the coverage by running “Summarize Zones”, a selection under the Analysis Menu. We sum in
the coverage of tons by cell, over all the cells in the selected zone. Similar procedures are used
to estimate coal characteristics for specific coverages. See discussion of steps used to create a
coverage of tons by cell, p. 4-17 through 4-18. The request, Summarize Zones, is used over and
over again in the Users Guide to estimate tons and coal quality characteristics.

Question 13: Assume you have removed the safety barrier around mined-out coal and the coal
less than 12 inches in thickness from the remaining Pittsburgh. Then assume you remove the
area with social and environmental restrictions. Is the coal that is left a good estimate of
available remaining coal?

Answer 13: In the case of the Pittsburgh bed, the estimate is not a good estimate of available
remaining coal. By identifying areas according to mining technology and accounting for
technical limits we obtain a much different estimate of available remaining coal. One advantage
of our regional assessment of an entire bed, is that we can identify contiguous coal blocks that are
large enough to support economically viable mining operations. The outlying areas of the
remaining Pittsburgh contain significant blocks of coal that are too small for viable mining
operations.

Question 14: Out of the entire block of remaining underground mineable coal how do I find the
smaller individual blocks of coal made up of contiguous coal?
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Answer 14: We begin the process of assigning coal to various mining technologies by (1)
imposing certain conditions on the slope of the bed (e.g., equal to or less than 12 degrees) and (2)
by identifying coal within certain thickness ranges (e.g., equal to or greater than 42 inches and
equal to or less than 72 inches). Then on that layer we run a RegionGroup request. This request
assigns a unique identification number to each group of cells in the layer that are contiguous. In
the case of longwall mining, we set one of the arguments of the RegionGroup request so that only
orthogonal neighboring cells are included. In the case of room and pillar mining, we search for
orthogonal and diagonal neighboring cells. See p. 8-44 for an example. The request,
RegionGroup, is used in many places in the Users Guide.

Question 15: In the case of the Pittsburgh (and perhaps other beds), there is a large area of
remaining coal available for longwall mining. How do I group the coal into resource blocks at a
size that represents coal needed for a unified mining operation?

Answer 15: We superimpose a grid on the longwall area that splits the area into cells that contain
(when the grid cell is totally coal) enough coal for production at the rates in table 7-1, p. 7-2.
However, the cells have restricted areas and some cells (at the edge of the longwall area) are not
complete. Thus, many cells contain coal that would support fewer years of production. Ata
minimum, each coal block must have at least enough coal to support a minimum-size mine as
specified in table 7-1, column 6. Because we are conducting a regional analysis based on limited
data, the superimposed grid to form mineable coal blocks is sized to have coal for several
individual mines. The procedures for creating the grid and rotating the grid (to match historic
orientations of mines) are found on p. 8-11 through 8-39.

Question 16: Within a mining technology, the coal is analyzed by various thickness categories.
This approach suggest that the operations are repeated for each thickness category. Are there
automatic procedures that can be applied?

Answer 16: Not at this time. There is a set procedure to assess the coal within thickness and
mining technology categories. The procedure has 13 steps: (1) starting from a coverage that
meets mineability requirements for a given mining technology, create a layer that contains the
area with coal in a specific thickness range, (2) superimpose the coal resource block grid on the
layer, (3) run the RegionGroup request to delineate contiguous coal resource blocks, (4) delete
the coal resource blocks when the tons of coal are less than the amount needed for a minimum-
size mine, (5) convert the resulting grid to a shapefile, (6) use editing tools to delete all the
restricted areas for the deleted coal resource blocks, (7) use editing tools to union and split coal
resource blocks to sizes consistent with the maximum and minimum sizes for viable mining
operations, (8) convert final shapefile to a grid that contains coal resource blocks net of restricted
areas, (9) update the latest remaining coal layer by removing coal allocated to the thickness
category, (10) estimate tons of coal in the outside safety barrier, (11) estimate tons of coal in
interior safety barriers, (12) update the latest remaining coal layer by removing the coal allocated
to outside safety barriers, and (13) estimate coal characteristics. This series of steps is repeated
for each thickness category. It is likely that automatic procedures will be included in the next
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version of the Users Guide. The automatic approach will be enabled through query windows that
guide the user through the various steps.

Question 17: It appears that tracking the coal in restricted areas coupled with the coal ultimately
found to be available for mining under the various mining technologies is very complicated .
How is that accomplished?

Answer 17: This was a challenge. It is necessary to keep the cells that fall into the restricted
areas in a separate category with a unique cell value. That allows us to estimate the coal net of
restricted tons and check whether contiguous blocks are large enough to support viable mining
operations. But it also carries along restricted areas coupled with the coal that ultimately passes
through the various mineability filters. When we arrive near the end of the assessment each final
thickness category (within mining technologies) contains the area that is restricted to coal
mining. We can union all of these cells together (across thickness and technology layers) to
obtain total restricted tonnage or analyze the restrictions for the individual thickness layers.

Question 18: How is the coal estimated for individual restriction categories?

Answer 18: We apply a weeding process that provides a mutually exclusive estimate of coal in
each restriction category. Because some coal is restricted under several categories, it is necessary
to follow a priority or hierarchy that gives an ordered precedence for each restriction category
relative to all other restriction categories. The weeding process is described on pp. 5-23 through
5-25.

Question 19: How important are technical mineability requirements in the determination of coal
available for future prospective mining?

Answer 19: In the case of the Pittsburgh bed, the tonnage of coal set aside under technical limits
in total was about 4 times larger than the coal set aside by social and environmental restrictions.
The largest technical category was coal in fragmented blocks too small to be mined by any
method. Other “in-between” categories were also found to be significant. For example, coal
with thicknesses between 12 and 24 inches with a stripping ratio greater than 20 to 1, or coal too
deep to be mined by surface methods. Another example, is coal with thickness greater than 24
inches, overburden less than 100 feet and stripping ratio greater than 20 to 1, or coal too shallow
for room and pillar methods and too deep for surface mining. Relative to the earlier quadrangle
studies of availability, the regional assessment of an entire bed has the added capability to
identify coal in these categories. See pp.10-53 through 10-54 for a summary of the estimates for
the Pittsburgh bed.

Question 20: Following the procedures in the Users Guide, how long does it take to complete a
coal availability assessment to the level of coal by mining technology?

Answer 20: Let’s assume you have assembled the following geologic layers and placed them in a
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folder on your PC:

extent of mined-out coal

extent of remaining coal

a grid coverage of coal thickness

a grid coverage of partings

a grid coverage of elevation at the top of the bed
a DEM

Starting from that point it takes approximately 2 weeks to work through the procedures of the
Users Guide to complete a coal availability assessment.

Application to Other Beds

This Users Guide provides a template of methods and an organized procedure, which are
applicable to other coal beds. The Users Guide assesses the Pittsburgh coal bed to illustrate a
somewhat lengthy GIS process to estimate available coal. In application to other coal beds,
parameters may be different. For example, the economic thickness cutoff for the Pittsburgh is set
at 12 inches. Many other Appalachian coal beds have an economic thickness cutoff of 14 inches.
An assessment of a bed with a 14 inch cutoff would apply ACE methods but would use the 14
inch parameter value rather than the 12 inch value appropriate for the Pittsburgh coal bed. Each
ACE application should use parameter values appropriate for the specific coal bed being
assessed.

References

It is advisable to have the following books on hand. On occasion you may find it necessary to
check the indices of these references and review GIS requests/procedures used in the assessment.
The ArcView online help menu also should be consulted. Online help is very thorough. The
reference books provide elaboration beyond the online guidance.

1. Environmental Systems Research Institute, Inc. 1998. Introduction to ArcView GIS,
Redlands, California.

2. Environmental Systems Research Institute Inc., 1998. Working with ArcView Spatial
Analyst, Redlands, California.

3. Environmental Systems Research Institute, Inc. 1996. Using ArcView GIS, Redlands,
California.

4. Environmental Systems Research Institute, Inc. 1998. Getting to Know ArcView GIS,
Redlands, California.



Chapter 2. SETUP
Purpose: In this chapter, we establish a working directory, set projection parameters, and
determine counties where remaining coal is located. The county list is our guide when we
download coverages for social and environmental restrictions.

Step 1: Open New ArcView Project and Set Working Directory

Add New View.

Under File Menu
Set Working Directory (choose folder with convenient name):

’L Work Directory

Specify new work. directon Ok

| chooalassesshpittsburgh, Cancel

Under File Menu
Save Project As (choose convenient name, e.g.: c:\coalassess\pittsburgh\proj1).

Step 2: Determine Projection for Project

Ordinarily, the projection will be the same projection as used for the base geologic data. Record
the projection parameters on a sheet and tape that sheet to a surface visible to you when you are
working on your PC. Many digital datasets, coverages, or themes will each have to be projected.
You will have to enter these projection parameters into ArcView’s Projector Extension Dialogue
Windows at the time you reproject a theme.

To make the Projector Extension available to the project follow these steps:

1. In Windows Explorer browse to
c:\esri\av_gis30\ arcview\samples\ext

Copy prjctr.avx
Paste to

c:\esri\av_gis30\arcview\ext32
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Under the file menu
Click Extensions
Check toggle box for Projector!

If you are successful, a new icon with a north arrow will appear on
the right-hand-side of the ArcView Button Bar

2. Hereafter, anytime you want to reproject a theme, you click the Projector button. The
Projector extension will open dialogues to guide you through the projection process.

3. You will need to know the existing projection for the theme and the desired or target
projection. As indicated above, the target projection ordinarily is the same projection as the one
used for the base geologic data. For example, in the Pittsburgh project, the following projection
parameters from the base geologic data (found in the metadata for the Pittsburgh assessment),
were used:

Category: Projections of the United States

Type: Albers Equal-Area (Conterminous U.S.)
Spheroid: Clarke 1866

Central Meridian: -80.75

Reference Latitude: 23.0

Standard Parallel 1: 29.5

Standard Parallel 2: 45.5

Map Units: Meters

& Projection Properties

" Standard & Custom

Cancel |

Frojection: | Albers Equal-Area Conic =]
Sphereid: | Clarke 1365 =l
Central Meridian: | -80.75
Reference Latitude: | 23
Standard Parallel 1: | 235
Standard Parallel 2: | 45.5
Falze Easting: | 0
Falze Morthing: | 0




Step 3: Load the Spatial Analyst Extension

Load the Spatial Analyst Extension by checking the toggle switch.

Under the File Menu
Click Extensions

Click the toggle on button for Spatial Analyst

#! Extensions

Avallable Estenzions:

_ | Samples Browser ;I | Ok I
_ | Shapetfarp 2.2 Cancel I
| Shapefile Description Dialog
ﬂ Spatial &nalyst
| S-PLUS far ArcView GIS J Reset I
_ | TIFF 6.0 Image Suppart ™ Make Defaul
| Wiew aker ;I

A bay;

Step 4: Determine the Counties With Remaining Coal

The purpose of this step is to determine the largest area (consisting of counties) that covers the
extent of the remaining coal. For the Pittsburgh assessment, the remaining Pittsburgh coal
coverage extended over Pennsylvania, Ohio, West Virginia, and Maryland.



Add the remaining coal coverage (probably a vector coverage) to Viewl:

Add the coal polygon coverage from the assessment. This is likely to be an Arc/Info coverage
available in Arc Export format, *.e00. Use Import71 to add the coverage to your project folder.
As an example, the coal coverage for the Pittsburgh is named c9024bill. Add the coal coverage
(polygon) to Viewl. It will already have the target projection because it is the source we use to
determine the target projection. This users guide uses c9024bill as an example; you would use
the name appropriate for your coal coverage.

In its attribute table, C9024bill has an attribute labeled “Mine.” A value of 101 for Mine
indicates the coal is not mined, i.e., it represents remaining coal.

For the Pittsburgh coal bed, the metadata also has a value of 999 for the “mine” attribute,
indicating an internal island polygon that has no coal. However, the 999 value for the Mine
attribute was not applied. Rather, in the Pittsburgh coal coverage another attribute,
thick_ob_cat, was used to identify the no coal interior polygons (thick_ob_cat = 999).
Therefore, to obtain a coverage of remaining Pittsburgh coal, we query on “mine = 101”
and “thick_ob_cat <> 999" to create a coverage of remaining coal. (Note: <> is the “not
equal to” operator.) If we queried to obtain polygons with “mine = 101", the resulting
incorrect coverage would include interior polygons, which have no coal.

This circumstance is a good example of cautions that should be applied, particularly in the
beginning stages of a coal assessment. First, always carefully examine the attribute data
and the metadata to see if there is correspondence with categories that would indicate
remaining coal. Second, look at all attributes where categories point to internal island
polygons that have no coal. In the query to create the remaining coal layer, use all the coal
attribute categories available to identify remaining coal. Third, after you create the
remaining coal layer have it reviewed by the person who created the original base coal
coverage.

Examine the attribute table and metadata for your coal coverage. Determine the field name and
value indicating areas with remaining coal. When you see “101" and “999" in this users guide,
substitute the values appropriate for your data.

Make c9024bill active. You would, of course, be working with the theme appropriate for your
assessment.

Zoom to the extent of the active theme.



Click the query builder button and make a new set for Mine = 101 and Thick_ob_cat <> 999:

4 CI024bill
Fieldz Walles
R SE0FE
Crtyname] - f i T R P
[Thick] T W il S B
AThick i cat] P N L I
[Mine] i — s
::l .................................... .ij
[frea?] ;I [ Update Yalues
[ [Mire] = 107 and [[Thick_ob_cat] <> 939 ] = News Sat |
Add To Set
— Select From Set

Name the new theme: Remainingalb
Add it to Viewl

Check its toggle display

For the instructions that follow, it is assumed that the remaining coal coverage has the projection
that you want for your assessment project. All other themes will be put into this projection.



ﬂ Femainingalb shp % '

—
-
—

Coal Polygon (Remaining Pittsburgh Coal Bed)

Next add a coverage of county boundaries by following these steps:

(Read the important note on page 2-19 - 2-20. You should use the ArcView Version 3.2 CD

data set, which has spatial reference information (datum and projection) for coverages. It is
important to know datum and projection so that coverages from different data sources can

be converted to the same spatial reference.)

1. Obtain the ESRI Data & Maps CD set. The person (probably project chief) whose
name is on the ArcView license received the CD set when ArcView was purchased. Familiarize
yourself with the data available in the set. A number of the coverages will be used. The
ArcView help menu contains metadata for the coverages. As you use various coverages, print
the metadata and place it in a binder, making sure you note the name you give to the coverage
when you add it to your project. This step will make preparation of metadata much easier. As
well, you will have a central place where you can review the accuracy of the data and the
projection parameters for each coverage. Filing and organization is very helpful, if later, things
don’t seem to quite line up.




To learn about the data, under the Help Menu in ArcView 3.2, click on Help Topics.
Pick the Contents Tab. Click “Data that comes with ArcView”, then “United States.” The

various coverages will be choices under “United States.”

Help Topics: ArcYiew Help

| Contents | Index I Find I

Click atopic, and then click Dizplay. Or click another tab, such ags Index.

% Introduction to Archiew
@ Types of data you can uze in Archiew
[I]_'l Drata that comes with Archiew
Ahout this data
Creditz
Drata distribution rights
% Canada
@ Europe
% b emico
';I',II Urited States
States and counties
States and counties [detailed]
Cibies
FPopulated places
Urbanized Areas

|[o) [0 [ [0 [-2]

[

| |

Cloze

Frint... |

Cancel

Print and read “Data distribution rights.” Most coverages can be used in our projects as long as

We Cite source.




2. The following instructions assume that the 5 CD set is the ArcView 3.2 set. Load
county boundaries from the detailed United States CD (#2) into a new View Window. The
county boundary theme is called Dtl_cnty.shp. By checking its metadata you will learn that the
county boundary coverage is unprojected latitude and longitude in decimal degrees with a datum
of NAD83. Therefore, after adding the county theme, you will need to reproject it to use it with
the coal polygon.

! View Properties

Mame: | igwl

Creation D ate: | Maonday, September 13, 1393 04:25:55 P

Creator: |

tap Units: | decimal degrees

KIcl

Diztance Units: | miles

Frojection: Mone

Frojection... Area OF nterest.

B ackground Color: Select Color. ..

Coanments:

L<|

Immediately after loading the county boundaries, under the View Menu click View Properties.
In the dialogue box that opens, note that the Map Units are “Decimal Degrees.” ArcView is
smart enough to recognize that the county boundaries are unprojected.

We use View 2 (the new View Window) as a workspace where we reproject coverages.
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3. Dtl_cnty.shp contains county boundaries for all States. We want just the subset of it
that has boundaries for the States containing our coal coverage. In this example case
(Pittsburgh), we need boundaries for Pennsylvania, Ohio, West Virginia, and Maryland. Make
the county boundary coverage active. Use the Query Builder Button to select the 4 states and add
that coverage to View 2:

When the Query Builder Dialog opens choose the states that contain the coal coverage

":." Dtl_cnty.shp

Fields Walues
= [|==||and " tah" e
= == ar
= == | | hot
()
¥ Update Yalues
[ [State_name] = "Manland'’] or [[State_name] = - Mew Set I

"Ohic"] ar [[State_name] = "Pennsplvania™] or
[State_name] = SR TEN |

Add To Set

- Select From Set




Immediately after you click “New Set”, under View Menu click Convert to Shapefile

{, Convert Dtl_cnty_shp

File MName: Direcharies: K
| states zhp o Mestuzer

= o - Cancel

Dirives:

B =l

Provide a File Name and add the theme to View 2.

Then make the State theme active and zoom to it. Delete the detailed county theme.

« States shp =

L4]




4. The metadata for the county boundaries indicates that the boundaries were built up from
TIGER 95 boundaries. TIGER 95 boundaries are NAD83. If your coal boundary is not NADS3,
say it is NAD27, then you will also have to change the datum for the county boundaries to match
the datum of the coal data, or change the datum of the coal data to NAD83. We know the coal
data has NAD27 because it has spheroid Clarke 1866 (documented in metadata) which indicates
a datum = NAD27.

This is one of those choices where it pays to think ahead about the processing required for
the entire project. We are going to be downloading significant numbers of county-by-county data
coverages from ESRI’s ArcData OnLine site. These coverages are used to identify the areas
restricted to coal mining. The ArcData OnLine is TIGER 95; therefore, it is NAD83. NAD83
uses spheroid GRS80 and is more accurate than NAD27. As a general principle it is desirable to
have data in NAD83. Almost all new data will be NADS3.

Our decision is complicated by the fact that the coal coverages (from some of the
assessments) may be gridded or cell-based coverages. In this case, the only option for converting
from NAD27 to NAD83 is to use the “Project” command in Arcinfo. You would have to move
the coal coverages to a server where Arcinfo is installed, invoke Arcinfo, issue the Project
command, and move the converted coverages back to ArcView. All of that is doable but
cumbersome.

This User’s Guide is using data from the Pittsburgh coal assessment to develop example
processing steps. In the case of the Pittsburgh assessment (and other Appalachian beds), the
assessment coverages are vector coverages. Thus, in this case, the conversion to NAD83 can be
done using PC desktop tools in reasonable time.

A final consideration is the prior decision that will have been made already concerning
NAD. If the coal assessment data provided to the public is NAD27, for consistency, the data
from the Coal Availability Assessment should be NAD27. In the case of the Pittsburgh
assessment, NAD27 was chosen. Thus, this User’s Guide will convert (as an example) all data
coverages to NAD27.



You can convert data coverages from NAD27 to NADS3 and vice versa using a utility called
ShapeNADCON downloadable from www.csc.noaa.gov/products/shapenadcon. (Editor’s note:
The TransNAD utility is no longer available. Please substitute ShapeNADCON, a utility which
converts shapefiles from one datum to another for TransNAD, when it is mentioned in the text.)

Download ShapeNADCON, a utility program to convert datums

NOAA Coastal Services Center - Nautical Chart Viewer for ArcView 3 - =] X]
File Edit View Favorites Tools Help | i
(Back ¥ ) ¥ x| [2] | Jsearch V. Favorites €| v DA~ Ji 3
Address |@1 http:{fwww.csc.noaa.gov/products/shapenadcon/ j H6o | Links AN

-

Center Home

About the Center

NOAA Coastal Services Center

LINKING PEOPLE, INFORMATION, AND TECHNOLOGY
4 Program Areas

Pacific Services Center

Center Home > Software Tools and Extensions

Shapefile Datum Conversion Tool

Product Description

ShapeNADCON, or the Shapsfile Datum Conversion Toal, is bath a stand-alone program and an @ o=l
extension for ArcView? 3 x that quickly converts Environmental Systems Research Institute (ESRI?) L
shapefiles from one standard datum to another. Specifically, the software transforms the MNorth American Conver
Datum of 1927 (MAD27) or a designated island datum to the Morth American Datum of 1983 (NADS3)-or, | | Daum (NAD27/Island Datum) o NADES & Datum NADS3 to [NAD2F/Island Datum) |
conversely, itwill convert NADS3 to NAD27 or an island datum. An island datum refers to the unique NEV—— Browss |
datum defined for each of the island groups of Guam, American Samoa, and the Commonwealth of the " pelic | =
Morthern Mariana Islands (CNMD Mate: Shapefiles must be in Latitude/Longitude before using

Output Shapefile | Browse.. |
Ascwjﬂdicgted by it‘s name, ShhadpefNAD%OH uses t‘hoe latest NOEhAAmericfﬂ _Da;gm C_onve_raion(ngBON) Note: Output shapefiles wil be in Latiude/Langtude
grics and interpolation methods fram the National Oceanic and Atmospheric Administration's
Mational Geodetic Survey. These latest grids and parameters expand the coverage of previous versions ﬂ M

of NADCON to include Guam, American Samoa, and CNMI

Please note:
* Shapefiles to be converted must be in latitude/longitude
& CMNMWI datum transformation is performed using a 3-parameter Malodensky transformation rather the more accurate NADCON grid transformation because transformation
arids have not yet been developed for CNM

Download ShapeNADCON
ShapeNADCON stand-alone program for Microsaft? Windows? only (3.2 megabytes).

ShapeMADCON stand-alone program and ArcView 3 x extension for Windows [3.2 megabytes)

Shanah ANCOK wias initialv devalnnad hy tha NOA & Cnactal Sendcas Canter in nartnershinwith the Mational Gendetic Suneestn sunnort a nandetic referance and snatial data LI
& | Done L Bintemet



ShapeNADCON will make the conversion only if the shapefiles are unprojected in decimal
degree:

A Disclaimer - Microsoft I - Ol x|
File Edit View Favorites Tools Help File Edit View Favorites Tools Help ‘ w
Q@Back ¥ © ~ [x] 7] 1| search \cFavorites €| -~ _ 3~ [ JBack ¥ 9~ %] 2| B O Ak e &) =
Address | http:/fwww.ngs.noaa gov/PC_PROD/NADCON/ Address | http:/fwww.ngs.ncaa.govz| £Go ‘ Links ~ ‘@ v

-

PC Software Download - NADCON EE PC Software Disclaimer &v

NADCON - Version 2.1

Disclaimer

[February, 2003]
This program and supporting information is
furnished by the Government of the United States

Description of America, and is accepted and used by the
— recipient with the understanding that the United
cime Transforms geographic coordinates between the NAD 27, Old States Government makes no warranties, express
PC Products | Hawaiian, Puerio Rico, or Alaska Island datums and NAD 83 or implied, concerning the accuracy, .
values. C'an be used for America Samoa as well, but PLEASE completeness, reliability, or suitability of this

READ THE SAMOA README FILE FIRST. Recommended program, of its constituent parts, or of any
supporting data. The Government of the United

States of America shall be under no liability
whatsoever resulting from any use of'this

g::(e]:;cts - View the NADCON manual. [pdf formaf] program. This program should not be relied upon
T as the zole basis for solving a problem whose

Geodetic Tool . . .
W tfor converting coordinate data for mapping, low-accuracy

surveying, or navigation.

Services ¢ View the README file. . . T
« Download a ZIP'ed archive of the NADCON incorrect solutlf)n could regult in injury to person
Search executable, all grid files, and user's guides. [1.95 MB]. or property. This program is property nft_he
+ Download a ZIP'ed archive of all the grid files. [1.83 Government ofthe_ Unlted States of America.
MB]. Therefore, tl_le recipient ﬁn‘the_r agrees not to
+ Download a ZIP'ed archive of the NADCON assert proprictary rights therein and not to

represent this program to anyone as being other

FORTRAN source code and documents. [51.3 KB]. h G :
an a Government program.

An on-line interactive version is also available from the
Geodetic Tool Kit.

NOAA's Coastal Services Center offers a windows utility that
does NADCON converzions using shapefiles as input and
output.

Digclaimer =

Q @ Done | | ’_‘ ‘ |@Internet 4
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Later, we will be doing a lot of the analysis in Spatial Analyst with gridded coverages. At this
stage, we need to decide the size of the cells that we will use and the units (e.g., meters or feet).

Important Considerations:

1. Some of the basic assessment coverages for the Pittsburgh were carried out in Earth
Vision. Due to limitations of the software, a cell size of 300 meters on a side was used to
interpolate on point values to make a grid of coal thickness and a grid of bed elevations (at the
top of the bed). The large areal extent of the Pittsburgh bed made it necessary to go to a 300
meter cell size. Other assessments may have other cell sizes. This is the important point:
in the case of the Pittsburgh assessment, the accuracy of any other coverages that use these
original coverages retain the accuracy inherent in the data at a resolution of 300 meters on a side.
We will want to make a grid of overburden by subtracting the bed elevation from surface
elevation estimated from a DEM. In the case of the Pittsburgh assessment, the bed elevation grid
is 300 meters on a side and the DEM grid is 100 meters on a side. When we estimate
overburden, we convert the bed elevation coverage to 100 meter grids and then perform the
subtraction. The results cannot be more accurate than the accuracy of the 300 meter data. Later,
for convenience, we reduce the cell size to 16 meters on a side. The 100 meter cells are now
represented by 36 cells (approximately) each carrying the value of the original 100 meter cell.
But the accuracy remains at the level of the 300 meter data.

2. Areas restricted to coal mining usually are buffered areas around certain features
protected under Federal and State regulations. The buffers can be as narrow as 50 feet. The
protected buffered areas analyzed in the Pittsburgh assessment were all 50 feet or multiples of 50
feet. ArcView has 2 ways of forming buffers: (1) placing a specified buffer around a chosen set
of features (vector analysis) or (2) expanding a gridded theme by a specific number of cells.
Vector buffering is very compute intensive; the arcs formed to delineate buffers intersect other
arcs and the software has to dissolve the overlap to form a composite buffer.

3. The overall approach to coal assessment is one in which we start with point values
(real data) and then interpolate on the points to make a modeled estimate of values at other
points. The resource estimate for an area is then based upon a mixture of real data and
interpolated data. Coal thickness is the basis for the estimate of coal tonnage: coal tonnage =
thickness x density x area. The approach we take in the Coal Availability Assessment is to start
with the grid for coal thickness and then identify areas where coal mining is restricted. The
calculation of tonnage is then run over the area that remains after the restricted area is pulled out,
yielding an estimate of available tonnage. The calculations are most efficiently performed by
building coverages (as grids) of the restricted areas and then calculating coal only in cells that do
not fall into one of the restricted areas. Under this approach, we calculate the restricted areas by
taking a protected feature (such as roads) and expanding its coverage by an appropriate number
of cells. To start the process, all coverages use grids with cells at 16 meters on a side. Sixteen
meters is approximately 50 feet. A 1 cell expansion is a buffer of 50 feet, a 2 cell expansion is a
buffer of 100 feet, and so on. Through cell expansion, we are able to keep control over buffers.
We can visually check our buffers and see whether they accord with the expected outcome. An
approach that starts with vectors, places a buffer around the vectored feature, and then converts
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the buffer into a cell coverage (needed to estimate tonnage) is erratic in its representation of
buffers.

Bottom Line: We will use cells 16 meters on a side. (Note: If we had very dense point data and
very accurate DEM’s, an approach that used feet as the map units might be justified. In this case,
we would have to reproject all data from meters into feet.) Almost all original coverages (coal
assessment and ArcData OnLine) are in meters. Thus, most coverages would need to undergo a
reprojection to new map units. The advantage, of course, is that the buffers would be set at 50
feet and multiples of 50 feet as appropriate rather than at the distance of 16 meters and multiples
of 16 meters which is an approximation.)

Taking stock
- We have the remaining coal polygon as a shapefile, in our chosen projection (Viewl)

- We have a polygon coverage with county boundaries for the states containing our coal
coverage, in unprojected decimal degrees (View2)

- We have decided that gridded coverages will have cells 16 meters on a side.

- We have decided that buffers will be represented by expanding protected features (that
have been gridded) by an appropriate number of 16 meter cells.

- We have decided that NAD27 will be the datum for all coverages.

- We have downloaded TransNAD, a utility to convert shapefiles projected in decimal
degrees from NAD27 to NAD83, or from NAD83 to NAD27.

- There are two remaining tasks to complete Step 4 (Recall Step 4 is to: Determine areal
extent for the assessment of areas restricted to coal mining):

Task 1

If necessary convert states.shp (View 2) from NAD83 to NAD27 and project the NAD27
version to our target projection. [Review discussion on p 2-19.]

At the desktop, click the TransNAD shortcut.

In the dialog window, browse to c:\testuser\states.shp



==TlansNAD - Step 1 !
Select hles to convert

Source Selected Files
| =N j C:itestuseristates. shp
|a C:x

[ info

(L1 partings

| lemainingalh_ shi
: <<

3

Mame As___

Help | < Hack | Mext > | Cloze |

Click “> to place the file name in the Selected Files Box. Click the “file name” to make
“Name As” Active. Click “Name As”

==TransHAD -Step 1
Select filez to convert

Source Selected Files

I =T j C:\testuser\states_shp

[
I T [ T

f
3 ::3 Path:

FileMame: states shp
remainir

i Mame As: Istanad2?1 .shp

*

2>

Mame As._.

Help | < Hack | Hext > | Close |

Type in new name (e.g. “Stanad27") and click OK. Then click “Next”




==TransNAD -Step 2 E3 |

Select Destination Directory and type of conversion

Destination

I He: j
| [

[ info

(] partings

" Convert NAD27 to NADS3

% Convert NADS3 to NAD27:

Help | ¢ Back | Mext » I Cloze |

Make sure the Destination path is correct. Click radio button: Convert NAD83 to NAD27
Click Next. Conversion is launched. Click Close when prompted.
Add Stanad27 to View 2.

Zoom real tight in the area of the Chesapeake Bay. You will see that Stanad27.shp is shifted left
and down relative to States.shp.

Delete States.shp.

Ordinarily in TransNAD (to speed processing), you bypass the rename option in which case
TransNad replaces your original file with the translated file and keeps the original name.
Next we reproject Stanad27.shp from geographic to our target projection.

Click open View Properties and check that map units are decimal degrees.

Click the Projector Button and enter the projection parameters:



2 Projector!

Fleaze pick output unitz

| meters =] Cancel |

& Projection Properties

 Standard ' Cuztam

Frojection: | Albers Equal-firea Conic E3
Spheroid: | Clarke 1866 B3
Central Merndian: | -80.75
Reference Latitude: | 23
Standard Parallel 1: | 29.5
Standard Parallel 2: | 45.5
Falze Easting: | 0
Falze Marthing: | 0

When prompted to “Recalculate”, click “No”.

Name new projected coverage “statesalb.” Save it in your project directory.



ﬂ Statezalb shp 1=l
] Lo

ﬂ Femainingalb =hp E‘ :

L4]

Add Statesalb.shp to Viewl
Change its polygon fill to transparent and click its display toggle.

Important Note: Upon review it was found that the original states file (states.shp in View 2
from the ArcView 3.1 CD data set) had a datum of NAD27. When metadata are not prepared for
coverages, it can be difficult to determine datums (and projections) of coverages. The ESRI help
for ArcView 3.1 (opened by clicking the Help menu) does not report the datum for the states
coverage. Insuch cases you have to compare a coverage (unknown datum) with another similar
coverage whose datum is known. The figure on the next page shows the state file boundary (as
obtained from the 3.1 ESRI CD) compared to boundary coverages for Greene and Washington
counties, Pennsylvania. The county boundary files were obtained from ESRI’s ArcData OnLine
site. All Tiger95 data at that site have a datum of NAD83. The state line coverage is to the left
of the county coverages (which are documented to be NAD83). Therefore, it can be concluded
that the state line coverage is NAD27. Furthermore, when the county coverages are converted to
NAD?27, they coincide with the state coverage, demonstrating again that the state coverage from
the ArcView 3.1 CD data set is NAD27.

This method is cumbersome. Fortunately, such comparisons to determine datums are no
longer necessary (as of Spring 2000). The new release of ArcView 3.2 includes 5 CD’s
containing geographically referenced data coverages. In the new release, ESRI has provided
spatial reference information for each coverage, correcting the oversight on the data
provided under version 3.1.
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Therefore, users are advised to use the ArcView 3.2 CD data set in place of the ArcView 3.1
CD data set in completing a coal assessment. Complete spatial reference information is
available through ArcView 3.2 Help for the coverages included in the new 5 CD data set.

Washington County

State boundary \ NADS3
Includes Count;

Greene County
NADSR)

Task 2

Create a table containing the names of counties with remaining Pittsburgh coal.

Make Statesalb.shp active. (We are using a Statesalb coverage that has NAD27 datum.)

As much as possible, we use the software to perform analysis. You might be tempted to use the
select tool/shift key to select the counties in the Statesalb.shp coverage that are overlain by coal.
Chances are you would miss some very small polygons that are not visible.

Creative use of the Geoprocessing Wizard is a better choice.

Open Extensions under the File Menu and toggle Geoprocessing on.

Open the table for Remainingalb.shp. The Remainingalb.shp has a field, Mine, which carries the
value 101 for every feature.



Using the Geoprocessing Wizard, dissolve the theme, Remainingalb.shp using the Mine attribute.

If you are successful, Remainingalbdis.shp (the dissolved theme) will have 1 polygon feature.
Open the table for Reminingalbdis to confirm that there is a single feature.

;.l'l.

-]

« GeoProcesszing

Dizzolving [alzo called “'zummarizing” About Dissolve
ar "aggregati_ng"] merges features to

farm new regions based on an attribute This operation aggregates

of thoze features. features that have the same
value far an attribute that you
1] Select theme to dizsolve: specify.
| Remainingalb. shp | :

2] Select an attnbute to dizzolve:;

| Unique =]

3] Specify the output file
Output File: L-::'xtestuserhremainingalbdis.sh =

Input Cutput

kore about Dizsolve

Help. .. | Cancel << Back Mest >

Then use the Geoprocessing Wizard to clip Statesalb.shp using Remainingalbdis.shp



'ﬂ. GeoProcessing

1] Select input theme to clip: Ahout Clip
| Statesalb.shp — This operation uses a clip
|_ theme like a cookie cutter on
MNumnber of Features: 234 your Ir‘:pl.lt theme' The input
theme's attrihutes are not
2] Select a palygan overlay there: altered.
| Femainingalbdiz. shp =]
Mumber of Features: 1 .
Input Clip Result
3] Specify the autput file Therme Therme Theme
Output File: | o \testuzeristatesclip . sh =
| ol shp kore about Clip

Help... | Cancel << Back Finizh

Finally use the Geoprocessing Wizard to dissolve Statesclipl.shp using Fips as the dissolve
attribute. When prompted select Name by First and State_name by First as additional fields.

i GeoProcessing

Diszolving [alza called “summarizing” About Dissolve
ar "aggregatl_ng"] menges features_tn This oneration agaredates
farm new regions bazed on an attribute P garey
of those features. features that have the same
value for an attribute that you
1] Select theme to dizsolwe: specify.
| Statezclipl.shp =] :
2] Select an attibute o dizzolve:
| Fips =]
3] Specify the autput file
Dutput File: Lu:::htestuserhstatedissulvm.sh|: Input Cutput

tore about Digsolve

Help... Cancel << Back Meut »>




Open the table for Statedissolvel.shp. Under the File Menu select print to print the table. The
table contains the Fips code, county name, and state name of the counties where remaining coal
is located. You will use this list to download coverages to map restricted areas. The download
requires that you select data files by county name.



Make a theme that contains the boundaries of the counties that have remaining Pittsburgh
coal.

This new theme will help to give some reference boundaries for the restricted features.
Open a new view in ArcView (View3).
Add themes:
Statesalb.shp
Statesdissolvel.shp
We join tables for the themes: Statesalb.shp and Statesdissolvel.shp
Open the attribute table for Statesalb.shp

Make the table small enough so that it takes up about 20% of the screen. Move the scroll bars
until the Fips field label is visible.

Open the attribute table for Statesdissolvel.shp.

Make the table small enough so that it takes up about 20% of the screen. Move the scroll bars
until the Fips field label is visible.

Move the table so that the Fips field label is visible in both tables.

:‘ Attributes of S5tatedizsolvel _shp

Shans | A Cinew L Aame S

Paolygorn | 2402 1 Garrett Maryland =1
= = Polygon 39003 48§ Athens Ohio
E'_.:__ Attributes of Stalesalh.shp PCI'_','QCIH 39013 24 ¢ Belmont Ohio
i A Liafe A Fje | Polpgon | 29019 1 Camall Ohio
24 07 2402 Palygorn | 39053 17 i allia Ohi
a9 iE] 29009 Paolygorn i 29055 53 Guemsey Ohia
a9 oz 2901 32 Polygon § 29067 1230 Harrizon Ohio
a9 019 29019 Polygon 39081 76 i Jefferzon Ohio
a9 052 29053 Polygon § 29105 21 i Meigs Ot —
a9 059 29055 Palygon {39111 3 Monmoe Ohin
a9 057 9067 Palygorn 39115 33 Maorgan Ohic
a9 02 29081 Polygon § 29115 18 i Muzkingum Ohio
a9 105 9105 Paolygon 39121 7 i Moble Ohio
el 11 91711 Paolygorn i 29167 15 i Wwazhington Ohia
a9 115 29115 Polygon  § 42003 44 1 plleghery Pennaylyar
a9 119 29119 Polygon | 4200% 1 i Amnstrong Pennzylvar
a9 1 3972 Polygon § 42007 36 i Beaver Pennaylyar
39 167 I91ET Palygor 42051 4 i Fayette Pennzylyar
42 ooz 4200 Palygor 42055 38 Greene PE”W
i3 foE " d300n 1 | :
42 oov? 42007 4438975 186093 | 1BER7E: -
i ' I‘
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In the Attributes of Statesdissolvel.shp table, click the Fips field label to highlight it.
In the Attributes of Statesalb.shp table, click the Fips field label to highlight it.

Click the Join button near the top of the ArcView Window.

Click the title bar of View3 to make it active.

Click near Statesalb.shp in the table of contents to make Statesalb.shp active.

Click the Query Builder button.

Build the following expression:

f." Stateszalb.shp

Fieldz Walues

[Count] :I =

[First_Mame] l_l
[First_State_name]

=

[First_Mame]
[First_State_name]

() =

— M ! M
ENOR
DH

o

[a] [ ]

Ll

[V Update Walues

[[Count] >=) - New Set
Add To Set
— Select Fram Set
Click new set.

Convert to shapefile with name “counties”.
Add Counties.shp to Viewl.
Change its polygon fill to transparent.

Use table editing to change its attribute table to have the following fields:



’:." Attributes of Counties.shp

Shne | A Eanan LA AR Fawd i

?fg;gl_ggl:un £ 24023 1§ Garrett b aryland el
Folpgon 33003 43§ Athens Ohio

Folpgon 39013 24 i Belmont Ohio

Folpgon {39013 1§ Carroll Ohio

Polpgon i 39053 17 i allia Ohio

Polpgon 39055 B3 i Guernzey Ohio

Polpgon 39067 130 Harrizon Ohio |
Paolpgon {29087 7B i lefferzon Ohio

Polpgon 39105 21 i Meigz Ohio

Paolpgon £ 39111 3 Monmoe Ohio

Polpgon 39115 39 Morgan Ohio

Folpgon {39113 18 i Muzkingum Ohio

Folpgon | 39121 7 i Moble Ohio

Folpgon § 39167 15 i Washington Ohio

Folpgon § 42003 44 i Alleghery Pennzylvania

Folpgon § 4200% 1§ Armstrong Pennzylvania

Poliann F A2007F R i Brawer Permzulwania il
A B

Print the Attributes of Counties.shp table. It should have the same records as the attribute
table for Statesdissolvel.shp.

In View3, display

Remainingalb.shp

Statesalb.shp

Counties.shp
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The table you just printed (Attributes of Counties.shp) may be preliminary. We now proceed to
make one additional check to insure we have a county coverage that will give us a correct
assessment.

Please note the following important point: When we buffer protected features (next
chapter) we want the buffering to be done on protected features in an area that exceeds the
boundaries of the remaining coal. Why?: A protected feature could be outside remaining
coal, but when it is expanded by a buffer, the buffered area could extend into remaining
coal. By running the buffering operation on the protected features when they extend over
counties, we probably will have all the protected features and their buffers accounted for
within the remaining coal area. But a problem could arise if the remaining coal boundary
is at or very close to a county boundary. Investigation of the Pittsburgh coal remaining
area does not indicate a problem. However, if you have this situation now is the time to
add the counties needed to insure that protected buffers will be accounted for in the
remaining coal area.

To make this check, we will create a grid coverage of remaining coal, add it to View2, and check
to see if any segments of the remaining coal boundaries are within 0.1 miles of the perimeter
county boundaries.



Make a grid coverage of remaining coal with cells 16 meters on a side. Start with Arcinfo
coverage obtained from the assessment.

Add the coal polygon coverage from the assessment. This is likely to be an Arc/Info coverage
available in Arc Export format, *.e00. Use Import71 to add the coverage to your project folder.
As an example, the coal coverage for the Pittsburgh is named c9024bill. Add the coal coverage
(polygon) to View2. The coal coverage will already have the target projection because it is the
source we use to determine the target projection. This guide uses ¢9024bill as an example; you
would use the name appropriate for your coal coverage.

In its attribute table, C9024bill has an attribute labeled “Mine.” A value of 101 for Mine and 999
for thick_ob_cat indicates the coal is not mined, i.e., it represents remaining coal.

Examine the attribute table and metadata for your coal coverage. Determine the field name and
value indicating areas with remaining coal. When you see “101" and “999" in these instructions,
substitute the value appropriate for your data.

Make c9024bill active. You would, of course, be working with the theme appropriate for your
assessment.

Zoom to the extent of the active theme.



In Analysis Properties, make Analysis Extent: Same as Display. Set Cell Size to 16.

This is the first time we are setting Analysis Properties. Be careful to set an extent that
extends generously across the area you are analyzing. A setting of “Same As Display” will
vary according to the themes in the View. If you want to replicate the Pittsburgh analysis,
then type the numbers (as shown below) into the corresponding windows of the Analysis

Properties Dialogue window.

Analyzsiz Properties: Yiew?2

Analyzis Extent  HEEUNAmEAME L=

Left | -155677.503175 Top [ 197064353125

Bottorm | 1693107 E9375 Hight | 191805 378175
dnalysiz Cell Size | Curent Yalue =]
Cell Size 118 m
Mumber of Bows | 17346
Mumber af Columnz | 21718
Analyzsis Mask | Mo Mask Set ]

aF. Cancel |




Save your project.

Make the coal polygon (e.g., C9024bill) active.

Using query builder, make a New Set for: “Mine = 101 and thick_ob_cat <> 999.”

Under theme menu, click “Convert to Grid.”

Make grid name: Rem16mcell. (Note: grid names cannot exceed 14 characters).

Pick “Mine” as field for cell values.

When you click OK, the software should display a progress bar and make steady progress in the
conversion. If you do not see a progress bar fairly soon, the software has hung. You may have to
shut down PC and try again. Software seems to be overly glitchy with respect to Convert to

Grid.

Display the remaining coal grid.

& View2

| RemiGmeell =
101
Mo [ ata
« Coozabil
[
| sStatediEszolvel shp
| Countiesx.zhp
|
| sStatesalb.shp
| Stanadz? shp s .
] Te5tnewcu:-un‘q.r.5h|:-l|




Add the following feature themes to View2:
Counties.shp
Statesalb.shp

Display as illustrated below

@ View2

 RemiGmeall =
101
Ho [ ata

ﬂ Counties s hp

i

tatesalb .=hp

D

tatedissalvel shp

i

tanadZ¥ shp

B o e

[y

a0 24bill
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Use the Zoom and distance tools to visually inspect any areas where the remaining coal is close
to a perimeter county boundary.

" RemiGmoell =
101
Mo [ ata

ﬂ Countiez.shp

[y

tatezalb shp

i

tatediesalved =hp

]

tanadz¥ =hp

L L L

Loy

g0 24bill

_ | Testnewcounty.s hpll

Interstate highways (processed in next chapter) have a buffer of 400 feet. This is the largest
buffer we use. Thus, if you have coal closer than about 0.1 mile (measured by distance tool) then
you want to add the adjoining county to the Counties.shp coverage.
You can do this by

1. Making Statesalb.shp active.

2. Using the select tool to highlight all of the adjoining counties.

3. Convert to shapefile.

4. Use table editing to reduce fields and make field labels the same as the attribute table
for Counties.shp.

4. Use Geoprocessing Wizard to merge additional counties to Counties.shp.

5. Print the merged Counties.shp attribute table.
NOTE: Itis critical that you have all the counties that contain remaining coal or counties
that are within 0.1 mile of remaining coal. All of the analysis in subsequent chapters of this

guide are built from the counties list constructed here. If later you find you have missed a
county, then all of the processing starting from this point will have to be redone.
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Congratulations you have finished SETUP!!!!

An example table of county names appears on the next page. For the remaining Pittsburgh, the
Geoprocessing Wizard found 42 counties located across the states of Maryland, Pennsylvania,
Ohio, and West Virginia



0 of 42 zelected | | ik m

Shape Fy St Fawd M Fawf BEAE aaans
Polygon : 24023 1iGaett Maland
Polygon ;39003 g Athens L
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Polygon ;39167 15 Washington O
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Polygon | 42053 ag:Greene Perngylvania .
Polygon | 42063 2:lndiana Pernsylvania .
Polygon ;42125 87 Washington Pennsylvarnia
Folygon : 42129 26 ; Westmoreland Perngylvania .
Polygon_: 54001 15 Barbowr WestVignia
Polygon ;54007 21 Braston WestMirging
Palygon : 54003 O:Brooke . WestViginia
FPalygon : 540717 1:Doddidge WestVigiia
Polygon : 54021 o:Gimer WestMirging
Folygon: 54029 BiHancock WestViginia
Polygon ;54033 82; Hamson WestVigiia
Palygon 54D33 73 Kanawha west Wirginia




Chapter 3.

COVERAGES FOR FEATURES WHERE COAL MINING IS
RESTRICTED

Purpose: In this Chapter, you download or add themes of features where coal mining is
restricted, change datum to NADZ27, reproject, convert to grid, and add buffers.

Overview: The coverages are for the counties included on the list prepared in Chapter 2. For
each restriction, we end up with a single coverage that can be used for every mining technology.
The coverages are used later with the coal thickness and tonnage coverages to calculate available
coal by mining technology.

Step 1: List features where coal mining is restricted and identify data source.

The Surface Mining Control and Reclamation Act (SMCRA), state regulations, and industry
practice are the guides to features that are protected from coal mining:

Feature Buffer Data Source

Streams 100 feet ESRI ArcData Online
Water Bodies 100 feet ESRI ArcData Online
Parks 300 feet ESRI Data and Maps
Populated Places 300 feet ESRI ArcData Online
Urbanized Areas 300 feet ESRI Data and Maps
Oil and Gas Wells 200 feet Oil and Gas Assessment
Pipelines 100 feet EIA (James Tobin)
Interstate Highways 100 feet ESRI Data and Maps

Step 2: Download coverages from ESRI ArcData Online.

These coverages are streams, waterbodies, and populated places.

Attach to the ESRI website
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On the left side of the ESRI homepage, click “ArcData Online”
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Data Selection Shortouts

oelect by Geographic Area j L5 TIGER Data ISeIect by Data Provider j

On this page, in the middle Data Selection Shortcuts scroll window, select “U. S. Tiger Data.”
Then click on “GO.”

Complete registration and enter email address into query box.

In the window that opens, select State = Maryland (the first state on our Chapter 2 list). You, of
course, select the state appropriate to your application.



Submit selection.

s:r‘-
& | Data Browser | About ADOL | Data Providers | Map Studio

g) ArcData Online Gis Daoto on the Web [Home ¥ Site Map ]

Census TIGER 1995 Data

Dovnload Census TIGER 95 Data from the Weh!

Tou have selected the state of Marvland. If wvou would like to download one or more data layers
for a single county in WMaryland, then select a county from the list below. I wou would like to
download a single data layer for one or more counties in MMaryland, then select a layer below.

Select hy County OR Select hy Layer
GARRETT ILine Features, Streams j
Submit Selection Submit Selection |

In the “County Scroll”, we select “Garrett” and submit selection. Note: We have only one county
for Maryland. Thus, it is efficient to first select the county and then the feature layers we want
for the county. For the other states with multiple counties (PA, WV, and OH), it is efficient to
first select the feature layer and then all the counties for that layer (as demonstrated later).

If you have multiple counties per state, then read-over material on pages 5, 6, 7, 8, and 9. Begin
your processing, following the instructions that start near the bottom of page 9.
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V¥ Land and Water Onutlines

[ Sy

469 Eb

T Landmark Areas 29Eb
™ Landmarlk Foints 2 9EKEb
T Line Features, Landmarlk 576.0 bytes
[T Line Features, Railroads 126 Kb
[T Line Features, Ridges/Fences 43Ehb
V¥ Line Features, Streams 1914 Eb
[T Line Features, Streets 5596 Kb
™ Line Features, THility Lines 73Eb
™ Minor Crvil Divisions {1990) 550 Eb
™ Minor Crvil Diwsions (19595) 5483 Kb
™ Places (1%9%0) 6.4 Kb
W Places (19%3) 55Ehb
M School Districts, Uhified 170 EhL
M TTehan and Trweal Chtines 15N Th

Select “Line Features, Streams” (for Streams), “Places (1995)” (for Populated Places), and “Land
and Water Outlines” (for Water Bodies).

Click Generate File Now
In next ESRI window, click “Download Data Now™.
Make a new folder for your ESRI downloads (e.g., c:\”your project path”\esridata)

Save your ZIP file to the esridata folder.



Save As___ [i m
Save in: Iﬁ esnidata Ecuntby Stap
i
 Feedt

viders | Map Studi

File name:  |at_wiliamwatson?1834.zip Save I ’ 95 Du'u
Save az lupe: I,-'l'-.ll Files [#%] j Cancel |
A

Your Data File is Ready!

Tou may now download the selected data to your local system. Y ou will recerwve a JZIP file

fall - i

Minimize the browser window where you have attached to ESRI ArcData Online. Do not close
the window. We will go back to it a number of times to complete the entire data download.

After the data downloads to your esridata folder, we unzip it.
WinZip is an excellent utility for unzipping. If you do not have WinZip, you can download an

evaluation copy or purchase WinZip at www.winzip.com. Load WinZip on your system and add
a shortcut icon to your desktop.
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On your desktop, double click the WinZip icon.
Navigate to the folder containing the ZIP file. Double click the ZIP file.

When the Zip file opens, you will notice that it contains 3 zip files, one file for each of the three
coverages.

il Wincip [Unregistered] - at_williamwatzon81548_zip
. Elr  Actions Optionz  Help
> L — .
P & &
[ e Open  Favorites Add Eutract Wiews  CheckOut  ‘wWizard
Name T | Modified | Size | Ratin| Packed] Pa
datalicense.himl | 1047798 4:27 P 14,402 0% 14402
@ Inh24023.zip 8/19/9811:08 A 191,448 0% 191,448
@ pla2d023 zip 3/19/98 11:02 AM 5480 0% 5,480
=] readme.html 10/16/9810:26 . 7148 0% 7148
@ wat24023 zip 2/19/98 10:58 AM 46,884 0% 45884
4| | H
|Selected O files, O bytes | Tatal 5 files, 260KE bJ 2

The “Inh.....” zip file is the line hydrology or the streams coverage. The “pla......” zip file is the

Double click the Inh24023.zip file to launch WinZip for the Inh24023.zip file. Extract all the
files to your esridata folder. (See the example screens on the next page.). Close the WinZip
window that has the Inh24023 files.

Double click the pla24023.zip file (in the download WinZip file: at_yourname...) and proceed
through the extract to your esridata folder.

Double click the wat24023.zip file (in the download WinZip file: at_yourname...)and proceed
through the extract to your esridata folder.



28] Ink24023. dbf 349497 551 PM 18.693 2172
Inh24023. shp 4671274 A 230,420 186,90
Inh24023. sk 416/97 1274 AM 3,636 2053

=-f#] Desktop

L——_Ig by Computer

=8 3% Floppy [&:]
R ()

=) Removable Disk (D)
=3 Removable Disk [E:]
48 [F)

]% Network Heighborhood
+-5 " My Documents

{5 My Briefcase




Your esridata folder should contain the 2 download zip files and 9 extracted files:

EX Exploring - esridata

J File Edit “iew Go Favortes Tools  Help

R S i B 4 B | = | X
Back Eanwand Up Cut Copy Fazte Lndo Delete
J.ﬂ.ddress 1 C\testuzeriesridata
All Folders bt M arne _
-] DmB1Z2 :I @at_williamwatsnnﬁ 834.zip §
#-] of98102 @at_williamwatsnnm 548 zip
- osmadmin [nh24023. dbf
#-_] Pave k24023, shp
-] pavetemp Ink24023. she
-] pennemer pla2d023.dbf
-] ppE100s39 pla24023. shp
-] problems pla24023.shx
=3 F'rl?ugrE!m Files wat24023. dbf
L1 quicktime wat24023 shp
""" & Recycled wat24023.sh
-] resumne
2 reviews
[ a e T =

Next, we download the same set of files for the counties in Ohio (the next group in order on our
Chapter 2 list). In your application you would be following your specific list and would go to the
next state on the list.

Reopen the browser window where you are attached to ESRI ArcData Online. Backup to the
screen where you select the state.

Select Ohio (as an example). You, of course, select the appropriate state for your application.

Open the “Select by Layer” dropdown list and click on “Land and Water Outlines”



4 ArcData Online G5 Doto on the Web [ site Map]

o I Data Browser | About ADOL | Data Providers | Map Studio

Censvus TIGER 1995 Data

Dovnload Census TIGER 95 Daia from the Web!

Tou have selected the state of Ohio. If you would like to dewnload one or more data layers for a
single county in Ohio, then select a county from the list below. I you would like to dewnload a
single data layer for one of more counties in Chio, then select a layer below.

Select by County OR Select by Layer
ISEIect a County j |Land and Water Outlines j
Submit Selection | Submit Selection |

Submit Selection

In the window that appears, select all the counties for the state you are processing.
Click “Generate File Now”

When you receive message “Your data file is ready,” click “Download Data Now”

Save file to your esridata folder



Save Az _.
Savejn:la esfidata j ﬁl e

at_williarmwatzon 1834, zip pla24023.shp
BT at_wiliarmwatson@1548.2ip  [#] pla24023 shx

Inh24023. dbf wat 24023, dbf

Inh24023. shp wat24023.shp

Inh24023, she wat24023, shy

pla24023, dbf

File: ramme: at_williamwatzond195.zi Save

Save as bype: |g|| Filess [*.%] =| Cancel |

Z

Next we unzip the downloaded file using WinZip (as above). It is likely that most of the time
your application will require picking a layer for multiple counties. Therefore, we will go through
instructions for using WinZip to unload all the county files. The procedure laid out here will
have to be repeated for each layer. These steps will be the reference for all subsequent cycles of
unzipping a multi-county zip file.

1. Start WinZip and open the downloaded “layer” zip file.

In the WinZip window you will see wat... files for all the counties.

wWinZip [Unregiztered] - at_williamwatzon3135 zip
| _- EI|;3 Actionz  Ophtions  Help
C RV EEIED
MHew Open Favorites Add Eutract Yiew  CheckOut  “wizard
Name T | Madified | Size | Ratin | Packed| «
ﬁ datalicenze. html 104798 4.27 P 14402 0% 14402
2] readme. html 10416598 10026 . £.148 0z 7,148
@ wat33009. zip 28/19/98 1022 AM 32109 ok 32109
@ wat33013.zip 2/19/98 1022 A 40,043 0% 40,043
@ wat33019. zip 28/19/98 10:22 AM 47902 0% 47,908
@ wat33083 zip 2/19/98 1022 A 33,462 0% 33482
@ wat33059. zip 28/19/98 10:22 AM 54009 0% 54,009
@ wat33067 zip 2/19/98 1022 A BO.E7E 0%  B0E7E
@ wat33087 zip 28/19/98 10:22 AM 53.021 0% 53.0A
@ wat33105.zip 2/19/98 1022 A 41,143 oz M. 49_|;|
4 | 3
|Selected O files, 0 bytes | Total 16 files, E32KB G
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In the example shown at the bottom of page 11, the downloaded file contains 13 zip files or 1
waterbody zip file for each of the 13 counties in the example. The number of county files is
calculated by observing the total number of files (right bottom of window) and subtracting 2 (to
account for the datalicense and readme files). The count of 13 agrees with the count of 13 from

the list of counties for Ohio.

2. Unzip each county file by double clicking it and extracting its files to the esridata folder.

I"IH’mElp [Unregisterad] - at_williamwatzon9195. zip

IWlﬂElp [Unregistered] - wat33009._zip

File: Actionz  Optiong  Help

New Open  Faworites f-‘-.l:lu:l Eutract gy EheckDut Wiizard
Mame 3 | Modified | Size | Fatio | Packed| Pa
wat33009. dbf 41/97 316 AM 191 A8X% a1
wat33009. zhp 42797 741 PM 63196 B0% 31641
wat3009. zhy 4/27/97 741 PM M6 44% 65

Extract
E stract to: Folders/drives: B
C:htestuserhesndata j _}l El---@ Dezkbop
Files EI--- My Camputer Cancel

p : =4 3% Floppy [
Selected files B [C) Help
= Al files [#-{=0 Removable Dizk (D]
 Fios I [#-{=0 Removable Dizk [E:]
: w5 (F)

[T Owvenwrite existing files
[ Skip older files

W Use folder names

ITI

25 Metwork Meighborhood
-5 ey by Documents

{59 My Briefcaze

ITI

Mew Faolder... |




3. Keep the 1% and 2™ WinZip windows open and visible on your desktop.

4. To finish extracting all waterbody files for all counties, repeat the following steps:

- Drag and drop the next county zip file from the 1% WinZip window into the 2" WinZip
window

- Click Extract

- Click Extract

Next we proceed to process the files for streams
Open the browser window
Back up 2 windows to the window with the Layer Selection
Select Line Features, Streams
Click Submit Selection
In the window that opens, select the counties again
Generate, Download, and Extract Files

Record the filename that ESRI assigns to the downloaded file. You will need this to
navigate in your esridata folder.

The individual zip files (by state and county) have the fips in their name. This helps to
identify the files you are processing.

Follow steps 1-4 (above) to extract files.



Next we proceed to process the files for populated places
Open the browser window
Back up 2 windows to the window with the Layer Selection
Select Places (1995)
Click Submit Selection
In the window that opens, select the counties again
Generate, Download, and Extract Files
Follow steps 1-4 (above) to extract files.
The above steps represent the iterations to process all the files for the 3 layers for the counties in
one state

You then go to the next state on the Chapter 2 list and repeat the process for each of the 3
layers for the counties in that state.

You iterate this process until you have the 3 layers for the counties in all states on the
Chapter 2 list.

At the end of this process you will have many files in your esridata folder. The total number
should equal

3 (files per shape theme)
Times

3 (layers available from ESRI’s ArcData Online site)
Times

# of counties across all States
Plus

# of downloaded files



CAUTION!!
Check to make sure you have all the files. Hereafter we begin to merge files.
If any are missing and you have to backtrack, the effort will be heavy duty.
Taking stock

1. We have downloaded all of the feature data that is available from the
ESRI ArcData Online site. These feature data allow us to define areas restricted to

coal extraction in 3 categories: streams, water bodies, and populated places.

2. All of the files are Census TIGER 95 and all have NAD83 as a datum.
Thus we will have to translate to NAD27 using TransNAD.

3. After NAD translation, we will merge all county files (by restriction) into
a single file.

4. The single restriction file will then be converted to a grid.

5. Finally, we will expand the restricted feature by an appropriate # of cells
to account for the buffer around the areas restricted for coal mining.

This guide will walk you through the procedure using the water body feature as an
example.

You will have to repeat the same steps for streams and populated places.

Step 1.

Change datum to NAD27.



On the desktop, double click the TransNAD icon

Select all files by clicking “>>”

==TransNAD - Step 1
Select files to convert
Source Selected Files
I = e j C-Atestuzeriesndataiinh24023 zhp
C-Atestuzeriesridata\pla24023 zhp
[ | Y C:Atestuzeriesndatatwat24023 shg
£ testuser C:Atestuseriesridata‘wat33009. shi

2= ceridata C:\testuseriesndata\wat3301 3. shy
C-Atestuzeriesndatavwat3901 9. shg
C-Atestuzeriesndatavwat39053 shp
C:Atestuzer‘esndatahwat39059 shg
Inh24023_shp - C:Atestuzeriesndatahwat39067 . shg

pla24023.zhp oc C:Atestusertesndatatwat39081 shg
wat24023. zhp C:Atestuzervesnidatavwat39105.shg
wat39009._zhp < C-Atestuzeriesndatavwat39111 shg
wat39013.zhp | — C-Atestuzeriesndatavwat39117 shg
wat39019.shp C:Atestuzeresndatahwat39119. shg
wat33053.shp e C:Atestusertesndatatwat39121 shg
wat33059.shp C:Atestusertesndatatwat39167 shg
wat39067.zhp > C:Atestuzervesndatavwatd 2003, shg
wat39081 zhp

wat39105_shp i
wat39111_shp |

Help < Back | Mext > | Close |
Click “Next”

Check that destination path is your esridata folder
Check radio button: Convert NAD83 to NAD27
Click “Next”

When prompted, click “Close”



Make Viewl active
Delete all themes except Remainingalbdis.shp
Add Counties.shp to Viewl.

Change its polygon fill to transparent.

ﬂ Remainingalbdis = h_ %

ﬂ Counties shp

[

L4]

Step 2.

Merge all the water body themes into a single theme

Delete all themes in View?2




Add all the waterbody (i.e., wat....) Shapefiles in your esridata folder to View?2.

« W at39115 shp -

« W at54103 shp

<,
: [

at&408y =hp

=

at&4081 shp

=

at&402¥ =hp

=

at&407a =hp

< & & 2
i: [

=

at&40 7T =hp

|
£l




Open the Geoprocessing Wizard and select Merge

#! GeoProcessing

1] Select at least hwa themes ta merge: About Merge
3.shp - Polygan This operation appends the

hp - Palygon teatures of two or more themes

into a single theme. Attributes

will be retained if they have the

SAMe name.

Use fields fram: [%/at33115.shp - Polygon =l

2] Specify the output file; ‘ i + H = w
Olutput File: |n:::'\testuserhwaterhndiesged.shp E?|

Themel ThemeZ QOutput Theme

MOTE: The figldz in the output will be
the zame fields az the first theme.

tare about Merge

Help... | Cancel | <¢ Back Finizh

Select all the waterbody themes.

Name the output file: waterbodiesgeo

Click Finish

In View2, under the View Menu click Themes Off

Then in table of contents toggle display for Waterbodiesgeo.shp



& View?

« W aterbodiesgeash ®

M at29115 s hp

=

at& 02 = hp

=

ats4097 =hp

at54091 shp

=

atsa0 87 shp

B I e e
Ié

W at5A0 78 s hp

|
£l

Step 3.

Reproject waterbodiesgeo to target projection



With Waterbodiesgeo.shp active, click the Projector button

Enter projection parameters

#2 Projection Properties

" Standard o Custam

Cancel |

Projection: | Albers Equal-&rea Conic =l
Spheroid: | Clarke 1865 3
Central Meridiar: | -B0.75
Reference Latitude: | 23
Standard Parallel 1: | 29.5
Standard Parallel 2. | 45.5
Falze Easting: | 0
Falze Marthing: | 0




Name new theme waterbodiesalb and add it to Viewl

Notice that Waterbodiesalb.shp and Counties.shp coincide. This is another check that all of the
county files were successfully downloaded from the ArcData Online site.

« Remainingalb dis s h_*_

ﬂ Countiesx.shp
[

ﬂ Wi aterbadies alb.shy

1]

L4]

Step 4.

Convert waterbodiesalb to grid




Under the Analysis menu, click Properties and enter the following parameters:

Analyzsiz Properties: Yiewl I

Analysis Extent | 5ame Az Bemainingalbdiz. shp = |

Left | -123786.751214 Top | 1957465.962043

Bottom | 1705723.312625 Right | 136230.740718

Analyzis Cell Size |.-'-‘-.3 Specified Below =]

Cell Size |16 m
[15734

MHumber of Rows

[16820

MHurber of Colurmnz

Analysis Mask | Mo Mask Set |

] Cancel |

Record the cell size, no. of rows, and no. of columns for future reference.
Make Waterbodiesalb.shp active.

Using query builder, build expression: water = 1

Click “New Set”

Under the theme menu, click “Convert to grid”

Name new theme: waterb



Pick “water’ for cell value

| Remainingalbdis.zh

| Countiesx.shp

ﬂ Wraterbodiesalb.shy

1]

Add theme to Viewl

Display Waterb; turn off display for other themes

Waterb has waterbody polygons only. The county polygons were removed when we made new
theme with water = 1.

Zoom and toggle on -- toggle off Waterbodiesalb.shp to see that the 2 coverages are close
matches.

Step 5.

Expand the waterbody feature by 2 cell widths (= 100 feet)

Open the Map Calculator and enter the expand request:
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":.' Map Calculation 1
| Logarithins =]

Waiet F EEE HEF o W
o o 1| (] (HE]le] Gl

O OEE EEE -t =]

H Ce ) (o geol o

2 astirid_|
[ [ aterb]).Expand(2.51H -
Evaluate

Put the new grid below Waterb in the table of contents. Toggle on its display. Zoom tight to see
the buffer. Click the Theme Menu, then Properties and rename the buffered grid as waterbwbuf.
Note: the new name appears in the Table of Contents in View 1. The new name is not
permanent. At the end of the chapter, we will use the ArcView Data Source Manager to
permanently rename grids that are retained.

ﬂ W aterb =
1
Mo [ ata

ﬂ Map Calculation 1
I

|:| Nao [ ata

W aterb.zhp

Remainingalbdis .= h

Countiesx<.shp

W aterbodies alb.sh

1]

[ S S [

—
-
—




Save your ArcView project.

Step 6.

Use Reml6mcell as a mask. Reduce the extent of Waterbwbuf.

As a general rule, we want our coverages to be small rather than large. Small coverages speed
processing.

Add Reml16mcell to Viewl.
Set Reml16mcell as a

mask m. the Analpziz Properties: Yiewl A_naly5|s
Properties window:

{Same &s BemlBmoell

Snalyziz Extent

Left | -155677 603175 Top | 197064369375

Bottarm | 1693107.69375 Right | 191210.496325

Analyziz Cell Size | Current 4 alue E3

Cell Size 115 m
[17346

Humber of B ows

Murmnber of Columns I 21718

Analysis Mask | RemlBmeell ]




In Map Calculator evaluate this expression:

i Map Calculation 1

| Logarithms |

Lapers

[FRemlfmcel] = =] (=] o]
[RemlBmcell . Cou | > | | = | | ar |
| -
|

Ed
]
[ aterb] |_|
Ed

E=p Log

Exp2 LogZ

[wiaterb . Count]
[waterbywbiuf]
[waterbwbuf | Couri__

(y it _Espll | Logio

PTG P

.3 i

0l AR
=7 O L A
& TeEm e e e Trwmm s
Shr s bt

[::aterbeibu] R

Evaluate




In the theme properties window, change name to “Water bodies with 100 foot buffer on
remaining coal.” Display the grid themes for water bodies (unbuffered), water bodies buffered,
and remaining coal. You should be able to verify visually that water bodies and buffers are
accounted for in remaining coal. Later we use “Water bodies with 100 foot buffer on remaining
coal” along with other grids of restricted coal to assess available coal.

water bodies with 100 foot buffer on rem aining coal =

1
Mo [ ata

101
Mo [ ata

v
ﬂ Remi16mecell
v

Wif atarhb
I
[ ]HoData
_ | waterbwb uf
I —
[ ] MoData

Remainingalbdiz .= hp

[
_ | Countiesx.shp ;I

L

CAUTION!!

Spatial Analyst assigns default names. The options you exercise under the Analysis Menu send
requests to Spatial Analyst and it returns a theme with a default name. The default names are the
names used for each grid theme by the operating system. When you open themes
properties and rename the theme, that name becomes the new name in the table of
contents. It does not become the name that the operating system has for the grid.




Open the theme properties window for “Water bodies with 100 foot buffer on remaining coal”

| "L' Theme Properties

Therme Marme: | water badies with 100 foot buffer on remaining coal

Source: | c:htestuszericalcl
CellSize: | 15 Raws | 17346 Cols 121718
Lafr | 155677 5032 Right: | 191310.4963
B ottom: |15931n?_5935 Top: |1970643.6933
Type: [ Inteqer Status: | Temporary
Comments: I
= Ok | Cancel

When the theme is removed from the View, the Theme Name is not retained. When you
reload the theme, you will have to be able to identify it by the name in Source. In the
example above, the grid theme (water bodies with 100 foot buffer on remaining coal) is
known to the operating system as: c:\testuser\calc1l. Windows Explorer and ArcView’s
add theme windows only will know the theme as calc11.

Bottom Line: As you create coverages, keep a running list of the source names. Later we will
want to pull these coverages into a new project and to rename them. At that time, we will need
to know the name that the operating system has for the coverages.

At the end of this chapter, we will use the Spatial Analyst data source manager to rename the
coverages to names that will help us identify the coverages.

But for the time being, keep a running list of source names. If you forget, it may be nearly
impossible later to tell which of the default-named coverages correspond with the buffered
and clipped coverages we create in this chapter.




Note: Here are some additional instructions that help you understand how ArcView names new
grids and how you set the parameter values for the Expand request.

Experienced ArcView users can skip this material and go to page 3 -33.
ArcView Grid Names

When you choose Map Calculator under the Analysis Menu and submit a request, you are
creating a new grid.

ArcView will give the new grid a default name in the Table of Contents (TOC):

Recall the Table of Contents is the area to the left in the View Window where your
coverages are listed and identified.

The default TOC name will be Map Calculation #, where # is 1 if there are no other Map
Calculation themes or # is the next higher number from any current Map Calculation # shown in
the TOC, or # can be any available # starting with 1 if grids have been removed or renamed.

You can change the TOC name by clicking on the Theme menu, then Properties.
In the Properties dialogue window, the new name is entered in the Theme Name box.
The new name will appear in the TOC.

However, the name which ArcView uses to track the data at the level of the operating
system, is the name shown in the Source window (in Theme Properties).

ArcView applies a default naming system. Grids created by Map Calculator are named calc#,
where # starts at 1 and builds up or fills in depending upon the numbering of calc grids that exist
in the working directory.

Bottom line: There is no correspondence between the TOC name and the Source name.
However, by opening Properties under the Theme menu, you will be able to see the names
that are assigned.

Thus on page 3-29, ArcView named the waterbuffer grid as calc1l because, at the time, that was
the next available # for the calc series (obviously other calc grids had been placed in the working
directory prior to the water buffering calculation).



Expand Request

The Expand request has this format:
.Expand(# of cells, {list of unique feature types in the Value Field})
“# of cells” expands features by that #
List of features identifies all features that will be expanded

The following is an example of the expansion for Streams:

At the completion of Step 3, the shapefile streamsalb contains over 17,000 records and
the following attributes in its table:

Record_id

Cfcc

Name
Sort the field Cfcc in ascending order to verify that there are 5 unique Cfcc codes.
In Step 4 convert streamsalb to grid:

Make streamsalb active

Under theme menu, select “Convert to Grid”

Select Cfcc as the field for Cell Values

Open the attribute field and note that there are 5 values, 1-5, in the Value field
In Step 5 enter this request in Map Calculator:

gridname.Expand(2,{1,2,3,4,5})

The gridname would be Nwgrd# probably with # = 1, if you use the ArcView default.
An alternative approach:

Prior to Step 4, edit the table for streamsalb

- Add a NewField (e.g. index)

- Use Calculator to make index =1



When you run step 4,
Select index as the field for Cell Values
In Step 5 enter this request in Map Calculator
Gridname.Expand(2,{1})
The alternate approach is the easier of the two methods.

The alternate method can be applied to all the other themes that are expanded to include a
buffer.



The 6 steps we have just worked through give us the coverage for water bodies. That coverage is
a grid (at 16 meters on a side), buffered to 100 feet, and clipped to the area of remaining coal.

Repeat these steps for:
Streams
You expand by 2 cells (100 feet) to account for the required buffer.
Populated Places
By checking boundaries against road networks, | found that the boundaries
for populated places ordinarily include a large space (more than a 300 foot buffer) between the
perimeter structures and the populated place boundary. Therefore, in the Pittsburgh assessment,
| did not add any additional buffer to the Populated Places boundaries. Assuming the same
outcome for your assessment, when processing Populated Places, you would bypass Step 5.
At the end of all that processing, you will have coverages for
Water Bodies
Streams
Populated Places
as grids
16 meters on a side
with appropriate buffers
Water Bodies (100 feet)
Stream (100 feet)
Populated Places

and clipped to the area of

Remaining Coal



When you finish Step 6 for Streams, open the Theme Properties Window and record the Source
path and theme name for the buffered and clipped theme..

When you finish Step 6 for Populated Places, open the Theme Properties Window and record
the Source path and theme name for the buffered and clipped theme.



Coverages and Buffers for Parks, Urbanized Areas, and Interstate Highways
Next, we make coverages, with buffers on remaining coal, for

Parks

Urbanized Areas

Interstate Highways
The initial coverage for each of these coverages is found on CD 2, ESRI Data & Maps.
This guide walks you through the steps for making a coverage for Interstate Highways.

Coverages for Parks and Urbanized Areas are made by repeating the steps we follow for
Interstate Highways.

The initial coverage is a national U.S. coverage.

Step 1.

Copy the Interstate Highway coverage to your project folder.

After placing CD2 in your drive, use Windows Explorer, navigate to the interstate coverage, and
copy it to your project folder.

EN Exploring - usadet H=] E3
J File  Edit ‘iew Go Faworitez Tool:  Help |
= . 2| ¥ 2 | =@ | 2
Back Fu:urward p Cut Copy Paste Undo Drel
J.-’-‘-.ddress II:I F:huzadet i
Al Folders x| | Name =
El @ Esrid_m2 [F] ;I .lnstltut sh
CoE- a uzadet . intrstat. avl
..... - Prifters intrztat. dbf
----- @ Control Panel
----- (58] Dial-Up Metworking —
----- L] Scheduled Tasks
[ ﬁ My Documents
B2 Internet Explorer laldmrrk. avl
-8 Netwaork Neighborhood lalmdmirk. 2wl
----- ‘g Recycle Bin — lﬁ LdeeArinels AL =
-5 My Briefcase nal S r H 2




Step 2.

Convert to NAD27 if needed.

According to the metadata, the interstate highway coverage is NAD27. Since NAD27 is the
datum of choice, we do not need to make a conversion.

Step 3.

Project to target projection.

Delete all themes from View1 except Rem16mcell.

Delete all themes from View2.

Add intrstat to View 2.

Toggle on its display.

Use select tool to capture conterminous US interstates.
Convert to shapefile and name the coverage: hi.

Add hi to View?2.

Delete intrstat.

According to metadata, hi is unprojected in decimal degrees.
Open View Properties and set Map Units to decimal degrees.
Make hi active.

Project to target projection by clicking on Projector Button.
Name the reprojected coverage: Hialb.

Add Hialb to Viewl.

Toggle on its display.
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Step 4.

Clip the reprojected coverage using Counties.shp.

The purpose of this step is to reduce the size of the coverage before we convert to grid and add
buffers, processes which are compute intensive and would take a long time if we did not reduce
the size of our coverage.

Add Counties.shp to Viewl.

Open the Geoprocessing Wizard.

Select Clip.

Make Hialb the theme to be clipped.

Make Counties the overlay polygon.

The new theme is named Hialbclip.



Step 5.

Convert to grid.
Make Remi16mcell active.
In the Analysis Properties window, enter these settings:

(Note: the extent settings are determined by the Rem16mcell grid and, as such, are specific to the
Pittsburgh coal bed. You would use a comparable coverage for the bed you are assessing.)



Analyziz Properties: Yiewl

finalysiz Extent | Same Az RemlEmcell -

Left | -155677.503175 Top | 1970643 63375

Battom | 1693107 63375 Right | 191510.436325

Analyziz Cell Size | Current ' alue il

Cell Size 116 m
17345

Mumber of Rows

217138

Mumber af Columns

."1".r'|a|_l,.I$i3 b azk ‘Mo Mazk Set

I, Cancel




Make Hialbclip.shp active.

Under the theme menu, click Convert to Grid.

Name the new grid hialb.

Select Route_num as the field for cell values.

Add it to Viewl.

Toggle on its display. Open Legend Editor by double clicking on symbol in Table of Contents
In legend editor, set Legend Type = Unique Value and Values Field = Value

Step 6.

Reclassify to a single unique value.

We need to reclassify to a single index so that the buffer expand request can operate on a single-
valued list.

Make the Hialb grid active.

Under the Analysis Menu, Reclassify on Value with classes = 1:

Reclassify ¥alues I
Classification Field: |%alue =]
s Unique Lockup... |

Old *alues Mew Walue
ha - 227 1 el
Mo Data Mo Data

Save I Ok I Cancel




Step 7.

Add buffer.

The hialb grid coverage is 1 cell wide or 50 feet wide. We have to make a reasonable estimate of

the total width of an interstate from the outside right-of-way lines which can include wide

median and shoulder areas in rural stretches. For the Pittsburgh assessment, | added an 8 cell
buffer. This buffer is 300 feet on each side of the initial cell plus 100 feet for the buffer required
by the mining regulations.

Keep the same settings as set above for Analysis Properties. These settings will put a buffer

around interstates in the large area containing remaining coal. We want “overkill” to make sure
that buffers on parts of the interstate outside remaining coal, which overlap remaining coal, are
included in the analysis.

In Map Calculator, evaluate this expression:

f-' Map Calculation 1

Layers
[Reclazz of Hialh)
[Reclazs of Hialb .

| Lagarithrn

[Hialb]

Log

[Hialb . Count]

Log

[RemlBmcell]

AN ER g RS ED
K EN I ER B R
Lz)3]) =]l
Lo JlJ

Logll

[RemlGmcell . Coué__|

dizland |

[ [Reclass of Hialb]].expand(8.41})

Ewaluate




Step 8.

Clip the buffered coverage to the area containing remaining coal.

Open Analysis Properties and set the Mask to: Rem16mcell.

Open the Map Calculator and evaluate this request:

|Lu:ng;|arithm$ |
Layers I_IEE
[Map Calculation 1F - Exp | Log |
[Map Calculation 1 |,«"’|
[Reclasz of Hialb] ITI Expd | Log2 |
[Feclass of Hialb . B | I Gl i Ll e L I | |
[Hialb] + ¢ o die (3 |iwst Expl0 | Loglll
i N ca [ e (s B e

[FemiEmeel] =] Aishrid |

W[t ap Calculation 17 =

4]

Ewaluate

This request will clip Hialb to the area containing remaining coal.

Rename the new theme: Interstate Highways Remaining Coal 8 Cell Buffer.
Toggle on its display.

Zoom to an area where you can see buffers extending onto coal from stretches of the interstate
that are not on remaining coal.




& Viewl

« Hialb shp 1

ﬂ Interstate Highway

| Reclass of Hialb
1
Ho [ ata

| Hialk
B 5= - 227 -

ﬂ Remi1Gmecell

1 101 ~|

We now have completed the steps for creating a buffered coverage of interstates on remaining
coal.

CAUTION!!!

Open the Theme Properties window for Interstate Highways Remaining Coal 8 Cell Buffer
and record the source path and name.

Return to Step 1 and follow the same sequence for

Parks (expand by 6 cells = 300 feet) &

Urbanized Areas
Note: Similar to Populated Places, the boundaries of Urbanized Areas were checked
against road networks. It appears that most of the time there is more than 0.1 miles of
open space between the boundary and the outer perimeter of the road network. Therefore,

in the Pittsburgh assessment, | did not add an additional 300 foot buffer to Urbanized Area
boundaries. l.e., I did not apply Step 7. | recommend you skip Step 7 when you process
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Urbanized Areas for your assessment.
The metadata for Parks does not contain the datum. GDT provided the Parks coverage. | called
GDT to obtain the datum, NAD83.

If you attempt to convert Parks from NAD83 to NAD27, TransNAD generates an “overflow”
problem and will not finish the conversion.

An overflow means that the data exceeds the dimensions allowed by the TransNAD software.

| overcame this problem by using the select tool to select parks in the Eastern U.S. When | ran
TransNAD on the smaller coverage it worked fine.

Also, for some of the coverages you may not have to do every step. For example, for Parks it is
not necessary to do Step 5. The parks coverage (after conversion to grid) has 2 unique value
codes: 1, 2. Use the Legend Editor to select unique values for the “value” field. Just enter both
codes in the list when you make the Expand request.

Lesson: Be flexible and thoughtful as you work your way through the assessment.

CAUTION!!!

When you complete Step 8 to create a buffered and clipped grid for Parks, open the Theme
Properties window and record the source path and name.

When you complete Step 8 to create a buffered and clipped grid for Urbanized Areas, open
the Theme Properties window and record the source path and name.



At this stage, we have completed the preparation of 6 buffered restriction coverages.

We have recorded the default names of the grid coverages for each restriction. An example
listis:

Restriction Coverage Path

Water Bodies c:\testuser\calc11
Streams c:\testuser\rclss3
Populated Places c:\testuser\calc14
Interstate Highways c:\testuser\calc6
Parks c:\testuser\calc8
Urbanized Areas c:\testuser\calc9



Open a new view window, add your restriction grid themes, and display them to confirm that
your records are up to date.
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Coverage and Buffers for Oil and Gas Wells

In this section, we process oil and gas well data to create a grid showing associated areas
restricted to coal mining.

The basic data are point locations for wells in the eastern U.S. available from me. Send e-mail to
wwatson@usgs.gov to obtain a copy of the data. For other regions, contact Emil Attanasi at
attanasi@usgs.gov.

Delete all data from View2.

In the Project Manager Window add these tables (for the Eastern U.S.):
- wells65.txt
- wells65over.txt

- wells130over.txt

In View2, under the view menu, use “Add Event Theme” and cycle through the 3 data files to
load point coverages into View?2:

& Add Event Theme

Table: FNEE=A

* field: | Longitude =]

 field: | Latitude -]

Concel_|




Display the 3 well themes in View2:

T View? O] =]
. =T or 5 ‘_

 WellsBSoverbd =
.

) W alls65 bt
.

W ells130 aver bt
.

L4]

Use the Geoprocessing Wizard to merge the 3 themes into a single theme named Wells.shp.

Delete Wells65.txt, Wells650ver.txt, and Wells130over.txt.

Add Counties.shp to View?2.

In View Properties, change map units to meters.

Make Counties.shp active and reproject it to unprojected decimal degrees.
Name the new shapefile: Countiesgeo.shp.

Add it to View2.

In View Properties, change map units to decimal degrees.



Display Wells.shp and Countiesgeo.shp.

2 View?

| Counties.zhp

1
ﬂ Wellz.=hp

ﬂ Countiesgeoshp

L4]

Delete all the themes from Viewl.

Make View?2 active.

Use the Geoprocessing Wizard to Clip Wells.shp using Countiesgeo.shp.
Name the new theme: Wellsclip.shp.

Delete Wells.shp and Counties.shp from View2.

Display Countiesgeo.shp and Wellsclip.shp.



i View?

« Wellsclipzhp _—
L
ﬂ Countiesgeoshp
~

Make Wellsclip.shp Active.

Click Projector Button and project to target projection.
Name the projected theme: Wellsalb.shp.

In View Properties, change Map Units to meters.

Add Counties.shp to View?2.




Add the grid coverage, Reml6mcell to View2.

Set the following values in Analysis Properties:

Analyszis Properties: Yiewl

Analysiz Eutent | Same Az FemlBmcel |

Left | -155677 503175 Top | 197064363375

Battom | 1692107 63375 Right | 191510.496525

Analysis Cell Size | 43 Specified Below |

Cell Gize 115 m
7345

Mumber of Rows

| 21713

Murber af Colurmnz

Analysiz Mask tHerm] Brcell

Q. Cancel |




Display Counties.shp and Wellsalb.shp.

2 View?

| wiellsclipshp
L

« tielizalb shp
.

ﬂ Counties.=hp

| Countiesgeoshp

| Remi1Gmcell

] o
[ ] NoData

L T

Make Wellsalb.shp active.

Under Theme Menu, click “Convert to Grid.”

Select “Finclass” as field for cell values.

Name the new grid theme: Wells.

Add it to View 1.

Make Viewl active.

Check Analysis Properties and change Analysis Mask = No Mask Set.

In Map Calculator, add a 200 foot buffer by evaluating the following request:



"-:.' Map Calculation 1

| Logarithms
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Zoom and display the buffered grid:
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Add the grid coverage, Reml6mcell to Viewl.

Set the following values in Analysis Properties:

Analyszis Properties: Yiewl

Analysiz Eutent | Same Az FemlBmcel |

Left | -155677 503175 Top | 197064363375

Battom | 1692107 63375 Right | 191510.496525

Analysis Cell Size | 43 Specified Below |

Cell Gize 115 m
7345

Mumber of Rows

| 21713

Murber af Colurmnz

Analysiz Mask tHerm] Brcell

Q. Cancel |




Evaluate this request in Map Calculator:

1:-

%
tl

,. Map Calculation 2

| Logarithrnz = |

Layerz
| #*
[FemBmcel] -

[FermlBmcel . Cou | e
[Map Calculation 1

[Map Calculation 1
[ells] | +-|
[wfels . Count]

Exp | Log I

Expz | Log: I

Expl0 | Logto |

[ 4

W[t ap Calculation 1] -

[4]

Ewaluate

Reclassify Map Calculation 2 using 1 class on value:
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The Reclass of Map Calculation 2 grid is the final grid. It has oil and gas wells with a 200 foot
buffer located in the area of remaining coal.

Make sure you record the default name given by ArcView to this grid (e.g.,
c:\testuser\rclss5). Add it to your list of final grids.

! Theme Properties

Themne Mame: | Reclass of Map Calculation 2

Source: | c:\testuzeryclysD
CellSize: |1E Rows | 17346 Cols IEW-IE=
Left: | 155677 5032 Right | 191610.4368
Bottom: |15931 076923 Top: |1EI?'II|543.EEIEB
Type: ||r‘nteger Status: | Temporary
Cormments: I
E ak I Cancel




Display Rem16mcell and the Well grid:
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Coverage and Buffers for Pipelines

In this section, we process pipeline data to create a grid showing associated areas restricted to
coal mining.

James Tobin, EIA, has compiled natural gas pipelines for the conterminous U.S. The original
data are in*.mif format (MapInfo Interchange Format). I have a complete set of the Mif files. 1
have merged individual pipeline coverages into a single coverage for the eastern U.S. 1 also
projected the eastern pipeline coverage to the target projection used for the Pittsburgh
assessment.

Contact me to obtain the eastern file and the individual *.Mif files. In effect, we have a complete
coverage of natural gas pipelines for the U.S.

ArcView will convert *.mif files to shapefile format.

We are still searching (Fall 1999) for a petroleum pipeline coverage. If anybody knows of such a
coverage, please contact me (wwatson@usgs.gov) .

Delete all the themes from View1 and View2.
Add the projected pipeline shapefile, Ngpipelinesappalalb.shp, to Viewl.
Add Counties.shp to Viewl.

Display both themes.

ﬂ Hapipelinas appalalb.st_ %

ﬂ Counties =hp

1]

[4]




Use the Geoprocessing Wizard to clip Ngpipelinesappalalab.shp using Counties.shp.
Name the new theme: Pipeclip.
Add Rem16mcell to Viewl.

In Analysis Properties, enter these settings:

Analyziz Properties: Viewl

iSame Az Beml Bmcell

A nalyziz Extent

Left | -155677.503175 Top | 197064369375

Bottorm | 169310763375 Right | 191510.496825

Analysis Cell Size | Current Value E3

Cell Size |16 i
[17345

Humber of Faws

Murber of Colurns | 21718

Analysis Mask | Mo Mask Set ]

Q. Cancel |




Make Pipeclip.shp active.

Under Theme Menu, click “Convert to Grid.”
Name new grid: Pipecounty.

Select “State” as field for cell values.

Make the Pipecounty grid active.

Under the Analysis Menu, Reclassify using Classification Field: Values and Classify Number of
Classes = 1.

Make Reclass of Pipecounty active.

In Map Calculator, evaluate this request:

’-L Map Calculation 1

| Logarithrns =]
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| »

|41

Evaluate




Add grid Reml16mcell to Viewl.

In Analysis Properties, enter these settings:

Analpziz Properties: Yiewl I

&nalysiz Extent | Same Az Reml Gmcel =]

Left | -155677.503175 Top [ 197064369375

Bottarn | 1693107 69375 Right | 191810.436825

Analysis Cell Size | 43 Specified Below =]

Cell Size | 18 m
| 17246

MHurmber of B ows

BEE

Murnber of Columns

,&nahlgis M azk : RemlBmcel

OFk. Cancel |




In Map Calculator, evaluate this request:

{: Map Calculation 2

| Logarithmz =]
Layers
[Rem Bmcel) -
[Reml Gmcell . Cou
[Map Calculation 1}
[Map Calculation 1

Exp | Log |

INE

EupZ | LogZ |

[Feclass of Pipecor— | [+ Expl0 | Logi0 |
[Reclazs of Pipeco

[Fipecournty] ;I

W[t ap Caloulation 1] =

|41

Evaluate

The new grid, Map Calculation 2, has pipelines with a 100 foot buffer in areas with remaining
coal:
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Open Theme Properties for Map Calculation 2 and record the ArcView default name (e.g.,
c:\testuser\calc18) on your list of final coverages.

’;" Theme Properties

Theme Mame: | Map Calculation 2

Source: | cMtestusericalcld

CellSize: |15

Cols | 21718

Rows | 17346

Left: | -155677.5032

Right. |191810.4368

Bottom: | 1693107.6333

Top: [1970643.6935

e Type: | Inteqer
Locking I d

Status: | Temparary

Comments:; I

|41

Cancel




Taking Stock

1. We now have created 8 coverages for features where coal mining is restricted. Each coverage
IS

- a grid coverage with 16 meter cells
- expanded to include an appropriate buffer
- masked to the area with remaining coal

2. We now can update our list of default names for the 8 coverages, for example:

Restriction Coverage Path

Water Bodies c:\testuser\calc11
Streams c:\testuser\rclss3
Populated Places c:\testuser\calc14
Interstate Highways c:\testuser\calc6
Parks c:\testuser\calc8
Urbanized Areas c:\testuser\calc9
Wells c:\testuser\rclssb
Pipelines c:\testuser\calc18

3. Remaining tasks:

Task 1: The cells where the feature and its buffer are located carry a value of 1. The other
cells in the coverages have a null value. This classification is useful for some purposes.
However, when we want to pull out the restricted cells to estimate available coal, null in any
coverage will produce a null in the available coverage. To overcome this problem, we will
change the null cells to zero cells and create a new set of 0-1 grids.

Task 2: The default coverage names are not particularly convenient. We will use the
Spatial Analyst File Manager to rename our 1,null grids and our 1,0 grids to more recognizable
names. This will make it easier in subsequent analysis to find and add coverages.

Task 3: Once our grids are renamed, we will delete all the working grids created in the
analysis to this point. This will free hard disk space and eliminate files with names which will
not be recognizable after you have finished with the assessment. We will use the File Manager in
Spatial Analyst to delete the files. Note: Windows Explorer or other operating system
procedures should not be used to rename and delete grids. You can use Windows Explorer
to rename the folder for a grid. But this would break the links with the Info Folder and
make the grid unusable. The ArcView Data Source Manager keeps the Info link intact.
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Task 1
Create 0-1 grids.
Delete all the themes in Viewl.

Add the 8 final feature coverages to Viewl.

] : e,
[ JHoData | ‘*(- )
Cale18 o L-\"" \ ;

1 .-.. . ﬁ
Mo [ ata '
— =

In Map Calculator, evaluate this request:

Mo [ ata ' ? -~ -
Foks5 - 3 Ve @ / <




"Q Map Calculation 1

|Lngarithms |

= E3 K ER EN IS D
Exp I Log |

cocn o | (2] EE)E] EEE]
[Relzs3] Exp2 Logz
e - O DEE DRk 2] =]
[Calc14] |-I- | | 0 || . | | 7 ||r‘||:|t| Expll | Lagln |
{E::E;;’-Ew”t] ;I Azlnd |
[ [Calc11]) zMull. Conf0.4:Grnd, 1 AsGrd =

Ewvaluate

Record the default name of the new 0,1 grid. l.e., open Theme Properties and record the
“Source” name.

Save your project.
Repeat the same request for the other seven grids.
After each new request runs, SAVE YOUR PROJECT.

In each case, record the ArcView default name (i.e., “Source” name in Theme Properties). The
source names for an example are:

Restriction Coverage Path Path for New 0-1 Grid

Water Bodies
Streams
Populated Places

Interstate Highways

Parks

Urbanized Areas
Wells

Pipelines

c:\testuser\calc11
c:\testuser\rclss3
c:\testuser\calc14
c:\testuser\calc6
c:\testuser\calc8
c:\testuser\calc9
c:\testuser\rclss5
c:\testuser\calc18
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c:\testuser\calc19
c:\testuser\calc20
c:\testuser\calc21
c:\testuser\calc22
c:\testuser\calc23
c:\testuser\calc24
c:\testuser\cacl25
c:\testuser\calc26



Task 2

Rename grids to more convenient names.
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

2 Source Manager

Grid Mame Directaories:
Il o htestuzer Coroel |
B calc = [= e -
B calc10
B calc11 | 7] esnidata
M calcl? Copy
B calc13 A
B calcld Srame
B calc15 |
Delet
M calclf hd I ik
Source Types: Dirives:
|c: =]




Then rename the initial O-null grids with the following names:

(You would, of course, use your project path when you rename the grids

Restriction Coverage

Water Bodies
Streams
Populated Places

Interstate Highways

Parks

Urbanized Areas
Wells

Pipelines

Original Names

c:\testuser\calc11
c:\testuser\rclss3
c:\testuser\calc14
c:\testuser\calc6
c:\testuser\calc8
c:\testuser\calc9
c:\testuser\rclss5
c:\testuser\calc18

New Name

c:\testuser\waternull
c:\testuser\streamsnull
c:\testuser\placesnull
c:\testusen\interstanull
c:\testuser\parksnull
c:\testuser\urbanareanull
c:\testuser\wellsnull
c:\testuser\pipelinesnull

Next rename the grids that have 0's and 1's with the following names:

Restriction Coverage

Water Bodies
Streams
Populated Places

Interstate Highways

Parks

Urbanized Areas
Wells

Pipelines

Initial Name, 0-1 Grid

c:\testuser\calc19
c:\testuser\calc20
c:\testuser\calc21
c:\testuser\calc22
c:\testuser\calc23
c:\testuser\calc24
c:\testuser\cacl25
c:\testuser\calc26

New Name, 0-1 Grid

c:\testuser\waterzero
c:\testuser\streamszero
c:\testuser\placeszero
c:\testusen\interstazero
c:\testuser\parkszero
c:\testuser\urbanareazero
c:\testuser\wellszero
c:\testuser\pipelineszero



Task 3

Remove working grids.

We have just renamed all of the “final” grids we need for our assessment.

It is likely that there are still some working grids in your project folder.

Use Spatial Analyst Source Manger to remove working grids.

Working grids that remain will have names that start with “calc”, “grid”, and “rclss.”

Delete them.



Congratulations you have finished Chapter 3!!!!

You have the coverages you will need to pull out restricted areas when we estimate available
coal in Chapter 5.



Chapter 4.

COAL COVERAGES

Purpose: In this Chapter, we add coal coverages including mined out, thickness, partings,
and elevation at top of bed. We add a Digital Elevation Model (DEM) and use it to
estimate overburden. Coverages for slope restrictions are created. We reduce the coverage
of remaining coal by a safety barrier around mined out area. Ordinarily, coal must be at
least 12 inches thick to be mined by any method. We create a “net” coverage that reduces
the extent of remaining coal both by the safety barrier and by coal with thickness less than
12 inches.

U.S. Geological Circular 891 defines 14 inches as the cutoff for classifying coal as a
resource. Industry practice for specific regions and specific coal beds sometimes has other
thickness cutoffs. In the case of the Pittsburgh coal bed, the thickness cutoff is set at 12
inches to accord with industry practice.

Overview: Coverages resulting from the basic geologic assessment include the extent of original
coal, remaining coal, and mined-out coal; coal thickness; and coal bed elevation (top of the bed).
These coverages are projected to the target projection and converted to a grid coverage. The bed
elevation and DEM coverages are used to determine an overburden coverage. A coverage of
remaining coal minus a 50 foot buffer in mined-out areas and minus the area where coal is less
than 12 inches in thickness is created. Coverages for slope restrictions to mining are created
from the DEM and the bed elevation coverages.

Add Coal Coverages from Basic Geologic Assessment
Open a new ArcView project

Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

"L" Work Directory

Specify new work, direchany ok,

Cancel




Open View Properties and enter these settings:

<2 View Properties

Mame: |Wiewl

Creation D ate: | Saturday. Septermber 25, 1393 05:09: 36 P Cancel I

Creator: |

tap Lrits: | meters

>l
Rd

Diztance Units; | rmiles

Frojection... I Brea OF [nterest. .

B ackground Colar: Select Color...

Comments:

L4]




Add Coverage Showing Extent of Mined-Out Coal

In View 1, add the base geologic coverage of areas that are mined out. The polygon vector
coverage named C9024bill contains mined out areas in the case of the Pittsburgh assessment.
This coverage is in an Albers Equal-Area projection with parameters as shown on p. 2-2.
C9024bill has attribute field “Mine.” Polygons of mined out areas carry a value for Mine = 102
and thick_ob_cat <>999. (See discussion p. 2-4.) As an example, C9024bill is added to View1.
You would add a corresponding coverage to Viewl of your project.

« Coozabil =

1]

Make C9024bill active.

Click the Query Builder (looks like hammer) and enter the following expression:

Roweay: B
Fuske L
| ] =
=
= _| =]l
e .
T: ::I = caf Izl IE]
ald. | =
b I Upscisie Viahsey
| [Mrm] = 10E and |[TFack_ob_call < 22 | e | Howi 5ol |
addTase |
- Sekect Fram Set |
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Click “New Set.”

Under the Theme Menu, click “Convert to Shapefile.”
Name the new shapefile: c:\your project path\mo.
Add it to Viewl.

Toggle on the display for Mo.shp:

| caozdbil

[ ]

[+

Make Mo Active.
Add grid, Reml16mcell, to Viewl.

Under the Analysis Menu, open Analysis Properties and enter these settings:



Analyzis Properties: Yiewl

:Same Az Hernl Brncell

Analyziz Extent

Left | -155677.503175 Top | 1970643.69375
Bottom | 169310769375 Right [ 191510.436825
Analvziz Cell Size | Current ' alue =]
Cell Size | 1 m

Mumber of Bows |1?345

MHumber of Columnz | 21718

Aralysis Mask | Mo Mask Set ]

K, Cancel |

We use Reml16mcell as the analysis extent to insure that the grids for mined out coal are
exactly in line with the remaining coal.

Under the Theme Menu, Click “Convert to Grid.”

Name the grid: c:\your project path\mo16.



Select “Mine” as the field for cell values.

Add Mo16 to Viewl.
Toggle on the display for M0o16 and Rem16mcell.

Zoom in and toggle displays to convince yourself that mo16 abuts perimeter cells in
Reml16mcell:

@ Viewl M=] E3
« MoiB =
] 102
[ JMeData
ﬂ Rem1Gmaell
101
Mo [ ata
| Mo.zhp
]
_| Cadz24hbill
]

Create Coverage of Safety Barrier for Mined-Out Coal

Next, we expand Mo16 by 1 cell (= 50 feet) to add safety buffer or area where new mining must
stop to prevent cave ins and other hazardous conditions. 50 foot barrier is standard practice.

Open Map Calculator and enter the following expression:



{.' Map Calculation 1

ILDgarithms =]
Layers
o | oo |
Mol . Count]
E\ Enpe | Log2 |
Exp10 | Logi0 |
-]
[ [Ma1E].Expand] {102} -

Evaluate

Make Map Calculation 1 active.
Open Theme Properties, and change the Theme Name to: Mol6buf (see next page).
Record the default path and name that appear in the “Source” window, e.g., c:\testuser\calcl.

You are now beginning to build a running list of default names that you will change later to
names that are more recognizable and convenient.

As before, it is important to record the default names as you move through the processing to
efficiently track project data.



’; Theme Properties

Theme Mame: | bolBbuj

Source: | o hbestusercalc ]
Cellsize: | 1 Baws | 15769 Cole 112381
Left: |-133787.0313 Right: | 163302 3533
Baottom: | 1705723.25 Top: | 1952027.25
= Tepe: | Integer Statuz: | Temporary
Locking
Comrments: I
(= QK | Cancel

In the table of contents, move Mo16 above Mo16buf; display Mo16, Mol6buf, and
Reml6mcell;, and zoom to see that Mobuf16 is a 1 cell expansion of Mo16:



fﬂ Viewl

v

v

v

_

_

hal1G

102
Mo [ ata

Mo1Gbuf
102
Mo [ ata

FEem 16 maell
101
Mo [ ata

Ma.shp

coozgbill

[ 1]

Next, we intersect Mol16buf and Rem16mcell as the 1% step to obtain a safety buffer around

remaining coal. In Map Calculator, evaluate this expression:

!ﬁ‘ Map Calculation 1 H=] E3

Layerz

(Mol

] -

[Mo

E . Count]

(ol

Bbwif]

(Mol

Bbuf . Count]

[RemEmcell]

[FemlBmoell . Cowi__|

[ [Mol6buf]) and (EEMISmESD )

=

| .ﬁ.sGrid. | |

| Logarithms =]
Exp | Log |
Exp2 | Log? |
Expl0 | Logio |

Ewaluate
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This step captures the part of the safety buffer around the mined out area that extends only into
remaining coal.

In Theme Properties, rename the theme: safetybuffer.

Turn off the display for Mobuf16 and turn on the display for safetybuffer. It should be 1 cell in
width and should extend into remaining coal only when remaining coal is adjacent to a mined out
area.

&2 Viewl _ (O] x|

ﬂ zafetyb uffer 1=
1
Mo [ ata

¥ Moils
[ 102
[ ] Mol ata

| MoiGbuof

] 10z
|:| Mo [ ata

ﬂ Rem 16 mcell
101
Mo [ ata

| Mo.zhp

1
| conzasil |

Check other parts of the coverages to convince yourself that the safetybuffer occurs only when
mined out and remaining coal abut.



The 2™ step is to shrink Rem16mcell by the safety buffer to create a coverage of remaining coal
net of the safety buffer.

But before we undertake the 2™ step, we need to convert the safetybuffer coverage to a 0-1
coverage to prevent incorrect null values in the 2™ step.

In Map Calculator, evaluate this expression

i Map Calculation 1 M=l E3
|Logarithms ||

—
—
—

[ [zatetybuffer]].lzMull. Con(D.AsGnd, 1.A:Gnid.




In Theme Properties, name the new grid: safetybuffer01.
Now for the 2" step.

In Map Calculator, evaluate this expression:

:‘ Map Calculation 1
|Lngarithms =]

L

s (e A ) ] s | oo |
[zafetybuffer0l . Co |f’| |4||5||E| |:—||:—=|||:|r|

[zafetybuffer]

[z:f::ibaff:.tnur = EE] e 2 | _Log? |
[MalE] - |+| | 0 || | | 0) ||r'||:|t| Expl0 | Logl0 |
[MalE . Count]

[ME1EI::uf]D i | Aafrid |

[ [[Reml1Bmcel]] and [ not [[zafetpbuffer0l]] ] = 0).5etMullll.AzGrid) =

Evaluate

In Theme Properties, name the new grid: Rem16buf.

Record the default path and name that appear in the “Source” window, e.g., c:\testuser\calc5.
You will use this list later to rename coverages. These are coverages that we need to carry
forward to subsequent analysis.

Toggle on the display for Rem16buf.
Rem16buf is the area of remaining coal (i.e., grid Rem16mcell) reduced by 1 cell to represent the

50 foot safety barrier. The reduction only occurs when Rem16mcell is adjacent to mined out
coal.



ﬂ Rem1Gmceall
101
Mo [ ata

« Moid
] 102
|:| Mo [ ata

| =safetybuffer0 o

| =afetybuffer

1
Hn M ata ll

Check various parts of the coverages to convince yourself that Rembuf16 is remaining coal
reduced by the safety buffer (= 1 cell), only when mined out and remaining coal abut.

Create Coal Thickness Layer

Our next task is to add the thickness coverage from the coal assessment. We then convert
the thickness to a grid, 16 meters on a side, and clip it to the area with remaining coal.
Using the thickness layer, we create a new layer of tonsbycell. This tonsbycell layer is used
later to calculate total coal tons in various categories.

In the Pittsburgh assessment, the primary thickness layer, available in ARC export format, is
named ev_24is0.e00. The export file was imported into ArcView using Import71. The new
coverage is called ev_24iso. In your project, you would be processing a comparable thickness
file. This user’s guide uses ev_24iso as its sample thickness coverage.

Ev_24iso is a grid coverage of thickness measured in feet extending over the original extent of
the Pittsburgh coal bed. It was created in Earth Vision and has a cell size of 300 meters on a
side. Ev_24iso is in the target projection.



Add ev_24iso to Viewl and toggle on its display:

 Ev_24iso =
0-1.427
1.427 - 2.853
2.853 - 428
[ ]425-5707
B 5707 - 722
I 7133 - 856
B :cc - 2987
| [ER=ER R .
[ RAGRERR
| EEEE
« RemiGbuf
1+
[ ] Holata
ﬂ Rem1Gmeell
101
Nao [ ata j

Under the Analysis Menu, open Properties and verify these settings:



Analysis Properties: Yiewl

Analysic Extent | Same As Rem1Bmcel 3
Left | -155677.503175 Top [1970643.69375
Bottarm | 1693107.69375 Right [131810.436825
Analysis Cell Size | Curent Value =]
Cell Size | 1B m
Mumber of Bows | 17346
BREE

Mumber af Columns

Analyzis Mazk Hatmieis=]

ak. Cancel |

The settings in Analysis Properties insure 2 outcomes: (1) the thickness grid will have cells with
a dimension of 16 meters on a side and (2) the thickness grid will cover the area of remaining
coal. The latter condition is met by setting the Analysis Mask to Reml16mcell.

We now create a new thickness grid with thickness measured in inches. We convert the grid to
an integer thickness grid to speed ArcView operations.

Under the Analysis Menu, open Map Calculator and evaluate this expression:
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’:.' Map Calculation 1

|Lu:ng;|arithms B3
5 B OEE DEE . )
(Rem1bu] HpEEHEREEEE
[Rem1Ebuf . Count
e | O DE2E DRk Sl =]
Femitmesl Cou  [+] [0 |[-] [ © |[ret] _Eseio]| | Leqit |
[Mao1E]
[ME1E.Enunt] = f—‘nsﬁridl
[ [Ev_2dizn] * 12.4sGrid).ind =

Evaluate

Name the new thickness cover: thk16.

Add its source path and name to your list of grids to retain and rename. This user’s guide has
“c:\testuser” as the project path. The source name given by ArcView to thk16 in this sample case
is c:\testuser\calc6, found in the theme properties window as the Source. You would, of course,
note and record the source name for your thickness coverage.

":." Theme Properties

Theme Mame: | thk16
Source: | cbestusericalch
CellSize: I‘IE Rows | 17346 Colz [21718
Left: | -155677.5032 Right | 191810.4368
Bottom: [ 16931076938 Top: | 197064326932
— Tepe: [Integer Status: | Temporary
Locking
Carmments: I
B ak. I Cancel




Save your project.
Toggle off the display for all themes.

Toggle on the display for thk16.

«] thi1s =
0- 16
17 - 32
33 - 40
50 - 65
66 - 51

] =2-as
] 22 - 114 e
B 115 - 120

B 131 - 147

[ | MoData

| Ev_24iza
0-1.4927
1427 - 2853
2853 - 428 .
428 - 5.707 i

B 5707 - ?.133l|

N T A, (-1

Create Layer of Tons of Coal (in each cell)

Next, we calculate the tons of coal in each cell in the thk16 coverage. This will provide a layer
against which we can run a Summarize request (under the Analysis Menu) in order to calculate
the total tons of coal in various coverages of interest.

First, some arithmetic:

We assume that the density of coal is 1800 tons per acre-foot of thickness (a
standard density for Eastern coal used in the Pittsburgh assessment)

In units of tons per square meter-inch of thickness, density is 0.037083 tons

Each cell in thk16 is 16 meters on a side. Therefore the coal per cell is 9.493 tons
per inch of thickness (= 16 x 16 x 0.037083).



To calculate tons of coal per cell, we multiply 9.493 by the thickness (measured in inches) in
each cell.

Open Map Calculator and evaluate this expression:

f.' Map Calculation 1
| Logarith E3
La}lers -_-:E ? 8 9 _ _ _ agaririnms
KT ~Ed k[ ER KR I R conll Bl
[thk1E . Court] 7] [215][s] [=][==][~]
[Ev 24is0]
el | B DEIE BDEE e L2l
Femitbul Cow]  [+] [0 J[-] [ O |[ret] _Ewi0| Losio |
[Fem Bmeei]
[H:215222||.|:nu hd AslGrid |
[ [thk16] * 9.453] int -
Evaluate

Name the new grid: tonsbycell.
Record its Source on your list of coverages to retain and rename.
Create Layer of Bed Elevations

Next, we add a structure contour theme or a theme that has elevation for the bed at the top of the
bed. For the Pittsburgh assessment this theme was put into Arc export format and named
ev_24sc.e00. Ev_24sc.e00 was imported into ArcView using the Import71 utility. The elevation
theme was named ev_24sc. You would, of course, process a similar file for your project. The
User’s Guide uses ev_24sc as the sample bed elevation theme.



Add ev_24sc to Viewl.

Toggle on the display for ev_24sc:

& Viewl

« Ev_24sc

Bl D ata

| bedslope
[ ]o-12
B 1z - 1=

| parting®™0
Z2- 65
GG - 128

B 1z99- =026

I =0z 652 - 54
[ ] 592 326 - 85
[ ]e=21092- 117
117 1661 -
1451229 -
1750947 -

[ ] 2040664 -
[ 2330.332 -

9«
1,
20
2
2t

-

4

The units for bed elevation are feet.




Add DEM Layer

For the Pittsburgh assessment, John Tully merged a series of DEM covers to create a mosaiced
coverage of surface elevation for the Central and Northern Appalachian basins. This cover is
named Pittdem. Pittdem is projected in the target projection. Pittdem is a grid with cell size of
100 meters on a side. You would, of course, use a comparable surface elevation theme in your
project. This User’s Guide uses Pittdem as the sample surface elevation coverage.

Contact me (wwatson@usgs.gov) to obtain a copy of Pittdem for your project if you are
assessing coal in the Appalachian basin.

Add Pittdem to Viewl. The units for surface elevation (as documented in the prj.adf file) are
feet.

 RemiBmeell -

104
Mo [ ata

« FPittdem

157 - 220
831 - 1504
1505 - 2177
2178 - 2851
2852 - 3524
[ ]3525- 4193 - §
] #1904 - 4871
[ 4=72 - 5545
I 5546 - 6219
[ JHaData

_ | bedelew i
12 - 261 e

262 - 510 j




Create Layer of Partings

The final set of geologic data is a coverage containing parting material in the coal bed. Mining
costs are affected by the amount of parting material. In the Pittsburgh assessment, partings were
included on the record for drill holes. These sample point measurements of partings were
processed in Earth Vision to obtain a grid coverage of partings with a 300 meter cell size. The
partings data are named ptg024.asc. The format is ascii raster. The data set was imported into
ArcView using:

Under File Menu
Import Data Source
Import File type: ASCII Raster
Name the grid: Parting
In message box, when queried:
Cell values as integers?

Click “No”

You, of course, would process a comparable file for your project. This user’s guide uses Parting
as the sample coverage for partings.

{," Viewl

« Farting -
0.02 - 0.546
0.546 - 1.074
1.071- 1597
[ ]1597- 2422
B 2122 - 2648
I 2645 - 3173 [ .
17z 3699
B :co0- 4224
B 2:223- 475 g

- Mo [ ata

ﬂ Obzera
T *
[ ] HoData

« Moig

102

Mo [ ata ;I




The parting material is measured in feet in the Parting coverage. We convert the feet to
inches*10, truncate to create an integer grid, and resample to 16 meter cell size.

Check Analysis Properties for these settings:

Analyziz Properties: Yiewl

Analyzis Extent | Sarne &s RemlGmeel B3
Left | -155677 503175 Top | 197054369375
Bottorn | 169310769375 Right | 191810.436525
Bnalyziz Cell Size | Current Value |
CellSize 116 -
Humber of Rows I 17346
MHumber of Colurmns I 21718

Bnalyzis bask AN

] Cancel |

In Map Calculator, evaluate this request:



Layers

[Obzero)

f.' Map Calculation 1

[Obzera . Count]

[Mal16]

[Mo1E . Count]

[ob16]

[ob16 . Count]

=

1 M N(ES

|L|:|g;|arithms =]
OO0 BEE ., .
(4](=](e] : :
ot | _Loa? |
‘I\‘:\ niat E:-:p1EI| Lu:ug1EI|

Azlnd

g

[ [Parting] * 12 * 100.ink

Evaluate

Name the new coverage: parting*10

Record its Source name in the list of coverages to retain and rename.

:‘ Yiewl

ﬂ parting™10

G -

I cc

ﬂ Obzera
[ ©

« MolB

102

120 -
C_|19z2-
[ 255 -
T EER

- 443
I 4 -
-EEIT-'-
|:|N-:|D.ata

Z2- 685

128

101
254
27
280

S0
570

|:| Ho [ ata

Mo [ ata




Taking Stock

1. We have completed the processing of the basic geologic data sets:

Description Theme Name Source
Mined Out 16m cell, Plus Safety Buffer mol6buf c:\testuser\calc2
Remaining 16m cell, Net of Safety Buffer rem16buf c:\testuser\calc5
Coal thickness 16m cell, in inches thk16 c:\testuser\calc6
Tons of coal in each cell, 16 m cell tonsbycell c:\testuser\calc7
Partings 16 m cell, in inches*10 parting*10 c:\testuser\calcll

We have added coverage of basic geologic data:

ev_24sc Bed elevation (top of bed), 300 meter cells, units=feet
pittdem Surface elevation, 100 meter cells, units=feet

2. We have 2 remaining tasks:
Task 1:

Create a coverage of the bed elevation slope. This coverage will be used to keep
underground coal mining out of areas where slopes exceed 12 degrees.

Create a coverage of the surface elevation slope. This coverage will be used to
keep surface coal mining out of areas where slopes exceed 32 degrees.

Create a coverage of overburden.

Both of the slope restrictions are standard practice. Their application keeps mining out of areas
where conditions are too much at variance with normal conditions. Mining machinery is
designed to work efficiently under normal operating conditions. When conditions are outside the
normal range, mining machinery usually does not perform very well.

To calculate overburden, we use the primary data at its coarsest resolution (300 meters). Our
estimates of overburden retain a resolution of 300 meters. Overburden is obtained by subtracting
bed elevation from surface elevation.

Task 2:
Create a coverage to delineate areas that cannot be mined under any mining

methods because coal is too thin. Coal with thickness less than 12 inches cannot be mined by
any mining method..



Task 1. Create a Coverage of the Bed Elevation Slope.

We calculate slope at the level of resolution of the original data. In the case of bed elevation
(from which we derive slope), our original data, ev_24sc, has 300 meter cells.

We derive slope from ev_24sc. Therefore, our slope estimates have 300 meter resolution.
Then we resample the new grid (i.e., slope from ev_24sc) to 16 meter cells, in effect dividing up
each 300 meter cell into a smaller number of cells, each carrying the data of the 300 meter slope

calculation. The resample to 16 meters is done to have compatibility with other coverages.

Open Analysis Properties and enter these settings:

Analyziz Properties: Yiewl

Analpziz Extent HEENEREAR

Left | -163539.05 Top [ 1970184.4715
Bottarm | 1633054.4715 Right | 185360.94
Analysis Cel Size | Current Value —
Cell Size 1 300 -
Humber of Rows I 437
Hurmber of Columnsz I 1163
Analpsis Mask | Mo Mask Set =]

QK. Cancel I

Make ev_24sc, the active theme.

Under the Surface Menu, click “Derive Slope”



The new theme is given default name: Slope of ev_24sc

Open Analysis Properties and enter these settings:

Analyziz Properties: Yiewl

Bnalyzis Extent | Same A Reml Gmel |=|
Left | 155677502175 Top | 1970643.69375
Bottarm | 1693107 63375 Right [ 191510.4365825
Snalyzsis Cell Size | Current alue =]
Cell Size |16 m
Murber of A owes I 17346
MHurmber of Colurnns I 217183

Snalysiz Mazk AxiEmnEs:l

0k Cancel I




Open Map Calculator and evaluate this request:

".'. Map Calculation 1
ILDgarithms =]
Laperz
*

[elevE] - Exp | Log |

[elev16 . Count]

[Slope of Ev_24sc]; B Ewxp2 | LogZ |

[Slope of elev1B]

[bedelevslope 0] Expl0 | Logi0 |

[bedelevzlope*10 .

[Slope of bedelev] LI

[[Slope of Ev_24sc]].ind -

Ewvaluate

Open the Legend Editor for Map Calculation 1 and apply these settings:

"_'. Legend Editor

Theme: TR Load..

£
Legend Type: | Graduated Color =l Save... |
Drefailt |

Classification Field: [ alue =] Classify... |

Mormalize buy: | sMones =]
Symbaol Walue Label
I T A B -1z Sl
| IR 12-18

+|® 27| 8 @l gl

LCalar Ramps: | Fed monochromatic =]

Advanced... | Statistics... | [rde | Apply |
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In Theme Properties, name the new grid: bedslope

Record its Source name in the list of coverages to retain and rename.

’;" Viewl

ﬂ bedzlope -
Jo-12
[

| elewi
525 - 731
T32 - 938

[ ]920- 1145
B 1146 - 1351
[ ] 1352 - 1552
I 1559 - 1765
B 1755 - 197
[ ]1a7z-2178

2179 - 2385
Mo [ ata

_ | Slope of Ev_24s¢

Jo-12
oo 7

There are only a few areas where the bedslope exceeds 12 degrees.



NOTE: We have resampled from 300 meter cells to 16 meter cells. The Slope of Ev_24sc had
Analysis Properties set for a 300 meter cell size. If you check its Theme Properties, you will see
that it does have a cell size of 300 meters.

Our next step was to change Slope of Ev_24sc to an integer grid. Prior to making that request,
we changed Analysis Properties to a 16 meter cell size. Then we issued an “int” request in Map
Calculator on Slope of Ev_24sc to create Bedslope. If you check Theme Properties for Bedslope,
you will see that it does have a cell size of 16 meters.

Important Point: When the “int” request is evaluated, Spatial Analyst resamples from a 300
meter cell to a 16 meter cell using the NEAREST NEIGHBOR method. The NEAREST
NEIGHBOR method matches the output cell center to the nearest input cell center and assigns
the input cell value to the output cell.

NEAREST NEIGHBOR is the default when resampling occurs as a result of map algebra.

NEAREST NEIGHBOR is an appropriate method to resample from a coarse grid (300 meters) to
a finer grid (16 meters). In comparison, the BILINEAR or CUBIC method would assign the
average of the closest cell values from the 300 meter coverage. In this case, many 16 meter cells
carved out of 300 meter cells would carry different values than they did (implicitly) as parts of
300 meter cells. This assignment would be erroneous.

In conclusion, NEAREST NEIGHBOR is the correct method to resample from a large cell to a
small cell. We apply NEAREST NEIGHBOR by setting the cell size in Analysis Properties to
the size we desire. Then when a request is evaluated in Map Calculator, Spatial Analyst uses
NEAREST NEIGHBOR as the default resampling method.
We apply this procedure for these cases:

- To create a grid of bed slopes, 16 meter cells, starting from 300 meter cells

- To create a grid of surface slopes, 16 meter cells, starting from 100 meter cells

- To create a grid of overburden thicknesses, 16 meter cells, starting from 300 meter cells.



Create a Coverage of the Surface Elevation Slope

We calculate slope at the level of resolution of the original data. In the case of slope elevation
(from which we derive slope), our original data, Pittdem, has 100 meter cells.

We derive slope from Pittdem. Therefore, our surface slope estimates have 100 meter resolution.
Then we resample to 16 meter cells, in effect dividing up each 100 meter cell into a smaller
number of cells, each carrying the data of the 100 meter slope calculation. The resample to 16

meters is done to have compatibility with other coverages.

Open Analysis Properties and enter these settings:

Analyzis Properties: Yiewl

Analysis Extent | Same Az Pittdern Ea
Left | -379704.619078 Top | 2118791.675004
Bottam | 1438631675004 Right [ 245595 380322
Analysis Cell Size |25 Specified Below =]
Cell Size 1100 m
MHumber of Bows I BE01

[6253

Mumber of Caolumns

.ﬁ.nal}lsis M azk iMo Maszk Set

k. Cancel I




Under the Surface Menu, click “Derive Slope”

The new theme is given default name: Slope of Pittdem

Open Analysis Properties and enter these settings:

Analysiz Properties: Yiewl

Analysiz Extent | 5ame s FemlBmeell =]

Left | -155677.502175 Top | 1970643.63375

Battam | 1633107.69375 Right | 191510.496525

Analvziz Cell Size | Current ¥ alue =

Cell Size 116 m
[17345

Murnber of Rows

MHurmber of Columns I 21718

Ainalysiz Mazk HatsnmlE

0 Cancel |




Open Map Calculator and evaluate this request:

f: Map Calculation 2

| Loqarithirns |

Lapers
[rem1Bbufpl 2] -
[rerm1Bbufpl2 . Couj

e | [fam |

[thk1E] — Exp2 | Log? |
[thk1E . Count]
[ob1E] = el | Logl0 |

[ob16 . Count)
[obresnear] ;I

([5lope of Pittdem]].int a

L4]

Esraliate

Open the Legend Editor and enter these settings:

’:- Legend Editor

Theme: §

--------- £ Load... |
Legend Type: | Graduated Color =1 Save... |
Default |

Classification Field: [ alue B3| Classify... |

Mormalize: by | sMones =l
Symbol Walue Label
1 o2 0-32 =
_BEX 263
- Mo Data

+|®| |F| of @8

Calar Ramps: | Red monochromatic =]

Advanced... | Statistics... | el | Apply I
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In Theme Properties, name the new grid: surfslope.

Record its Source name in the list of coverages to retain and rename.

’L Viewl

ﬂ zurfzlope
o-7
2-15
16 - 22
L J=2=-20
B =1 - 37
I =5 45
B s - 52
Bl 5= - oo
G- 58
Bl e D ata

| Map Calzulation 2
o-7
2-15
16 - 22
23 - 30
31- 37
] 35 - 95

I a5 - 52
I 5= - 50

T AR

There appear to be a large number of cells with slope greater than 32 degrees. A slope greater
than 32 degrees is a constraint to surface mining. Suitability for surface mining also is
determined on the basis of overburden and thickness criteria (as evaluated later).



Create a Coverage of Overburden

We have already added the two coverages needed to estimate overburden: the elevation of the
surface (Pittdem) and the elevation of the bed (ev_24sc). Pittdem has a resolution of 100 meters;
ev_24sc has a resolution of 300 meters.

Resample Pittdem to 300 meters.

Open Analysis Properties and enter these settings:

Analysiz Properties: Yiewl

Analysis Extent BRI

Left | -163539.05 Top [1970184.4715
Bottorn | 1629084 4715 Right | 185360 94
Analyziz Cell Size | Current alue E3
Cell Size 1 300 m
Humber of Rows | 937
Humber of Columns | 1163
Analysis Mask | Mo Mask Set =]

ak. Cancel |




In Map Calculator, evaluate this request:

';' Map Calculation 2

| Logarithmes =]
Layers
[Map Calculation 1F «
[Map Calculation 1
[Fittdern]
[Fittdern . Count]
[Ev_24sc]
[zurfzlope] ;
[Siope of Fittdern] = AsGrid

Erp | [Lag |

e | e |

Evnil | Weyej) |

([[Pittdern]). R ez armple[200, #GRID_RESTYFE_BILINEAR) -

Eralate |

Note: We are resampling from a small cell size (100 meters) to a large cell size (300 meter).
Thus, the BILINEAR method is appropriate. Each 300 meter cell has the average value of the 4
closest 100 meter cells. The default method, NEAREST NEIGHBOR, would be less accurate.
In Theme Properties, rename the new grid: pittdem300.

Toggle on the display for pittdem300:



« pittdemz00 -
157 - 830
831 - 1504

1505 - 2177
2178 - 2851
2852 - 3524

[ =525 - 4198

4198 - 4371

4272 - 5545
5546 - 62149
Mo D ata

| Pittdem

157 - 830

231 - 1504
1505 - 2177
2178 - 2851
2852 - 3524 ;I

1 Ac~arc A AT

In Map Calculator, evaluate this request:

"-:.' Map Calculation 1

| Logarithrs =]
L
s (| R R 50 | 5] s | Log |
[pittdemn=00 . Coun 2] [2]l5]ls] [=][=]]~]
[Pittdem] |
[F':::d::.linunt] ERBEEI R o2 | _Log? |
[Ev_2dsc] +] [ -] [ © |[r=] _Ewero| Legio |
[zurfslope]
[ET;SEDEI?Pittdem] d Astirid_|
[ [pittdem300] - [Ev_24=c] ] -

Evaluate




Resample to 16 meters.

In Analysis Properties, enter these settings:

Analpsis Propoibies. Yiew]

Bralysis Evtert | 5ame Ly FenBacel =]
Lefk| -155637 500 TE Top | 1970643 69375
Baltam | 1653107 53375 Riighd | 19081 0435875
Anabysis Cel Gizm |45 Speciied Below =]
L=l Size [18 m
Humber ol Flows [ 173E
Murber of Cokamns | 21778
At Mask | Flarn Bmced =]
OF. ] Cancal ]

In Map Calculator, evaluate this request:

’-L Map Calculation 3

Layers

[surfzlope] -
[zurfzlope . Count]
[Map Calculation 2
[Map Calzulation 2
[rem1Ebufp12]
[rerm1 Bbufp12 . Coi
[tk E] ~|

K N E

[ Cogarithms =]
Exp | Log |
Exp2 | Log2 |
Expl0 | Logl0 |

[ [Map Calculation 1] J.int

Evaluate




Notice: In Analysis Properties, we set:

- Analysis Extent to Reml16mcell

- Cell size to 16 meters &

- Analysis Mask to “No Mask Set”
In Map Calculator, we resampled to a 16 meter cell size using the NEAREST method.
NEAREST assigns the value from the nearest 300 meter cell to each 16 meter cell being
evaluated. Had we used BILINEAR or CUBIC, we would have assigned the average of nearest
300 meter cells. Since we are adding cells, NEAREST is the correct choice.

Name the new grid: obresnear.

Toggle on the display for obresnear:

« Obresnear =
-519 - -295
-284 - .70
-69 - 154
[ ]155-3749
B ==0 - G603
I o0 - 2=
B =20 - 1052
B 05z - 1277 o
B =75 1502
[ ] Mol ata

| Remi1Gmeell
104
No [ ata

L4]




Notice, obresnear has overburden estimates that are negative. This result can occur because the 2
coverages used to estimate overburden are approximations to true elevations. Thus, at the fringes
of remaining coal, the elevation of the bed can be above the elevation of the surface. Recall,
also, that the resolution of our data is 300 meters. A coarse resolution can contribute to illogical
outcomes. We correct by (1) checking to see if the zero values are at the outskirts of
Reml16mcell. If they are, then (2) we change the negative overburden values to zero.

Open the legend editor for obresnear and enter these settings:

@ Legend Editor
Theme: | cbresnear =l Load...
Legend Type: | Graduated Color =] Save..
Default
Classification Field: [ alue 3 Classify...
Mormalize by | <Mones =]
Symbiol Walue Label
B 590 519-0 |
[ ] :0-1802 0- 1502
[ ]
+| = | =| o] & 8
Color Ramps: | Red monochromatic =]
Advanced... | Statiztics. . | Undo | Apply |




You, of course, would have ranges on the 2 classes that are appropriate for your assessment. The
two classes divide values into the class below zero and the class above zero.

Zoom in Viewl to see where the red negative overburden values are located.

+ Obresnear = o
B 512 -0 T TR
[ |o- 1502 feome 0¥ .
I [ ] HoData “ ﬁ*:" it

ﬂ Rem16mcell : w o

i
101 -
Ho [ ata #a,-ﬁ. T

—
-
—

In the Pittsburgh assessment, the negative values are located on the fringes of the remaining coal.
We now change these negative values to zero. On balance, this adjustment might put too much
coal in the zero category. However, later the coal will be considered for surface mining. An
overburden ratio of 20 to 1 is the technical limit for coal to be surface mineable. Thus, as long as
the reclassification does not pick up coal deeper than about 100 feet, there will be little impact on
our assessment. Because the cells adjusted to zero are on the fringe of remaining coal, it appears
that there is little chance of incorrect assignment.



We proceed now to assign zero to the cells with negative overburden estimates.

In Map Calculator, evaluate this request:

|L|:|g;|arithms =]
L
EEiel:urrsnfasnear] - Evp | Log |
[ohbreznear . Count]
[RemlBmeell] | Erpe [Logé
e ol

Expll | Weej |

[Map Calculation 1}
[pittderm300]
[pittdem 300 . Court =]

[[obresnear] ¢ D.4:Gnd]. Con(0.A4sGrnid,[obresnear]] -

Erralrate

Name the new grid: ob16.

Toggle on the display for ob16:

] obiE =

[ Jo- 166

[ 1187 - 333
] =34 - 500
[ 1501 -867
B s62 - 224
B =5 - 100
B 100z - 1168
B 1150 - 1335
B =26 - 1502
[ ] Hoata

ﬂ obresnear
B 515 -0
[ Jo-1502
[ ] MoData

ﬂ RemiGmcell

] 101
[l MoData

| Map Caleulation 1

[ 2023 - -1529 25 |




Record its Source name in the list of coverages to retain and rename.

Task 2. Create a coverage of remaining coal that excludes coal with thickness less than 12
inches.

Coal with thickness less than 12 inches cannot be economically mined by any mining method.

In Analysis Properties, set Mask to Rem16buf:

Analyzis Properties: Yiewl

Analysis Extert | Current Yalue =]
Left | -155677.503175 Top [ 1970643.69375
Bottorn | 169310769375 Right [ 191810.436825
Analysis Cell Size | Current Value =]
Cell Size 115 m
[17346

Mumber of Hows

| 21718

Humber of Columnz

dAnalpziz Mask { Rermn 1 Bbuf

K, Cancel |




In Map Calculator, evaluate this request:

"L' Map Calculation 2

e ] =]
wecan | (2] AEI6E] EEIE
[ob1E]

[obTE . Court] EREHEIRREEEE
[obreznear] |—|—| | ] || . | | (3 ||n|:|t|
[ob . Count]

[E:Eﬁé.;ﬂ]wn | Aafinid |

Log |

LogZ |

Logld |

[ [thk1E] < 12.4:0Gnd). 5 etMulll1.A:Gnd)

Evaluate

| »

[4]

Name the new grid: rem16bufpl12.
Record its Source name in the list of coverages to retain and rename.

Toggle on the display for rem16bufpl2:




" remiBbuipiz -
I
[ ] Haelata

7 thi1s

0- 16
17 - 32
33 - 48
&0 - G5
GG - 81

[a=z- 9= ;
I 2= - 114 }t
B 115 - 120 1
I =1 - 147 e
[ ] Helata

| ob1B &
0- 166 _
167 - 333 v
334 - 500
501 - G67

I ccs - 524 <

I =35 - 1001

We now proceed to consolidate information about our coverages and eliminate all unneeded
coverages.



We now can update our list of Source names for retained coverages, for example:

Coverage

Mol6buf

Rem16buf

Thk16

Tonsbycell

Parting*10

Ob16

Rem16bufpl2

Obresnear

Pittdem300

Surfslope
Bedslope

Safetybuffer01

Safetybuffer

Description

Mined Out 16 m cell, 50 ft
Buffer added

Remaining 16 m cell, 50 ft
Buffer removed where
Remaining abuts mined out

Thickness in inches, 16 m
Cell

Tons for remaining, 16m
Cell

Parting in inches x 10, in
Inches, 16 m cell

Overburden for remaining
In feet, 16 m cell

Remaining 16 m cell, 50 ft
Buffer removed, coal less
Than 12 inches thick removed
Overburden 16 m cell,
Includes estimates of negative
Overburden

Surface elevation, 300 meter
Cells

Slope of Surface, 16 m cell
Slope of Bed, 16 m cell

50 foot buffer in areas where
Mined out abuts remaining

50 foot bufferl & null
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Path

c:\testuser\calc2

c:\testuser\calcs

c:\testuser\calc6

c:\testuser\calc7

c:\testuser\calcll

c:\testuser\calcl

c:\testuser\calc19

c:\testuser\calc12

c:\testuser\calc16
c:\testuser\calc20

c:\testuser\calc13

c:\testuser\calc4

c:\testuser\calc3



Rename grids to more convenient names
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial Analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

& Source Manager

Grid M ame Directaries:
Il o Mestuzer Ceire] |
B calc a = oM -
Bl calz10
B calclt £ esndata
W call? Copy
B calz13 A
B calcl4 sname
B cals1b .
Delet
M calcl6 hd = et
Source Tupes: Crrivees:
[Grid =l [c =l




Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage Original Names New Name

Mined Out c:\testuser\calc2 c:\testuser\mol16buf
Remaining c:\testuser\calc5 c:\testuser\rem16buf
Coal Thickness c:\testuser\calc6 c:\testuser\thk16
Tons by Cell c:\testuser\calc7 c:\testuser\tonsbycell
Parting * 10 c:\testuser\calc11 c:\testuser\parting10
Overburden c:\testuser\calcl c:\testuser\ob16

Remaining, buffer removed,
coal less than 12

inches removed c:\testuser\calc19 c:\testuser\rem16bufpl2
Overburden with negative values  c:\testuser\calc12 c:\testuser\obresnear
Surface Elevation, 300 m cells c:\testuser\calc16 c:\testuser\pittdem300
Surface slope c:\testuser\calc20 c:\testuser\surfslope
Bed slope c:\testuser\calc13 c:\testuser\bedslope
Safety Buffer 0-1 coverage c:\testuser\calc4 c:\testuser\safetybuf01
Safety Buffer 1-Null c:\testuser\calc3 c:\testuser\safetybuf



Remove working grids.

We have just renamed all of the “final” grids we need for our assessment.

It is likely that there are still some working grids in your project folder.

Use Spatial Analyst Source Manger to remove working grids.

Working grids that remain will have names that start with “calc”, “grid”, and “rclss.”

Delete them.



Congratulations you have finished Chapter 4!!!!

You have the coal coverages you will need to estimate available coal in Chapter 5.



Chapter 5.

COAL AVAILABILITY

Purpose: In this Chapter, we remove restricted coal from remaining coal in order to
estimate available coal.

Overview: The coverages for areas restricted to coal (estimated in Chapter 3) are combined with
coal coverages (estimated in Chapter 4) to determine available coal. We estimate coal in each of
the restricted areas, in safety buffers, and in thickness less than 12 inches. These estimates are
subtracted from the coal in the original Pittsburgh to estimate available coal. The succeeding
chapters (6 through 9) will estimate available coal after accounting for technical restrictions as
coal is allocated to mining technology. These technical restrictions account for a further
reduction in available coal (beyond the levels reported in Chapter 4). Therefore, the estimates of
available coal developed in this chapter represent an overestimate of available coal but are useful
as a first cut at availability. The conventional availability studies (mainly for an area the size of a
USGS topographic quadrangle) stop at this point. The final estimates of available coal that
account for technical restrictions due to mining method are discussed in Chapter 10.

Estimate original coal in the Pittsburgh bed.
Open a new ArcView project.

Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

’L" Work Directory

Specify new worl, directory Ok

sl Cance




Open View Properties and enter these settings:

:" ¥iew Properties

Mame: | Wiew1

Creation D ate: | Saturday, September 25, 1333 05:03:36 P Cancel |

Creatar: |

kap Units: | meters

KK

Distance Units: | miles

Frojection... | Brea OF [nterest. .
Background Color: Select Color...
Cormrmetts:

4]




In View 1, add the base geologic coverage. The polygon vector coverage named C9024bill
contains the extent of orginal coal in the case of the Pittsburgh assessment. C9024bill is added
to Viewl. You would add a corresponding coverage to Viewl of your project.

« coozabil I

[ 1]

—
-
—

Add grid, Reml16mcell, to Viewl.

Under the Analysis Menu, open Analysis Properties and enter these settings:



Analyzis Properties: Yiewl

Analysiz Estent | Same Az RemlGmeell |

Left [-155677 503175 Top [ 1970643 63375

Battom | 1693107 69375 Right | 191810.496825

Analysis Call Size | A3 Specified Below =]

Cell Size 115 m
7345

Mumber of Hows

| 21718

Mumber of Columns

Analysiz Mazk AR

QK. Cancel |

We use Reml16mcell as the analysis extent to insure that the grids for original coal are
exactly in line with the remaining coal.



The coverage, c9024bill, contains interior no coal polygons. See discussion, p 2-4.

We query ¢9024bill to select original coal with the interior no coal polygons removed:

&} CI024bill

Fields Walles
[Statecty] ol I hadd 1EL) N =
I N S T O O

= == ot

? .......................................................................... -
[T Update Yalues

([ [Mine] =101] or [[Mine] =102 ]] and - Mew Set I
[[Thick_ob_cat] <> 999] |
Add To Set
- Select From Set

Under the Theme Menu, Click “Convert to Grid.”

Name the grid: c:\your project path\pittorig.

Select “mine” as field for cell values.




Add pittorig to View1:

« Fittarig =
B o
b oz
[ | MoData

| RemiGmaell

o
[ | HNoData

| coozdabil

—
-
—

Create a Layer of Coal Thicknesses for the Original Pittsburgh Coal Bed

In the Pittsburgh assessment, the primary thickness layer, available in ARC export format, is
named ev_24is0.e00. The export file was imported into ArcView using Import71. The new
coverage is called ev_24iso. In your project, you would be processing a comparable thickness
file. This user’s guide uses ev_24iso as its sample thickness coverage.

Ev_24iso is a grid coverage of thickness measured in feet extending over the original extent of
the Pittsburgh coal bed. It was created in Earth Vision and has a cell size of 300 meters on a
side. Ev_24iso is in the target projection.

Add ev_24iso to Viewl and toggle on its display.



« Ev_Z4izo 1
0-1.427
1427 - 2853
2.853- 428
[ 1]42z-5707
B 5707- 733
B 7133 - 556
B : 55 - 0957
Bl oos7- 1144
[ AR T
Bl oD ata |
| Pittorig
B 1o
[ 1oz
[ | HoData
| Rem1Gmeell
10 ll

In Analysis Properties, enter these settings:



Analysis Properties: Yiewl

Analyzis Extent | Same &3 BemlBmecel |
Left [ -155677.5031 75 Top [ 1970643.69375
Bottom | 1693107.63375 Right | 191510436525
Analysis Cell Size | Current Value =]
Cell Size 116 i
[ 17345

Murber af Bows

Humber af Calurns | 21718

Analysiz Mask AW

k. Cancel |

The settings in Analysis Properties insure 2 outcomes: (1) the thickness grid will have cells with
a dimension of 16 meters on a side and (2) the thickness grid will cover the area of original
Pittsburgh coal. The latter condition is met by setting the Analysis Mask to Pittorig.

We now create a new thickness grid with thickness measured in inches. We convert the grid to
an integer thickness grid to speed ArcView operations.
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Under the Analysis Menu, open Map Calculator and evaluate this expression:

i Map Calculation 1

| Logarithrns =]
o g &l EEIE] ]k | Log |
Femtee) | 2] [2]15]]e] [=][-]l] oz | o |

em1Bbuf . Coun " o
[Fiemi Bmoeil |_| |1 ||E||3| |{||{=||m| i -
[Reml6meell . Cou |-|— | | 0 || . | | ) ||n-:ut| Exp10 | Logl0 I
[Mo1B]
[ME1E.Enunt] | Astirid_|
[ [Ev_2disa] * 12 AzGrid].ind =
Evaluate

Name the new thickness cover: thk16all.
Add its source path and name to your list of grids to retain and rename.
This user’s guide has “c:\testuser” as the project path.

The source name given by ArcView to thk16all in this sample case is c:\testuser\calcl, found in
the Theme Properties window as the Source file:



! Theme Properties

Theme Mame: | thk1Eal

Source: | c:itestuzericalc]

CelSize: | 16 Rows | 17346 Cols 121718
Left | -155677 6032 Right: | 1918104968

Battom: [ 1693107 6338 Top: | 1970643.6332
Tvpe: | Integer Status: | Temporary

Comments: I

E ] I Cancel

Save your project.
Toggle off the display for all themes.

Toggle on the display for thk16all:

o-17
12 - 29 -
35 - 51 :

52 - B3
68 - 85
[ &6 - 102 :
2 10= - 118

B 120 - 136 —
B 1=7 - 154

[ ] Mo ata

| Bv_Zdizo
0-1.427 §
1427 - 2853
[ ]2a853- 428
[]az=-5707
I 5707 - 7433 LI

I T Ao -

Y
] thkisall 1= s




Estimates of tonnage: original Pittsburgh coal bed, remaining Pittsburgh coal bed, coal in
safety barriers, coal with thickness < 12 inches

Next, we calculate the tons of coal in each cell in the thk16all coverage. This will provide a layer
against which we can run a Summarize request (under the Analysis Menu) in order to calculate
the total tons of coal.

Open Map Calculator and evaluate this expression:

"; Map Calculation 1
| Logarithrns =]
L
e EREIEEIREIEEIE
Exp I Log |
[thk1Eal . Count] 71 [4]l5]le] [=]]=]]~]
[Ev 24isn]
it 0 OEE OEEF 22l w2
[Fittarig . Count] [+] [ o -] [ o ][] Exp10 | Logio |
[FemiEmesl]
[H:$1E$E:II.EDu | Asfirid |
[ [thk1Eal] * 9.493) int -
Ewvaluate

Name the new grid: tonsbycellall.

Record its Source on your list of coverages to retain and rename.
Make Pittorig the active theme.

Under the Analysis Menu, click “Summarize Zones.”

Select tonsbycellall as the summarizing theme.

When queried about chart, click “cancel.”

With table active, under the Table Menu click “Start Editing.”



Under the Edit Menu, click “Add Field” and enter these settings:

& Field Definition

Mame: | billion tons Ok I

Type: | Mumber = |

Wiidth: I g
Decimal Places: I 1

Cancel |

Open the Field Calculator (looks like calculator) and enter these settings:

"; Field Calculator

Fields Type Requestsz
B L) ;l & Mumber S N
[M a:.:] ...................... r S t"ng + ................... _
Range] s
[Std] : A
IS
[t ariety] ;l <= ;I

[billior tong] =

[Surm] / 1000000000 ~ Ok, |

Cancel I

Under the Table Menu, click “Stop Editing.”



Save Edits?:  Yes.
The entry in the table in row: “Value = 101" is the remaining coal: 15.790 billion tons.
The entry in the table in row: “Value = 102" is mined out coal: 17.622 billion tons.
The original coal in the Pittsburgh bed is the sum of remaining and mined out: 33.4 billion tons.
With the table “Stats of tonsbycellall within zones of Pittorig” active, under the File Menu:
Click “Export”
Select “dbase”

Save table in your project directory: c:\testuser\tonsall.

Next, we proceed with some calculations as a check on our assessment methods.
Make Remi16mcell active.
Under the Analysis Menu, click “Summarize Zones.”

Proceed as above to estimate billion tons of coal:

aQ Stats of Tunshyc:ellall 'w'lthln Zones of Rem16m.. !EIE




We have agreement. Some duplicate estimates are a good way to check your work.

Next, we estimate coal in the 50 foot barriers around mined out coal.
Add these themes to View1:

- Tonsbycell

- Rem16buf

- Rem16bufpl2

- Safetybuf

In Analysis Properties, enter these settings:

Analysiz Properties: Viewl

finalysiz Extent | Same Az RemlBmcell ]

Left | -156677. 503175 Top | 137064369375

Bottom | 163310763375 Right [ 191810435825

Analyziz Cell Size I Current Y alue =l

Cell Size 115 m
[17385

Humber af Faws

[21718

Mumber of Calurins

Analysiz Mazk HnkzolEmnlss

] Cancel I




Make Safetybuf active.

Under the Analysis Menu, click “Summarize Zones” and select Tonsbycell as the summarizing
theme.

Proceed (as above) to obtain the “Stats” table:

";" Statz of Tonzbycell Within Zones of Safetpbuf =] E3
S A Sy Sk e
..................... 1281 BBO.BEI3:  1465889:1572z843200: 0 =

4 | I

We estimate that 157.2 million tons (recorded in Sum column above) are in the 50 foot buffer
around mined out areas abutting remaining coal.



With Tonsbycell as the summarizing theme, calculate coal tons in
- Rem16buf &
- Rem16bufpl2

Make Rembuf16 active and run Summarize Zones:

":." Stats of Tonsbycell Within Zones of Rem16buf =] E3
SAms Araan LYk St b
..................... 1395;  BAE.3E3: 2159525 19632956416 000 =

-« | :

From Stats of Rem16mcell we estimated total remaining coal as 15,790,184,448 billion tons.

As immediately above, we estimate remaining coal reduced by safety buffer as 15,632,956,416
billion tons.

The difference, 157,228,030 tons, is a check estimate of coal in the safety buffer. This 2™
estimate of coal in safety buffer agrees with the direct estimate made above.



Make Rem16bufpl12 active and run Summarize Zones:

":." Stats of Tonsbycell Within Zones of Reml16buf._. [B[=] EF ||
Az S S 3R ALz

.............. G86.1835;  177467n 156O08E33le :  120: =

4 | M

We subtract the tons in Rem16bufp12 (under Sum) from the tons in Rem16buf to obtain an
estimate of tons with thickness less than 12 inches:

42.1 million tons

The tonnage in Rem16bufpl2 is the remaining in-ground tonnage that is available for mining.
This tonnage is estimated to be: 15.59 billion tons.

The amount of coal that could actually be mined will be less than this amount. There will be
reductions due to set asides for protected features, set asides because of technical constraints to
specific mining methods, and set asides because some coal is fragmented making its tonnage too
small for economical operations.

We proceed now to estimate the amount of coal in protected areas. The other reductions are
dealt with in subsequent chapters in this guide.



Estimate coal set aside by social and environmental restrictions

Add these themes (developed in Chapter 3) to Viewl:
- Waterzero
- Streamszero
- Interstazero
- Parkszero
- Urbanareazero
- Wellszero
- Pipelineszero

- Placesszero



In Analysis Properties enter these settings:

Analysiz Properties: Yiewl

Analyziz Extent | S ame Az RemlBmcell 3

Left | -155677 603175 Top [ 1970643 63375

Baottam | 163310763375 Right | 191810.496325

Analyziz Cell 5ize | Curment Y alue >l

Cell Size 116 m
[1734F

Murber of Hows

Murmber of Calumns | 21718

finalysiz bask Hai=oE

aE, Cancel |




Hereafter, for many calculations, we use Rem16bufpl2 as the Analysis Mask. Rem16bufpl2 is
remaining coal reduced by a 50 foot safety buffer and by coal whose thickness is less than 12
inches.

We have 8 restriction categories and buffers on restricted areas. Most of the buffers are
applicable to surface mining. In some cases, e.g. parks and the buffer around parks of 300 feet,
underground mining operations can come up to the park boundary and not violate Federal and
State law as long as ancillary surface facilities (such as roads and ventilation systems) are not
placed in the 300 foot buffer. Thus, in the case of underground mining, we will assume that the
coal up to the park boundary is available for mining. In fact, underground mining could extend
under park land and not violate legal protections. But, we do not try to take into account any
such practices. Analysis to do so would be much more detailed than the regional assessments
performed by the USGS.

To sum up on this point: in this chapter we make some overall estimates of the coal in various
restriction categories. Here we estimate tonnage for the coal in the restricted area and in its
buffer. Later, in the chapters on specific mining technology, we will adjust our method to
account for constraints as they might apply to specific mining methods.

Another issue is overlap. Restriction coverages overlap other restriction coverages. To avoid
double counting, we estimate restricted coal across all restriction coverages, counting the
overlapped coal only once. Then, to estimate restricted coal for each restriction category, we
estimate coal in the area for each individual restriction category. We follow a hierarchy of
restriction categories in order to avoid double-counting coal restricted by more than one category.

Estimate the coal in all restriction coverages (including appropriate buffers) by unioning
the coverages. This estimate will count restricted coal only one time in the cases where
there is overlap. Use the 0-1 coverages. The 0-1 coverages treat the 0 cells as false and the
1 cells as true.

In map calculator, evaluate this request:



=10 x|
Logarithms =]

[Streamznull . Co

[\ aterzero]

[ aterzern . Cou
[t aternull]

[ atemull . Count]
[Safetybuf]

[ [Pipelineszemn]] or [Paellzzemn]] or ([Uibanareazern]] or [[Parkzzemn]] or |
[Interstazera]] or [[Flaceszero]] or [Streamzzero]] or ([ aterzena])

Name the new grid: Union8restr.
Toggle on its display.

Record its Source name in the list of coverages to be retained and renamed.



& Viewl

« UnionSrestr -
[_]@
-
[ | HoData

_ | Pipelineszero
o
]

[ | HoData

| Pipelinesnull
1+
[ | HoData

| oirellszero

=
I alle ol

Make Union8restr8 active.
Under the Analysis Menu, click “Summarize Zones.”

Use tonsbycell as the summarizing theme:

- Stats of Tonsbycell Within Zones of UnionBrestr [il=]
S Ar=za S S ]

1282 6. 4330 1788133 { 133252751 36, =
1130 5983574 168.8093 { 22E5R05704.0




The second line (value=1) of the Stats table, contains the estimate of tonnage in all restricted
categories absent double counting: 2.265 billion tons.

Estimate Coal Tonnage in Each Restriction Category

In Map Calculator, evaluate this request:

";' Map Calculation 1

|Lngarithms =
e & EBE EEE o ow
[Ll.ninr'uﬂrestr.tnun |,-f"| |4||5||E| |3=-||:=-=||Dr|
kel D (I 2 [ [ g e
[Pipelinesnuil] +] [ © J[-] [ © ][] Exp10 | Logid |
[Pipsinesnuil .
=] astid |

[ [Pipelineszera]] and [ not | -
[P ellzzera]] or [[Urbanareazera]] or [[Parkszera]] or [[Interstazera]) or
[Flaceszzero]] ar [[Streamszero]] or [[Waterzena]]

]

Evaluate

- Make Map Calculation 1 active.

- Under the Analysis Menu, click “Summarize Zones.”
- Make tonsbycell the summarizing theme.

- Record the tonnage from the Stats table.

- Save the Stats table.

- Repeat for each restriction coverage.
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We are following this Hierarchy:

Pipelines

Wells

UrbanArea

Parks

Interstate Highways
Populated Places
Streams

Water Bodies

Pipelines have lowest priority. The expression in Map Calculator for Pipelines includes only the
area with pipelines exclusive of overlap with any of the other restriction coverages.

To make the estimate for Wells (the next coverage in our list), we:
Make Map Calculation 1 active
Under Theme Menu, click “Edit Theme Expression”

In Map Calculator, replace Pipelines with Wells and eliminate Wells from the “not” list:

ot Map Calculation 1

|Lngarithms |
2 ——— [F] @RI =R 1l =
[UnionSrestr . Cour |,f'| |4||5||E| |3=-||:-=||Dr|
[Fipel | i Exp2 Log2
el 0 DEE OEE Sl o2
[Fipeinesnul] [+] [0 J[-] [ © =] _Eswi0]| Logio |
[Fipelinesnull . Cou . <G
[ Mw'ellzzena] ] and [ not | =
[[Urbanareazero]] ar [[Parkszena]] or [Interstazera]] or |
[Flaceszer]) or [[Streamszera]] or [[waterzena]]

]

Ewvaluate




Proceed in like manner to analyze each restriction coverage.

In each case, we replace the left side (of “and’”) coverage with the coverage next on our
hierarchy.

Also, we remove the coverage being processed from the “not” expression.
Don’t forget to save the table from “Summarize Zones.”

Estimates which are mutually exclusive are:

Pipelines 324,512,800
Wells 110,873,784
UrbanArea 91,123,616
Parks 91,576,648
Interstate Highways 73,989,264
Populated Places 171,027,968
Streams 1,320,278,400
Water Bodies 82,226,152

Total 2,265,608,632

The Total agrees with the composite exclusive estimate made above.

Important Point: For any hierarchy of coverages, we can use the above weeding process to
estimate mutually exclusive tonnage in each restriction coverage.

Additional steps to complete coal availability are:
- Remove all restriction coverages from Rem16bufpl2.
- Reclassify Thk16 into classes consistent with Circular 891.
- Reclassify Ob16 into classes consistent with Circular 891.
- Add drillhole locations.
- Find distance from drillholes.
- Reclassify Distance into classes consistent with Circular 891.

- Set up a hierarchy of categories of Reliability, Thickness, & Overburden.
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- In Map Calculator, evaluate the area for each category and assign a unique cell value to
each coverage.

- Sum all coverages.
- Summarize using Tonsbycell.
Due to constraints on data access, we are not able to add the drillhole locations for the Pittsburgh.

However, all of these additional steps are illustrated in Appendix A, attached to this guide. The
data used in Appendix A is sample data.

This guide, including Appendix A, provides a comprehensive illustration of how to use Spatial
Analyst to obtain estimates for a Coal Availability study as applied to a large region made up of
100's of quadrangles.

A well-thought out hierarchy or framework, as illustrated in Appendix A, is a procedure to
generate the estimates. Beyond the GIS analysis, there is a need to place the estimates into a
table with proper labels and title.

Visual Basic (VB) can be used to produce a final table. All of the estimates from the GIS will
appear in a *.dbf table according to a fixed format. Code can be written in VB to read that table
and drop the estimates into an Excel spreadsheet which populates a final table with appropriate
labels.



Rename grids to more convenient names
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

& Source Manager

Grid M ame Directaries:
Il o Mestuzer Ceire] |
B calc a = oM -
Bl calz10
B calclt £ esndata
W call? Copy
B calz13 A
B calcl4 sname
B cals1b .
Delet
M calcl6 hd = et
Source Tupes: Crrivees:
[Grid =l [c =l




Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage Original Names New Name
Coal Thickness, Original

Pittsburgh c:\testuser\calcl c:\testuser\thk16all
Tons by Cell, Original

Pittsburgh c:\testuser\calc2 c:\testuser\tonsbycellall
Union of 8 Restriction

Coverages c:\testuser\calc3 c:\testuser\union8restr



Congratulations you have finished Chapter 5!!!!



Chapter 6.

COAL AVAILABILITY BY MINING TECHNOLOGY
SURFACE MINING

Purpose: In this Chapter, we estimate coal available for prospective mining by surface
mining methods and by thickness within the surface mining method.

Overview: We estimate the amount of coal available for strip contour and small area surface
mines. Coal can be surface mined when its stripping ratio is equal to or less than 20 to 1 and
when the surface slope is equal to or less than 32 degrees. We apply both of these criteria to
determine the extent of prospective surface mineable coal.

Mining costs are affected by coal thickness. Generally, thicker coal has a lower cost per
ton compared to thin coal. When mine costing is applied to the assessed coal, we use different
configurations that vary according both to mining method and coal thickness. To have the
correct breakouts, our assessment in this chapter separates out the coal according to the various
categories of mining method and coal thickness.

Then criteria to define coal resource blocks are applied. These criteria require that the
area have enough coal overall to support a minimum-size mine and when small coal blocks are
separated, the separation distance be no greater than about 2 miles. We apply these criteria to
delineate mineable coal resource blocks.

The coal in restricted areas (including buffers) is then removed from the coal in each of
the coal resource blocks.

We test to see if the total coal in the coal resource blocks (reduced by the coal in
restricted areas) is adequate for the smallest mine size. If not, the coal is removed from
consideration but is included in later analysis to form coal blocks for underground mining.

Open a new ArcView project.
Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

’L" Work Directory

Specify new worl, directory Ok

sl Cance




Open View Properties and enter these settings:

:" ¥iew Properties

Mame: | Wiew1

Creation D ate: | Saturday, September 25, 1333 05:03:36 P Cancel |

Creatar: |

kap Units: | meters

KK

Distance Units: | miles

Frojection... | Brea OF [nterest. .
Background Color: Select Color...
Cormrmetts:
e
—

Under the File Menu
Click Extensions

Togale on Geoprocessing

Togale on Spatial Analyst




Apply technical restrictions for slope and stripping ratio.

In Viewl, add

ob16,
Reml6mcell,
Rem16bufpl2,
surfslope,
Thk16,
tonsbycell, and
uniong8restr:

[ 101
[ ] HoData

i1 Rem1Gbufpiz
1
Mo [ ata

« Obis

0- 166

167 - 333
234 - 500

[ ]501-887

B cas - 534

I G35 - 1001

B 100z- 1188
Bl 1152 - 1335

B =36 - 1502
| | Mo [ ata ll

Recall, Rem16bufpl2 is remaining coal reduced by a 50 foot safety buffer and by the area where
coal has a thickness less than 12 inches.



In Analysis Properties, enter these settings:

Analysiz Properties: Yiewl

Analysiz Extent | 5ame Az FemlBmeel = |

Left [-155677.503175 Top | 1970643.63375

Battam | 1633107 63375 Right | 191810.436325

Analysis Cell Size | A5 Specified Below =]

Cell Gize 115 m
17345

MHumber of Rows

| 21718

Humber of Calumnz

fnalysiz bazk il

k. Cancel |




In Map Calculator, evaluate this request:

A

,. Map Calculation 1

| Aurithirnetic =~
SThag ® DD OB L., .
[THKk1E . Count] 21 4]s]le] [=]l==]|=]
[Ob16] i Fl
[Ob16 . Count] ERNHEIRE I i =
|+| | 0 || . | | (3 ||nnt| Floar Ll
~ Aslirid_|
[ [ [[ObT6]Float) 7 ([Thk1GLFloat / 12.AsGnd] | > 20.AsGhd).Sethul =
[ [ [Ob16]Float) ([Thk16]Float / 12.AsGhd] T 10]irt

E valuate

Make Map Calculation 1 active.
Open Theme Properties, and change the Theme Name to: stripratio*10.
Record the default path and name that appear in the “Source” window, e.g., c:\testuser\calcl.

You are now beginning to build a running list of default names that you will change later to
names that are more recognizable and convenient.

As before, it is important to record the default names as you move through the processing to
efficiently track project data.




We now determine coal that meets technical criteria for surface mining.

This is coal with a stripping ratio equal to or less than 20 to 1, and surface slope equal to or less
than 32 degrees

In Map Calculator, evaluate this request:

"L" Map Calculation 1

|L-:|g;|arithms ]

L

i A | 0 I 1 | ) s [ Log |
[Su.rfslu:ulpe.lin:uunt] |,="’| |4||5||E| |:—||:—=|||:|r|

peeelll - | O DEIE Bk Sl 2l
[Hem'IEimn:eIIj |-|- | | ] || . | | (] ||r‘||:|t| Expll | Logld |
[Reml1Bmeell . Cou

[Femibbuipi2] il asrid_|

[ [ztripratio® 0] <= 200] and [[Surfzlope] <= 32] =

Evaluate

Name the new grid: surfO1.

Record its Source on your list of coverages to retain and rename.



Determine Surface Mineable Coal by Thickness Category

Before assessing coal for minimum economic size, we need to break out the prospective surface
mineable coal into thickness categories.

Why?: Because we want to know within thickness categories, whether there is enough coal for
viable mining operations.

We consider the following breakouts which mimic the breakouts in COALVAL.:

Mining Method Coal Thickness
Contour Strip (CS) 12 -36 inches
Contour Strip (CS) > 36 Inches

We proceed now to break SurfO1 into the two thickness categories.

In Map Calculator, evaluate this request:

f. Map Calculation 1

| Lagarithrns =]
Layers

[Surf] - g o
[l . Count] _| |
[Parting10] 1. Eup2 Log?
[Farting10 . Count] —II _II
[Ob1E] .+ Expl1l Logld
[OB1E . Count]
[Molkx] hd

[ [[5ur0] ) and [[Thi1E] <= 36] 1.Con(1.AsGrid 0.&:Grid) =

The new grid has default name: Map Calculation 1.
In Theme Properties, rename Map Calculation 1 to: surf01le36.

Record its source in the list of coverages to retain and rename.
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Make surf01le36 active.

In the Legend Editor, change the polygon symbol for the cells with 0 value to transparent:

"L' Legend Editor

Theme: §

Load...
Legend Tepe: | Unique ¥ alue =] Save...
Drefault
YWalues Field: Walue |
Symbol | W alue Label | Count
[ ] o 0 2115482 1A
i B L 234181 |
| | Mo Data

Color Schemes: | Bountiful Harvest

Advanced. .. | Statistics. . |

[ piele;




Next, we turn the 0 cells in surf011e36 to null to obtain a coverage of coal that meets technical
criteria for surface mining and has thickness less than or equal to 36 inches.

In Map Calculator, evaluate this request:

’-:." Map Calculation 1

|Lngarithms =]
L
:I'IIEElEi] |}E | | ki || 8 || 3 | | _ ||{}||3ﬂd| Exp | Log |
[surf0lle35 . Count 7] [4]l5]le] [=]=][~]
[Surf01]
[Sﬂ:fm.tnunt] = WEE) ] o2 | Lo |
[F'art?ngﬂ:l] |+ | | Q0 || . | | iy ||n|:|t| ExpllO | Laglld |
Egzr-lnglgﬂﬂ . Count] ;l B
[ [zurf0Tle3R] = OLAsGrid). Settull[1 A=zGrid) =

Ewaluate

Name the new grid: surfle36null.
Record its source on the list of coverages to retain and rename.

Toggle on the display for surfle36null and zoom to area with strippable coal:
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Add Restriction Coverages and Remove Coal in Restricted Areas

Next, we add restriction coverages and pull restricted areas out of surfle36null.




In Map Calculator, evaluate this request:

":." Map Calculation 1

ILDgarithms =]
L
|°'Ef‘§§3353u,f,:_cwﬁ_| 3 il | A I 1 58 ) | Lo |
[UrionBrestr . Cour |f| |4||5||E| |}||}=||Dr| E 2| L 2|
) :-: ]
[]J C DEE QEE S i
[Lraul 236surfoy . G |-|— | | 0 || . | | 0y ||n-:ut| Exp10 | LoglD |
[RemlBbufpl2x]
[szmbﬁfﬁw:.c;l AsGrid |
[ [[Surfle36nul]] and [ nat [[Union3rest]] | ] =
Lon(1.Aslnd 0AzGd)
Ewaluate

Rename the new grid: surfle36net.
Record its source in the list of coverages to retain and rename.

Next, we turn the 0 cells in surfle36net to null to narrow the coverage to cells with surface
mineable coal and thickness less than or equal to 36 inches.



In map calculator, evaluate this request:

";' Map Calculation 1

|Lngarithms |
L
e B ) A N [ ] s | Loa |
[surfle3Bnet . Coun |f| |4||5 ||E| |:=-||:=-=||Dr|
[zurfle3Bnull] — Exp2 Logs
[§E:ﬂ§3523||_cm ERIEEIREEEEE w2 | Lo |
[surf011e36] ] [ o -] [ & ][] Expl0 | LogiO |
EEL:::;?J'I-IITSE . Euuntll AeBid
[ [zurfledBret] = AsGd]) SetMull1.AsGnd] =

Evaluate

Rename the new grid: surfle36netx.
Record its source in the list of coverages to retain and rename.

Toggle on the display for surfle36netx and zoom to the south central area where you see coal.
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Convert Cells with Available Coal to Regions of Contiguous Coal

To help determine whether coal tonnage is large enough for a minimum sized mine, we will run
RegionGroup on Surfle36netx.

RegionGroup will assign unique region numbers to all cells that are contiguous.
Using the identify tool we can click on blocks and see the number of cells in the block.

Note this is the cell count for the # of cells after the restricted areas are pulled out.



In Map Calculator, evaluate this request:

’:.' Map Calculation 1

| Logarithrms |
L

EeZEIEinet:-:] _ |}E | | ‘ || : || : | | _ ||{} | |3ﬂd| Exp | Log |
[surfle36nets . Coul |,f| |4||5 ||E| |?—~||:=-=||Dr|
[surfle3Gret] Expz LogZ
pel . O DEIE] DRk el =]
[surfle3Enuil] +] [ o J[-] [ © |[r=] _Eswi0| _Logio |
[surfle3Gnull . Coun
[surf01le36] | Aasfirid |

[ [zurfle36nets]). R egionGrouplfalze. true,nil] =

Evaluate

Name the new grid: surfle36reg.

Record its source on the list of coverages to retain and rename.




Add a Scale Bar, 2 Miles in Length
Make Viewl Active.

Set scale to 24000.

Under Draw Tool, select straight line tool.
Draw a line with length = 2 miles.

In the Symbol window, set its Size to 4.

Zoom to previous extent:
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Convert to Polygon Shapefile

Next, we convert surfle36reg to a polygon using AsPolygonFTab. This request allows us to turn
off weeding so that the polygons in the coverage look like the original grids.

In Map Calculator, evaluate this request:

’:J' Map Calculation 1
| Logarithms |
L
0 F OEE OEE . ow)
[Surfle36reg . Cour |f’| |4||5||E| |}||}=||Uf|
[Suifle3Breg . Mill
ateseca. it S (01 2 (B [ [ e e
[RemlEmeel . Cou |—|— | | 0 || | | 0 ||r'u:|t| Expl0 | LoglO |
[RemlBmeell . Millid__ AeErid
- i |
[ [Surfle36req]).&zPalygonF T abl -
"o hbestuzersurfle3bpoly. shp' AsFileM ame, —
falze,
Pri.t aketull ]
Evaluate

Ignore any error messages.
Add surfle36poly to Viewl.
Toggle on its display.

Zoom and check to see that it replicates the grid coverage, surfle36reg.



We are developing a method that will be applied to other thickness categories.

To this point, we have prepared the layers we need to begin assessing whether there is sufficient
coal for viable mining operations:

Step 1: We identified the cells with surface mineable coal with thickness less than or equal to 36
inches.
surf01le36
Step 2: We assigned all the zero cells a null value so that only coal is identified in the coverage.
surfle3énull
Step 3: We removed the coal that fell in restricted areas.

surfle36net

Step 4: We assigned all the zero cells a null value so that available coal only is identified in the
coverage.

surfle36netx
Step 5: We converted cells with available coal into regions.

surfle36reg
Step 6: We converted the region cell coverage into a polygon coverage. We want to draw a
polygon around clustered coal when it appears that there might be enough coal to support a
viable mining operation. We need the polygon coverage in order to select the coal in our
bounding polygon.

surfle36poly
Step 7: We have added a 2-mile measure line to Viewl. Coal that is grouped into mineable coal
resource blocks should be (approximately) no more than 2 miles from other coal in the unit. We

use the measure line as a comparison distance for visually determining whether the coal included
in a coal resource block has separation distances no more than 2 miles.



Identify Areas with Clustered Coal

The next step is visually inspect surfle36poly to identify areas with clustered coal. In each area,
we draw a polygon around the coal, pulling in coal that has separation distances no greater than 2
miles approximately.

There is a cluster of coal in the east central part of surfle36poly.

Zoom to the east central part of surfle36poly:
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In the Legend Editor, reclassify Ob16 into 2 classes:
0 - 3 of overburden as a filled polygon

3 feet and above as a hollow polygon

This classification of Ob16 helps us identify the approximate cropline of the coal.
When coal outcrops, then strip contour mining is the appropriate mining method.

When the remaining coal is interior to the original cropline, then small area surface mining is the
appropriate mining method.

Place Ob16 above Surfle36poly.shp in the Table of Contents.
Toggle on the display for Ob16.

Visually check to see if the remaining coal in the cluster is outcropping or is interior to the
original outcrop.

[Second time through, CS>36, flip to p. 6-49 and follow instructions to delineate blocks
suitable for small area surface mines.]

In addition to our inspection of Ob16 we also can use the remaining grid, Reml16mcell, to
investigate whether the coal comes to the cropline or is back from the cropline:
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Draw a Polygon Around the Clustered Coal

With the polygon draw tool, draw a polygon around the clustered coal:
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Next, we calculate the amount of coal in the potential mining block (sometimes referred to as a
logical mining unit or Imu).

Make surfle36poly.shp active.

Click the “Select Features Using Graphic” button

Under Theme Menu, click “Convert to Grid”

Name the new grid Lmutest1.

Select “Gridcode” as the field for cell values.

Select “No” when queried to join feature attributes to grid.

Add grid to Viewl.



Next, we establish some benchmarks for determining whether there is enough coal in the LMU.

The following table contains estimates of the minimum sized mining operation, developed from
data in COALVAL.:

Small Area Surface Mine

Recovery Mine Coal for Minimum-
Thickness Pure Coal/YTr Rate Life Sized Mine
(Inches) (tons) (%) (Yrs) (tons)
>12 (SR <20/1) 1,333,942 0.93 5 7,171,732

Contour Strip Mine

12 - 36 711,976 0.78 5 4,563,949
>36 921,744 0.93 5 4,955,611

Mining costs are scale dependent.
Larger mines have lower costs per ton.

Mine size for each mining technology depends upon coal thickness, as indicated in the table.

Currently, we are analyzing LMU’s in the 12 to 36 inch thickness range, for contour strip mining.
We need to know the approximate number of cells required for a minimum size mine.

To obtain a ballpark estimate, we assume further that the coal is 30 inches thick (set by the 12 to
36 inch range we are analyzing).

Earlier, we derived a factor for converting 16 meter cells into tons of coal: 9.493
Thus for a minimum size mine we need this number of cells (ballpark):

4,563,949/(30%9.5) = 16,014



Make Lmutestl active.

Open the table for Lmutest1.

Make the Count Field Active:

Under the Field Menu, click “Statistics”

Examine the number for “Sum” to see whether it exceeds 16,014 (total cell count)



! Statistics for Count field

Sum: 62319 -
Count: 718 o
bean: 87

b a=irmum: 1850

b irirnuim: 1

Hange: 1849

YWarnance: 31652

Standard Dewviation; 178

4]

The sum, 62,319, exceeds 16,014 by a lot. The area designated as an LMU has enough coal to
support several mining operations.

Later, we create a new theme with the LMU boundaries.
The existing boundary is a graphic not a shapefile.

After all LMU boundaries are added, we will run a script to convert the graphic boundaries to a
shapefile.

We proceed now to download and add a script to convert a graphic to a shapefile.



Add Button to Convert Graphic to Shapefile

Log onto: www.esri.com.
Click “ArcScripts” (on left side).
Choose “ArcView3.x” under Primary Software.
Download script: Graphics.Graphics2Shapes.
Unzip it and Save it to: C:\Esri\AV_GIS30\ARCVIEW\Samples\scripts.
The script is named: view.gra2shp.ave.
We now add a script to our project.
In Project Manager, click the “Script Icon.”
Click “New.”
Under the Script Menu, click “Load Text File.”
Scroll to C:\Esri\AV_GIS30\ARCVIEW\Samples\scripts.
Select: view.gra2shp.ave.
Click the Compile Button (looks like check mark).
Make Project Manager Window active.
Under the Project Menu, click “Customize.”
Type: View
Category: Buttons
In middle of Customize Dialog Window, move slider all the way to right.
Click in the window above the slider, just to the left of the last button.

Then click “New”, to the left and below the slider.



In the bottom half of the Customize Dialog Window, we set properties for our new button.
Double Click “Click” (the first property in the table in the bottom half of the window).
In the window that opens, Scroll to “Scriptl."”
Click “OK.”
Double Click “Help.”
In the window that opens, type:
Converts Selected Graphics to Shapefile
Click “OK”
Double Click “Icon.”
In the Window that opens, click the “G.”
Click “OK.”

At this point, the Customize Dialog Window has these settings:



":." Customize: chapterb_apr

Tepe: | View - Edit... Heset

Lategony: | Buttans - el atee [refanlt

_LIILI@ AL W .I

M 2 | Separator | Drelete |

Click the X (upper right corner) to close the customize dialog window.
Make the view window active.

The new G button is added to the button bar.



We proceed to analyze other clusters of coal, checking to see if they have enough coal for a
viable mining operation.

At this point, we develop a method that we apply repeatedly to delineate LMU’s.



Procedure to Identify and Delineate Coal Resource Blocks with Enough Coal for Viable
Mining Operations

Step 7:
1. Move the 2-mile measure line into the vicinity of the next cluster.

2. Use Ob16 and Reml16mcell to check whether coal is appropriate for strip
contour mining or small area surface mining.

3. Using the polygon draw tool, draw a polygon around the “within-2-mile”
clustered coal.

4. Make Surfle36poly.shp active.

5. Click on the “Select Features Using Graphic” button to select coal polygons
inside the LMU boundary.

6. Under the Theme Menu, click “Convert to Grid.”
Select gridcode as the field for the cell value
When queried “Join feature attribute to grid”, click “No”
When queried “Add grid”, click “Yes”

7. Open the table for the new grid.

8. Make the “Count” field active.

9. Under the Field Menu, click “Statistics.”

10. Compare the total cell count against 16,014.

11 If the cell count is close to 16,014, then under the Analysis Menu, click
“Summarize Zones.”

12. Select “tonsbycell” as the summarizing grid.
13. In the “Stats” table, make the “Sum” field active.

14. Under the Field Menu, click “Statistics.”



15. Compare the Sum total (tons of coal summed for all cells) against 4,563,949.

16. If LMU is found to have enough coal (either by cell count test or by ton test),
then keep the graphic boundary on Viewl.

17. When the LMU does not have enough coal (either by cell count test or by
ton test), then select the graphic with the select tool and delete it. The graphic is
selected when it has handles.

18. Return to step 1 and continue until all clusters of coal have been evaluated.
19. When all LMU’s have been delineated, use the Pointer (with the shift key
down) to select all the graphic boundaries. As we select each graphic boundary,
handles will display encompassing the boundary.

20. Click the “G” button and save the boundary shapefile.

21. Name the new shapefile: Imustrip1236.

22. After the boundaries shapefile is created, use the Pointer (with the shift key
down) to select all the graphic boundaries. Click the “delete” key to delete the
graphic boundaries.



We will look at one more example application of the procedure.

Another cluster of coal is to the northwest of the first LMU:
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2. We turn Ob16 and Reml16mcell on to check whether the coal is appropriate for strip contour
mining or small area surface mining. Much of the coal comes to the cropline and, therefore, we
should add it to our coverage of areas for strip contour mining:
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Next, we use the polygon draw tool to draw a polygon around the clustered coal:
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We now apply steps 3-10 under Step 7 (as outlined above).

At step 10 we find that the cell count is about 13,000 cells:

7: Attributes OF Lmutest2x

’; Statistics For Count field

Surmn: 13262

2123 Count: 137 —
kMean: 97

221 1203 b axirnurn: 1209

227 g Finirnurm: 1

297 5 Range: 1208

Yarance: 28086

;;; 12; Standard Deviation: 168

226 2

227 3 —
228 268 —
229 10]

Thus, the coal is this potential LMU is not of sufficient tonnage to support a minimum sized
mine.

We stop our evaluation of this cluster and go on to the next cluster.



We repeat Step 7 until all clusters have been analyzed.

For the Pittsburgh, we find 2 clusters with enough coal for strip contour mining with coal
thickness between 12 and 36 inches:
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Eight Steps to Add Attributes to Coal Coverage

We have 8 additional steps to complete to estimate attributes for the coverage of coal with
thickness between 12 and 36 inches, allocated to strip contour mining:

Step 8: Add an Lmuid to the attribute table of coverage Lmustrip1236.shp.

Make the table for Lmustrip1236.shp active.
Under the Table Menu, click “Start Editing.”
Under the Edit Menu, click “Add Field.”

In Field Definition, enter these settings:

@} Field Definition

Mame: | Irmuid ak I

Type: | Mumnber E3

Wi idth: | E
Cecimal Places: | a

Cancel |

Use the edit tool to add index numbers starting with 1.
Delete the field named Id.
Stop Editing.

Save edits.



Falpgon i

Step 9: Convert Lmustrip1236.shp to a grid so that we can use it as a mask.
Make Lmustrip1236.shp active.
Under Theme Menu, click “Convert to Grid.”

Name the new grid: Lmul236surfc.

Step 10: Create a coverage of 12 to 36 inch cells inside LMU boundaries that includes
coal available for mining and restricted coal.

Open Analysis Properties and Set Mask to Lmul236surfc:



Analyzis Properties: Yiewl

Analysiz Extert  HERAGORA R

Left | -155677.503175 Top | 1970643.69375
Bottorn | 1693107 63375 Right | 131810.496825
Analpziz Cell Size | Current ' alue =]
Cell Size |16 .
Murnber of Bows I 17346
Mumber af Columns I 21718
Analpziz Mask | Lrnul 236surfc |

Ok Cancel I

In Map Calculator, evaluate this request:
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| Lagarithrms |
L
EERs | 0 A ) 0 T e
wese (7] [2E]E] HEE
[surfle3Greg . C J
[23:f|:35::§.mlizlll?nr:* EHREIEI RS e o9
[surflesBrets] |-|— | | ] || . | | 0 ||n|:|t| Exp10 Lagl
[zurfle3Bnets . Coutd AeErd
- =G |
|[ [surfle3Bnet]] -
Evaluate

Name the new grid: Lmul236surfcx.
Record its source in the list of coverages to retain and rename.
Lmul236surfcx has restricted coal (value = 0) and available coal (value = 1) for the 2 areas

where we designated LMU’s. The LMU’s are for strip contour mining on coal 12 to 36 inches
thick.




Step 11: Convert Lmul236surfcx to a shapefile.

In Map Calculator, evaluate this request:

"Q.' Map Calculation 1
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L
Ti:z12353urfcy] o L2 Il =l Ep | Log |
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Ed |
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Ewaluate

The name of the new shapefile is Lmul236surfcx.shp.

Add Lmul236surfcx.shp to Viewl.



Step 12: Intersect Lmul1236surfcx.shp with Lmustrip1236.shp to form a new shapefile that
identifies coal by Lmuid.

Under the View Menu, click “Geoprocessing Wizard”
Click radio button:  Intersect two themes

And enter these settings:

#! GeoProcessing

1] Select input theme ta intersect: About Intersect

[ Lot 236surfcx.shp ] This operation cuts an input

B e Tl theme with the features from

an overlay theme to produce

Number of Features: 1112 an output theme with features
2] Select an overlay theme: that hawe attribute data from

| Lrnustrip1 236.shp ] both themes.

[ M se Selected Featumes Wl

MHumber of Features: 2 * ® = @
3] Specify the autput file Input Owerlay  Output

Output File: }Stuser‘aLmlﬂ 236zurfcpaoly. shy

kMore about Interzect

Help... | Cancel << Back Finigh

Name the new shapefile: Lmul236surfcpoly.shp.



Step 13: Convert Lmul236surfcpoly to a grid and select Lmuid as the field for the cell
values in order to index coal by Lmuid.
Make Lmul236surfcpoly active.
Under the Theme Menu, Click “Convert to Grid.”

Name the new grid: Lmul236surfcy.

Select “Lmuid” as the field for cell values.

When queried “Join feature attributes to grid” click “No.”

When queried “Add grid to theme as view” click “Yes.”



Step 14: Remove the restricted coal from the Imu’s in Lmul236surfcy.

In Map Calculator, evaluate this request:
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Evaluate

Name the new grid: Lmul236surfcz.
Record the source for Imul236surfcz in the list of coverages to retain and rename.
Toggle on the display for Imul236surfcz.

Zoom into an Imu to see coal and restrictions to coal (value = 0).
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Make Lmul236surfcz active.

Under the Analysis Menu, click “Summarize Zones.”

Use tonsbycell as the summarizing theme.

Step 15: Calculate the tons of coal in each Lmu and add that field to Lmul236surfcz.




Open the “Stats” table and the Lmul236surfcz table:

42 Attributes OF Imul2

#1 Stats of Tonsbycell Within Fones of ImulZ236su. .

ETE Afzz
1] 13707 § 35089932.0000 113 Jlsd
1 F5396 § 9061376.0000 113
2 B2396 { 15973376000 113
1| 1] | E

Join the “Stats” table to the “Lmul236surfcz” table.

Use “Value” as the join field.

Make Attributes of Lmul236surfcz active.
Start Editing.

Add Field:



& Field Definition

Marne: | million tons coal ak. ‘
Type: i

YpeE: | Mumber > Cancel ‘
Wwidth: | o

Decimal Places: | 1
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Under Table Menu
Click “Remove All Joins”
Click “Stop Editing”

The resulting table has these fields:

";' Attnibutes OF Lmul 236surfcz

million tons coal

Kl




Next, we recycle through for the 2" Contour Strip (CS > 36) thickness mining method and
through any small area surface mines that have coal thickness > 36 inches.

Reset Analysis Properties to:

Analyziz Properties: Yiewl

(S ame &z Reml Bmcell

Analyzis Extent

Left [ -155677.503175 Top [ 1970643.69375
Bottorn | 169310769375 Right [ 191510.436825
Analyziz Cell Size | Current * alue ]|
Cell Size 116 m
Murmber of B ows | 17345
Mumber of Colurnns | 21715
Analysiz Mazk | FemlBbufpl 2 |

Ok Cancel |




Please note:

Small area surface mining is conducted when coal does not outcrop but otherwise meets the
technical conditions for surface mining such as a 20 to 1 ratio for overburden to coal, and
surface slope less than or equal to 32 degrees. Examination of the CS 12 to 36 inch
delineated resources shows that in that case the delineated blocks outcrop and therefore
they can be mined by conventional contour strip methods.

In contrast to CS 12-36, three blocks of surface mineable coal >36 inches in thickness have
only a small extent of outcrop. By examining the location of the 3 blocks relative to the
outcrop, we will see that for the most part the coal does not outcrop. Consequently, small
area surface mining is the mining method that would be used to extract the coal.

In assessing the surface mineable coal with thickness > 36 inches, we will simultaneously
delineate blocks for contour strip and small area surface mines.

The instructions on p. 6-49 through 6-52 are the special steps to delineate the blocks of coal
for small area surface mines.

You will need to flip back and forth from the material starting on p. 6-8 and the material
starting on p. 6-49.

The first time you are required to flip ahead is when you reach p. 6-19. Make sure you flip
to p. 6-49 and follow instructions from that page until you are told to flip back.




Identify Coal for Mining by CS > 36 and in Small Area Surface Mines

The procedure is straightforward.

In Map Calculator, evaluate this request:

’L Map Calculation 1
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Evaluate

In Theme Properties, rename Map Calculation 1 to : surf01gt36

Record its source in the list of coverages to retain and rename.

In the case of surface mineable coal with thickness greater than 36 inches, the remaining
Pittsburgh bed has some coal which does not extend to the outcrop.

The appropriate mining method for this coal is Small Area Surface Mining.

Other blocks of coal with thickness greater than 36 inches are suitable for conventional contour
strip mining.

Name the new coverages using “gt36"" in place of “1e36'". To assess CS > 36 and small area
surface mines, return to page 6-8 and complete all the steps through page 6-19. On p. 6-19,
you are instructed to flip back to p. 6-49.



When we arrive at page 6-19 (following the procedure for the coal above 36 inches), we
investigate the northern rim of the Pittsburgh.

By displaying the Remaining and the Mined Out below the Surface coal greater than 36 inches in
thickness, we can see three areas suitable for Small Area Surface Mines:
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A zoomed view of the middle block appears below.

The two lightest areas have remaining coal. The lighter area has coal that meets technical
requirements for surface mining.

Most of the coal is under significant overburden, which can be seen by toggling on the ob16
grid.
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We recalculate the threshold # of cells for a viable small area surface mine:
7,171,732/(50*9.5) = 15,098

We now continue starting with Step 7 on p. 6-28.

For this segment, we are estimating coal for Small Area Surface Mines.

We apply Step 7 until all 3 clusters have been analyzed.

The cluster to the right does not have enough coal for a minimum size small area surface mine.

Next, we complete steps 8 thru 15, p. 6-34 through 6-45.

At the end of those steps we have a new grid for small area surface mines:
Imusasmz

The final table with tons for each LMU or block is:

"L" Attributes OF Lmusasmz _ O] x|
____________________________ T T, 1 =
............................ 2. . dadss: A0
............................ 300886  ......085:

J | 0|




Next, we return to Step 7 (page 6-28) and analyze the coal in the greater than 36 inch category,
not assigned to Small Area Surface Mines.

This coal is tested to see if it has enough coal to support a minimum sized strip contour mine
with coal greater than 36 inches in thickness.

The threshold cell count for including an LMU is:
4,955,611/(60*9.5) = 8,694 cells

For the Pittsburgh bed, we delineate 14 LMU?’s for strip contour mining on coal with thickness
greater than 36 inches:
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The table (end of Step 15) for Strip contour mining operations on coal with thickness greater
than 36 inches has these entries:

":." Attributes Of Lmu36surfcz  [[=] E3
s EaNAN Arglerr fere ool | A
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T S RALLE S 58.3
T 7o 134 B4
S . ls@sma; 1083
R o 47E38l 34
R 1 7dees: 41.0°
R 12 Mmoo [y
R 13i 4008 4.0
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........................ 18 1sn2i BTG
1 | ]

The row, for value = 0, is the coal in the restricted areas.
The total tonnage in restricted areas is 86.4 million tons.

The other rows are for LMU’s where the coal is available for strip contour mining on coal with
thickness greater than 36 inches.

The “million tons coal” field contains the estimate of available tons in each LMU.



Ordinarily, the “final” table will have available tons above the threshold minimum LMU tons.
The threshold may not be met if we “accept” an LMU on the basis of its cell count.

Any LMU that does not meet the tonnage threshold should be removed from the final coverage.
In Map Calculator, build a request that includes only LMU’s with tonnage above the threshold.
Run other steps to recover information for the final set of LMU’s.

Best strategy: When evaluating LMU’s (first stage), run “Summarize Zones” to calculate tons
when cell count looks low. We also would be checking the thickness grid to help us determine
marginal LMU’s.

Example clean-up requests follow on pages 6-53 through 6-58.

The grid coverages name, Surflmugrid, is a placeholder used to illustrate the clean-up procedure.

You would substitute the name of the grid being revised, for example, Imu36surfcz.



In Map Calculator, evaluate this request:

.-ZII Map Calculation 1

[ Logarithms =]
Layers
[surflmunet'IE.I:u:uuAl Exp | Log ‘
[MolEx]
[MaiEx . Count] Exp2 | Log2 |
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[Surflrmugnd] = 9] or [[Surflraugrid] = 10) or [[Surflmugrid] = 117 or [[Surflugnd] = 12) or [

[Surflmuand] = 14] or [Surflmugnid] = 18] ar [Surflmuand] = 16) ar [[Suflmugnd] = 17 or |

[Surflrmugnid] = 18] or [Swiflmugrid] = 19] or [Surflmugnd] = 20) )

Con([Surfirmugrid], 99,45 Grid”

Ewaluate

The new grid (with values of 2, 4, 6, 8, 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 20, &99) has default
name: Map Calculation 1

In Map Calculator, evaluate this request:

:i-"‘ Map Calculation 2 =] E3
| Logarithms =]

E=p | Log |

Layers
[Map Calculation 1 ﬂ
[Map Calculation 1
[OB1E]
[Ob16 . Count] El
[zurflrmunet 18]

[surflrunet18 . Cous
Mol B hd

Exp2 | Log2 |

Expll | Logll |

[ [Map Calculation 1] = 39.4zGnd). SetMulll [Map Calculation 1]) i

Evaluate




The new grid has default name: Map Calculation 2
We proceed now to pull out the restricted areas from Map Calculation 2

In Map Calculator, evaluate this request:

’:." Map Calculation 3

|L|:|g;|arithms =]
L
e S il I I | G0 | ET I | S R
[ ] Exp | Log |
[Lroul 236surfox . C |;’”| |4||5||E| |}||}=||Dr|
[Lrnul 236zurfoy]
[L:Em:asza:fzﬂ.c = 3] ==l o2 | _Log? |
[ ap Calculation 2 |-|— | | i || . | | (i ||n-:ut| Expl0 I LoglD I
[Map Calculation 2
[Lrud Z36surte] =] Aslrid |

[ [[Map Calculation 2]] and [ nat ([Union@rest]] ] ] -
Lon([Map Calculation 2].0.42Grid) —

Ealuate

Name the new grid: Lmu36xnet

Record the source for Lmu36xnet in the list of coverages to retain and rename.
Delete Map Calculation 1 & Map Calculation 2

Save your project.

Make Lmu36xnet active.

Under the Analysis Menu, click “Summarize Zones.”

Use tonsbycell as the summarizing theme.




Open the “Stats” table and the Lmu36xnet table:

Join the “Stats” table to the “Lmu36xnet” table.

Az

sbhycell Within Zones of Stripcontnet [lj[=] E3
St

Az

F

o 180455 : 180455 § 46196480.000 113

2 29738 2 29738 | 7E12328.0000 208

4 26185 4 26185 { 6703360.0000 b1

E 208327 E 208327 153331712.000 123

= 127419 8 127419 ¢ 32613264.000 113

3 22900 9 22300 ¢ 5362400.0000 193

1a 35396 10 35396 | 3061 376.0000 113

11 137186 1 137186 3511961E6.000 206

12 200537 12 200537 {1 51337472000 241

14 bE356 14 BE36E | 14427136.000 113 1

15 30158 15 30158 | 23080445.000 113 -
‘I 4 e B | ‘I s "I'i'l"ll"‘ AT T DT 1415 ﬂ_J

Use “Value” as the join field.

Make Attributes of Lmu36xnet active.

Start Editing.

Add Field:




2 Field Definition

Mame: | million tonz coal 0k
T . -
ype: | Mumber . Cancel
width: | H
Decimal Places: | 1

Fields Type Requests
0 L) L f« Mumber e L
[MEH] .......................................... f_\' St”ng + ....................................................
Mean] DA )
[Std] - A
[t ariety] j <= ﬂ

[rnilliot tonz of coal] =

[Surn] / 1000000 N LI
Cancel




Add Estimates of Coal Characteristics to Summary Table
Taking stock:
1. We have delineated logical mining units (LMU’s) potentially suitable for surface
mining. Each LMU meets these criteria:
Coal thickness 12 inches or greater
Stripping ratio of 20/1 or less
Surface slope equal to or less than 32 degrees
Distance between coal blocks equal to or less than 2 miles &
Total coal in each LMU of sufficient amount to support a minimum-sized mining
operation after coal in restricted areas is removed
2. We found two LMU'’s suitable for Small Area Surface Mining

3. We found two LMU’s suitable for Contour Strip mining on coal with thickness
between 12 and 36 inches

4. We found fourteen LMU’s suitable for Contour Strip mining on coal with thickness
greater than 36 inches

5. We have a table for the Small Area Surface Mining LMU’s containing tons (excluding
coal in restricted areas) for each LMU.

6. We have a table for the Contour Strip mining LMU’s containing tons (excluding coal
in restricted areas) for the 2 LMU’s with coal thickness between 12 and 36 inches

7. We have a table for the Contour Strip mining LMU’s containing tons (excluding coal
in restricted areas) for the 14 LMU’s with coal thickness greater than 36 inches

Remaining Tasks:
Task 1: Add the average coal thickness to the tables
Task 2: Add the average overburden to the tables
Task 3: Add the average partings to the tables
Task 4: Add the average coal sulfur content to the tables
Task 5: Add the average coal btu to the tables

These data are needed in the Discounted Cash Flow Costing Model (DCFCM) to estimate coal
resource cost curves.



We must set the analysis mask to Rem16bufpl2 so that the analysis area is large enough to
make estimates in all LMU’s.

In Analysis Properties, enter these settings:

Analysiz Properties: Yiewl

:Same Az HemlbBmeell

Analyziz Extent

Left [-155677.503175 Top | 197064369375
Battarn | 169310763375 Right [ 191810.4365825
Analpziz Cell Size | Current ' alue ]
Cell Size 116 m
Mumber of Fows | 17345
MHumber of Columns | 21718
Analysis Mazk | RemlBbufpl2 ]




Task 1 Add the average coal thickness to the tables
Make Lmul236surfcz active.

Under the Analysis Menu, click “Summarize Zones.”
Use thk16 as the summarizing theme.

Open the “Stats” table and the Lmul236surfcz table:

42 Attributes Of Calc8 & Stats of Thk16 Within Zones of Lmul1236surfcz =] E3

blabas Cent | ol doree oo Liatas T PILEE] A Arzs
0 13707 3.3 1] 13707 § 35089920000 12 [l
1 30336 7.0 1 235396 ¢ 9061376.0000 12
2 E2336 154 2 62396 § 15973376000 12
1| d | o [
————tt T T

Join the “Stats” table to the “Lmul236surfcz” table.
Use “Value” as the join field.

Make Attributes of Lmul236surfcz active.

Under Table Menu, click “Start Editing.”

Under the Edit Menu, click “Add Field.”

In Field Definition, enter these settings:



& Field Definition

Mame: | thickness [in]

Type: | Mumber

width, | =

Decimal Places:

dE.

Cancel

In Field Calculator, evaluate this expression:

:-i"[ Field Calculator

Fields

[Miriority] j

[thickness] =

Type

f« Mumber
" Skning

{  Date

Hequests

- ]
Cancel




Under Table Menu
Click “Remove Joins”

Click “Stop Editing”

The resulting table has these fields:

S e S
0i 13707 331 26~

................................................................................................................................................




The row, for value = 0, is the average coal thickness in the restricted areas.

The other rows are for LMU’s where the coal is suitable for strip contour mines on coal with
thickness between 12 and 36 inches.

The “thickness (inches)” field contains the estimate of average coal thickness in inches in each
LMU.

We apply the same procedure to the other 2 available coal coverages:
Lmusasmz
Lmu36surfcz

The estimates are shown in the two following tables:

";" Attributes OF Lmusasmz




";" Attributes OF Lmu3bsurfcz
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Method A (Adding Coal Characteristics Estimates)

For the remaining tasks, 2 through 5 we add additional coal characteristics to the coverages of
coal by mining technology.

The method is the same as the one applied above, e. g., the steps starting at the top of page 6-61
and ending at the top of 6-64.

Rather than repeat the steps over and over, the method is briefly outlined here:

Method A

Adding Data on Coal Characteristics to the
Coverages of Coal by Mining Technology

1. Make the coverage active.

2. Under the Analysis Menu, click “Summarize Zones.”

3. As the summarizing coverage, select the coverage for the coal characteristic.
4. Add “Stats” table and the “Attributes” table to the ArcView Window.

5. Join the “Stats” table to the “Attributes” table.

6. Make the “Attributes” table active.

7. Under the Table Menu, click “Start Editing.”

8. Under the Edit Menu, click “Add Field.”

9. In Field Definition, set Name, Width, and Decimal Places.

10. In Field Calculator, build expression to populate the field for the characteristic.
11. Under the Table Menu, click “Remove All Joins.”

12. Under the Table Menu, click “Stop Editing.”

13. Save edits.

14. Save project.




[Note: Field Definitions and Field Calculator expressions are found starting at p. 6-84. You
will perform operations to complete tables many times. The pages starting at p. 6-84 can be
used as a guide.]

Task 2

Add the average overburden to the tables.

Use ob16 (units =feet) as the summarizing theme.

Apply Method A.

Task 3

Add the average partings to the tables.

Add Parting10 to Viewl.

Use partingl0 as the summarizing theme.

In this case, our expression in the Field Calculator is:
Parting10 = Mean/10

Apply Method A.

Create Coverages of Estimated Values for Sulfur and Heat Content

In order to carry out task 4, we add a grid coverage of sulfur values to Viewl. In the case of the
Pittsburgh assessment, geostatistics were applied to determine a 5 way classification of sulfur
values. A paper describing the sulfur analysis is available from wwatson@usgs.gov

The coverage used in this assessment is developed from 1017 sulfur values interpolated using
IDW, power 1.

Go to project window and open a new view window: View?2.
Add sulfur points to View2.
In this user’s guide, the sample point coverage is called goodpoints.shp.

Under the File Menu, toggle on the Projector Extension.
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Reproject goodpoints to the target projection.

In this user’s guide, the reprojected coverage is named: goodpointsalb.shp.

Add Reml16mcell to View?2.

In Analysis Properties, enter these settings:

i Analyzis Properties: Yiew?

:Same &: HemlBrcell

Analpziz Extent

Left | -155677 503175 Top | 1970543.63375
Bottom | 1693107 65375 Right [ 191510.435325
Analyziz Cell Size | Current 4 alue =]
Cell Size |96 m
Murnber of Rows | 2891
Murnber of Columng | 3620
Analyziz Mazk | Mo Mask Set -]

ak. Cancel |




Notice Cell Size at 96 meters, which is an even multiple of our basic 16 m grid.

Make goodpointsalb active.
Under the Surface Menu, click “Interpolate Grid.”

In Interpolate Surface, enter these settings:

Interpolate Surface

tMethod | 10 Ea
2 Y alue Field | Sulfur2 |
&+ Mearest Meighbars " Fized Badius

Muo: of Meighbors I b

Power |1

Bariers | Mo Barriers |

Q. | Canicel I

Notice in the Z Value Field, we select the Sulfur Field.
Interpolating over the large area of the Pittsburgh takes about 15 minutes.

Owing to the odd shape and clustered sample data, we set No. of Neighbors at 6 and Power at 1.

6-69



This gives a somewhat generalized sulfur surface which is supported by the statistical analysis
cited above.

Name the new grid: Sulfur96.
Record its source in the list of coverages to retain and rename.

Add Sulfur96 to Viewl.

Resample to 16 meter to speed up processing.

In Analysis Properties, enter these settings:

Analyzis Properties: Yiewl

fnalyziz Extent B

Left | -155677.503175 Top | 197064369375
Bottam | 1693107.69375 Right [ 131510.436825
Analysis Cell Size | Curent i alue —
Cell Size 116 m
Humber of Fows I 17546
Mumber af Calumns I 21718
Analysic Magk | FemlBbufp12 =]

0k Canicel |




In Map Calculator, evaluate this request:

’L‘ Map Calculation 1

Layers

[RemlBbufpl 2] -

[RemlBbufpl2 . Ca
[Sulfur3e]

INE

[RemlBrmcel]

[RemlBmcell . Cou

=

| .-'1'-.$Gri|:|. . |

kil

[ Cogarithms =]
Ep | Log |
Evp2 | Log2 |
Exp10 | Logt0 |

[ TERTES - 100].int

Ewvaluate

Rename the grid to : Sulfurl00.

Task 4
Add the average sulfur content to the tables .

Select Sulfur100 as the summarizing theme.

In the Field Calculator, we divide the Mean by 100 to obtain average sulfur content.

Apply Method A.




Next, we create a grid of calorific values (btu/Ib) for coal.
Make Goodpointsalb.shp active.

In View2, enter these settings in query builder:

":." Goodpointzalb_zhp

Field=
e

[Sulfur?]

P | [v Update alues

[ [Calval] <> B | - New Set

Add To Set

Select From Set

14]

Click “New Set.”
Under Theme Menu, click “Convert to Shapefile.”
Name the new shapefile: btu.

Add it to View?2.

In Analysis Properties, enter these settings:




i Analysiz Properties: Yiew?2

‘Same &z HemlB6meell

Bnalyziz Extent

Left [-155677.503175 Top | 1970643.63375
Bottorm | 1693107 63375 Right [191810.496825
Analysiz Cell Size | Curment ' alue =]
Cell Size |95 m
Mumber of Bows | 2851
Mumber of Columns | 3620
Analysiz Mask | Mo Mask Set =

Q. Cancel |

Notice Cell Size at 96 meters, which is an even multiple of our basic 16 m grid.

Make btu active.
Under the Surface Menu, click “Interpolate Grid.”

In Interpolate Surface, enter these settings:



Interpolate Surface I

bethod | 10w -1
Z '/ alue Field | Calval B3
{* Mearest Meighbors = Fixed Radius

Mo af Meghbaors I b

Power |1

Barriers | Mo Barriers |

(] I Cancel |

Notice in the Z Value Field, we select the Calval Field.
Interpolating over the large area of the Pittsburgh takes about 15 minutes.
Owing to the odd shape and clustered sample data, we set No. of Neighbors at 6 and Power at 1.

This gives a somewhat generalized btu surface which is supported by the statistical analysis cited
above.

Name the new grid: Btu96.
Record its source in the list of coverages to retain and rename.

Add Btu96 to Viewl.



Resample to 16 meter to speed up processing.

In Analysis Properties, make these settings:

Analysiz Properties: Yiewl

Analyziz Extent

Left [ 155677503175 Top | 197064369375
Battom | 169310769375 Right [ 131510.436825
Analysis Cel Size | Current Y alue —
Cell Size: |18 -
Mumber of Rows I 17346
Humber of Columnz I 21718
Analysis Magk | RemlBbufpl 2 -]
Ok Cancel I

In Map Calculator, evaluate this request:



"-L' Map Calculation 1

|Lngarithms =]
e E3 il ) 0 I 59 1 ) s | oo |
o) ] EEE OEE 5 =
[Sulfurl 00 . Count] Expd Loge
[stLrJipL;rn:untEEneDt;m | _ | | 1 || < || 3 | | = ||{= ||KDF| s =
[stripcont3Gnet . Co |—|— | | ] || . | | £ ||n|:|t| Expl10 | Logln I
[ztri 36net . M
[zt:EEEEtSEEZt.thL;I Aslanid |
[ [Btu9E]L.ind “

Ewaluate

Name the grid: Btul6.

Task 5

Add the average btu value to the tables.
Select Btul6 as the summarizing theme.

Apply Method A.

The Final tables are shown below:




@! Attributes OF Lmul236surfcz

e ) Sant | Adiliar daee cod Fhadensse fi) Sadactan 08 Fadeam gel Salta £E) el
1] 13707 33 2R 85 3h 356 131ER
1 35396 7 21 11.4 48 360 125802
2 B239R 15.4 2R B.1 a0 3 ER 13285

@ Attributes OF Lmu3Gsurfcz

ks St Ardrr da ooe | Dlastencsa S Efvasvatar ST Flaeag fend Seafte S Svedh
I 152610 864 311] 28 b7 231 12829
1 205EE 120 ] 20 1.7 244 13075
2 2B026 14.2 ] 2 11.8 208 12488
K] 2344 516 GG a2 137 284 12363
4 113529 BE.9 A3 24 E5 4.1 12260
a] 135336 aa.3 43 22 40 3.8a 12206
B 110796 B35 B5 a2 38 356 12437
7 132384 E2.4 Tl 25 16.4 384 12274
a 185955 106.3 G 2a a3 1.78 13477
10 47636 294 i 42 35 249 13382
11 74668 41.0 ha 2a 25 3.EE 13330
12 114252 7ol 3] 26 28 338 13406
13 41002 4.0 ar 53 25 2.E6 13607
14 10550 10.4 104 3 1.9 1.849 13134
15 165212 .1 42 13 39 274 11830




@ Attibutes OF Lmusasmz

e Eda A dvar maF | Shedmees gl Sacndtan S S g St £E] St
[: 13664 a2 B3 BE B.7 312 12478 &
g J2495 201 65 51 15.0 .07 12895
3 79886 465 1 ] 4.3 204 12280
1 [

Add and record the available coal for the 3 surface mining technologies.

Make the table for Lmul236surfcz active.

Make “million tons coal” field active.

Use the Select Tool. Hold the shift key down. Select all records except the “Zero” record.
Recall the “Zero” record is coal in restricted areas.

Under the Field Menu, click “Statistics.”

Record the sum.

Click the “Select None” button to remove highlighting from table.




Repeat this procedure for Lmu36surfcz and Lmusasmz.

The totals for the Pittsburgh assessment are:

Million Tons
Restricted Coal

Million Tons
Mining Technology Available Coal
Small Area Surface Mine (>36 inch thickness) 66.6
Strip Contour Mines (12-36 inch thickness) 22.4
Strip Contour Mines (>36 inch thickness) 656.1

8.2
3.3
86.4



Rename grids to more convenient names.
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

& Source Manager

Grid M ame Directaries:
Il o Mestuzer Ceire] |
B calc a = oM -
Bl calz10
B calclt £ esndata
W call? Copy
B calz13 A
B calcl4 sname
B cals1b .
Delet
M calcl6 hd = et
Source Tupes: Crrivees:
[Grid =l [c =l




Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage Original Names New Name
Stripping Ratio*10 as grid

Surface Mineable Coal c:\testuser\calc2 c:\testuser\stripratio10
Surface Mineable Coal as

a0-1grid c:\testuser\calc3 c:\testuser\surfO1
Surface Mineable Coal as

a 1-null grid c:\testuser\calc4 c:\testuser\surflnull
Surface Mineable Coal net

of Restricted Coal c:\testuser\calc6 c:\testuser\surfnetrestrl
Surface Mineable Coal le 36

inch. as a 0-1 grid c:\testuser\calcl c:\testuser\surfOlle36
Surface Mineable Coal le 36

inch. as a 1-null grid c:\testuser\calc2 c:\testuser\surfle36null
Surface Mineable Coal le 36

inch. net of restri, 0-1 grid  c:\testuser\calc3 c:\testuser\surfle36net
Surface Mineable Coal le 36

inch. net of restri, 1-null grid c:\testuser\calc4 c:\testuser\surfle36netx
Surface Mineable Coal le 36

inch. as coal regions c:\testuser\calc5 c:\testuser\surfle36reg
LMU’s 12-36 inch coal, aggregate

available & restricted c:\testuser\calc6 c:\testuser\lmu1236surfcx
LMU’s 12-36 inch coal, available

by LMU & restricted c:\testuser\calc8 c:\testuser\imu1236surfcz
Surface Mineable Coal gt 36

inch. as a 0-1 grid c:\testuser\calc9 c:\testuser\surfO1gt36
Surface Mineable Coal gt 36

inch. as a 1-null grid c:\testuser\calc10 c:\testuser\surfgt36null
Surface Mineable Coal gt 36

inch. net of restri, 0-1 grid  c:\testuser\calc11 c:\testuser\surfgt36net
Surface Mineable Coal gt 36

inch. net of restri, 1-null grid c:\testuser\calc12 c:\testuser\surfgt36netx
Surface Mineable Coal gt 36

inch. as coal regions c:\testuser\calc13 c:\testuser\surfgt36reg
LMU’s gt 36 inch coal, aggregate

available & restricted c:\testuser\calc7 c:\testuser\imu36surfcx
LMU’s gt 36 inch coal, available

by LMU & restricted c:\testuser\calc16 c:\testuser\imu36surfcz



LMU’s small area coal, aggregate
available & restricted

LMU’s small area coal, available
by LMU & restricted

c:\testuser\calc14 c:\testuser\lmusasmx

c:\testuser\calc15 c:\testuser\lmusasmz

Sulfur Grid

96 meters c:\testsuer\sfacel c:\testuser\sulfur96
Sulfur Grid * 100

16 meters c:\testuser\calc26 c:\testuser\sulfur100
Btu Grid

96 meters c:\testuser\sface2 c:\testuser\btu96
Btu Grid

16 meters c:\testuser\calc27 c:\testuser\btul6



Congratulations!!!!

You have finished Chapter 6.

You have completed a detailed analysis of coal available for surface mining.
During this exercise, we used the full suite of tools available in GIS.

Pat yourself on the back.



Tons of Coal

&} Field Definition

M arne: | rillian tons coal 0Ok I

Tope: | Murmber E3

Wwidth: I e
Decimal Places: I 1|

Cancel |

’L" Field Calculator

Field= Type Requestz
[5'-1”] ﬂ & MNumber x -
["-.-"arllet.y] £ Sthing +
[t ajority] - T
[Hircrity] " Dats )
[Median] m
[rnillior tors coal] g
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[million tong coal] =

[Surm] / 1000000 -

Cancel




Thickness

& Field Definition

M ame: | thickness [in] ak. I

Type: | Mumber |

Wwhdth: | g
Decimal Flaces: I 0

Cancel |

&! Field Calculator

Figlds Type Requests

[ iearl TS (ORI

[Std) .
i ' Sking

[ ariety] " Date .

[k ajority] 4

[Mirarity] £

[Median] | <= =l

[thickneszs [in]] =

[[t=an) -
_ Corcel |

Cancel




Overburden

&} Field Definition

Mame: | overburden [ft] ‘ k. I

Tvpe: | Mumber

|4

Cancel |

wide [ E |
Decimal Places: I 1]

"L" Field Calculator

Figlds Type Requestz

[Mean] ﬂ ' Mumber

[Std] :
o £ Sking

[Vanehi] " Date
[t ajority] d
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A
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Parting

& Field Definition

Marme: | parting [in) ‘ Ok I

Tepe: | Mumber =

Width: I =

Decimal Flaces: | 1

Cancel

! Field Calculator

Fields Type Requests
[Mean] 2| & Number : =
[5td] " Sking M
[Sur] ; -
[V ariehy] J " Date )
[M ity I
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[parting [in]] =
PR .




Sulfur

& Field Definition

HE = | aUlFur [3) ‘ Ok, I

Tepe: | Murnber =

Cancel ‘
Wwidth: I &) i

Decimal Places: | 2

& Field Calculator

Fieldz Type Requests
| [Fange] ‘“l = MNumnber i =
" Shi M
(St ririg - |
[SLIITI] " Date -
[\ ariety] m
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Cancel
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& Field Definition

I arne:; | bk 1b ‘ 0Ok I

Tvper | Mumber =

width: | =

Decimal Places: | 0

Cancel ‘
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Chapter 7.

COAL AVAILABILITY BY MINING TECHNOLOGY
AUGER MINING

Purpose: In this Chapter, we estimate coal available for prospective mining by auger
mining methods and by thickness within the auger method.

Overview: We estimate the amount of coal available for auger mining. Coal is auger mined
starting from the point where strip contour mining stops. We assume that auger mining can
remove coal that is within 50 feet of the point where surface mining stops.  Coal can be surface
mined when its stripping ratio is equal to or less than 20 to 1 and when the surface slope is equal
to or less than 32 degrees. We apply both of these criteria to determine the extent of prospective
surface mineable coal.

Mining costs are affected by coal thickness. Generally, thicker coal has a lower cost per
ton compared to thin coal. When mine costing is applied to the assessed coal, we use different
configurations that vary according to coal thickness. To have the correct breakouts, our
assessment in this chapter separates out the coal for auger removal into two thickness categories:
12 to 36 inch thick coal and > 36 inch thick coal.

The coal in areas where social and environmental restrictions apply is then removed from
the coal targeted for auger removal. Next, we check to see if there is enough coal to support a
minimum-size mining operation.

Open a new ArcView project.
Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

’;" Work Directory

Specify new wark, directon ak.

[z s Cancel




Representative Mine Sizes by Mining Technology and Coal Thickness

Table 7-1. Representative Mine Configurations for the Pittsburgh Coal Bed. (Coal thickness, pure coal
handled, and recovery rate from COALVAL, revised by T. Rohrbacher, 2000.)

Coal Pure Coal Recovery Mine Minimum-Size | Maximum-Size
Mining Thickness Handled Rate Life Resource Block| Resource Block
Technology (inches) | (tons/year) | (decimal) (years) (tons) (tons)
Contour Strip 12-36 711,976 0.78 5 4,563,949 13,700,000
Contour Strip >36 921,744 0.93 5 4,955,613 14,900,000
Small Area Surface 12+ 1,333,942 0.93 5 7,171,731 21,500,000
Auger 12-36 71,017 0.3 5 1,183,617 3,600,000
Auger >36 150,427 0.3 5 2,507,117 7,500,000
Longwall 42-72 4,129,614 0.73 10 56,570,055 169,700,000
Longwall 72-96 5,761,744 0.73 10 78,928,000 236,800,000
Longwall 96+ 5,301,150 0.75 10 70,682,000 212,000,000
Continuous Underground 24-42 839,754 0.62 10 13,544,419 40,600,000
Continuous Underground 42-72 1,283,774 0.65 10 19,750,369 59,300,000
Continuous Underground 72-96 1,760,962 0.68 10 25,896,500 77,700,000
Continuous Underground 96+ 2,090,376 0.71 10 29,441,915 88,300,000

Pure Coal Handled is Run of Mine without Parting and Dilution
Minimum-Size Block is a Logical Mining Unit (LMU)
Maximum-Size Block is a generalized block of coal for assessment purposes.

Blocks by mining technology and thickness categories are sized between the minimum and
maximum size. The objective is to approach the maximum size when that is possible. A mining
block has contiguous coal for underground operations and closely-spaced coal for surface
operations. All coal will be cut up by areas where social and environmental restrictions apply.
Also, some areas with underground coal and with surface coal may end before coal quantities
approach the maximume-size resource block. Because of these various constraints, coal resource
blocks will range between the minimum and maximum resource block sizes. In any case, to be
considered in the analysis for mining, a coal resource block has to have the minimum size listed
in Table 7-1.

The coal resource assessment method outlined in this Guide recognizes these constraints:

- Geologic data available through the National Coal Resource Assessment (NCRA)are not
sufficiently detailed to support mine-scale analysis.

- The methods (as applied to NCRA data) provide as assessment that has validity at a
regional scale.

- Analysis at a more detailed scale would require additional dense data, which often are
not available to public agencies such as the U.S. Geological Survey.

7-2



Table 7-1 reports “Pure Coal Handled” based upon mine configurations developed in
COALVAL, which is a cost engineering model of coal mining operations. We need pure coal
because the assessment undertaken via this Guide is for pure coal. By pure coal, we mean coal
only, rather than a composite of coal, parting, and dilution material (from mine roofs and floors).

The NCRA is based upon estimates from drill cores, outcrops, and channel samples. The coal
thickness from the various data sources is for coal only. We, of course, also have data (for the
Pittsburgh coal bed) on partings and we use that data to obtain a parting estimate. Parting is
material, ranging from several inches up to several feet in thickness, interspersed within a coal
bed. Parting has some heat content, usually less than half the value of pure coal.

COALVAL spreadsheets report the pure coal component of the mine configurations. Also,
COALVAL spreadsheets report dilution and the total amount of material handled in a mining
operation. In table 7-1, we use the pure coal component from COALVAL to guide our GIS
assessment of pure coal.



Open View Properties and enter these settings:

:" ¥iew Properties

Mame: | Wiew1

Creation D ate: | Saturday, September 25, 1333 05:03:36 P Cancel |

Creatar: |

kap Units: | meters

KK

Distance Units: | miles

Frojection... | Brea OF [nterest. .
Background Color: Select Color...
Cormrmetts:

4]

Under the File Menu
Click Extensions

Toggle on Spatial Analyst



In View 1 add these grid themes:

rem16bufpl2
Imul236surfcz
Imu36surfcz
Imusasmz

i Viewl Mi=] B2

ﬂ Lmu2Gsurfez 1=

[ JMHoData

ﬂ Lmui23Gsurfcz
Lo
L1

[ 2
[ JMHoData

| RemiGbuipiz ‘

£
[ JMHoData




Update the Remaining Coal Layer by Removing Coal Allocated to Surface Mining

Our first task is to remove from remaining coal (Rem15bufp12) any coal already allocated to
surface mining:

Lmul236surfcz (with includes coal in restricted areas identified by cell value = 0)
Lmu36surfcz (which includes coal in restricted areas identified by cell value = 0)
Lmusasmz (which includes coal in restricted areas identified by cell value = 0)

We take out the cells with coal and the restricted cells. The resulting layer has coal that remains
available for auger mining.

This layer can serve as a mask for determining coal assigned to auger for coal in the 12 to 36 inch
thickness category (i.e., our first category of augered coal).

The 0 cells in each layer are changed to non-zero (=9 or 99) and the null values are changed to 0.

Note: For some calculations, it is necessary to have the 0 cells carry a value other than 0.
When cells have a zero value, they will be evaluated “false” in a logical condition preceding
a request in a Map Calculator expression. When we don’t want that to happen, then it is
necessary to reclassify the grid and assign another value such as 9 or 99. A non-zero value
(such as 9 or 99) will be evaluated “true” in a logical condition preceding a request in a
Map Calculator expression. However, you have to be careful when you change the 0 value.
Within a given grid, a value = 9 may already be assigned to a group of cells. Then, if you
changed the 0 cells to 9 they would be grouped with the original 9-cells in the reclassified
grid. Ordinarily we do not want this to occur.

Before evaluating an expression that requires the 0-cells to be reclassified (so they evaluate
“true”), you should open the coverage table and sort on Value in descending order. If the
highest value is a 1-digit number less than 9, then 9 can be used in the reclassify request.
Similarly, if the highest value is a 2-digit number less than 99, then 99 can be used, and so
on. In the pages ahead, some of the time you will see 9 used for the 0-cells, at other times 99
will be used for the 0-cells, and still at other times 999 will be used for the O-cells. The
objective is to keep the 0-cells in a unique new value category. Using a higher number, for
example 99 rather than 9 (when 9 may do), is a conservative approach that will have the
same outcome as using 9.



Currently, the layer, Lmul236surfcz, is classified as follows:

! Legend E ditor

Theme: HIE Load... |
Legend Type: [Unique Value =l Save. |

Yalues Field: |"-.-"a|ue |=]

Symbaol Walue Lakel Count
I 0 -
0 o 1
Bl : 2
[ ] Ma Data

+] 8] & &l 3

Calar Schemes: | B ountiful Harvest =]

ddvanced... | Statiztics... | W] g jele | Apply I

Cells with value=0 indicate restricted coal.
Cells with value=1 indicate available coal in coal resource block #1.
Cells with value=2 indicate available coal in coal resource block #2.

We reclassify Lmul236surfcz as follows:



Reclazsify Yalues

Clazzification Field: |"v"alue ||
Clazzify. .. | nigue Lookup... |
0ld % alues M ew Value
n 3 le=l
1 1
2 2
Mo Data 0

Save | k. | Cancel |

When you enter 0 in the New Value field, don’t forget to press the enter key before you click
OK.



We reclassify Lmu36surfcz as follows:
0 cells to 99

1-15 cells no change
null cells to 0

Reclassify Yalues

Clazzification Field: |"Jalue |
Clagzify. .. I U rigque Lookup... |
Old W alues Mew Walue
0 : =
1 1
2 L2
3 L 3 o
4 K
5 5
a KR

Load

Save Ok Cancel




We reclassify Lmusasmz as follows:
0 cells to 99

1-3 cells no change
null cells to 0

: Reclazsify Yalues I

| Classification Field: [/l —
Clazzify. .. | Lnigue Lookup... |
Old Y alues Mew Walue
0 93 |~
g 2
3 3
Mo Data 1]

L4]

Sawve | k. Carizel

Next, we remove coal already allocated to surface mining from layer Rem16bufpl12. This is step
one to build a mask so that coal targeted for auger mining is not on coal already allocated to
surface mining.



In Analysis Properties, enter these settings:

| Analysiz Properties: Yiewl

finalysiz E stent | Same Az RemlBbufpl 2 |

| Left | -155677.503175 Top | 19706543 69375

Battam | 1693107.63375 Right | 191310.496525

: Analyzis Cell Size |-"'Hw Specified Below =

Cell Size | 15 m
[17346

Humber of Fows

Murnber of Colurns | 21718

Analysis Mask | Mo Mask Set |

;. Q. Cancel |

In Map Calculator, evaluate this expression:




{: Map Calculation 9

: Exp Log
[Reclass of Lmusa

[Reclasz of Lnu3E:
[Reclazs of Lmu36
[UnionBrestr]
[Union@restr . Cou
[auger] 236final]

Log?

_Ew2 |
Exp10 | Logln

[
[ [RemlBbufpl12]] and [ nat |
[[Feclass of Lrmul 236surfcz]] or [[Feclass of Lmu3Bsurfcz]] or [[Feclass of Lmuzasmz] ]

ok

]
J.con(1 AsGrid 0.AzGrid)

Ewaluate

The second step is to change cells with 0 to null.

In Map Calculator, evaluate this expression:

:‘ Map Calculation 10

Layerz

[Map
[Map Calculabion 9
[Reclaszz of Lmusa
[Reclass of Lmusa El
[Reclass of Lmu3k:

[Reclaszs of Lmu3k
[UnionBrestr] ;I

[ [Map Calculation 9] = 0).SetMull(1 A:Gnd) -

Ewaluate




The layer, Map Calculation 10, has all the cells with
Remaining coal equal to or greater than 12 inches in thickness
Coal in safety barriers around mined-out coal removed, and
Coal allocated to surface mining removed
In theme properties, rename the new grid: remsurfout.
Record its source in the list of coverages to retain and rename.
Remsurfout will be used as a mask to keep coal for auger mining out of cells that are restricted.

Auger Mining in the 50 foot zone around Contour Strip Mines on Coal, 12 to 36 inches in
Thickness

The next step is to expand Lmul236surfcz by 1 cell. The 1 cell expansion (16 meters or
approximately 50 feet in width) is the area where auger mining would take place. Auger mining
starts at the contour strip highwall and can extend into the 50+ feet of coal beyond the highwall.
We use a 16 meter expansion as an approximation.

In Map Calculator, evaluate this request:

":." Map Calculation 2

| Logarithrns =]
Lavers
[Reclass of Lmusasil
[Reclaszs af Lrul 2
[Reclass of Ll 2
[Lrul 236zurfcz]
[Lriul 236zurfez | C
[Lrnul 236zurfcz . M
[Lrud 236 surfez . 1.7 AGirid

Exp | Log |
¥or

Eupd | LogZ |

REE

NEE

aHB
] [} W

ot Expl0 | Logi0 |

Lll=I{]
HIID

|

;

[ [Lrul 236surfez]). Expand(1.41.2} -

Evaluate




The layer, Map Calculation 4, expands Lmul236surfcz by 1 cell. The expansion can extend into
the areas that are restricted and into areas that do not have remaining coal.

[Note: The expand request applies a 1 cell expansion to cell regions that have Value = 1 and
Value = 2. These are the cells that make up the area that is assigned for contour strip
mining on coal with thicknesses between 12 and 36 inches.]

We correct the initial expansion (to eliminate expansion into restricted areas and areas without
coal) by setting a mask and evaluating Map Calculation 4 with the mask in place.

Under the Analysis Menu:
Click Properties
Change the Mask to

Remsurfout

Analysis Properties: Yiewl

Analysis Extert | Current Value =]

Left | -155677.502175 Top | 1970643.63375

Bottam | 169310763375 Right |191210.436225

Analyziz Cell Size I Current alue =l

Cell Gize |16 m
[T7386

MHumber of Rows

Mumber of Columnz I 21718

analysis Mask BRI

Ok, Cancel |




In Map Calculator, evaluate this request:

’:- Map Calculation 10

| Logarithms =]
Layers
[remzurfout] -
[remsurfout . Count
[Map Calculation 4F
[Map Calculation 4
[Map Calculation &
[Map Calculation &
[Map Calculation 9 ﬂ

Exp Log

Exp2 | Log2 |

Exp10 | Logio |

1 M N(ES

[ [Map Calculation 4]).Conl[Map Calculation 41,99 .A:Grid) -

Ewvaluate




The layer, Remsurfout, is the area of remaining coal.
The layer, Lmul236surfcz, is the area with contour strippable coal, 12 to 36 inches in thickness.
The layer, Map Calculation 10, a 16 m expansion of Lmul1236surfcz, is the area with coal for

auger mining. Note that there is no expansion into restricted areas or into areas where there is no
remaining coal.

i Viewl

ﬂ Map Calculation 10

ﬂ Lmui1236surfez

| Reclass of Lmul236=zurfoz
o
|
| -
| -
[ IHamrata

ap Calzulation ¢

=
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i

1
2
Mo [ ata

L
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ap Calzulation &

1
2
H
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In chapter 5, we made a grid, union8restr, which has 8 categories of restrictions.

Add union8restr to Viewl.

Toggle on the display for union8restr

Union8restr has restricted areas for the entire Pittsburgh bed.

Up to this point, we have accounted only for restrictions to the coal allocated to surface mining.
We now remove any coal classified for auger mining that might extend into other restricted areas.

In Map Calculator, evaluate this request:

=

-J Map Calculation 11

|Lngarithm3 3
L
'| |::.3||::I_J|-E|ti|:|r'|1|ﬂ |.::+E | | ‘ || : || : | | _ ||{} | |3ﬂd| Exp | Log |
[Map Calculation 1 |f| |4||5 ||IE| |:=-||:=-=||Dr|
L 236z urfcz] Eup2 Log?
[Lﬂﬂmsiﬂifﬁi_.: =] 23] L]l 2l [
[Lrnud 236z urfcs . M +] [ o (-] [ © ][m] Expld |  Logidl |
[Lrd 236surfcz . T
[Lﬂﬂmsiﬂifﬁin | AslGrid |

[
[ [Map Calculation 10]] and [ niot [
([ rianSrestr]]

]

]
J.conl[Map Calculation 10).0.AsGrd)

|41

Evaluate




In theme properties, rename the new grid: auger1236.
Record its source in the list of coverages to retain and rename.

Next, we check to see if the coal in the auger resource blocks (1 and 2) in coverage auger1236
have enough tons to support a minimum-size mining operation.

Add tonsbycell to Viewl.

Use Method A (p. 6-66 & p. 6-84) to calculate the tons in auger1236:

& Attributes Of Auger1236

M Civant | Al e o
1] 520 01 el
1 2883 0E
2 19307 419

| [

The minimum size resource block for an auger mine (12 to 36 inch thick coal) is 1.18 million
tons (table 7-1, page 7-2). Coal resource block #1 has 0.6 million tons; resource block #2 has 4.9
million tons. Coal resource block #1 does not have enough tons for a viable operation.



Remove resource block #1 from auger1236.

In Map Calculator, evaluate this request:

f: Map Calculation 11
| Logarithms =]
e A DEIE] =] [ Los |
e M EA KA EL I S (N e oy
. b o
ppepnaenner | — | [1][2][3] [<][=][e] — -
[Map Calculation 1 |+| | (] || | | ] ||n|:|t| E:-cp'IEII Lu:ug‘ll]l
[Lrnul 2236zurfoz)
[Lzﬁmaiﬂ:i?c hd AislGrid |
[ [Map Calculation 10] = 1).SetMull[[kap Calculation 10]) -
Evaluate

The layer, Map Calculation 10, has cells for coal resource block #2, coded as 2. The cells for
resource block #2 include coal in restricted areas. The other cells in the coverage are coded as
null including coal resource block #1 which does not meet minimum tonnage limits.

Next, we break out the cells in the coverage for coal resource block #2 that are restricted.



In Map Calculator, evaluate this request:

".'. Map Calculation 12

ILDgarithms =]
Layers
my 3“ Exp I Log |
[Map Calculation 17
[auger1238] B Ewp2 | Log2 |
[auger 236 . Count
[auger 236 milion Exp10 | Logtd |

[Map Calculation 1
[Map Calculation 1 ;I

[
[ [Map Calculation 11]) and [ nat [[Llpiu:unErestr]] 1
1.Con[[Map Calculation 11].0.AsGrnd

Ewvaluate

In Theme Properties, rename the new grid: auger1236final.

Record its source in the list of coverages to retain and rename.




Add these grids to Viewl:

thk16
ob16
parting10
sulfurl00
btul6

Use Method A (p. 6-66 & pp. 6-84 through 6-89) to add tons, thickness, overburden, partings,
sulfur and btu/lb to the attribute table for theme, auger1236final:

f. Attributes of auger] 236final

1] 425 0.1 25 55 3.5 364 13363 Ll
2 13307 4.3 27 43 3.1 367 13340




Next, we add a 1 cell (16 m) safety barrier to the area with auger mining.

Update the Layer of Remaining Coal by Removing Coal Allocated to Auger Mining, Coal
with 12 to 36 Inches in Thickness

We begin by removing coal allocated to auger mining on coal 12 to 36 inches thick from
remaining coal.

Under Analysis Menu:
Click Properties
Change Mask to

Rem16bufpl2

Analyziz Properties: Viewl

Analysis Extent | Current Value ]

Left | -155677.503175 Top | 197064369375

Bottam | 169310763375 Right | 191310436525

&nalyziz Cell Size | Current Y alue ]

Cell Size 115 m
[17348

Humber of Bowes

[21718

Murber of Colurmng

Analyziz Maszk iHemlBbufp

ak Cancel |




Reclassify Auger1236final as follows:
0 cells to 99

2 cell no change
null cells to 0

Reclassify Yalues

Clazsification Figld: |‘-.J'alue =]
Clagzify. .. | Unigue Lookup... |
Qld Y alues Mew Walue
1] 33 el
1-2 2
Mo Data N

141

+| x|

Load

Save ak. Cancel

Next, we remove coal already allocated to auger1236 from layer Remsurfout. This is step one to
build a mask so that coal targeted for the barrier to auger mining is not on coal that has already
been allocated.

In Map Calculator, evaluate this expression:



*ﬂ' Map Calculation 12

| Logarithms =]
= I ) oy
[Feclazs of augen @
[ 123Efinal]
s R e || 2 ||
[ 123Efinal . Expl0 Lagl0
W Lo L] o] feno] L
[auger] 236final . o ﬂ &zGrid

[ [rernsurfout]] and [ not ([Reclass of augerl 236final]] )
J.con1.AsGnd, 0.AzGrid)

Evaluate

The second step is to change cells with 0 to null.

In Map Calculator, evaluate this request:

:-i'-‘ Map Calculation 13

| Logarithme =]
Layers
[Map Exp | Log |
[Map Calculation 13
Exp? | LogZ |

[Reclass of augerl
[Reclass of augerl E
[auger] 236final]

[auger! 236final . C
[auger 236final . mj

Expl0 | Logi0 |

[ [Map Calculation 12] = 01.5etMull1.AzGrid) -

Ewvaluate




The layer, Map Calculation 13, has all the cells with
Remaining coal equal to or greater than 12 inches in thickness
Coal in safety barriers around mined-out coal removed
Coal allocated to surface mining removed, and
Coal allocated to auger mining (12 to 36 inch coal) removed.
In theme properties, rename the new grid: remsurfaug1236out.
Record its source in the list of coverages to retain and rename.

Remsurfaug1236out will be used as a mask to keep coal for auger mining safety barriers out of
cells that are restricted.

Safety Barrier (50 feet) Around Area with Auger Mining, Coal 12 to 36 Inches in Thickness

The next step is to expand auger1236final by 1 cell. The 1 cell expansion is16 meters or
approximately 50 feet in width.

In Map Calculator, evaluate this request:

":.' Map Calculation 13

| Logarithims =]
Laners
[remsurfaugl 23600
[Map Calculation 13
[Map Calculation 15
[Reclazs of auger
[Reclazs of augerl
[auger] 236final]

[auger! 236final . Cix AGirid |

[ [auger 236final]).Expand(1.{2}) -

Eup | Log |

EupZ | LogZ |

Kl NE3

hiot Expl0 | Login |

Evaluate




The layer, Map Calculation 13 is a 1 cell expansion of auger1236final. The expansion can
extend into the areas that are restricted and into areas that do not have remaining coal.

We correct the initial expansion (to eliminate expansion into restricted areas and areas without
coal) by setting a mask and evaluating Map Calculation 13 with the mask in place.

Under the Analysis Menu:
Click Properties
Change the Analysis Mask to

Remsurfaugl1236out

Analyziz Properties: Viewl

Analysis Extent | Current Value =]

Left | -156677.603175 Top | 197064369375

Bottam | 163310769375 Right | 191810 435825

Analysis Cell Size | Curent Y alue =l

Cell Size |15 m
[T7345

Humber af Bows

[1718

MHumber of Columnz

Analyzis Mazk B

] Cancel |




In Map Calculator, evaluate this request:

";' Map Calculation 14

| Lonarithrns =]

Layers

[Map Calculation 1:’
[Map Calculation 1
[remeurfaugl 23600
[remeurfaug] 23600 El
[Map Calculation 13

[Map Calculation 13
[Reclass of auger ;I

Exp I Lag I

Exp2 I Log2 I

Expl0 | Logi0 |

[ [Map Calculation 13]). Conf[Map Calculation 13],99.4:2Grid) -

E valuate




The layer, Remsurfaug1236out, is the area of remaining coal.
The layer, auger1236final, is the area where coal is augered.
The layer, Map Calculation 14, a 16 m expansion of auger1236final, is the area with coal for the

safety barrier for auger mining. Note that there is no expansion into restricted areas or into areas
where there is no remaining coal.

& Viewl

1 Map Caleulation 14 =

I =
I:lNoData
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We now remove any coal in the safety barrier for auger mining that might extend into other
restricted areas.

In Map Calculator, evaluate this request:

"L Map Calculation 15

| Logarithmz =]

Layers :

Exp | Log I

] [
[Map Ealculgtinn 14 @
e 5| ]
[augerl 236final . m ‘II E nat Expl0 | Logid I

[auger1 236final . th

[auger] 236final . o ll AzGrid |

[
[ [Map Calculation 14]] and [ nat |
[[UnionBrestr] ]

—

]
J.con([Map Calculation 14].0.4:Gnd)

Evaluate




In theme properties, rename Map Calculation 15 as: auger1236sb (sb for safety barrier).
Record its source in the list of coverages to retain and rename.

Use Method A (page 6-66 & pp. 6-84 through 6-89) to calculate the tons in auger1236sb:




We proceed, now, to process the layer for surface mineable coal 36 inches and greater in
thickness (Lmu36surfcz). The objective is to extract additional coal by auger mining and to add
a 50 foot safety buffer to the area that is mined by auger.

Coal in the safety barrier around contour strip mines (12 to 36 inches in thickness) is the latest
coal tonnage calculated by the model.

The layer for this coal is called auger1236sb.

Update the Layer of Remaining Coal by Removing Coal Allocated to the Safety Barrier
around Auger Mining, Coal with 12 to 36 Inches in Thickness

We update the remaining coal layer by removing auger1236sb from the latest updated remaining
coal layer.

Currently, the latest updated remaining coal layer is

Remsurfaugl236out



Step 1: We reclassify auger1236sb following the procedure on p 7-10:

Reclassify Yalues |

Clazzification Field: Il'-.-"-EllLJE-' B3
Claszify. .. | U nigque Loakup... |
0ld W alues M e W alue
1] 93 sl
2 2
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+| x|

Load

Save QE. Cancel

Step 2: We remove the reclassified coal from Remsurfaug1236out, following the 2 step
procedure on p 7-10.



:_:I";:-"‘ Map Calculation 15 M[=] E3
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L
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Evaluate |
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Step 3: We rename the new grid: remaug1236+sb.
And record its source in the list of coverages to retain and rename.

Auger Mining in the 50 foot zone around Contour Strip Mines on Coal, > 36 inches in
Thickness

Next, we change the Analysis Extent so that layer Lmu36surfcz can be expanded.
Under the Analysis Menu click
Properties

Change Analysis Mask to

Rem16bufpl2
Analysis Properties: Viewl |
Analysis Extent | Current Yalue =]
Left | 155677 603175 Top | 1970643.63375
Battom | 1632107.63375 Right | 191310436325
Analyziz Cell Size | Current Y alue E3
Cell Siz= 118 m
Murnber of Rows (17348
Murmber of Columnz [21718

Analygiz Mazk :Hem]Bbufp] 2

0 Cancel I




Step 4: We expand Lmu36surfcz by 1 cell by following the procedure at bottom of page 7-13.

":." Map Calculation 2

| Logarithirns =]
L
Til::ZsasszlElElx. T:I E B Exp | Log |
[Lriuzasmza99: . @
L 9994 . P
| [ o] Bz L2 |
:;: E ‘I\ D ot Expl0 | Laoglld |
[Lrnu3Esurfcz . Cou ™ AzGrid |
[ [Lmu3Bsurfcz]). Expand(1.{1.2.3.4,5,6,7.8.10.11,1213.14,15}) -

Evaluate |

We change the Analysis Extent to clip the expand.
Under the Analysis Menu click:

Properties

Change Analysis Mask to

Remaug1236+sb
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In Map Calculator, we evaluate this request:

Map Calculaton 17

Next, we remove any coal classified for auger mining that might extend into other restricted
areas.

In Map Calculator, evaluate this request:

i
I [Mag Caboutation 170 ard | rot |
miongrestil

i
I

1
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Then we rename Map Calculation 18 as: auger36.
And record its source in the list of coverages to retain and rename.

Next, we use Method A (p. 6-66 & 6-84) to calculate the tons in the auger mines:

’L" Attributesz OF Augerdb
Y alue Count Million_tons_coa
1] 2625 1.4 e
1 2145 1.0
3 B3k 04
4 Ba08 3.3
] 17445 7.8
B 13521 iy
7 12108 57
a 21239 121
10 9352 A8
11 14624 7h
12 224138 142
13 Ba3E 41
14 184 0z
15 1015 04 |
1| (]

According to Table 7-1, p. 7-2, the minimum-size coal resource block is 2.5 million tons.

Thus, we have to remove blocks 1, 3, 14, and 15.



In Map Calculator, evaluate this request:

f." Map Calculation 18

| Logarithrns =1
Layers
[Map Calculation 158 Exp | Log I
[Map Calculation 1
[BigerRraaE] El Exp2 | Log2 |
[&waer3gia39 | Col
[Buger 351399 . il Exp10 | Logi0 |

[Eugerdeiaas Thi
[Buger 36999 Ove 7

(

[ [Map Calculation 17] = 1) or [[Map Calculation 17] = 3] or [
[Map Calculation 17] = 14]) or [[Map Calculation 17] = 15]
|.SetMull[Map Calculation 17])

Evaluate

Next, we remove the cells that are restricted.

In Map Calculator, evaluate this request:

"-:.' Map Calculation 19

| Logarithms =]
L
-- Calculation 1589 @ El Exp | Log
[Map Calculation 1 @

[auger3E]
[auger3E . Count]
[auger2E . million_t
[Map Calculation 1

[Map Calculation 1 ;I AzGnd |

[ “
[ [Map Calculation 18]) and [ not [[Uniongrestr]] )
).Canl[Map Calzulation 18].0.A3Grnd)

1 N Ed
B
[

Evaluate




In Theme Properties, rename the Map Calculation 19: auger36final
Record its source in the list of coverage to retain and rename.
Next, we use Method A (p. 6-66 & pp. 6-84 through 6-89) to calculate:

tons
thickness
overburden
parting
sulfur
btu/lb

‘5" Attributes OFf Auger36final

A

0 2503 1.4 1 87 4.7 3200 130718 =
4 B508 3.3 53 104 E.8 4.47: 12305
5 17445 v.0 47 3 2.0 2337 1123
= 13521 T G0 87 4.2 2431 12451
7 12108 5.7 43 87 1E.2 3841 12290
8 21239 12.1 E0 70 25 1751 13498
10 3552 5.8 B2 101 35 2551 13343
1 14624 7.5 54 73 25 3.7 13396
12 22738 14.2 E3 EE 29 3441 13388
13 G055 413 o5 123 25 2861 13572

« [+]

Next, we add a 1 cell (16 m) safety barrier to the area with auger mining.

Update the Layer of Remaining Coal by Removing Coal Allocated to Auger Mining, Coal >
36 Inches in Thickness



We begin by removing coal allocated to auger mining (on coal 36 inches or greater in thickness)
from latest updated layer of remaining coal.

Under the Analysis Menu
Click Properties
Change Analysis Mask to

Rem16bufpl2

Analysiz Properties: Yiewl

Analysis Extent | Curent Y alue |=|
Left [ -155677 503175 Top | 157064369375
Bottom | 1693107.69375 Right | 191810.496525
Analyzis Cell Size | Current Yalue =]
Cell Size 116 m
Mumber of Fows {17346
Murmber of Columns I 21718

dnalysiz Mask Azl

k. Cancel I




Reclassify auger36final as follows:

Reclazzify Yalues

Claszification Field: |"-.n"alue =]
Clazzifu... | nigue Loakup... |
Old Y alues M e W alue
1] 93 1=
4 4
] ]
B B
7 7 =
g a
10 10 |
4] x|
Load
Save Q. Cancel

Null cells are reclassified to 0 (not shown above).

In Map Calculator, evaluate this request:




ti-"‘ Map Calculation 19 =] E3

| Logarithms =]
Lavers
*
[Reclass of augerd Exp | Log |
[Reclazs of augerd
[auger3Efinal] EupZ | Log2 |

[auger3Efinal . Cou
[auger3Efinal . millid
[auger3Bfinal . thick
[auger3Efinal . Dverﬂ

EON

Exp10 | Logio |

[
[ [rermaugl 236+sh]] and [ not [[Reclass of auger36final] 1 ]
] .Con[1.AzGnd,0.AzGnd]

Evaluate

The second step is to change cells with 0 to null

In Map Calculator, evaluate this request:

[Reclazs of augerd
[augerabfinal]

[auger36final . Cou
[auger36tinal - milig ™ ]

aﬂ‘ Map Calculation 20 =l
| Logarithms =1
Laperz
*
[Map Calculation 15 Exp | Log ‘
[Map Calzulation 1
[Reclass of auger3 EI Exp2 | Logs ‘

Expll | Logll |

[ [Map Calculation 19] = 0).SetMulll &zGnd) -




In Theme Properties, rename Map Calculation 20: remaug36.

Record its source in the list of coverages to retain and rename.

Safety Barrier (50 feet) Around Area with Auger Mining, Coal > 36 Inches in Thickness
The next step is to expand auger36final by 1 cell (for safety barrier).

In Map Calculator, evaluate this request:

":." Map Calculation 18

|L|:|g;|arithms 3|
L
7LE;Z Calculation 1 E B Exp | Laog |
[Map Calculation 13 @

Exp2 Log2
= i || 2 ||
[Auger3Bfinal . kil + ] Expl0 Logl0
e T Lo L) L0 ) Ee0] Lo
[uger3Gfinal . DVELI ﬂl
[ [Auger3Efinal]). Expand(1.14.5,6.7.8.10.11.12.13}) -
|

Evaluate




The layer, Map Calculation 20 is a 1 cell expansion of auger36final. The expansion can extend
into the areas that are restricted and into areas that do not have remaining coal.

We correct the initial expansion (to eliminate expansion into restricted areas and areas without
coal) by setting a mask and evaluating Map Calculation 20 with the mask in place.

Under the Analysis Menu
Click Properties
Change the Analysis Mask to

Remaug36

[ |
H Analyzis Properties: Yiewl I

! Analysis Extert | Current ' alue =]
|

i Left [-155677 603175 Top | 1970643 63375

. Bottam | 163310763375 Right [ 131510.438825

?

i Analysis Cell Size | Cument Walue =]
a Cell Size 115 -

i Humber of Rows I 17346

|

| Mumber af Columns I 21718

4

b Arnalysis Mask {remaug.ak

i k. Cancel I




In Map Calculator, evaluate this request:

".'. Map Calculation 21

| Logarithmes =]
Lapers
[Map Calculation Zlﬂ Exp | Lag |
[t ap Calculation 2
[remaug3E] E Exp2 | Logz |
[remaugat . Count]

[Map Calculstion 1 Expl0 | Logio |

[Map Calzulation 1
[Reclazs of augerd ;I

[ [Map Calculation 20]).Conl[Map Calculation 20],.99.A2Gnd] -

Evaluate




We now remove any coal in the safety barrier for auger mining that might extend into other
restricted areas.

In Map Calculator, evaluate this request:

’; Map Calculation 22

| Logarithms |=]
L
-. Calculation 2 |:_:+E | | < || : || : | | - ||{} | |Bﬂd| Exp I Log I
[Map Calculation 21 |/| |4||5 ||E| |:—||:—=||Dr|
[Map Calculation 2
[M:EE:IEEI:EE:E = EdE] ==l 2 | _Log? |
[remaug36] ] [ o -] [ © ][] Exp10 | Logid |
[remaug3E . Count]
[t ap Calculation 1 ;I AzlEnd |

[
[ [Map Calculation 21]) and [ not |
[[UrnionSrestr] |

]

]
].Conl[t ap Calculation 21],0.A:Grd)

Ewvaluate




In Theme Properties, rename Map Calculation 22: auger36sb (sb for safety barrier).
Record its source in the list of coverages to retain and rename.

Use Method A (p. 6-66 and 6-84) to calculate the tons in auger36sb:

";" Attnibutez Of Augerdbzb




Coal in the safety barrier around contour strip mines (36 inches and greater in thickness) is the
latest coal tonnage calculated by the model.

The layer for this coal is called auger36sb.

Update the Layer of Remaining Coal by Removing Coal Allocated to Safety Barriers
Around Auger Mining, Coal > 36 Inches in Thickness

We update the remaining coal layer by removing this coal from the latest updated remaining coal
layer.

Currently, the latest updated remaining coal layer is

Remaug36



We reclassify auger36sb following the procedure on p 7-10:

Reclaszify Yalues
Clazzification Field; |"-.-falue |
Clazzify... | [ higue Loakup... |
Qld " alues Mew W alus
1] 93 =l
4 4
] ]
B B
7 7 =
g a
10 10 hd
+| x|
Load |
Save | ] | Cancel |

The cells with No Data (i.e., null cells) are changed to 0 (not shown).

Next, we remove the reclassified coal from Remaug36, following the 2 step procedure on p 7-
10.



.-:" Map Calculation 22

| Lagarithms =]
Lavers
[Feclass of auger3 Exp | Log |
[Feclazs of auger3
[auger36sb] B Exp2 | Log2 |
[augeraBzb . Count
[augerabsb . million Exp10 | Logio |

[Map Calculation 21
[M ap Calculation 2'ﬂ

[ i
[ [remaug3E]] and [ not |
[[Reclazs of auger3bzh] |
| ]
[1.Con(1.AsGnd.0.AsGrnd)] -

Evaluate

ﬂ Map Calculation 23

e % )

[ Logarithms =]

Exp |

Log |

==
[Map Calculation 2
EEEEZ:EE?EEEE] ﬁ E Hpj 0 || tugj 0 ||
ugerd6shaaa n 0 0 |[not P o
e Canill st
[ [Map Calculation 22] = 0).5etNulll AsGrid] -
Evaluate




In Theme Properties, we rename Map Calculation 23: remaug36+sb
And record its source in the list of coverages to retain and rename.
Safety Barrier (50 feet) Around Remaining Area with Surface Mining

Next, we place a safety barrier around all the remaining areas that have been surface mined, but
not extended by auger mining. These include:

Lmul236surfcz Block 1
Lmu36surfcz Block 1
Lmu36surfcz Block 2
Lmu36surfcz Block 3
Lmu36surfcz Block 14
Lmu36surfcz Block 15
Lmusasmz Block 2
Lmusasmz Block 3

Under the Analysis Menu click:

Properties

Aenalyses Evtgrn | Cumers \Vabae = |

Change Analysis Mask to

Rem16bufpl2

Left [ 155677 500175 Top | 1370543 53375

Baftan [ 1633107 63375 Right 131310 436325

Benalysis Tl Sige | Comert Vakse =|

CellSize | 1% m

[N urnbesr of Fiowem I 1745

Murnker of Cobumns I'"I""It:
iz Mack [T A -~ |

ok | Cancel |




We then create layer that has all of the blocks listed above.

In order to build the composite layer, we first turn the null values in each of the separate layers to
99. Without this step, the union would evaluate null.

Reclassify Lmusasmz as follows:

Reclazzify Yalues
Clazzification Field: |"v"alue =]
Clazzify... | IIhigue Lookup... I
Qld* alues e W alue

] n el
2 2
3 3
Mo Data 93

+| x|
Load |

Save | k. Cancel




We then use the reclassified layers (nulls set equal to 99) in Map Calculator to evaluate this
request:

ai“ Map Calculation 23

| Logarithms =]
L
?;:zlass:-::-memm:ZSEA |}E | | ‘ || : || : | | - ||{}||3ﬂd| Exp | Lag |
[Reclassux of Lmul 236; | |/ | | L || 5 || [ | | = ||}= || aof |
e O DEIE HEE) 2] 2]
[Fec of Lrnus :rn | + | | 0 || . | | ] ||nu:ut| Exp10 | Logln |
[Recl fL
.
E[Heclasm of Ll 236zurfcz] = 1] ar [ -
[Reclazsws of Lru3Gsurfcz] = 11 or [Reclazssy of Lmu3Gsufcz] = 2] or [[Feclassxs of LrudBsurfcz] = 3 ar |
[Reclazswms of Lmu3Bsurfcz] = 9] or [[Reclazsxs of Lru36zurfcz] = 14 or [[Reclazsse of Lmu3Bsurfcz] = 15] or [
[Reclazzws of Lmuzasmz] = 1] or [[Reclazsxs of Lmuzazmz] = 2] or [[Reclaszs of Lmugasmz] = 3]
1.Con(1.AsGEnd 0AzGrd) -

Ealuate

We expand Map Calculation 23 by 1 cell (to add safety barrier):

:-ﬂ‘ Map Calculation 24 M[=] E3

| Logarithms =]
Layers
[Lriuzazmz . Partind “l Exp | Lag |
[Lrugasmz . Sulfur
[Lrisasme . Btudib Exp2 | Log2 |
[RemlEbufpz]
[Rem Bbufp12 . Cd Exp10 | Logi0 |

[Map Calculation 2

[Map Calculation 22 | Azlnd

[ [Map Calculation 23]1E=pand(1.41}] -

Ewvaluate




Under the Analysis Menu click:
Properties
Change Analysis Mask to

Remaug36+sb

Analyzis Properties: Yiewl

Analpsis Extert | Curent Y alue |

Left | -155677.503175 Top [ 1970643.69375

Bottom | 1693107.63375 Right | 191310.496225

Analysis Cell Size | Cunent Yalue =]

Cell Size |15 m
(17345

Humber of Raows

| 21713

Mumber of Calumnz

Analysiz Mask remaugab+zh

Ok Cancel |




In Map Calculator, evaluate this request:

:-f-_';-"‘ Map Calculation 25

Layers
[t ap Calculation Z-ﬂ
[t ap Calculation 2
[t ap Calculation 2
[t ap Calculation 2
[Lrnuizazmz]

[Lrausasmez . Count
[Lrauzazmez . Million:

Elk
HEE

1 M (ES
[l

-

I
[

o
=

—
—

[ Logarithms

®
g

DN
H

rot

Exp
Exp2 LogZ2

Expl0 LoglO

[ [Map Calculation 24]).Con([Map Calculation 24],99.2:Gnd)

Evaluate

W

Turn cells with 99 to null. The remaining non-zero cells are cells in the safety buffer:

_’,;" Map Calculation 26

-. Calculation Zlﬂ |'::lIIE | | - || 8 || 9 | | — ||{} | |and|
[Map Calculation 28 |,f'| |4||5 ||E| |:=-||:=-=||Dr|
[ J6+zb]

e = WEIE] =]
[Map Calculation 23 | + | | ] | | . | | ] | | huot |
[Map Calculation 2

T e bt

[ [Map Calculation 28] = 93] SetMull[Map Calculation 25])

Evaluate

| Logarithms =]
Exp | Log |
Exp2 | Log2 |
Exp10 | Logto |




Next, we remove any coal initially placed in safety barriers already classified as restricted.

In Map Calculator, evaluate this request:

: Map Calculation 27

|Lngarithms =]
L
-n Calculation E E Exp | Log |
{ﬁ:izfa?:;:?nmﬂ EA[EN| Exp2 | Log2 |

b o
[UrionBrestr . Coure E il : =
1 R

e L] =) fen] L]
[remaugabrsh] 7] Azlnd |

[
[ [Map Calculation 26]) and [ nat |
[[UnionGrest])]

]

].Conf[Map Calculation 26].0.AsGnd]

E waluate

In Theme Properties, we rename Map Calculation 27 as: surfothersb
And record its source in the list of coverages to retain and rename.

We use Method A (p. 6-66 and 6-84) to calculate the tons in surfothersb:

’:." Attributes OF surfothersb

adas Eovand | A daee o
I 287 01 -
1 12575 6.0
1| b




Update the Layer of Remaining Coal by Removing Coal Allocated to Safety Barriers
Around Other Surface Mining

Next, we update remaining coal by removing surfothersb from remaug36+sb.
Under the Analysis Menu click:

Properties

Change Analysis Mask to

Rem16bufpl2

Analysis Properties: Yiewl

Analysiz Extent | Current Value -]

Left | 155677 503175 Top | 1970643.63375

Bottom | 1693107.69375 Right [ 191810436525

tinalysiz Cell Size | Current alue |

Cell Size 115 m
[T7346

Mumber of Bows

Murmber af Calurmns I 21718

Bnalysiz Mazk Hx

Ok Cancel |




Reclassify surfothersb as follows:

Heclassify Yalues

Clazzification Field: |Value =
Clazzify. .. | nique Loakup... |
Old 'V alues Mew Y alue
1] 93 | —
1 2
Mo Data 0

L«

Save | )4 Cancel

In Map Calculator, evaluate this request:




:-i“ M ap Calculation 27 Mi=] E3

| Logarithms =]
:|-E|:E::E: af :E:I.Jrfl:lthrﬂ E B Exp | Log |
[Reclaszs of surfaothd @
[ 36+2h] Exp2 Log2
gl [ jmll fml'
[zurfathersh] ¥ o
5 Lo L] =] Eenf o
[surfothersh . milliurﬂ AzGErnd
E [remaug36+zh]] and [ not [[Feclass of surfatherzh]] ] -
1.Con[1.AzGnd,0.AzGrnid)

Ewvaluate

Next, we change cells with 0 to null.

In Map Calculator, evaluate this request:

ﬂ Map Calculation 28

| Logarithms =]
Layers
[Sufathsbstp]]  [a Evp | Log |
[Surfathzbstpl . Ca
[Surfathsbstp] . Mil— El Exp2 | Log2 |
[Surfothzbstp2)
[Surfathzbstp . Co Expll | LaglD ‘

[Surfothzbstp2 . Mil

M ap Calculation 23

[ [Map Calculation 27] = 0].SetMull[1.&:2Grid) .

Evaluate




In Theme Properties, we rename Map Calculation 28 as: remsurfall

And record its source in the list of coverages to retain and rename.

Summary of Results

Next, we summarize results to this point:

Tons of Coal Available for Mining

million tons
include coal in

Category million tons restricted areas
Contour Strip 12-36 inch thickness 22.4 25.7
Contour Strip >36 inch thickness 656.1 742.5
Small Area Surface Mines 66.6 74.8
Auger Mines 12-36 inch thickness 4.9 5.0
Auger Mines >36 inch thickness 69.0 70.4
Total 819.0 918.4
Tons of Coal in Safety Barriers
million tons

includes coal in

Category million tons restricted areas
Auger Mines 12-36 inch thickness 5.2 5.3
Auger Mines >36 inch thickness 67.9 69.5
Other Surface Mining 6.0 6.1
Total 79.1 80.9




The third column in the tables adds coal in restricted areas.

The method used to update the remaining coal layer accounts for the restricted coal and the coal
allocated to each category.

The restricted coal is just in the area where coal is allocated for mining.

Logically, all of the coal assigned to surface mining and associated safety buffers should be the
same amount that is subtracted from the remaining layer.

At the start of the assignment by mining technology, the remaining layer, Rem16bufp12, had
15,590.9 million tons of coal.

The final (to this point) updated remaining layer, remsurfall, has 14,591.3 million tons of coal.
The difference in the remaining coal layers is 999.6 million tons.

The sum of coal allocated (adding the 3 column total above) is 999.3 million tons.

The 2 tallies agree.

It looks like our methods are working correctly.

A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3



Rename grids to more convenient names
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

& Source Manager

Grid M ame Directaries:
Il o Mestuzer Ceire] |
B calc a = oM -
Bl calz10
B calclt £ esndata
W call? Copy
B calz13 A
B calcl4 sname
B cals1b .
Delet
M calcl6 hd = et
Source Tupes: Crrivees:
[Grid =l [c =l




Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage

remaining coal layer, coal from
all contour strip and sasm
mining operations
removed from rem16bufp12

auger coal (12 to 36 inches in
thickness) against all of the
contour strip mines

auger coal (12 to 36 inches in
thickness) at or above min-
imum-size resource block

updated remaining coal layer
auger1236 coal removed from
remsurfout

coal in safety barrier around
auger mines on coal 12 to
36 inches in thickness

updated remaining coal layer
coal in safety barriers (auger

12-36 inch thickness) removed

from remsurfaug1236out

auger coal (>36 inches in
thickness) against all of the
>36 in. contour strip mines

auger coal (>36 inches in
thickness) at or above min-
imum-size resource block

updated remaining coal layer
auger 36 coal removed from
remaugl1236+sb

coal in safety barrier around
auger mines on coal >36
inches in thickness

updated remaining coal layer
coal in safety barriers (auger
>36 inch thickness) removed
from remaug36

Original Names

c:\testuser\calc22

c:\testuser\calc24

c:\testuser\calc26

c:\testuser\calc28

c:\testuser\calc31

c:\testuser\calc33

c:\testuser\calc36

c:\testuser\calc38

c:\testuser\calc39

c:\testuser\calc42

c:\testuser\calc44

7-64

New Name

c:\testuser\remsurfout

c:\testuser\auger1236

c:\testuser\auger1236f

c:\testuser\remaug1236

c:\testuser\auger1236sb

c:\testuser\remaug1236sb

c:\testuser\auger36

c:\testuser\auger36f

c:\testuser\remaug36

c:\testuser\auger36sb

c:\testuser\remaug36sb



coal in safety barrier around
other surface mines (where
there are no auger operations)
updated remaining coal layer
coal in safety barriers (other
surface mines) removed
from remaug36+sb

c:\testuser\calc50

c:\testuser\calc52

c:\testusen\surfothersb

c:\testuser\remsurfall



Congratulations!!!!
You have finished Chapter 7.
You have completed a detailed analysis of coal available for auger mining.

Our methods are on track to produce consistent estimates.



Chapter 8.

COAL AVAILABILITY BY MINING TECHNOLOGY
LONGWALL MINING

Purpose: In this Chapter, we estimate coal available for prospective mining by longwall
mining methods and by thickness within the longwall mining method.

Overview: We estimate the amount of coal available for longwall mines. Coal can be longwall
mined when its thickness is equal to or greater than 42 inches, overburden equal to or greater
than 300 feet, and bed slope is equal to or less than 12 degrees. We apply these criteria to
determine the extent of prospective longwall mineable coal.

Longwall mining costs are affected by coal thickness. Generally, thicker coal has a lower
cost per ton compared to thin coal. When mine costing is applied to the assessed coal, we use
different configurations that vary according to coal thickness. To have the correct breakouts, our
assessment in this chapter separates out the coal according to coal thickness categories.

Next we determine whether contiguous blocks have enough coal to support a minimum-
size mine. To help that process, a square grid is superimposed on top of the coal targeted for
longwall mining. The superimposed grid has an orientation of about 18 degrees to the northwest
similar to historic Pittsburgh longwall mines. That orientation follows rock fractures that aid
extraction. To assess longwall mining on coal 42 to 72 inches thick, we allow each cell or
resource block to have up to 170 million tons of coal when it is completely filled in with coal.
However, blocks with large amounts of restricted coal and blocks that are cutoff at the edge of
the Pittsburgh bed have smaller amounts of coal. When the coal is contiguous, the blocks with
smaller tonnages are combined to form a consolidated coal resource block. Alternate blocking
sizes are set for the maximum resource block for other thicknesses.

The coal in restricted areas is then removed from the coal in each of the resource blocks.
We test to see if each coal resource block has enough coal to support a minimum-size mine. If
not, the coal is removed from consideration but is included in later analysis to form coal blocks
for room and pillar underground mines using continuous miners.

Longwall mining is the lowest cost underground method. Much of the Pittsburgh coal
bed has characteristics suitable for longwall mining (large volumes, uniform thickness, slowly
changing bed elevation, and satisfactory depth of overburden). We attempt to assign as much of
the remaining Pittsburgh coal (outside the surface mineable areas) as possible to the longwall
method.



Open a new ArcView project.
Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

’;" Work Directory

Specify new wark, directon ak.

[z s Cancel

Open View Properties and enter these settings:

:" Yiew Properties

Mame: | Viewl

Creation D ate: | Saturday, September £5, 1939 05:09:36 P Cancel |

Creator: |

M ap Units: | rneters

[l 1«

Diztance Units: | miles

Frojection. .. | Area OF Interest. .
B ackground Colar: Select Color...
Comments:

[4]




Under the File Menu
Click Extensions
Toggle on
Geoprocessing

Spatial Analyst

i} Extensions

A allable Estensions;

| Part Project Utilities Al ok, |
| Projector Corcel |
| Report \Afriker
_ | Samples Browser
_| Shapewarp 2.2 J Heset |
_| Shapefile Description Dialog ™ Make Defaul
«1  Spatial Analyst j

About:




Apply technical restrictions for minimum thickness, overburden thickness, and slope.

In Viewl, add bedslope, 0b16, Rem16mcell, Rem16bufpl2, remsurfall, and Thk16:

= o1
[ | HoData

i | RemiGbufpiz
1
Mo [ ata

« Obis

0- 166
167 - 333

34 - 500

[ ]s01-667

B c5s - 234

I =25 - 1001

B o0z - 1188 T
B 159 - 1335

B =36 - 1502
[ | Mo D ata ;I

Recall, Rem16bufpl2 is remaining coal reduced by a 50 foot safety buffer and by the area where
coal has a thickness less than 12 inches.



In Analysis Properties, enter these settings:

Analyziz Properties: Yiewl

Analysiz Estent | Same &z RemlBbufpl 2 |

Left | -155677 503175 Top | 1970643 53375

Bottam | 1693107.69375 Right | 191810.496525

Analysiz Call Size | 45 Specified Below 3

Cell Size |16 m
(17345

Humber of Hows

Humber of Calurmnz | 21718

Analysiz bazk HMENEEN

k. Cancel |




In Map Calculator, evaluate this request:

":.' Map Calculation 1

|L|:|g;|arithm$ =]
Layers
[LrnuaBzurfcz] - Evp | o |
[LruaBzurfoz . Colk
[Lmu3Bsurfcz . Milie_ = 2

[LruaBzurfcz . Thid
[Lriu3ezurfez . Ovs
[LruaBzurfoz . Part
[Lrnu36surfcz . Sulfﬂ

Evpil | ejoj i |

[ [Ob16] == 300] and [[Thk16] »= 42] and ([Bedslope] <= 12 -

Erralrate

In Theme Properties, rename Map Calculation 1 as: longwall01.

Record its source in the list of coverages to retain and rename.



Change the 0 values to null to create a longwall analysis mask:

';' Map Calculation 1

|Lngarithms |
L
Tli?rrnzsasmz.l:lverh:l |;E| |?||8||9| |=||{}||and| o | Log |
[Lrnuzasmnz . Partineg |f"| |4||5||E| |}||}=||Dr|
[L . Sulfur
et | 5 ODEE ek S ]
[lorgwealld? . Count |+ | | 2 || : | | v ||n-:ut| S | e |
[Remsurfll] hd Asfirid |

[ [longwalldl] = 0] Setdull1_AzGnd)

| »
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Exaluate

In Theme Properties, rename Map Calculation 1 as: longwall1null.

Record its source in the list of coverages to retain and rename.



Longwalllnull is the area of the Pittsburgh coal bed that meets mineability criteria for longwall
mining:
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Create Coverage of Longwall Mineable Coal, 42 to 72 Inches Thick

Before assessing coal for minimum economic size, we need to break out the prospective longwall
mineable coal into thickness categories.

Why?: Because we want to know within thickness categories, whether there is enough coal for
viable mining operations.

We consider the following breakouts which mimic the breakouts in COALVAL.:

Mining Method Coal Thickness
Longwall 42-72 inches
Longwall 72-96 inches
Longwall > 96 inches

We proceed now to break LongwallO1 into the 42-72 inch thickness category.

In Map Calculator, evaluate this request:

’L Map Calculation 1

ILDgarithms =]
Layers
[lorgeall T rwll] - | ‘ || : || : | P Evp [Lam
[langwalrull . Cos L | < || 5 || 5 | A SRR AR
[FemlBbufp12] 4 : g g g EupE Lage
[RemlBbufpl2 . Cq L | 1 ||E ||3 | L
[FemlBbufp12 . Mi | 0 | . Py | r'u:|t| il e i}
[Lrnu36surfcz] i = ' '
[LmuEEsurfcz.EnuLI AsGnid |
[ =
[ [[longwalld1]] and [[ThE1E8] <=72] 1=10
1.SetMulll1.4:Grid]

Evaluate




In Theme Properties, rename Map Calculation 1 as: lw4272null.

Record its source in the list of coverages to retain and rename.
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Download 2 Scripts from the ESRI ArcScripts Site: ShapeWarp 2.2, and Connect the Dots

Next, we make the grid to superimpose on the longwall layer.

First, we need to download 2 scripts from www.esri.com.

Attach to www.esri.com.

Click “ArcScripts” (lower left side of window).

In window that opens, under Primary Software select “ArcView 3.x”

Scroll to “ShapeWarp 2.2"
Click on “ShapeWarp 2.2"
Complete Download procedure.
Save file to
c:\temp (At this point, you are downloading a Zip file)
Use the back button to return to the screen that lists the scripts.
Scroll to “Connect the Dots”
Click on “Connect the Dots”

Complete Download procedure.



Save file to
c\esri\av_gis30\arcview\ext32
Use Winzip or comparable utility:
In Windows Explorer, Scroll to c:\temp\shapewarp.zip.
Double click on shapewarp.zip.
Extract the file to
c:\esri\av_gis30\arcview\ext32
Save your ArcView project (e.g., as c:\testuser\chapter8.apr).
Important Note: We now digress from assessment work to make a grid. We will use the

grid to break the coal into blocks of the size listed in table 7-1, p. 7-2. After the grid is
built, we will reopen the chapter8 project.

Open a new ArcView project.
When prompted to add data, respond “No”
Under File Menu
Click Extensions
Toggle on
Connect the Dots
Geoprocessing
ShapeWarp 2.2
Spatial Analyst

Notice that Connect the Dots adds a new button that has a star as its icon, located on the right-
hand side of the button bar.

Important note: Do not set map units in View Properties. Gridmaker (applied below) only
works when View is unprojected.



Add Graphics-to-Shapefile Button to View Window
In chapter 6, we downloaded script: view.gra2shp.ave.
It should be residing in c:\esri\av_gis30\arcview\samples\scripts.
We proceed to add (1) view.gra2shp.ave and (2) grdmakerrev.ave as buttons to our project.
Add view.gra2shp.ave:
Make the Project window active.
In Project Manger, click the “Script Icon”
Click “new”
Under the Script Menu, click “Load Text File”
Scroll to c:\esri\av_gis30\arcview\samples\scripts.
Select: view.gra2shp.ave.
Click the Compile Button (looks like check mark).
Make the Viewl window active.
Double-click on any open space on the button bar (near top of screen):

The Customize Dialog Window opens

Set Category to: Buttons.

In middle of Customize Dialog Window, move slider all the way to the right.
Click in the window above the slider, just to the left of the last button.

Then click “New”, to the left and below the slider.

In the bottom half of the Customize Dialog Window, we set properties for our
new button.

Double Click “Click” (the first property in the table in the bottom half of the
window).



In the window that opens, Scroll to “Scriptl"
Click “OK”

Double Click “Help”

In the window that opens, type:

Converts Selected Graphics to Shapefile//Converts Selected Graphics to
Shapefile

Click “OK”
Double Click “Icon”
In the window that opens, scroll to and click the “G”
Click “OK”

At this point, the Customize Dialog Window has these settings:

"-:." Customize: Untitled

Type: [View =] Edi. | Rzt |

Category: [Buttons =] FEREDErIT)

| B
Separator I Delete |
Click Scriptl -
Dizabled Falze
Help Conwverts Selected Graphics to Shapefile//Converts 5
Topic

el

| Fvizible Falze
Tang
pdate -




Click the X (upper right corner) to close the Customize Dialog Window.
Make the View Window active.

The new G button is added to the button bar.

Add Gridmaker Button to View Window

Add : grdmakerrev.ave

This avenue script was built from a similar script in the ESRI scripts folder. It builds a grid that
accurately matches positions provided by the user.

The script is on 3.25 inch diskette that accompanies this Guide.
Make the Project window active.
In Project Manger, click the “Script Icon”
Click “new.”
Under the Script Menu, click “Load Text File”
Place diskette in A drive and scroll to it in Windows Explorer.
Select: grdmakerrev.ave.
Click the Compile Button (looks like check mark).
Make the Viewl window active.
Double-click on any open space on the button bar (near top of screen).

The Customize Dialog Window opens.

Set Category to: Buttons.
In middle of Customize Dialog Window, move slider all the way to the right.
Click in the window above the slider, just to the left of the last button.

Then click “New”, to the left and below the slider.



In the bottom half of the Customize Dialog Window, we set properties for our
new button.

Double Click “Click” (the first property in the table in the bottom half of the
window).

In the window that opens, Scroll to “Script2"

Click “OK”

Double Click “Help”

In the window that opens, type:
Builds Grid to User Specs//Requires left longitude, bottom latitude,
horizontal span, vertical span, # of rows, and # of columns
Click “OK”

Double Click “Icon”

In the window that opens, scroll to and click the “Frame Table” icon.

Click “OK”

At this point, the Customize Dialog Window has these settings:



§d Customize: warp.apr

Type: [View =1 Edt. | Heset |

Category: [Euttons =] FEREBErEE|

A ] ﬂﬁlbl?ll

Mew I Separatar | Delete |

Script? -
Falze

& Builds Grid to User Specs//Requires left longitude, bo
HelpT opic
|con FrameT able
| Frvizible Falze
Tag
lpdate -

Click the X (upper right corner) to close the Customize Dialog Window.
Make the View Window active.

The new FrameTable button is added to the button bar (2" level all the way to the right).

Save your project as
c:\testuser\warp.prj
You can use this project as a starting point to build and warp other grids.

It is very important that you save the project now.

The steps that follow will remove the extra buttons that you have added to the View
window.

Do not resave under name warp.apr beyond this point. The current configuration is the
starting point for further applications of the grid build and warp process.
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Create Grid to Delineate Coal Resource Blocks

Add this grid to View1.:
Rem16bufpl2

Toggle on its display

Position the cursor near the top of the remaining coal

Record the latitude reading from the upper right of the window

The units are meters

We will use 2,000,000. You may notice that a latitude of 2,000,000 is a position
above the location of the highest coal. Our final grid (illustrated by the rotated grid below) will

slope up to the left starting at 2,000,000 and that should be sufficient to overlay the remaining
coal.

b
18 degrees

D00,000

a is the vertical distance from the new right corner to the top edge of the initial rectangular grid.

b is the horizontal distance from the old upper left corner to the point where the vertical dashed
line intersects the top edge of the initial rectangular grid.

8-18



x is the length of the top edge of both the initial rectangular grid and the rotated grid.

From trigonometry:
sin(18) = a/x or a = x times sin(18)

c0s(18) = b/x or b =x times cos(18)

In Viewl, position cursor on left side of window and record the longitude:
-188,000 meters

In Viewl, note that a wide horizontal span across the remaining coal gets us to a longitude of
approximately 250,000 meters.

We want our grid to be made of cells that contain approximately 170 million tons of coal. We
are analyzing longwall at thicknesses between 42 and 72 inches. The maximum coal resource
block (7" column table 7-1, p. 7-2) is about 170,000,000 tons. Later, when we analyze interior
safety barriers, we want a coal resource grid that more accurately reflects actual mine size. To
obtain that grid, we will repeat the procedure described below, but use a coal resource block = 57
million tons (6™ column table 7-1, p. 7-2, longwall 42-72).

We know: 0.445 x thickness (in feet) x area in square meters = tons of coal.
Using 170 million tons as the target, 4.75 feet (midpoint between 42 and 72 inches) as coal
thickness, and solving for the side of a square cell (using the preceding equation) gives us 8,969
meters on a side for a cell in the grid:

cell length (meters) = sgrt(tons of coal/(density factor x thickness) or, as example,

cell length (meters) = sqrt(170,000,000/(0.445 x 4.75) = 8,969

The horizontal span between -188,000 meters and 250,000 meters is 438,000 meters.

Dividing by 8,969 meters per cell and rounding up to the nearest whole # gives us 49 cells or
columns in the grid.

This calculation also, gives us the longitude for the northeast corner of the original rectangular
grid as 251,481 meters with a span of 439,481 meters.



The longitude for the initial rectangular grid (at the upper edge) is calculated by solving for a and
adding a to 2,000,000:

sin(18) times 439,481 + 2,000,000 = 2,135,807
Thus, the coordinate pair for the northeast corner is (251,481 2,135,807)
From latitude readings in Viewl, a generous span starts with a latitude of 1,634,000, which is
below the bottom of the coal, and ends with a latitude of 2,135,822 beyond the top of the coal.
The top reading is the latitude calculated immediately above.

The overall vertical span is the difference or 501,807.

We divide by 8,969 and round to the nearest whole number to calculate the # of rows in the
superimposed grid:

56 rows

We adjust to obtain the final lower latitude by multiplying 8,959 times 56 and subtracting from
2,135,807 to obtain the lower latitude as:

1,633,543

The important point in making these calculations is to have a rotated grid that covers the
remaining coal. Thus, we establish the corner points for the original rectangular grid so
that the rotated grid easily covers the area of the remaining coal. Later, by using the clip
request, we will discard the parts of the grid outside the area of the remaining coal. Thus,
starting with a grid that is large has no penalty.

The grid with cells containing 170 million tons of coal (when a cell is completely filled in
with coal) provides a starting point for allocating coal to longwall operations. The final
allocation will be to coal resource blocks of many different sizes as determined by
restrictions.

An angle of 18 degrees is used to rotate the grid. This angle is about the average
orientation of historic longwall mines. The historic mines were oriented along this angle in
order to take advantage of rock fractures that aided extraction.

The northwest point of an initial rectangular grid is to be positioned (in meters) at:

-188,000 longitude and 2,135,807 latitude



The horizontal span is set at 49 x 8,969 or 439,481 meters (49 columns).

The vertical span is set at 56 x 8,969 or 502,264 meters (56 rows).

These values allow us to determine the position of the other corners of an initial rectangular grid:

Corner Position Longitude (meters)
Northwest -188,000
Northeast 251,481
Southeast 251,481
Southwest -188,000

Latitude (meters)

2,135,807
2,135,807
1,633,543
1,633,543

Using sin, cos, and trigonometry, we can calculate the corner positions for the grid when it is

rotated by 18 degrees down from the northwest corner.



We use an Excel spreadsheet to do this:

&4 Microzoft Excel - minegrid. xls

J@ File Edit View Insert Format Tools Daka Mindow Help

DE2Ea gRY bl

K v G

@ = £ &% i

| . |

[ aria -0 - B U EE=E$ %, W% E
K2 a = | =INT(((B25-B24)/12)+0.5)

A | B | C | DO | E | F | &G | H | |
length
of the

averbed |resource
thickneszz| block
1 |comer from= fromw ko n ko technolog (feet) inmeters
2 | rnorthwest -188000| 2135307 -188000| 2135307 wd27s 4. 75 5968.042
3 | northeast 251481 2135807 229971 2000000 Iw 7296 T
d | zoutheast 251d81| 1633543 TdTE3.2 15223158 lwSE g6
5 | =southwest -188000| 1633543 -343203| 1655126 cmaddZ 275
E | northwest -188000| 2135307 cmd2TE 4.75
T cm 236 T
(=] cm36 a.6
9 |Angle of ratation
10 18 S965.0d4 2
11 | herizental span
12 439451
13 |vertical span
14 G022 6d

16 1 70000000)

19 |lwd27e

22 0.445

24 |left long

29 |right lang

26 | bottom lat

27 |toprotated lat
20
29

-135000

250000
1534000
2000000

23 |Forrectangular grid, set values are as fallows

15 |Enter tonnage in A1E, Grid will be based upon this tonnage

17 | Enter technology incell 13 [zelect from lwd 272, e T296, w36, cmadd2, cmd 272, cmT296, or cm3E6)
18 | Note: type technology just as listed above with characters lowercase

20 | Parameters for Pittsburgh are below, Change for other beds
21 |Density based upon 1500 tons!acre-ft in units of tons per square meter-foat, in cell K22



Minegrid.xls is on the diskette in the pocket of the Users Guide binder.

For a specific coal bed, you enter these parameters:

A24 left longitude

A25 right longitude

A26 bottom latitude

A27 top right rotated latitude

A10 angle of rotation

A22 coal density (in units of tons per meter squared-foot)

These parameter values (in blue type in the spreadsheet) have to be entered only once for a
specific coal bed.

For a specific mining technology and coal thickness, you enter these parameters:

Al6 target tonnage for block (from table 7-1, p. 7-2)
Al19 technology/thickness label (see cell A17 in spreadsheet for
choices)

These parameter values (with a green background in the spreadsheet) have to be entered
for each technology and thickness category and each time the tonnage is changed.

The excel program will calculate the “to x”” and “to y” values, and the horizontal and vertical
spans.

The fifth coordinate pair should be the same as the first coordinate pair.



If not check for inconsistency in data values.

Make sure the data coincide with the corners as specified in column A of the spreadsheet.

After you calculate corner points for the rotated grid, copy them to a new workbook:

Open a new workbook in Excel.

Highlight the field names and the values for the 4 corner points:

24 Microzoft Excel - minegnd. xls

@ Fil= Edit Mew Insert Format Tools Data Sindow Help

Do SgR_RY RS 0 o

Arial ,1DT|BIg|§§§
B1 j =| from x
A B | C D | E F
1 |commer from = from u toH by
2 |northwest -1553000 2135307 -183000 2135307
3 |northeast 251481 2135807 229971 2000000
4 | zoutheast 251481 1633543 Td7E3.2 1522318
9 |southwest 1553000 163353543 -343208 1655126
B |northwest -183000 213580?.
=

Under the Edit Menu click
Copy
Open the new workbook.
Under the Edit Menu click
Paste Special
In the Paste Special dialogue window click:

Values
OK



Paste Special |

Paste

o all " Comments

i~ Formulas i yalidation

O ialues ™ all except borders

™ Formats ™ Column widths
Cperakion

& None & Mulkiply

™ add " Divide

™ Subtract

[~ skip blanks [T Transpose

Paste Link | QK I Cancel

Click on the Al cell.
Save the spreadsheet as

C:\testuser\fromtopittlw.dbf (Dbase IV format)
Close the new workbook.

Respond “yes” or “OK” or “save” to all Excel queries.



If necessary, make your Excel workbook (minegrid.xls) active
At the bottom of the worksheet, notice that there are 2 worksheets listed:

calculate (the worksheet that is open)
gridmaker

Click gridmaker to open it:

-4 Microsoft Excel - minegrid. xls

J File Edit Wiew Insert Format Tools Data Window Help

DBELSRY|[$BRR S 0. o

J.ﬁ.rial - 10 - Bfg|§§§
Al A =
A B C
1 |mining technology lyied) 2272
2 |tonnage 170000000
3 “alues for running gridmaker
4 |left longitude -1aa0ad
5 | bottorn latitude 1633543
b | harizontal span 4359451
/ |wvertical span A2254
8 |rows S
8 columns 459
10

The gridmaker worksheet captures the values you will need later to run the grdmakerrev script in
ArcView.

Click on the Al cell
Under the file menu, click “Print”

You will use these printed values later when you run the grdmakerrev script.



Note: The minegrid.xls spreadsheet will be run many times to complete the assessment for
a coal bed.

You will want to establish a system for naming the dbf files that you create.

The Users Guide uses fromtopittlw.dbf as a sample name in the section that follows.

An approach that anticipates repeated use, could use this system:
blockgridlw4272.dbf grid built using column 7, table 7-1, p. 7-2
minegridlw4272.dbf grid built using column 6, table 7-1, p. 7-2

etc. for other technology/thickness combinations

For some coal beds, the grids may not be rotated.

In those cases, you proceed to apply the grdmakerrev script to create a rectanqular grid.

You would not apply the ShapeWarp extension, which rotates the grid.




Open ArcView

In the Project Manager Window click
the Tables Icon

Click “Add”

Scroll to c:\testuser\fromtopittlw.dbf.

Click “OK”

In View1l, under the View Menu

Click “Add Event Theme” and make these entries:



fromtopitthe, dbE hd

Click “OK”

Make the new theme active.

Toggle on its display.

Click on “Connect the Dots” [Button with “Star”]

Zoom to extent of active theme:



& Viewl

« Fromtopitthu dbi %
.

| RemiBbufpi2x

—
-

Click rotated rectangle to get its “handles”
Click the “G” Button.
Save the new shapefile as

c:\testuser\togridpittlw.shp

Make Fromtopittlw.dbf, active
Under the Edit menu click
Delete Themes

Click “Yes”




| RemiSbufpiz =

ﬂ Togridpittbw.shp

L1

[4]

Click on the rotated graphic to get its handles.

Press Delete




Click the Gridmaker Button (it looks like a grid on the right of the button bar)
You are prompted for 6 input parameters

If the default value is not correct in the Message box, then type the correct value

For left longitude -188000 (No commas)
For bottom latitude 1633502

For horizontal span 439530

For vertical span 502320

For rows 56

For columns 49

(Obviously, the #s you enter would be the appropriate values for the area where you are
building a grid. The correct #’s for the Pittsburgh, longwall mining on 42 to 72 inch coal,
are those above.)

Save the grid as
c:\testuser\gridpittlw.shp
When you are prompted for Labels, click

No



We are now ready to rotate gridpittlw

We will run ShapeWarp to rotate gridpittlw.
Our “from grid” is: gridpittlw.shp
Our “to grid” is: togridpittlw.shp
Our table of input datais:  fromtopittlw.dbf

Our table of GCP’s is: coordsl.dbf (which we will create)



Delete all of the themes from ArcView.

Open the Project Manager Window.
Under the ShapeWarp Menu:
Click “Import Table”
Pick c:\testuser\fromtopittlw.dbf as the import table
Name c:\testuser\coords1.dbf as the GCP table

In the Pick Field Dialogue window match the field in the list to the query:

&} Pick Field

Fick the field to use for the From = coordinates. 0k,

Cancel
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The new GCP table will display on your monitor:

L Greumd Cortiol Posts

| O 1000 00000 | 21 FSEL 0000000 | -1 G000, D000 | 21 5022 L0 | -
2O 51 2] (OO | 1 IS OO AN 2 I R LLLLRIRE L] [ERLE L DL
3| M 251530 0000000 | 1632502 0000000 | TETIZ D000 | 1522265 0000000 L0000
& 2R OO0 e L OO0 AL, OO TEEEEE, DOCOO CUDOC0
| [

Minimize the GCP table

Make the Project Manger Window active.

Click on the ShapeWarp “Diamond” icon.

In response to “Do you want to set the projection for the TO view?
Click “No”

Pick the theme that you want to warp (i.e., rotate):

’.'. Pick the Feature Themes that you want to Warp.

Directary: | o\testuser 0K
B frompittha. shp ;I = c\ - Cancel
B goodpointzalb.shp
B aridfinalpitthy. shp J £ auger! 236
‘M g £ auger] 236f
B hizlb.shp £ auger 23B:zb
B interstate.shp £ augerdk * Directaries
B intrstat shp £ auger3Er " Libraties
B Imul 236coalonly. zho ll T auneribsh ll

D'ata Source Types: Crrives:

| Feature Data Source =] | (o =]




Pick the theme that has the rotated rectangle:

&} Pick the Themes for the TO View

Directory: | o Mestuser
B surflmu.zhp ;I = ot -
Bl surfregionpaly. shp
B zurfregionpolyz. shp £ augerl 236
B testnewcounty.shp £ auger 236f
B testzaml.zhp £ augerl 236zb
B themel.zhp £ auger3f
3 0] auger36f
unionT.sho ll T auaer3fzhb ll
Drata Source Types: Diives:

=l

| Feature Data Source

|

OE.

Cancel

f* Directories

" Libraries

In response to the query about selecting a table

Click “Yes”

Wiould wou like to uge an exizting table?

Tes




Select the coordinate table as

c:\testuser\coordsl.dbf

‘D Pick the Coordinate Table you want to use

File Mame: Directories: K
| coords1. dbf c:stestuzer
M Scountiestol.dbf - = ot - Cancel
[ Sohiocounties. dbf
M £ auger1 236
7] auger] 236f
M counties. dbf 7] augerl 236:h
M counties2.dbf £ auger3B
M countiezgeao. dbf 7 auger36f
M countiess. dbf ll T auner3bsh ll
Lizt Files of Type: Drrives:
[=.dbf =l = E3




A window will open showing the TO and FROM rectangles. The 4 corner points will be used to
guide the rotation:

N . = L [
3
1
. 2

Click the RMS icon on the ShapeWarp toolbar (looks like a calculator).
Select “First Order”

Click “OK”

! Choose Order E3

Choosze the Palynomial Order far the: fit

First Order Cancel |

Second Order
Third Order




The RMS error should be very small.
On the ShapeWarp toolbar
Click “Go”
Save the rotated grid as
c:\testuser\gridfinalpittlw.shp
Respond “No” to query about report.
On the ShapeWarp toolbar
Click “Quit”
Close the project. Save the project as
c:\testuser\warplw4272.apr

DO NOT SAVE AS WARP.APR (RECALL WARP.APR IS YOUR TEMPLATE
PROJECT)

Open project
c:\testuser\chapter8.apr
Add theme:
gridfinalpittlw.shp
In the Legend Editor:
Make the polygon fill for gridfinalpittlw.shp, transparent
Set size = 0.1 for the outline of gridfinalpittlw.shp
Maximize the View window.

Toggle on the display for all the themes.
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The grid covers the space occupied by the remaining Pittsburgh coal.
If you print the view window (using a postscript printer) you will see that it is very regular.

The grid may look jagged on the screen due to the screen resolution.



Add these themes:

waterzero
interstazero
parkszero
urbanareazero
wellszero
pipelineszero
placeszero
tonsbycell

Calculating Tons of Longwall Mineable Coal, 42 to 72 Inches in Thickness

Next, we identify all of the blocks (with no connection to other coal) in the Lw4272 layer that
have fewer than 56.6 million tons of coal.

For coal at thickness in the 42 to 72 inch range, the minimum-size longwall mine is 56.6 million
tons of coal resource (table 7-1, p. 7-2).

We eliminate these blocks from the Lw4272 layer.

Historic longwall mining occurred in areas with streams, but not in areas with large rivers and
lakes. Thus, we apply these restrictions:

water bodies (lakes and large rivers)
interstate highways

parks

urban areas

oil and gas wells

pipelines

populated places

Streams are not applied. In chapter 10, we calculate the amount of coal in restrictions,
accounting for the different treatments between surface and underground mining.

Restrictions for Underground Mining

Combine the 7 restriction layers into a single restriction layer.



In Map Calculator, evaluate this request:

’:." unionfrestr

i |Lngarithms =]

i Layers ’ :

: HE w 9 L L
[Map Calculation 2f « ; : | | | : | | | Evp [Lam
[Map Calculation 2 MEEIEIERED
[Map Calculation 2 = g g Enp (Lo
[Liwd 27 2grid1 ] s | 1 ||l2 || 3 | . :
[Lwd 27 2gridl . Coul | 0 | X |n|:|t| Erpili | e jln]
[Luwd 27 2grid1 . millié e ' '
[UrnionSrest] ;I Aslirid |
[ [Parkzzero]] or [[Interstazera]] or [fwelszena]] or [ aterzera]) or [[Urbanareazeno]] or -

[[Placeszera]] ar [[Fipelineszena])

el ate
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Rename the grid as: union7restr.

Add its source to the list of coverages to retain and rename.

Remove restricted areas from the area of Lw4272.



In Map Calculator, evaluate this request:

’L‘ Map Calculation 1
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Evalate

In Theme Properties, rename Map Calculation 1 as:
Iw4272zero

Record its source in the list of coverages to retain and rename.



Group Contiguous Cells into Regions with a Unique Index Number
We now group contiguous cells into regions with a unique index number.
The new layer will contain coal that is unrestricted and coal that is restricted.

In Map Calculator, evaluate this request:

’-L Iwd272contx
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Ewvaliate

Notice that the first argument in RegionGroup is “true.”
A true builds a region from orthogonal neighbors; diagonal neighbors are excluded.
In Theme Properties, rename the new grid as:

Iw4272contx

Record its source in the list of coverages to retain and rename.




Next, we estimate the tons of coal in restricted areas in each of the regions.

In Map Calculator, evaluate this request:
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In Theme Properties, rename the new grid as:
Iw4272contr

Record its source in the list of coverages to retain and rename.




Identify Contiguous Blocks of Coal with Tonnage at or above Minimum Amount for Viable
Mining Operation

Next, we identify all the contiguous block of coal that have total tonnage of at least 56.6 million
tons (i.e., the minimum-size reserve block for a longwall mine, with coal 42-72 inches thick,
table 7-1, p. 7-2).
Our procedure is to

1. Use the Summarize request under the Analysis Menu to estimate the amount of coal in

each block.
2. Eliminate all blocks where tons are less than 56.6 million tons.

Step 1:
Make lw4272contr active

Under the Analysis Menu
Click “Summarize”

Use tonsbycell as the summarizing theme.

Use Method A (pp. 6-66 and 6-84) to add million tons of coal to the table for
Iw4272contr:
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Step 2:

In Map Calculator, evaluate this request:

’.;" Map Calculation 1

| Logarithims = |
Layers —
e I A I |53 | s | teo |
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|
Evaluate

In theme Properties, rename the new grid as: lw4272bigr.
Record its source in the list of coverages to retain and rename.
[Note: On the 3" iteration (Iw96), you need to enter a modified request to make the

Iw96bigr grid. The correct request is shown on p. 8-143. Jump to p. 8-143 and follow the
instructions. Then jump back to p. 8-47 and proceed to complete the analysis of lw96.]




In the view below, the lighter colored areas are the small blocks of contiguous coal that are
eliminated by imposing a tonnage cutoff of 56.6 million tons.

The areas in the intermediate shade are the locations of restricted coal.

The dark area contains coal potentially available for longwall mining.

W] L4272 conts
[ 11-c84 —
|:| Mo [ ata

| Lwaz72bigr=gridsh
[0
R

| Tonsbyeell

| Lwd272cantr
[ Jo-7=
[174- 17
[ ] 148 - 221
[ 22z - 295
I =56 - =68
6o - a2 j

I A1 . R4R




In lw4272bigr turn cells with a value of 999 to null.
The 999 cells are blocks of coal < 56.6 million tons.

In Map Calculator, evaluate this request:

@ w427 2bigrx
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In Theme Properties, rename the new grid as:
Iw4272bigrx

Add its source to the list of coverages to retain and rename.




Convert lw4272bigrx to a shapefile.

In Map Calculator, evaluate this request:
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Evaluate

Ignore syntax error message.

Add lw4272bigrx.shp to Viewl:
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Cells with value 0 represent areas with restrictions.

Notice that there are fragments of restricted areas outside the area with coal for longwall mining.
The deleted coal blocks with less than 56.6 million tons of coal had areas with restrictions.

The coal area was deleted but the restriction area was not.

Use Theme Editing to Delete Restriction Fragments

We proceed now to delete the restriction fragments:
1. Zoom to area with fragments

2. Make Iw4272bigrx.shp active



3. Under the Theme Menu
Click “Start Editing”

Notice that dashed line is put around the display toggle (in the table of contents)
for the lw4272bigrx.shp theme.

The dashed line indicates that the theme is in edit mode.
Use the select tool to draw out a box around some of the fragments.
Handles will be added to the selected fragments.

Press the delete key to eliminate these features from the theme.
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Follow the edit procedure to delete the restriction fragments.

Use zoom and pan to position the theme in the view window.
Whenever possible use the pull out rectangle to select features.

Some of the features are small.

The pullout rectangle will be an efficient way to select the tiny features.

The editing process goes quickly; it will take about 15 to 30 minutes maximum.



Break the Coal Blocks Into Units That Are Approximately 170 Million Tons or Less
Next, we break the coal blocks into units that are approximately 170 million tons or less.
We superimpose the grid (constructed earlier) on Iw4272bigrx.

We intersect gridfinalpittlw.shp using lw4272bigrx.shp as the overlay theme.

Under the view menu:
Click Geoprocessing Wizard

Select “Intersect”

Click “next”

As the #1 theme, select gridfinalpittlw.shp
As the #2 theme, select Iw4272bigrx.shp

Set the output file to
c:\testuser\lw4272bigrxgrid.shp

Click “Finish”
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Toggle on the display for lw4272bigrxgrid.
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Open the table for lw4272bigrxgrid.
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Notice that the same label applies, in some cases, to more than a single polygon.

This occurred because when gridfinalpittlw acted as a “cookie cutter” against Iw4272bigrx, some
of the cells that cut through lw4272bigrx enclosed areas (within a given cell) that were not
contiguous in the lw4272bigrx layer.



Our next task is to edit lw4272bigrxgrid to arrive at a final set of coal resource blocks:

1. Some blocks will have less than 56.6 million tons of coal but will be contiguous to
other blocks. We want to combine small contiguous blocks to see if the combined unit has total
tons of coal in excess of 56.6 million tons.

2. Some areas contain a dense pattern of oil and gas wells. These areas are not suitable
for longwall mining. We want to delete these areas.

3. Our method is to use vector theme editing. Blocks will be unioned or split to
accomplish steps 1 and 2. We will set theme editing properties for Iw4272bigrxgrid in the
Editing Properties dialogue box. When blocks are unioned, the tons of coal in the composite
block will be the sum of tons in the separate blocks. When a block is split, the tons assigned to
each part will be in proportion to area.

The block editing is done on a shapefile because in vector space we are able to perform, in effect,
on the fly re-digitizing of the blocks. These kinds of operations ordinarily cannot be performed
in grid space.

Assign a Unique ID to Each Coal Resource Block in the Vector Coverage of
Available Coal

We begin by assigning a unique id to each of the polygons in lw4272bigrxgrid.shp.
Make lw4272bigrxgrid.shp active.
Under the Edit Menu
Click “Delete Themes”
Click “Yes”
Start Excel
Open file
c:\testuser\lw4272bigrxgrid.dbf
Under the Insert Menu

Click “Worksheet”



In the new worksheet:

Enter “Blockid” in cell c1

Enter 1 in cell c2
Enter “=c2 + 1" in cell c3
Copy cell c3 to cells ¢4 through c1366

(You would, of course, run the id over the range appropriate for your theme, as
determined by the total # of rows with entries under the Label Column)

Click on “C” at top of column
Under Edit Menu
Click “Copy”
Click on “A” at top of A Column
Under Edit Menu
Click “Paste Special”
Select “values”
Delete column C
Copy Columns A, B, and C (from worksheet lw4272bigrxgrid) to
Column B (in worksheet Sheet 1)
Click on cell a1
Close Excel
Save file as
C:\testuser\lw4272bigrxgrid.dbf

Respond “Yes” or “OK” to all queries



Add lw4272bigrxgrid to Viewl

Open its table and check to see that a new field, Blockid, is in the table.
Make lw4272bigrxgrid.shp active
Under the Analysis Menu

Click “Summarize Zones”

Pick “Blockid” as the field that defines zones

Select tonsbycell as the summarizing theme

Use Method A (pp. 6-66 and 6-84) to add a new field to the table for
Iw4272bigrxgrid.shp, containing the estimates of million tons of coal

Set width = 12

# of decimal places = 4



":." Attributes of Lw4272bigregnd. shp

Make lw4272bigrxgrid.shp active.

Click Query Builder” (looks like hammer) and enter this expression:
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Add To Set

Select From Set
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Click “New Set”
Under Theme Menu
Click “Convert to Shapefile”
Save as c:\testuser\lw4272smallx”
Add Iw4272smallx to Viewl
Change the polygon fill in lw4272smallx to yellow
Change the polygon fill in lw4272bigrxgrid to purple.

Toggle on display for both themes.
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The areas in yellow have fewer than 56.6 million tons of coal.
We have to combine the yellow areas with other contiguous blocks.

If the consolidated blocks have more than 56.6 million tons of coal then those units are retained
in the layer.

Otherwise, they are deleted from the layer.

We reclassify theme, Iw4272bigrxgrid.shp, by entering these settings in the legend editor:

’; Legend Editor (|
Theme: | Lywd272bigregrid.shp =] Load.
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Symbol W alue Label |
1 o 0 -
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Avreas in yellow have less than 56.6 million tons of coal.

These are the areas we are consolidating

The areas in the intermediate shade (blue) are restricted areas.
The two wide linear restrictions are interstate highways.

Because interstates are wide and no mining will occur beneath them, we treat the
interstates as boundaries on the coal that can be blocked for longwall mining.

The other linear features are pipelines with a 100 foot buffer. Underground access and
haulage lanes can be placed below pipelines. They are not treated as boundaries for blocking the
coal.

The areas in the dark shade (purple) have more than 56.6 million tons of coal.
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Use Theme Editing to Consolidate Coal into Coal Resource Blocks Following the
Superimposed Grid Pattern

We use theme editing to make the consolidations.
Make lw4272bigrxgrid.shp active.
Under the Theme Menu
Click “Properties’

Click the Editing Icon on the lower left

! Theme Properties

Theme Mame: | Lwd27 2bigregrid. shp [T Use Suffix
=/ =1 [attribute . m
i . -
B UprETie Field: | million tons coal =]
Drefinition Field type: W Single

@ U riar rule:; |f-"-'1|'2| =]
Text Labels Reset | Split rule: B orticr

% —1 |Snapping

Geocoding [T General

[T Interactive

m
A

;I ] Cancel

TTLT T T T I T

In the Dialogue Window:
Set field to: million tons coal
Set union Rule as: Add
Set Split Rule as: Proportion
Click “Ok”

Under the Theme Menu:



Click “Start Editing”

Notice that dashed line is put around the display toggle box of the lw4272bigrxgrid
theme.

Whenever the dashed line is around the display box, you are in editing mode.
Zoom into the upper part of the theme where there are areas in yellow.
Remember, the purple areas have total coal over 56.6 million tons; the yellow areas have coal

less than 56.6 million tons and have to be unioned with other areas, and the blue areas are
restrictions.

Open the table for lw4272bigrxgrid and resize screen so that both the table and view can be seen
in the view window:
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Toggle off the display for lw4272smallx.shp.

Start at the top of the theme to organize your consolidation.
Zoom the area at the top of the lw4272bigrxgrid.shp theme
After zooming, click on the pointer tool.

You are in editing mode, so that a click on the lw4272bigrx.shp theme area puts handles on the
area.

Also, you can use the select tool to draw out a rectangle to place handles on multiple features.
Whenever an area is selected, its record in the open table is changed to yellow.

If you don’t see the highlighted record, make the table active (by clicking on its title bar) and
click on the promote button.

The procedure is to go back and forth from the view to the table, consolidating the small blocks
with purple blocks or with other small blocks.

Longwall mines are configured as a series of panels, with dimensions on the order of 1000 feet
across and 10,000 feet long.

For the Pittsburgh coal bed, longwall panels are normally oriented along the 18 degree axis and
they have their length extending along that axis.

To determine whether a particular block is suitable for longwall mining, it is useful to use the
measure tool to pull out a distance of 10,000 feet along the 18 degree direction.

Open View Properties and set distance units to feet.

The next graphic shows a zoomed view of the upper part of the theme and a line that extends
across a 10,000 foot distance:
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The area looks so far like it could accommodate a longwall mine since several large subareas are
big enough for longwall panels.

We are not undertaking detailed mine planning. We include or exclude areas after limited
assessment.

The lower-right, near-horizontal black line and the upper-left, near-vertical black line are the
outline of a resource block with 170,000,000 tons. Of course, since the coal cuts off before
extending to a full block, the coal in the upper section looks to be in the neighborhood of 60
million tons based on the area that shows coal present.

Also, note there is a narrow neck of coal connecting this upper section to the lower section.
Longwall operations require contiguous coal. The area for a viable operation probably would
end at the connecting neck.

Therefore, we use the polygon split tool to separate the upper section from the lower section
Click on the draw tool and hold down the mouse button.

The polygon split tool is second from bottom.

Slide mouse down to the split tool and release the mouse button to make the split tool active.

8 - 67




The cursor turns to crosshairs.

Position the cursor in the View window in the open space to the left of the neck and click the
mouse.

Pull a line across the neck.

In the open space to the right of the neck, double click the mouse to split the polygon.

You will see handles around the new polygons and the new table records for the polygons:
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You are required to do many operations like this as you block the coal.
Use ArcView help to familiarize yourself with the theme editing tools.
We now use the select features tool to pull out a rectangle to capture the upper section.

First, under the Theme menu, we click “Stop Editing” and “Save Edits” to leave the editing
mode.

Click the Select Features tool and pull out a rectangle to capture the upper section.

Note: you need to be in normal mode to have the features appear in the yellow highlight color.
Highlighting helps you see the features you have selected.

Click the title bar in the Attribute table to make the table active

Click the Promote button to move all the records to the top of the table.



Note you have captured some restricted features (the ones that have gridcode=0):
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Procedure to eliminate restricted features:
If necessary make table active by clicking on its title bar

Press and hold shift key down

Click record with Gridcode=0

After click, highlighting will be removed from the record

Click next record or sequence of records with Gridcode = 0.
Periodically click Promote button to pull records to top of table

Scroll down table if necessary to check all highlighted records

"L" Attributes of Lwd 27 2bigrxgnid.shp

________________ - I T -
________________ 1342 8816 0 8 F..DT
1344 asE 200 A 1.7
1348 ABTE P I A 7.3;
13800 ABTE P L A 00
1382 ABTE L A 176
133 ABTE P 200 A 41
. 1360CABIE 2 A 01
1362 ABTE P 230 T, 00
U 13B4ABTE I A 171

1345 ARG 4 0 0.0
_1I 454 O I I (] ﬁI h _J




Click the View title bar to make the View active
Under the Theme Menu
Click “Start Editing”
Under the edit Menu
Click “Union Features”

The union will form a single polygon feature for all the selected features and make the tons equal
to tons summed across all the individual smaller features:
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The consolidated block does not have enough coal to keep it as a longwall block.
Recall, the cutoff tonnage is 56.6.

Furthermore, the block is cut up in such a way that longwall panels cannot be placed on some
parts.

We eliminate the block from lw4272bigrsgrid.shp:
Under the Edit Menu
Click “Delete Feature”
Under the Theme Menu
Click “Stop Editing”
When queried to “Save Edits”
Click “Yes”

The scattered features that remain in the view are restricted areas that were selected out of the
upper section.

We selected out these restricted features to obtain an estimate of the coal available for mining.
When the mineable coal was deleted, we left behind those restricted features.
To remove the restricted features:

Under Theme Menu, click “Start Editing”

Use the select tool to pull out a rectangle around the features

Press the “Delete” key on the keyboard

Continue until all features are deleted

Under the Theme Menu, click “Stop Editing”

When queried to “Save Edits”, click “Yes”



We follow this method to consolidate other polygons.

The consolidation groups adjacent coal polygons.

It is assumed that coal mining companies will not conduct underground mining beneath interstate
highways, populated places, and water bodies. Any damage to highways, populated places, or
water bodies could be very costly.

Thus, the consolidation must pay particular attention to how these features impact the
consolidation

The next view shows an area that is broken up by an interstate highway, a water body, and a
populated place.

The yellow polygon with the handles is irregular and cannot be formed into the rectangular
shape needed for longwall mining:
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Under the Edit Menu:
Click “Delete Features”
The irregular area is removed from the layer allocated to longwall mining.

It is carried over to see if it can be consolidated with other coal for mining by an alternate
method.

However, it is obvious that this coal (in the middle of the 42-72 inch area) will find no other
contiguous coal and will never be allocated to mining.

It is an example of a fragmented coal block with too few tons to be considered for mining.
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The next view show a purple polygon with a dense pattern of oil and gas wells at the top of the
zoomed polygon. Each of the oil and gas polygons are 400 feet on a side. A panel for a longwall
mine is about 1000 feet across and 10,000 feet long. Longwall panels would not fit in the area
with the oil and gas wells.
We remove that area by:
1. Clicking on the “Polygon Split” tool (which is on the drop down list off the draw tool)
2. Clicking on the left of the polygon (in the white space)
3. Pulling out a line across the polygon

4. A single click enters a node and allows a change in direction

5. When we reach the other side of the polygon, we double click to complete the split
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The split adds a record to the table.

The tons of coal are assigned to the 2 areas on the basis of area in the new polygons in proportion

to the area of the original polygon (recall the split rule we set earlier).

Use the select or pointer tool to select the new polygon with the oil and gas wells.

Under the Edit Menu

Click “Delete Features”
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The above view shows that the area with oil and gas wells has been removed from
Iw4272bigrxgrid.

Remember to save your project periodically.




When we select a polygon, we see its record highlighted in the table and we see the tons of coal
in the polygon. Furthermore, we want the consolidated polygons to follow the blocks set up by
the superimposed grid. Therefore, we use the shift key and click to capture all the polygons to
approximate the superimposed grid. Then in the table, we can use the promote button to see all
the polygons that are selected and their tonnages. A quick mental addition tells us whether we
have coal over 56.6 million tons. Also, we can deselect (hold shift key down) any records with a
gridcode of 0. These records indicate an area with restrictions which we, of course, do not want
to count as an area with available coal. When we click “Union features” under the edit menu,
any boundary segments internal to the new polygon will be dissolved.

When polygons are deleted, the restricted areas (gridcode 0) remain in the layer. We want to
continuously clean the layer by removing any restricted area fragments. We use the select tool
(when the lw4272bigrxgrid layer is active) to draw out a rectangle around the isolated area. Then
we click the delete key on the keyboard to eliminate the polygons. Sometimes it is necessary to
click on individual polygons to select them (e.g., when they are in close proximity to features that
we don’t want to select).

Near the end of the process, you will find that Iw4272bigrxgrid contains a number of very small
coal slivers. By opening the table, selecting a record, and zooming to the selected feature, we can
see the relationship of the slivers with adjoining polygons and consolidate the slivers. When the
tons in remaining slivers are low (say 20,000 tons or less) a reasonable strategy is to delete those
remaining areas from Iw4272bigrxgrid.

Remember, any coal not allocated to lw4272 is carried forward to be consolidated for mining by
alternate methods.

While tedious, by following the examples of this guide you should be able to work your way
across the lw4272bigrxgrid theme and complete the consolidation in several hours.

In the case of the Pittsburgh coal bed, the total amount of coal in the lw4272bigrxgrid layer went
from 6.1 billion tons to about 5 billion tons. Most of the reduction occurred because areas with
dense clusters of oil and gas wells where found unsuitable for longwall mining. Some other
areas had narrow runs of coal or areas where coal was highly irregular in its remaining
occurrence. These areas were deleted from Iw4272bigrxgrid.

The next view shows the final consolidated lw4272bigrxgrid layer:
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The dark area is the final Iw4272bigrxgrid layer.

The lighter area shows the areas that were removed from the initial w4272 layer.

Next, we convert lw4272bigrxgrid.shp to a grid theme.



Add a Unique Block ID to the Attribute Table of the Final Consolidated Coal Coverage
The consolidated coal blocks in lw4272bigrxgrid.shp may not carry a unique blockid. The
consolidation process may have assigned the same blockid to more than a single coal block.
When we convert lw4272bigrxgrid.shp to a grid coverage, we want each coal block to have a
unique identifier in the grid coverage. In Excel we add a new id, blockid2, to insure that each
block has a unique identifier.
In Viewl, make lw4272bigrxgrid.shp active.
Under the Edit Menu:
Click “Delete Themes”
Respond “Yes”
Open Excel
Open Iw4272bigrxgrid.dbf
Insert a new worksheet
In the new worksheet:
In column c1, enter “Blockid2"
In column c2, enter
1
In column c3, enter
=c2+1
Copy c3 to all cells through c¢776 (or through cells appropriate for your coverage)
Click on the “C” at the top of the column
Under Edit menu, click “copy”

Click on the “A” at the top of the column

Under Edit menu, click “Paste Special”
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In the dialog window
Click on “Values” radial button
Delete the C column
Copy the 1* 5 columns on “Iw4272bigrxgrid” to the B column on “Sheet 1"
Click on the al cell
Close Excel
Respond “Yes”, “Save” or “OK” to all queries
In Viewl:
Add theme, lw4272bigrxgrid.shp
Open its table.
Notice new field, blockid2

We will use blockid?2 as the value field when we convert lw4272bigrxgrid.shp to a grid
theme



Open Analysis Properties and enter these settings:

Analysiz Properties: Yiewl

(S ame Az BReml Bbufpl 2

Analyziz Extent

Left | -155677.503175 Top | 1970643 63375
Bottorn | 1633107 69375 Right | 191910.496825
Bnalpziz Cell Size | Current 4 alue ]|
CellSize |16 m
Mumber of Baows | 17345
Murmber of Calurmnz | 21718
Analysis Mazk | Mo Mask Set =]l

Q. Cancel |

Under the Theme Menu:
Click “Convert to Grid”

Name the layer: c:\testuser\lw4272grida
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When queried to pick field for cell values, select “blockid2"
When queried about “adding features” click “Yes”

Add lw4272grida to Viewl

Toggle on its display
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Cleanup to Generate a Final Consolidated Coal Coverage
Next, we do some cleanup to generate a final lw4272 grid.

During consolidation, because some features are small, areas that are restricted might have
inadvertently been included in the blocks of mineable coal.

We correct the assignment in 3 steps:
1. In the lw4272grida layer, we reclassify all cells with gridcode=0 as cells with value=0

2. We set the Analysis Mask to this revised lw4272grida (called Map Calculation 5)

3. Any cells with zero in the layer from step 1 or any cells that are restrictions in
union7restr are reclassified as cells with value=0

Step 3, in effect, takes any restrictions that were put into a mining block out of the block and
correctly assigns that coal to the restriction category (value 0).

Step 1:
In Map Calculator, evaluate this request:

=

-J Map Calculation 5

|Lngarithm$ |
e & EEE EEE
[Liwd 27 2anda] - ; : ; __ i ; Evp el
[Lwizizgida. Cod| i/t [@][S][E] (= iissiie
[Lewd272arida . |d] i EvpZ e
[LLEF"EE:d:.Gric I milEEY FIN u =
Lwdorogida. mili bt 0 e d o es fee] S0 | Lodll
[Iwd 27 2final] et
[|$42?2r:::|.|:uun;| asrid_|

[ [Lwd2¥2anda . Gndoode] = 0].Con(0.AzGnd [Lwd 27 2gnda])

| »

L4]

Ewvaliate




Step 2:
Under Analysis Menu
Click “Properties”

Enter these settings:

Analysiz Properties: Yiewl

5 ame A: Remlbbufpl 2

Analvsis Estent

Left [-155677.503175 Tap | 1970643.69375
Bottarn | 169310769375 Right | 191810 496825
Analpziz Cell Size | Curment Y alue ]
Cell Size 110 m
Mumber of Rows | 17345
Mumber af Calurmns | 21718
Analyziz Mask | Map Calculation 5 >l

k. Cancel |




Step 3:

In Map Calculator, evaluate this request:

@ w427 2final

ILDgarithms |
Layers T N
T I Y PR

[Lwdzrognda] &l e | || i || | e Erp |
Lwizizaida. Codl | i [2)[S][6] i+ is=ii

[Lwd272grida . 1d] T fr g e Erme (Lo
[Lwwd 27 2grida . Gri | 1 || 2 || 3 | . ot

[wi2rlgids milt S [0 i 0 ey | B0 L0
[Map Calculation 5] e - ' '

[Map Calculation 5 ;I Aslind |

([ [Map Calculation 5] = 0) ar [JurionFrestr] = 1) 1.Con(0LAsGrid.[Map Calculation 5]) =

Ewaliate

In Theme Properties, rename the new grid as:
Lw4272final
Record its source in the list of coverages to rename and retain.
In Legend Editor, change its legend to 2 classes as indicated in the next display.

Toggle on its display:
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The dark areas (black) are areas that are restricted to coal mining.

The areas with intermediate shading (green) are the consolidated blocks of coal available for
longwall mining, 42 to 72 inch thick coal.

The areas with light shading (gold) are the areas where coal was deleted as a result of the
consolidation into longwall mineable blocks.



Update the Remaining Coal Coverage: Remove Final Consolidated Coal Coverage

Next, we update the remaining coal coverage by removing the coal (along with associated
restricted areas) in Iw4272final from the_latest remaining coal coverage.

Note: As you repeat the calculations for each coal thickness category, the latest remaining
coal coverage will be the one created in the previous iteration.

FIRST ITERATION (lw4272)

The first time you arrive here, you are working on lw4272, therefore the latest remaining
coal coverage is:

remsurfall

Add grid coverage, remsurfall, to Viewl

SECOND ITERATION (Iw7296)

The second time you arrive here, you are working on lw7296, therefore the latest remaining
coal coverage is:

remlw4272sb
Add grid coverage, remlw4272sb, to Viewl
THIRD ITERATION (Iw96)

The third time you arrive here, you are working on Iw96, therefore the latest remaining
coal coverage is:

remlw7296sb

Add grid coverage, remlw7296sb, to Viewl



Open Analysis Properties, and change Analysis Mask to rem16bufpl12:

Analysiz Properties: Yiewl

finalysiz Extent | Same 4z RemlBbufp] 2 |

Left | -155677.503175 Top [ 1970643.69375

Bottorn | 1633107 63375 Right | 191510.496525

Analysis Cell Size | Curent Yalue =]

Cell Size 116 Map Units
(17346

Humber of Hows

Mumber of Columnz | 21718

fnalysiz Mask At

' Ok, Cancel |




We reclassify lw4272final as follows:

Heclaszsify Yalues |

Clazzification Field: |"-«-"a|ue |
Clazzify... | nique Lookup... |
Old " alues Mew W alue
a 935 el
1-775 1
Mo Data 1]

4]

Save ] Cancel




In Map Calculator, evaluate this request:

";' Map Calculation 8

|Ll:|g;|alithm$ =
L
|= of Iwd272 El El Epp | Log |
{EZ:ESZJI]IWQH o Exp2 | Log2 |
[Remszurfall . Count El I I
(Remsurial . Mill T 0 Expl0 | Loglo
el lr (o J0T Lo Jf=
lwd27 2final . Counl =] Aslinid |

[Remsurtall]] and [ not [[Reclass of wd272fnal]] ] ]

[
[
1.Con[1.AzGnd 0. AzGrd]

Evaluate |

Notice that the 1** coverage in the expression above is the latest remaining coal layer.

Here again you have to substitute in, the correct 1* layer as you iterate:

FIRST ITERATION (lw4272)

The first time you arrive here, you are working on lw4272, therefore the 1* coverage in the
expression is:

remsurfall
SECOND ITERATION (lw7296)

The second time you arrive here, you are working on lw7296, therefore the 1* coverage in
the expression is:

remlw4272sb
THIRD ITERATION (Iw96)

The third time you arrive here, you are working on Iw96, therefore the 1* coverage in the
expression is:

remlw7296sb



The second step is to change cells with 0 to null

In Map Calculator, evaluate this request:

":: Map Calculation 9

| Logarithms =]
L
I| Calculation Elg E E EHI:I | Ll:lg I
[Map Calculation 3 A 4115 = ||==||or
[H:EIasZZL;EvIE;FE Exp2 | Log2 |
[Reclass of wd272
A fall] + ] Expl10 Logl0
Lo JL) [0 Jfe] o] o]
[Remsurial . Milion: = | astirid_|
[ [Map Calculation 8] = 0].Sethull[1.AsGrid “

Evaluate

In Theme Properties, rename Map Calculation 9 as: remlw4272.

Record its source in the list of coverages to retain and rename.



Add a Safety Barrier
The next step is to expand Iw4272final by 1 cell (for safety barrier).

In Map Calculator, evaluate this request:

f. Map Calculation 8

| Logarithrs =]
L p—
e D i I | N ) ) s | oo |
i [ MGG HEE == =
ieclass of wds e ki u]
[Feclass of lwd272 ERIE I EIE é =
[Remsurfal] +] [ o J[-] [ © |[m=] _Eweto| Logio |
[Femeurtal | Count
[HZEEE"_ Mciiﬁ;n hd Aslirid |
[ [Reclass of kd272final] = 1).Expand[1.{1}) ~
Ewaluate




The layer, Map Calculation 8, is a 1 cell expansion of lw4272final. The expansion can extend
into the areas that are restricted and into areas that do not have remaining coal.

We correct the initial expansion by setting a mask and evaluating Map Calculation 8 with the
mask in place.

Note: Mask is the latest remaining coal layer. See next page for layer names to use on each
of 3 iterations.

Under the Analysis Menu
Click properties
Change the analysis Mask to

Remlw4272 (1** Iteration)

Analysiz Properties: Yiewl I
Analysis Extent | Current Walue =]
Left | -155677.503175 Top | 1970643.63375
Battam | 1633107.63375 Right | 191810.436525
dnalyziz Cell Size | Current alue ~]
Cell Size 116 Map Urits
MHumber of Bowes I 17346
| 21718

Humber of Calumnz

Analyziz Maszk




FIRST ITERATION (lw4272)

The first time you arrive here, you are working on lw4272, therefore the latest remaining
coal coverage (just created) is:

remlw4272
Set Analysis Mask = remlw4272
SECOND ITERATION (lw7296)

The second time you arrive here, you are working on lw7296, therefore the latest remaining
coal coverage (just created) is:

remlw7296
Set Analysis Mask = remlw7296
THIRD ITERATION (Iw96)

The third time you arrive here, you are working on Iw96, therefore the latest remaining
coal coverage (just created) is:

remlw96

Set Analysis Mask = remlw96



In Map Calculator, evaluate this request:

e ® DEE HEE
[lwd272final . Coun 7] [4]19]le] [=][=]]]
[wd272final . millior
[;eclasslr;?lw?ég | _ | | 1 || £ || 3 | | = ||{= ||mr|
[Feclasz of deET-"E_ | + | | (] || . | | £ ||ru:ut|

[Map Calculation 8

[Map Calculation 8 ;I AlEnd |

| Logarithms |

Exp | Log |

Expz | Loge |

Expl0 | Logl0 |

[ [Map Calculation 2]).Conl[Map Calculation 8),99.4:Grnd

Ewvaluate

Change the cells with value = 99, to null.




In Map Calculator, evaluate this request:

’L Map Calculation 10

ILDgarithms = |
L
-. Calculation S * | ‘ || : || ’ | = ||{} | |aﬂd| Exp Log
[Map Calculation 9 A |4||5 ||E| ;-||;-=|||:|r|

Ed |

] |
(427 2fimal] ExpZ Log?
ux42?zﬁ::|.cnun |"| |1 || Z || 3 | | = ||{=||“°r| s =
[lwd 27 2final . millicr | | | 5 | | ; | |
[Feclass of wd272
[HZEEEE Ef |$42?2 A Astrid_|

[ [Map Calculation 9] = 99).5 etMull[1 &:Grid.

(3 ||n|:|t| Expll Logl0

| »

141

Evaluate




We now remove any coal in the safety barrier for w4272 that might extend into other restricted
areas.

In Map Calculator, evaluate this request:

’L" Map Calculation 14

|Lngarithms |

L

e ) |3 | R |53 | ] e e
[Union7restr . Cour: |,f’| |4||5||E| |:=-||:=-=||nr|

[Map Calculation 13—

[M:EE:IEEI:E:1 = U] ===l 2 | _Log? |
[Map Calculation 1 |—|— | | 0 || . | | 0 ||r'u:|t| Expl0 | LoglO |
I [Map Ealculatinm[ill Asland |

{ [Map Calculation 10]) and [ nat | =
[[Union?frestr])] |

].Con[[Map Calculation 'II:I],I:I]..-“-‘-.SG rid] lI

Evaluate

In Theme Properties, name Map Calculation 14 as:
Iw4272sb (sb for safety barrier)
Record its source in the list of coverages to rename and retain.

Use Method A (pp. 6-66 and 6-84) to calculate the tons of coal in outside safety barriers:



& Attributes Of Lwd272sh
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Next, we estimate coal in interior safety barriers.

In Analysis Properties, we set Analysis Mask to the latest remaining coal overage from the latest
complete iteration by mining technology and coal thickness..

Note: As you repeat the calculations for each coal thickness category, the latest remaining
coal coverage from the last complete iteration by mining technology and coal thickness will
be the one created in the previous iteration.

FIRST ITERATION (lw4272)

The first time you arrive here, you are working on lw4272, therefore the latest remaining
coal coverage (complete iteration) is:

remsurfall

In Analysis Properties, set Analysis Mask = remsurfall (see next page)

SECOND ITERATION (Iw7296)

The second time you arrive here, you are working on Iw7296, therefore the latest remaining
coal coverage (complete iteration) is:

remlw4272sb
In Analysis Properties, set Analysis Mask = remlw4272sb (see next page)
THIRD ITERATION (Iw96)

The third time you arrive here, you are working on Iw96, therefore the latest remaining
coal coverage (complete iteration) is:

remlw7296sb

In Analysis Properties, set Analysis Mask = remls7296sb (see next page)
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Under the Analysis Menu, click
“Properties”
Change Analysis Mask to

remsurfall

Analyziz Properties: Viewl

Analysiz Extent | Same As Reml6bufpl2 =]

Left [ -155677 603175 Top | 1970643.63375

Bottom | 1692107.69375 Right | 191210.496225

Aralysis Cell Size | 43 Specified Below =]

Cell Size 115 m
[17386

Murmber of Bowe

Humber of Colurmns I 21718

Analyziz M azk i Hemzurtall

Ok Cancel I

Save your project.

Itis very important that you save your project.

We proceed to open a new ArcView project (to build and rotate grid) and then return to the main
project after that procedure is completed.
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Superimpose Grid to Delineate Coal for Representative Mines

Important Note: We now digress from assessment work to make a grid. We will use the
grid to break the coal into mine blocks of the size listed in table 7-1 (column 6), p. 7-2.
After the grid is built, we will reopen the chapter8 project.

Open this ArcView Project (template for building and rotating grid):
c:\testuser\warp.apr
We build a grid with dimensions close to those of actual mines.

We use the grid to represent the interior safety barriers between mines for a specific
technology/thickness combination.

Open minegrid.xls in Excel.
Currently, we are working on lw4272.

For tonnage (cell A16) we enter the minimum-size resource block (column 6) from table 7-
1, p.7-2:

57000000 (No commas)
Press “Enter” on the keyboard

For technology/thickness (cell A19) we enter the corresponding label:

lw4272

Press “Enter” on the keyboard
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£4 Microsoft Excel - minegnd_xls

J File Edit W“iew Inserk Format Tools Data Window Help

DE2EL E@RY iR v @& = A2
JF'.FiEd TIDTBIE|§§§|$%,:
AlT d = Enter technalogy in cell A19 (=select from lwd.
A | B [ © | b | E | G |
aver |
thick
corner from = fromu bo M toy technolac [feet]
northw est -188000| 2134737 -1583000 2134797 lwd272
northieast 248212| 2134797 226862 2000000 lw 7296
southeast 248212| 1636269 T2808.6 15255872 Iw9E
southwest -188000| 1636269 342054 1660669 cmadd 2
rorthwest -188000 2134737 cmd2 T2
cm 296
cmi6
Angle of rotation
15
horizontal span
436212
vertical span
498525
Enter tornage in 416, Grid willbe based upon this tonnage
S?DDDDDDI

Enter technologu im cell 813 [zelect from lwd 272, w7296, w96, cmZddZ, cmd 272, emT2E

Note: type technology just as listed above with characters lowercase

lwd272 |

G| =1 m|en| £ i fra| = S| wo | oo f=d| o) on) £ | o | — o | 9009 - P e

Farameters for Pittsburgh are below . Change for aother beds

Denszity based upon 15800 tons!acre-ft in units of tons per square meter-foot, in cell 422

0.4d5
For rectangular grid, set values are as fallows
left long -183000
right long Za000a0
bottom lat 1634000

top ratated |at 2000000
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After you calculate corner points for the rotated grid, copy them to a new workbook:

Open a new workbook in Excel.

Highlight the field names and the values for the 4 corner points:

£4 Microsoft Excel - minegrid.xls

J@ File Edit Yew Insert Format Tools Data ‘Window Help

DeEaEgly & BT

K) » (W -
J.n.rial ,1DTBIg|§§E
=y j = from x
A B | c | oD | E F
1 |cormer from = fromu o 4 Loy
2 | rnorthwest -188000 2134797 -153000 2134737
3 | rnortheast 245212 2134737 226862 2000000
4 | southeast 245212 1636269 728056 1525872
2| southwest -185000 1636269 -342054 1660669
B |rnorthwest -153000 2134?97.
o

Under the Edit Menu click

Copy
Open the new workbook.

Under the Edit Menu click

Paste Special

In the Paste Special dialogue window click:

Values
OK
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Paste Special |

Paste

o all " Comments

i~ Formulas i yalidation

O ialues ™ all except borders

™ Formats ™ Column widths
Cperakion

& None & Mulkiply

™ add " Divide

™ Subtract

[~ skip blanks [T Transpose

Paste Link | QK I Cancel

Click on the Al cell.
Save the spreadsheet as

C:\testuser\minegridlw4272.dbf (Dbase IV format)
Close the new workbook.

Respond “yes” or “OK” or “save” to all Excel queries.
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If necessary, make your Excel workbook (minegrid.xls) active
At the bottom of the worksheet, notice that there are 2 worksheets listed:

calculate (the worksheet that is open)
gridmaker

Click gridmaker to open it:

XCEl - mineqria.

File Edit Wiew Insert Format Tools Data ‘Wwindow

NEEHa @Ry | &BRI -
Arial vID-BIQ|§§E
Al | =
A B
1 |mining technology U
2 |tonnage 57000000
3 |Malues for running gridmaker
4 |left longitude -1as000
& |bottom [atitude 1636265
B |horizontal span 436212
_f |vertical span 4398528
8 |rows SE
8 |columns g4
10

The gridmaker worksheet captures the values you will need later to run the grdmakerrev script in
ArcView.

Click on the Al cell
Under the file menu, click “Print”

You will use these printed values later when you run the grdmakerrev script.
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Open ArcView

In the Project Manager Window click
the Tables Icon

Click “Add”

Scroll to c:\testuser\minegridlw4272.dbf.

Click “OK”

In Viewl, under the View Menu

Click “Add Event Theme” and make these entries:

#! Add Event Theme

Table: | minegridlw4272. dbf =1

% figld: | To_x =l

Click “OK”

Make the new theme active.

Toggle on its display.

Click on “Connect the Dots” [Button with “Star”]
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Zoom to extent of active theme:

’:." Viewl

« Minegrid w4272 dbf %
.

 RemiGbufpiz
= -
[ IMoCata

Click rotated rectangle to get its “handles”
Click the “G” Button.
Save the new shapefile as

c:\testuser\tomgridlw4272.shp

Make minegridlw4272.dbf, active
Under the Edit menu click
Delete Themes

Click “Yes”
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| rid =
1
« Rem1Bbuipiz

£
[ ] Mol ata

o tomgridlwdz 72 shp

L]

Click on the rotated graphic to get its handles.

Press Delete
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Click the Gridmaker Button (it looks like a grid on the right of the button bar)
You are prompted for 6 input parameters
Previously, you printed these values when you ran minegrid.xls.
Use the printed list and enter the parameters as you are prompted

If the default value is not correct in the Message box, then type the correct value

For left longitude -188000 (No commas)
For bottom latitude 1636269

For horizontal span 436212

For vertical span 498528

For rows 96

For columns 84

(Obviously, the #s you enter would be the appropriate values for the area where you are
building a grid. The correct #’s for the Pittsburgh, longwall mining on 42 to 72 inch coal,
are those above.)

Save the grid as
c:\testuser\mxxgridlw4272.shp
When you are prompted for Labels, click

No

8-111



We are now ready to rotate mxxgridlw4272.shp

We will run ShapeWarp to rotate mxxgridlw4272.shp:
Our “from grid” is: mxxgridlw4272.shp
Our “to grid” is: tomgridlw4272.shp
Our table of input data is: minegridlw4272.dbf

Our table of GCP’s is: coordsmglw4272.dbf (which we will create)

At this point you are advised to save your project.
However, save it under a new unique name such as:
C:\testuser\warpmglw4272

By saving the project, you can correct any errors that may become evident later, starting
over from this point.
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Delete all of the themes from ArcView.

Open the Project Manager Window.
Under the ShapeWarp Menu:
Click “Import Table”
Pick c:\testuser\minegridlw4272.dbf as the import table
Name c:\testuser\coordsmglw4272.dbf as the GCP table

In the Pick Field Dialogue window match the field in the list to the query:

&} Pick Field

Fick the field to use for the From = coordinates. 0k,

Cancel

|41
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The new GCP table will display on your monitor:

{0 Gaouni Conlsol Posts

1, N 1SRN0 (OO 1 TET. 000000 1 SEOMGLNCN000 21 34750, D000 AELE L] =

2100 o DA LE LE L 21 34FET. 0000 ZIESEL QOO 2000000 (KK ARLE LY LU

1) oM e SRR LE LE LU 1636255 0000000 TZEIFEIO000000 1522872 DO AHLE L LL]

& 0N 1 SN OO 163681 0000000 343054 0000000 1eh0Ec] N0 LN -
i ]

Minimize the GCP table

Make the Project Manger Window active.

Click on the ShapeWarp “Diamond” icon.

In response to “Do you want to set the projection for the TO view?
Click “No”

Pick the theme that you want to warp (i.e., rotate):

";" Pick the Feature Themes that you want to Warp.

Directary: | d:\testuser Ok
B agridfinalpittha. shp = = d\ - Cancel
B aridpitthwy. shp
B aridtest.shp £ adal
B wd27 2bigragrid.shp £ calcd
B magndhwd272. shp £ calc?

: £ calc3 % Directonies
B pittarig.shp £ calcd " Libraries
B remaininoiule2000, zho ll F1 calch ll

Data Source Types: Crrives:

| Feature Data Source =l | E3
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Pick the theme that has the rotated rectangle:

&} Pick the Themes for the TO View

Directory: | d:Mtestuser 0K
B w427 2bigrearid. shp B =R - Cancel
B mesanidhad 272 shp
B pittarig.shp £ adal
B remainingjuly2000.shp £ calcd
B togridpitthe. shp ] cale?

B togridpitthye. shp £ cale2 %" Directories

03 calcd " Libraries

F calch ll

Data Source T ypes: Crrives:

| Feature D ata Source =] | d: =]

In response to the query about selecting a table

Click “Yes”

Wiould wou like to uge an exizting table?

Yes . Mo
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Select the coordinate table as

c:\testuser\coordsmglw4272.dbf

’;" Pick the Coordinate Table you want to uze

ak.

Cancel

File Marne: Directonies:
| coordsmalw4272.dbf d:stestuzer
[ coords1.dbf - = dA -
M deltal.dbf £ adal
[ delta2.dbf £ cale
[ frombopitths. dbf ] calc?
[ aridfinalpitths. dbf £ calc3
[ gridpitthe. dbf £ calcd
™ aridtest. dbf ll C1 calch hd
Lizt Files af Type: Cirives:
[ dbf 52 [ I =]
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A window will open showing the TO and FROM rectangles. The 4 corner points will be used to
guide the rotation:

N . = L [
3
1
. 2

Click the RMS icon on the ShapeWarp toolbar (looks like a calculator).
Select “First Order”

Click “OK”

! Choose Order E3

Choosze the Palynomial Order far the: fit

First Order Cancel |

Second Order
Third Order
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The RMS error should be very small.
On the ShapeWarp toolbar
Click “Go”
Save the rotated grid as
c:\testuser\gridfinalmglw4272.shp
Respond “No to query about report.
On the ShapeWarp toolbar

Click “Quit”

Open project
c:\testuser\chapter8.apr
Add theme:
gridfinalmglw4272.shp
In the Legend Editor:
Make the polygon fill for gridfinalmglw4272, transparent
Set size = 0.1 for the outline of gridfinalmglw4272.shp
Maximize the View window.

Toggle on the display for gridfinalmglw4272.shp.
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Estimate Coal in Interior Safety Barriers

The layer, lw4272sb, contains the safety barrier for the outside extent of the coal allocated to
longwall mining, 42 to 72 inch thick coal.

The coal blocks, represented in lw4272bigrxgrid.shp and lw4272final, also need to have interior
safety barriers.

We complete 7 steps to determine interior safety barriers:
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Stepl: Download script, View.ConvertPolygontoPolyline

Using Netscape or Explorer, attach to www.esri.com.

On the left side, click on “ArcScripts

In the window that opens under Primary Software click, “ArcView 3.x”
Scroll to View.ConvertPolygontoPolyline

Download cvtplypl.ave to

c:\esri\av_gis30\arcview\samples\scripts

Step 2: Add cvtplypl.ave as a button to your project
In the Project Manger Window
Click on the Scripts Icon
Click New
Under the Script Menu
Click “Load Text File”
Scroll to c:\esri\av_gis30\arcview\samples\scripts
Select cvtplypl.ave
Click “OK”

Click the Compile button (Looks like check mark)
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Make Viewl active
Double click in the open space on the right of the button bar
In the Customize Dialog Window
As “Category”, select “Buttons”
Move slider scroll bar all the way to the right
In the open space on the right, above the slider bar in the slider window, click once
Then click “New”, below to the left
In the Properties Window (bottom half of Customize Window):
Double Click “Click”
In the window that open, scroll to “Script 1" (i.e, the script that you just compiled)
Select Script 1
Click OK
Double Click “Help”
In the Window that opens
Type “Converts Polygon to Polyline//Converts Polygon to Polyline”
Double Click “Icon”
In the window that opens
Scroll to the “Poly” icon
Select “Poly”
Click OK
In the Customize Dialog Window

Click X in the upper right corner to close the window
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Notice that the poly button is added to Viewl
Step 3: Convert gridfinalmglw4272.shp to a polyline
Make gridfinalmglw4272.shp active
Click the “Poly” Button
Save the polyline layer as
c:\testuser\gridplmglw4272
When queried, add theme to Viewl
Step 4: Convert gridplmglw4272.shp to a grid
Make gridplmglw4272.shp active
Under the Theme Menu
Click “Convert to Grid”
Save the new layer as
c:\testuser\gplmglw4272

Step 5: Intersect gplmglw4272 and lw4272final to obtain the interior safety barrier around
coal, without placing the safety barrier on a restricted area

Note: Restricted areas in lw4272final (with value = 0) evaluate false when the intersect request
runs. Therefore, gplmglw4272 is kept out of the restricted areas.

In Map Calculator, evaluate this request:
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#! Map Calculation 11

| Logarithrns =]
] E3 il || N I | | ) e T
[Lwd272final . Coud 7] [4][5][e] [=][==][~]
[Lwd 27 Zfinal . Mill
it 2] [MERIE EElke) = ==
[Map Calculation 1 |+| | 0 || . | | (3 ||n|:|t| Expl0 Lagl0
Crecnsrs astid_|
[ [ [Gplmghad272]) and [[Led 27 2final]] ).Conl1.AsGrid.0.A:Grid) =
|

Ewaluate

Step 6: In Map Calculation 11, convert nulls to 9 (needed for step 7).

In Map Calculator, evaluate this request:
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i

_,. Map Calculation 13

| Logarithrns =]
LEI_'.-'ETS P i R -
s g v 4 Eoa fiaernfimygd

[Map Calculation 14« |- | | | ¢ | | | B Exp Lag

[Map Calculation 14 i | s || 5 || G | P r o am

[Map Calculation 16 g g g Eumd [Cag#

[Map Calculation 1 | | ||l2 || 3 | i T

[hesd 27 2irnal] | 0 | 2 Pty |n.;.t| Bl e L

[wd27 2final . Coun e S '

[heed 27 Zfiral . millinrll Aszhnid |

([t ap Calculation 11]) 1sMull Con(3.AzGrid [Map Calculation 11]) =

Evaluate

Step 7: Use Map Calculation 13 to split lw4272final into 3 parts:
Areas that are restricted (cells with 0 value)
Areas with available coal less any interior safety barriers (cells with value 1-775)
Areas that represent interior safety barriers (cells with value 999)

In Map Calculator, evaluate this request:
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’-L Map Calculation 14

|Lngarithm3 |
Layers [T ; PR T
HC P ? 9 Hom B oHalied LEINTE

[Map Calculation 16 « | | | 8 | | | Fu Log

[Map Calculation 1 EA | 4 | | 5 | | 2 | Poa i ;-?

[wd 27 2firal] - : ExpE [agd

[herd27 2fitnal . Ciawan ; : | 1 | | Z | | 3 | E N i

[hd 27 2final . millicr | 0 | . : | Mot | Bl (S

[Map Calculation 1 et S '

[Map Calculation 1 ll Azland |

([ [ [Map Calculation 12] = 1) and [[lw4272final]] ).Con(999.45Grid [lwd27 2final]) =

Evaluate

In Theme Properties, rename Map Calculation 14 as:
Iw4272finalb

Record its source in the list of coverages to rename and retain.

In the legend editor, classify values as indicated in the next display:
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] Lwdz7zfinalb =

I °
[ J326-373
. o

] Lwa27zsb

| GplmalwdzTz

I 1451 - 7472
[ JHoData

Gridplm ghwd2 72 .z h

Gridfinalmghwd27 2.

L]

L2 ¥ 2 final

S S

ap Calculation 11
B o

[ JHeData
L2 T2 bigr=grid.sh

(-

| Lwd2TZE conte

[]1-884
Ho [ ata j

L

The black cells are restricted areas.
The dark blue thin lines (grid pattern) are interior safety barriers
The yellow cells are areas with available w4272 coal.

The red thin lines are exterior safety barriers.
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Zoom View 1 to see the outside safety barriers:

& Viewl

« waz7zsh -

1 waz7ziinalb
I C
B 1-77s
Bl o=
[ ] Mol ata

ﬂ Map Calzulation 10
=
[ JHeData

| remwdzrz

1
Mo O ata

| mwa272final
H
B 1-77s
[ Melata

| Map Calzulation 13

[ JHeData

| Map Calculation 11
Lo
I
[ Mol ata

| union¥restr
[ o
I
[ Mol ata _I
-

The interior safety barrier is coal taken from the initial coal blocks (in lw4272final) that is
reallocated to safety barriers.

Therefore, layers lw4272final and lw4272finalb have the same coal extent, and differ only in
their classifications of the coal.
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Earlier, we updated the remaining layer by removing lw4272final (equivalent to lw4272finalb)
from remsurfall, creating the remaining layer, remlw4272.

The outside safety barriers, layer lw4272sh, remove additional coal.
Update Remaining Coal Layer: Remove Coal in Safety Barrier

We proceed now to update remlw4272 by removing lw4272sb
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Step 1: We reclassify lw4272sb following the procedure on p 7-10:

Heclassify Yalues
Claszification Field: Il"."'EllLlE! |
Clagzify. .. | Urigue Lookup... |
Old Y alues Mew Value
0 i N
1 B
Mo Data 1]
+| x|
Load
Save . Cancel

Step 2: We remove the reclassified coal from remlw4272, following the 2 step procedure on p.
7-12:
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"L" Map Calculation 14

| Lonarithrs =]
L
e T IR B | Loy |
: II-- @ Exp2 | Log2 I
[Relas of lnd 272 E il | |
w27 25b] + 0 Exp10 |  LoglD
[Ix42?22b.tuunt] EE T | G = =
[wd27230 - millior, .= AslGrid |

[
[ [remlwd272]] and [ nat [
[[Reclazs of wd272sb])

]

]
1.Conl1.4zGrnd, DA Grid)]

Evaluate

Notice that the 1** coverage in the expression above is the latest remaining coal layer.

Here again you have to substitute in, the correct 1* layer as you iterate:

FIRST ITERATION (lw4272)

The first time you arrive here, you are working on lw4272, therefore the 1* coverage in the
expression is:

remlw4272
SECOND ITERATION (lw7296)

The second time you arrive here, you are working on lw7296, therefore the 1* coverage in
the expression is:

remlw7296
THIRD ITERATION (Iw96)

The third time you arrive here, you are working on Iw96, therefore the 1* coverage in the
expression is:

remlw96
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’-L Map Calculation 15

| Lagarithrns =l

L

-. IZZ.aIn::l_JIatinjn'I-ﬂ IT I I : H 2 H z I I - H{} I IaﬂdI Exp I Log |
[Map Calculation 14 = ||== || or

[Reclass of wdz272 — — Exp2 I Log2 |
[Reclass of lwd272 = WEE] =]

[rei'ncltuji;F?E]w |—|— | | 0 || . | | £ ||r'u:|t| Expl10 | Logl0 |
T i |

[ [Map Calculation 14] = 0).5ethull1.4sGrnd =

Ewaluate

In Theme Properties, rename the new grid as:
remlw4272sb

Record its source in the list of coverages to rename and retain.
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Add Estimates of Coal Characteristics
Next, we add coal characteristic data to the table for layer, lw4272finalb.
Add the following themes to View1:

thk16
ob16
parting10
sulfurl00
btul6

Use Method A (p. 6-66 & pp. 6-84 through 6-89) to estimate coal characteristics:

tons of coal
thickness
overburden
parting
sulfur
btu/lb
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Attributes OF Lw427 2finalb

Mz e 1 Rt i T
326 A2B625 17319 ) £33 23 27a 13110 ﬂ
334 160613 923 E5 a2z 15 251 13451
335 \GGEEL 1161 E9 E15 5.8 266 13239
336 274362 171.2 EE E99 E.3 389 13107
337 3R93ER 21845 B4 E12 29 214 13160
338 356108 2077 E1 i 3.4 1.86 13368
339 5410 20115 E7 a20 4.4 368 13118
340 291531 1835 EE ava 2.9 332 13096
341 209090 1317 EE a2 1.9 413 12906
342 235371 1465 EE 1065 32 369 13132
343 J21E56 2046 B 1106 15 346 13106 -
*I AN ACTAAC 1073 [=a ] ACH ) CH7 b B bk [ IT‘

Lw4272finalb contains 29 coal resource blocks

The sum, 4.7 billion tons of coal, is the estimate of coal available for longwall mining on coal 42
to 72 inches in thickness

The largest block has 240.6 million tons
The smallest block has 64.6 million tons

The amount of coal in category 999, 35.7 million tons, is coal in interior safety barriers.

A final cleanup step:
Streams and stream buffers were not used as a restriction to longwall mining.

In Chapter 4, we calculated the coal in areas with buffered streams for the entire area of the
remaining Pittsburgh coal bed.

In Chapter 10, we recalculate restricted coal in a way that accounts for the different treatment of
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streams between surface and underground mining operations. The estimate of coal restricted by
social and environmental limits will be smaller than the estimate we made in Chapter 4.
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Summary, Consolidated Coal 42 to 72 Inches in Thickness
Available coal, longwall mining, 42 to 72 inch in thickness
Coal in outside safety barriers

Coal in interior safety barriers

Total coal in safety barriers

Latest updated layer of remaining coal

Discussion

The estimate of the coal in interior safety barriers used the cell outlines based on 5,139 meters on
a side. The coal blocks (at 5,139 meters on a side) are an approximate configuration for future
logical mining units. Some blocks may be mined in smaller configurations, adding new mine
boundaries and the requirement for additional safety barriers. Also, the configurations may not
be the square blocks used in the model. A non-square block would have a larger perimeter than a
square block because the latter has the smallest perimeter needed to enclose a given area. Our
method does have the advantage of reducing available coal in each technology/thickness category
by the amount of coal in the interior barriers. The interior safety barrier estimate should be

regarded as a first-order approximation.
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The remaining tasks are
1. To repeat the procedure to estimate coal for thickness in the 72 to 96 inch category

2. To repeat the procedure to estimate coal for thickness in the greater than 96 inch
category
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Coal Resource Blocks, Longwall Mining, Coal 72 to 96 Inches in Thickness
In Analysis Properties, set the Analysis Mask to

Remlw4272sb

Analyziz Properties: Viewl

Analpsis Extent | Current Value -]
Left [ -155677.603175 Top | 197064369375
Biottam | 169310769375 Right | 131810.436325
&nalysiz Cell Size | Current Yalue =]
CellSize 116 m
Hurber of Baows I 17346
Humber of Columnz I 21718

Bnalysiz bazk RiENRE

k. Canicel |

Break out the coal in the 72 to 96 inch category

In Map Calculator, evaluate this request:
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& lw7296null

| Logarithms = |

Layers
[l 29Efinalb) al| |? || 8 || 9 | N

lw7296inab, Coul | < = [4][5 ][ 8]
[l 29EFinalb . riillid | 1 || = || 3 |

Evp | [l |

e | [Lome |

[l 7 296finalb . Cou : : E 1 I ;
[l 296finalb . Ared | 0 | 7 . §|nnt| — | — |
[l 7 296finalb . Min ' g i P :

(w7256 inalb . Maed ™ AsGrid |

[
Il (longwalld1]) and [ (72 AsGrid < [Thk18]) and [[Thk18]<=96] ] 1=0 —
1. 5etHulliT.AsGrid]

Ewvalyate

In Theme Properties, rename Map Calculation as:

Iw7296null
Record its source in the list of coverages to rename and retain.
Jump to page 8-43 and proceed

On pages 8-46 and 8-47, set the minimum resource block size = 78.93 million tons (see table
7-1, p. 7-2).

Comparable to p 8-91, we estimate coal in outside safety barriers:
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@ Attributes OF Lw7296sb

Skip around steps 1-4 on p 8-120 to 8-121. Begin with step 3 on p 8-122.
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After estimating coal characteristics, the attribute table for lw7296finalb is:

@ Attributes Df Lw7296finalb

S Fhinkmean fef fhadvasaa S Faveg g

1] 1658734 129.5 g2 240 57 312 132747 =
118 245003 181.7 A 974 29 313 13106
113 313873 2429 an 1126 1.0 354 12850
120 241379 191.7 g4 1041 5.5 296 13250
14 142657 1061 A 1016 50 274 13143
122 210849 1548 i 945 28 278 13149
123 2R3529 2152 gk 1045 b7 474 13160
124 175376 1321 =) 952 14.0 510 12903
125 282473 2171 = 1064 45 333 12771
126 193359 1E27 gk a1 24 314 13378 T
127 127579 1.5 7E B2 11.2 353 13149
130 1924519 1520 a3 1011 h2 3E1 13380
131 186122 150.0 g5 992 109 415 13183 IL‘
1| 3

Lw7296finalb contains 16 coal resource blocks.

The sum, 2.6 billion tons, is the estimate of coal available for longwall mining on coal 72 to 96
inches in thickness.

The largest coal resource block has 242.9 million tons
The smallest coal resource block has 91.5 million tons

The amount of coal in interior safety barriers is estimated to be 19.0 million tons.
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Summary, Consolidated Coal 72 to 96 Inches in Thickness
Available coal, longwall mining, 72 to 96 inches in thickness
Coal in outside safety barriers

Coal in interior safety barriers

Total coal in safety barriers

Latest updated layer of remaining coal

2.7 billion tons

10.7 million tons

19.0 million tons

29.7 million tons

Remlw7296sb

Coal Resource Blocks, Longwall Mining, Coal with Thickness >96 Inches

The remaining longwall category is coal with thickness greater than 96 inches.
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In Analysis Properties, set Analysis Mask to

remlw7296sb

Analyzsis Properties: Yiewl

Analysiz Extent | Same As RemlBbupl 2 =]

Left [ 155677503175 Top | 1370643.69375

Bottam | 1693107.69375 Right | 191810.436225

Analysiz Cell Size | Curent Yalue =l

Cell Gize |16 m
[T7346

MHumber of Rows

[z1718

Mumber af Colurinz

Analyziz Mazk

(] Cancel |

Return to p 8-138 and repeat the steps indicated.
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The request to create layer, Iw96bigr, is slightly different than the request for lw4272bigr:

Because there are so few tons of coal in restricted areas, it is necessary to extend the request that
sets up the conditional processing.

@} lw9Ebigr

| Logarithrns =]
L
EEi:ugﬁ:;Eu::n:untr] - | ‘ || i || 2 | s b Evp (Lo
[Lw3Fcont . Count P | 4 || 5 || b | S NS R
[LwSBcont - Milione— | s = pas | Log2
[Lx?Egg;?n[alh]I & L EE - =
[Lw?7296finalb . Co | 5 | . : §|ru:|t| Erpil | el |

[Lw ¥ 29Efinalb . Mill

[Lv 7 236finalb . Thii;l &zGnd |

[ [[LewI6cantr . Million_tons_coa] < F0.68] and [[LwS6cant] <+ 0] ).Conl399.AsGnd,[LwIEcant]] =

Ervaliate
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&' Attributes Of Lw9Gfinalb

Maas Sovead | Al e oo Deabeane e Shadvaatan B Flaveng fea] Sl fE] Sdadh
1] B4E8 6.5 106 1063 a7 3.33 13268
14 101926 100.8 104 1142 95 277 13445
15 146636 1455 105 1043 9.2 319 13276
939 1914 14 105 1038 95 313 13302

Jd

Coal available for longwall mining, coal thickness greater than 96 inches, is summarized in the

following table:

Summary, Consolidated Coal 96 Inches and Greater in Thickness

Available coal, longwall mining, greater than 96 inches thick

Coal in outside safety barriers
Coal in interior safety barriers

Total coal in safety barriers

Latest updated layer of remaining coal
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Summary, Longwall Mineable Coal

Next, we summarize results to this point

Tons of Coal Available for Mining
billion tons
includes coal in
Category billion tons restricted areas
Longwall Mining, 42-72 inch thickness 4.746 5.004
Longwall Mining, 72-96 inch thickness 2.601 2.730
Longwall Mining, greater than 96 inch thickness 0.246 0.253
Total 7.593 7.987
Tons of Coal in Safety Barriers
million tons
includes coal in
Category million tons restricted areas
Longwall Mining, 42-72 inch thickness 66.9 67.9
Longwall Mining, 72-96 inch thickness 29.7 29.8
Longwall Mining, greater than 96 inch thickness 2.8 2.8
Total 99.4 100.5

The third column in the tables adds coal in restricted areas.

The method used to update the remaining coal layer accounts for the restricted coal and the coal
allocated to each category.

The restricted coal is just the coal specific to the coal remaining at the time.

Logically, all of the coal assigned to longwall mining and associated safety buffers should be the
same amount that is subtracted from the remaining layer.
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At the start of the assignment by mining technology, the remaining layer, Remsurfall, had
14,591.3 million tons of coal.

The final (to this point) updated remaining layer, remlw96sb, has 6,504.4 million tons of coal.
The difference in the remaining coal layers is 8,086.9 million tons.

The sum of coal allocated (adding the 3™ column total above) is 8,087.5 million tons.

The 2 tallies agree.

It looks like our methods are working correctly.

A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem216buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remlw96sb) 6504.4
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Rename grids to more convenient names
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial Analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

& Source Manager

Grid M ame Directaries:
Il o Mestuzer Ceire] |
B calc a = oM -
Bl calz10
B calclt £ esndata
W call? Copy
B calz13 A
B calcl4 sname
B cals1b .
Delet
M calcl6 hd = et
Source Tupes: Crrivees:
[Grid =l [c =l
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Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage

Coal that meets technical require-
ments to be mined by longwall
methods

Longwall mineable coal as a 1-
null coverage

Longwall mineable coal, 42-72
inches in thickness, as a 1-null
coverage

Coal restricted for longwall
mining, includes all restrictions
except stream buffers

Longwall mineable coal, 42-72
inches in thickness, as a 0-1
coverage

Longwall mineable coal, 42-72
inches in thickness, in coal
resource blocks

Grid of cells (4,330 meters sq.)
at 18 degree tilt used for assigning
coal to resource blocks

Longwall mineable coal, 42-72
inches in thickness, with coal
grouped into blocks when cells
are contiguous

Longwall mineable coal, 42-72
inches in thickness, grouped
with restricted cells removed
from available coal

Original Names New Name
c:\testuser\calc9 c:\testuser\longwall01
c:\testuser\calc10 c:\testuser\longwalllnull
c:\testuser\calc1l c:\testuser\lw4272null
c:\tesuser\calc12 c:\testuser\union7restr
c:\testuser\calc13 c:\testuser\lw4272zero

c:\testuser\lw4272bigrxgrid.shp

c:\testuser\gridfinalpittlw.shp

c:\testuser\calc25 c:\testuser\lw4272contx

c:\testuser\calc26 c:\testuser\lw4272contr
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Longwall mineable coal, 42-72
inches in thickness, with blocks
having fewer tons than the
minimum size mine removed
from available coal

Longwall mineable coal, 42-72
inches in thickness, in resource
blocks equal to or greater than
the minimum size resource block,
as a 0 (restricted) and block #
coverage

Longwall mineable coal, 42-72
inches in thickness, updated
coal resource blocks (after
on-the-fly editing)

Latest updated layer of remaining
coal, takes longwall 42-72 out
of previous remaining layer

Layer of coal in outside safety
barriers, longwall mineable coal,
42-72 inches in thickness

Longwall mineable coal, 42-72
inches in thickness, coal resource
blocks and interior safety
barriers

Latest updated layer of remaining
coal, takes outside safety

barriers for longwall 42-72 out
of previous remaining layer

Stream buffers on available
coal, longwall mining 42-72
inches in thickness

Longwall mineable coal, 72-96
inches in thickness, as a 1-null
coverage

c:\testuser\calc27

c:\testuser\calc28

c:\testuser\calc31

c:\testuser\calc33

c:\testuser\calc41

c:\testuser\calc40

c:\testuser\calc43

c:\testuser\calc44

c:\testuser\calc64
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c:\testuser\lw4272bigr

c:\testuser\lw4272bigrx

c:\testuser\lw4272final

c:\testuser\remlw4272

c:\testuser\lw4272sh

c:\testuser\lw4272finalb

c:\testuser\remlw4272sb

c:\testuser\strlw4272x

c:\testuser\lw7296null



Longwall mineable coal, 72-96
inches in thickness, as a 0-1
coverage

Longwall mineable coal, 72-96
inches in thickness, with coal
grouped into blocks when cells
are contiguous

Longwall mineable coal, 72-96
inches in thickness, grouped
with restricted cells removed
from available coal

Longwall mineable coal, 72-96
inches in thickness, with blocks
having fewer tons than the
minimum size mine removed
from available coal

Longwall mineable coal, 72-96
inches in thickness, in resource
blocks equal to or greater than
the minimum size resource block,
as a 0 (restricted) and block #
coverage

Longwall mineable coal, 72-96
inches in thickness, updated
coal resource blocks (after
on-the-fly editing)

Latest updated layer of remaining
coal, takes longwall 72-96 out
of previous remaining layer

Layer of coal in outside safety
barriers, longwall mineable coal,
72-96 inches in thickness

Longwall mineable coal, 72-96
inches in thickness, coal resource
blocks and interior safety

c:\testuser\calc65

c:\testuser\calc66

c:\testuser\calc67

c:\testuser\calc68

c:\testuser\calc69

c:\testuser\calc71

c:\testuser\calc73

c:\testuser\calc56
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c:\testuser\lw7296zero

c:\testuser\lw7296contx

c:\testuser\lw7296contr

c:\testuser\lw7296bigr

c:\testuser\lw7296bigrx

c:\testuser\lw7296final

c:\testuser\remlw7296

c:\testuser\lw7296sb



barriers

Latest updated layer of remaining
coal, takes outside safety

barriers for longwall 72-96 out
of previous remaining layer

Stream buffers on available
coal, longwall mining 72-96
inches in thickness

Longwall mineable coal, >96
inches in thickness, as a 1-null
coverage

Longwall mineable coal, >96
inches in thickness, as a 0-1
coverage

Longwall mineable coal, >96
inches in thickness, with coal
grouped into blocks when cells
are contiguous

Longwall mineable coal, >96
inches in thickness, grouped

with restricted cells removed
from available coal

Longwall mineable coal, >96
inches in thickness, with blocks
having fewer tons than the
minimum size mine removed
from available coal

Longwall mineable coal, >96
inches in thickness, in resource
blocks equal to or greater than
the minimum size resource block,
as a 0 (restricted) and block #
coverage

c:\testuser\calc60

c:\testuser\calc72

c:\testuser\calc75

c:\testuser\calc77

c:\testuser\calc76

c:\testuser\calc78

c:\testuser\calc79

c:\testuser\calc82

c:\testuser\calc83
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c:\testuser\lw7296finalb

c:\testuser\remlw7296sb

c:\testuser\strlw7296x

c:\testuser\lw96null

c:\testusen\lw96zero

c:\testuser\lw96contx

c:\testuser\lw96contr

c:\testuser\lw96bigr

c:\testuser\lw96bigrx



Longwall mineable coal, >96
inches in thickness, updated
coal resource blocks (after
on-the-fly editing)

Latest updated layer of remaining
coal, takes longwall >96 out
of previous remaining layer

Layer of coal in outside safety
barriers, longwall mineable coal,
>96 inches in thickness

Longwall mineable coal, >96
inches in thickness, coal resource
blocks and interior safety
barriers

Latest updated layer of remaining
coal, takes outside safety

barriers for longwall >96 out

of previous remaining layer

Stream buffers on available
coal, longwall mining >96
inches in thickness

Longwall mineable coal, 72-96
inches in thickness, in coal
resource blocks

Longwall mineable coal, >96
inches in thickness, in coal
resource blocks

c:\testuser\calc85 c:\testuser\lw96final
c:\testuser\calc87 c:\testuser\remlw96
c:\testuser\calc91 c:\testuser\lw96sb
c:\testuser\calc94 c:\testuser\lw96finalb
c:\testuser\calc95 c:\testuser\remlw96sb
c:\testuser\calc98 c:\testuser\strlw96x

c:\testuser\lw7296bigrxgrid.shp

c:\testuser\lw96bigrxgrid.shp
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Congratulations!!!!

You have finished Chapter 8.

You have mastered the use of scripts to aid the processing.

You have completed a detailed analysis of coal available for longwall mining.

Our methods are on track to produce consistent estimates.
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Chapter 9.

COAL AVAILABILITY BY MINING TECHNOLOGY
ROOM & PILLAR METHODS USING CONTINUOUS MINERS

Purpose: In this Chapter, we estimate coal available for prospective mining by room and
pillar methods using continuous miners, and by thickness within mining method.

Overview: We estimate the amount of coal available for room and pillar mines. Coal can be
room and pillar mined when its thickness is equal to or greater than 24 inches, overburden equal
to or greater than 100 feet, and bed slope is equal to or less than 12 degrees. We apply these
criteria to determine the extent of prospective room and pillar mineable coal.

Room and pillar mining costs are affected by coal thickness. Generally, thicker coal has a
lower cost per ton compared to thin coal. When mine costing is applied to the assessed coal, we
use different configurations that vary according to coal thickness. To have the correct breakouts,
our assessment in this chapter separates out the coal according to coal thickness categories.

Next we determine whether contiguous blocks have enough coal to support a minimum-
size mine. To help that process, a square grid is superimposed on top of the coal targeted for
room and pillar mining. The superimposed grid has an orientation of 18 degrees to the northwest
similar to historic Pittsburgh underground mines. That orientation follows rock fractures that aid
extraction. To assess room and pillar continuous mining on coal 24 to 42 inches thick, we allow
each cell or resource block to have up to 40.6 million tons of coal when it is completely filled in
with coal. However, blocks with large amounts of restricted coal and blocks that are cutoff at the
edge of the Pittsburgh bed have smaller amounts of coal. When the coal is contiguous, the
blocks with smaller tonnages are combined to form a consolidated coal resource block. For other
thicknesses (e.g., 42-72 inches, 72-96 inches, and >96 inches) blocking sizes from table 7-1, p. 7-
2 are used as the maximum resource block.

The coal in restricted areas is then removed from the coal in each of the resource blocks.
We test to see if each coal resource block has enough coal to support a minimum-size mine. If
not, the coal is removed from consideration.



Open a new ArcView project
Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

’;" YWork Directory

Specify new wark. directany k.

- estuse Cance

Open View Properties and enter these settings:

:" Yiew Properties

Mame: | Viewl

Creation D ate: | Saturday, September £5, 1939 05:09:36 P Cancel |

Creator: |

M ap Units: | rneters

[l 1«

Diztance Units: | miles

Frojection. .. | Area OF Interest. .
B ackground Colar: Select Color...
Comments:
il
—




Under the File Menu
Click Extensions
Toggle on

Spatial Analyst

i} Extensions

A allable Estensions;

| Part Project Utilities Al ok, |
| Projector Corcel |
| Report \Afriker
_ | Samples Browser
_| Shapewarp 2.2 J Heset |
_| Shapefile Description Dialog ™ Make Defaul
«1  Spatial Analyst j

About:




Apply technical restrictions for minimum thickness, overburden thickness, and slope.

In Viewl, add these grids:

ob16
reml6mcell
rem16bufpl2
remlw96shb
bedslope
thk16

| RemiGmeell 1=
1
Mo [ ata

[ ¢
[ ] HoData

¥ obi16

0- 1656

167 - 333
334 - 500
&04 - 667

B o - 534
I 535 - 1001
B 100z - 1168
Bl 1152 - 1335

B =ec- 1502
[ | Mo D ata ll

Recall, Rem16bufpl2 is remaining coal reduced by a 50 foot safety buffer and by the area where
coal has a thickness less than 12 inches.



In Analysis Properties, enter these settings:

Analyziz Properties: Yiewl

finalysiz Estent | 5ame 23 RemlBbufp] 2 |

Left | -155677.503175 Top | 1970643.69375

Bottam | 1693107.69375 Right | 191210.496525

analysis Cell Size | Current Yalue ]

Cell Size |16 m
(7346

Mumber of Rows

| 21718

Mumber of Columns

finalvsis b aszk AR

aF., Cancel |




In Map Calculator, evaluate this request:

’-L Map Calculation 1

| Logarithms =]

= EEIE] CEE
[OB16 . Count] o =L

ount 6] Exp2 | Loa2 |

[Bedslope] E E ot Expl0 I Logll |

[Bedslope . Count]

[ThK1E]
[ThK1E . Count] J EI

[ [Ob16] »=100) and [[Thk16] »= 24] and [[Bedslope] <= 13 -

Ewvaluate

In Theme Properties, rename Map Calculation 1 as: cminer01.

Record its source in the list of coverages to retain and rename.

Change the 0 values to null to create a room and pillar analysis mask:



Ay

&l cminerlnull

| Logarithirms =]

Lapers
[erminer01] -
[erminer0] . Court]
[FemBmoel)
[RemlBmeell . CouE—
[Rem]Bmeell . Millid

[Femi Bbutpi2 . Co.x ] AsGrid |

Erm | [log |

e | [Eame |

Evpll | Logld |

[RemlBbufpl 2]
[ [crminer01] = 0.5 etMull1.A:Grid] -

Ewaliate

In Theme Properties, rename Map Calculation 1 as: cminerlnull.

Record its source in the list of coverages to retain and rename.



Cminerlnull is the area of the Pittsburgh coal bed that meets mineability criteria for room and
pillar methods using continuous miners:

L Wiewl
+7 cminertnull =
I
[ IMerata
| cminerdi . -
[ o %" "
[
[ JHebData
| RemiGmcell
[ 101
[ IMerata
| RemiGbufpiz
i
[ IMerata
| Remmgbsh
[
[ IMerata 's-{
_| oObis %;
[ ]o-16s T
[ ] 187 - 333
[ ] =24 - 500 &
[ 501 - 667
B 562 - 224
Bl =35 - 1001
B 1002 - 1168
B 1150 - 1335
Bl 1335 1502 : :
[ IMHeorata ‘g
%
| ThkA1g ﬁ
1
| Bedslope J_/ ;
~




Before assessing coal for minimum economic size, we need to break out the prospective room
and pillar mineable coal into thickness categories.

Why?: Because we want to know within thickness categories, whether there is enough coal for
viable mining operations.

We consider the following breakouts which mimic the breakouts in COALVAL.:

Mining Method Coal Thickness
Room and Pillar/Continuous Miners 24-42 inches
Room and Pillar/Continuous Miners 42-72 inches
Room and Pillar/Continuous Miners 72-96 inches
Room and Pillar/Continuous Miners >96 inches

Calculating Tons of Coal Mineable by Room and Pillar Methods, 24 to 42 Inches in
Thickness

We proceed now to break cminer01 into the 24-42 inch thickness category.

In Map Calculator, evaluate this request:

';" Map Calculation 1

| Lagarithrns =l

L

a[{Flﬁﬁet:'|IIL-~.IEIESI:|.h’lilliu:l |:.:E| |? || L || : | | _ ||-:>||and| Exp Log
s O BEE DEE

[Ob16 . Count] E=p2 LogZ
=) ]3] [=]=]le]

[Thk1E . Count] J |+ | | 0 || . | | (3 ||nm| Expl0 Log10
[Eedzlope]

[Eedslnpe.Enunt]j Aslind |

| »

[
[ [[cminerDT]] and [24.4s0G1d <= [Thk1E]] and [[Thi16] <= 42] J=0
| SetMull(1.4:Grnd

L4]

Evaluate




In Theme Properties, rename Map Calculation 1 as: cm2442null

Record its source in the list of coverages to retain and rename.

ﬂ cminerlnull
I
[ JHeoData
| cminerd4

[ o
L1+
[ HoData

| @ridfinalpittiw.z hp

(.

| Rem16moell

] o1
[ JHeoData

| Rem1Gbufpi2
I
|:| Mo [ ata

i

| Remi36sh Ry
C 1+

:lNoData -i':!.

| obis
[Jo- 16
[ ] 187 - 333
=34 - 500
501 -887 -
Bl ccc - 024 g
I =35 - 100 =
B 100z - 1163 'ﬁ&
B 150 - 1335 gt

- 1336 - 1502
Mo [ ata LI

IMPORTANT INSTRUCTION:

Save your ArcView project (e.g., as c:\testuser\chapter9.apr).




Superimpose Grid to Delineate Coal Resource Blocks, Coal 24 to 42 Inches in Thickness

We now digress from assessment work to make a grid. We will use the grid to break the
coal into blocks of the size listed in table 7-1, p. 7-2. After the grid is built, we will reopen
the chapter9 project.

Open the warp project (which was built in chapter 8):
c:\testuser\warp.apr

We build a grid with dimensions that would contain tons of coal at levels near the maximum
resource block size.

The resource blocks are large enough to contain coal for several large mines. We use the large

resource blocks because data are not sufficiently detailed to support mine-scale analysis, as
discussed previously on p. 7-2.

Open minegrid.xls in Excel.
Currently, we are working on cm2442 (continuous miner on coal 24 to 42 inches thick).

For tonnage (cell A16) we enter the maximum-size resource block (column 7) from table 7-
1, p.7-2:

In cell Al16:
Type: 40600000
Press Enter Key
In cell A19:
Type: cm2442

Press Enter Key



Ed Microsoft Excel - minegrid_xls

J File Edit Miew Insert Format Tools Data Window Help

DS @Ry tBR | v |. = A2 5 M7
| arial -0 - B U SE=EE S %, W8 EE
A0 | = | Parameters for Pittshurgh are below, Change far other beds
A | E | co o | E | F | [E] H | | |
lergth
af the
averbed |resource
thickness block
1 |commer from fram toH Loy technaloc (feet) in meters
2 | northwest -188000| 2135275 -188000) 2135275 lwd 272 4.75 0
3 | northeast 2497600 2135275 228335 2000000 lw 7296 T 0
4 | southeast 249760 1634155 T3479.9 1523406 lw 96 g.6 0
5 | southwest -188000| 1634155 -342855) 16506582 cmadd 2 275 5708922823
B | northwest 188000 2135275 cmd2 72 4.75 0
I cm 296 T 0
(5] cmaG g.6 0
9 [Angle of rotation
10 15 57599225823
11 |haorizantal span
12 437TED
13 |vertical span
14 201120
15 | Entertonnage in 416, Grid will be based upon this tonnage
16 40G00000]
17 |Ertertechnologyin cell 819 (zelect from lwd 272, w7296, w36, cm2dd2, emd 272, cm 7296, or cmSE)
18 |Note: type technology just as listed above with characters lowercase
19 | cmZddz
20 |FParameters for Pitgburgh are below, Change for other beds
21 |Density based upan 1500 tons!acre-ftin units af tans per square meter-foat, in cell A22
22 0.445
23 |Forrectangular grid, set values are az follows
24 |leftlong -155000
29 |[rightlong 250000
26 | botam lat 1634000
27 |roprotated lae 2000000
28




After you calculate corner points for the rotated grid, copy them to a new workbook:

Open a new workbook in Excel.

Highlight the field names and the values for the 4 corner points:

Ed Microzoft Excel - minegrid.xls

] File Edit “iew Insert Formak Tools Data ‘Window Help

DEeEa @Ry stbed

K o+ [
I.ﬂ.rial vlﬂvﬂfﬂ|§§§E
=) | = fram x

1 |corner from = fromu o+ Loy

2 | northwest 188000 2135275 -155000 2135275

3 | rortheast 249760 2135275 228335 20000004

4 | southeast 249760 1634155 734739 1525406

2 | southwest -185000 1634155 -342855 165565

B | northwest -188000 213527
.

Under the Edit Menu click
Copy
Open the new workbook.
Under the Edit Menu click
Paste Special
In the Paste Special dialogue window click:

Values
OK



Paste Special |

Paste

o all " Comments

i~ Formulas i yalidation

O ialues ™ all except borders

™ Formats ™ Column widths
Cperakion

& None & Mulkiply

™ add " Divide

™ Subtract

[~ skip blanks [T Transpose

Paste Link | QK I Cancel

Click on the Al cell.
Save the spreadsheet as

C:\testuser\blockgridcm2442.dbf (Dbase IV format)
Close the new workbook.

Respond “yes” or “OK” or “save” to all Excel queries.



If necessary, make your Excel workbook (minegrid.xls) active
At the bottom of the worksheet, notice that there are 2 worksheets listed:

calculate (the worksheet that is open)
gridmaker

Click gridmaker to open it:

£4 Microsoft Excel - minegnd.xls

_ File Edit “ew Insert Format Tools Data Window

DS 8RY & BRT| -

L=

Arial =10 - B £ O | = = =
Al hd =

A B
1 |mining technology cm2d42
2 |tonnage 4000000
3 |“alues for running gridmaker
4 |left longitude -18a000
5 |bottom latitude 1b34155
b |horizontal span 437760
{ |vertical span a1 1220
0 | rows a7
8 |columns /b
10

The gridmaker worksheet captures the values you will need later to run the grdmakerrev script in
ArcView.

Click on the Al cell
Under the file menu, click “Print”

You will use these printed values later when you run the grdmakerrev script.



Open ArcView
In the Project Manager Window click
the Tables Icon
Click “Add”
Scroll to c:\testuser\blockgridcm2442.dbf.
Click “OK”
In Viewl, under the View Menu

Click “Add Event Theme” and make these entries:

Table: ||:|Dckgridcm2442.dbf =
X field: | To, =l
Y field: EX=IY

] I Cancel

Click “OK”
Make the new theme active.
Toggle on its display.

Click on “Connect the Dots” [Button with “Star”]
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Zoom to extent of active theme:

 Blockgridemza42.4 %
.

« RemiGbufpiz

—
-
—

Click rotated rectangle to get its “handles”
Click the “G” Button.
Save the new shapefile as

c:\testuser\toblkgridcm2442.shp

Make blockgridcm2442.dbf, active
Under the Edit menu click
Delete Themes

Click “Yes”



Click on the rotated graphic to get its handles.

Press Delete



Click the Gridmaker Button (it looks like a grid on the right of the button bar)
You are prompted for 6 input parameters
Previously, you printed these values when you ran minegrid.xls.
Use the printed list and enter the parameters as you are prompted

If the default value is not correct in the Message box, then type the correct value

For left longitude -188000 (No commas)
For bottom latitude 1634155

For horizontal span 437760

For vertical span 501120

For rows 87

For columns 76

(Obviously, the #s you enter would be the appropriate values for the area where you are
building a grid. The correct #’s for the Pittsburgh, continuous mining on 24 to 42 inch
coal, are those above.)

Save the grid as
c:\testuser\blkxxgridcm2442.shp
When you are prompted for Labels, click

No



We are now ready to rotate blkxxgridcm2442.shp

We will run ShapeWarp to rotate blkxxgridcm2442.shp:
Our “from grid” is: blkxxgridcm2442.shp
Our “to grid” is: toblkgridcm2442.shp
Our table of input data is: blockgridcm2442.dbf

Our table of GCP’s is: coordsblkgecm?2442.dbf (which we will create)

At this point you are advised to save your project.
However, save it under a new unique name such as:
C:\testuser\warpbgcm?2442

By saving the project, you can correct any errors that may become evident later, starting
over from this point.



Delete all of the themes from ArcView.

Open the Project Manager Window.
Under the ShapeWarp Menu:
Click “Import Table”
Pick c:\testuser\blockgridcm2442.dbf as the import table
Name c:\testuser\coordsblkgcm2442.dbf as the GCP table

In the Pick Field Dialogue window match the field in the list to the query:

&} Pick Field

Fick the field to use for the From = coordinates. 0k,

Cancel

|41




The new GCP table will display on your monitor:

nF | A A Fa | i Fib i B |
1, OH T BTN DODN S22 OO TEHOH] 000 ST U OO0 00000000 | =
EITT JUPED OO0 | 6275 OO0 25 D000 | NG G000 | 0 OO
31 OH ZECE0DD00] | 1624155 000000 THB0 00000 | 152 3405, 000000 1 D000
4, 0N 1 RS0 00000 1 155 000 3255 0000000 16536AZ D000 00000 | =
1' ¥

Minimize the GCP table

Make the Project Manger Window active.

Click on the ShapeWarp “Diamond” icon.

In response to “Do you want to set the projection for the TO view?
Click “No”

Pick the theme that you want to warp (i.e., rotate):

’L" Pick the Feature Themes that you want to Warp.

Dlirectany: | d:Mtestuser 0k
L = = = Cancel
B aridfiinalmglwd 272 zhp
B gridfinalpitthe. shp £ adal
B gridpittha.shp £ calc
B gridplmghwd 272 shp £ calc2
B gridiest.zhp £ calc3 & Directaries
B wd272bigregnd. zhp £ calcd ™ Libraries
B mesaridlwd 272, sho ll 1 calch ll
Drata Source Types: Cirives:
| Feature Data Source =l |4 E3




Pick the theme that has the rotated rectangle:

’L" Pick the Themes for the TO Yiew

Directary: | d:\testuser Ok
B mmswgridhed272 shp &= d R Cancel
B pittarig.zhp
B remainingjuly20 £ adal

: 1 calcd
B togridpittha. shp £ calc?

B togridpitthes. shp £ calc3 % Directonies
B tomgridwd 272 shp £ calcd " Libraries

hd F1 calch ll

Drata Source Types: Cirives:

| Feature Data S ource £ T =]

In response to the query about selecting a table

Click “Yes”

WwWhould yau like to use an exizting table?

Yes ‘




Select the coordinate table as

c:\testuser\coordsblkgcm2442.dbf

"L" Pick the Coordinate Table you want to uze

File: M ame: Directaries: K
| coordshlkgem2442 dbf d:sbestuzer
[ blksxaridem2442. dbf - = d - Cancel
M blockaridom2442.dbf
I__“| coords 1. dbf 7 adal
L coord: shlkgcrm2442. dbl . [ calel
M cnnrdsmglw#E?E u:II:uf ] calc?
[ deltal.dbf £ calc3
M delta2 dbf 7] calcd
[ fromtooitth, dbF ll C1 calch ll
Lizt Filez aof Type: Drrives:
[=.der 53 [ I =l




A window will open showing the TO and FROM rectangles. The 4 corner points will be used to
guide the rotation:

N . = L [
3
1
. 2

Click the RMS icon on the ShapeWarp toolbar (looks like a calculator).

Select “First Order”
Click “OK”

Choosze the Palynomial Order far the: fit

First Order Cancel |

Second Order
Third Order




The RMS error should be very small.
On the ShapeWarp toolbar
Click “Go”
Save the rotated grid as
c:\testuser\gridfinalblkgcm2442.shp
Respond “No to query about report.
On the ShapeWarp toolbar

Click “Quit”

Open project
c:\testuser\chapter9.apr
Add theme:
gridfinalblkgcm2442.shp
In the Legend Editor:
Make the polygon fill for gridfinalblkgcm2442.shp transparent
Set size = 0.1 for the outline of gridfinalblkgcm2442.shp
Maximize the View window.

Toggle on the display for gridfinalblkgcm2442.shp.
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Add these grid themes:

tonsbycell
union7restr

Next, we identify all of the blocks (with no connection to other coal) in the cm2442 layer that
have fewer than 13.544 million tons of coal.

For coal at thickness in the 24 to 42 inch range, the minimum-size continuous miner mine is
13.544 million tons of coal resource (table 7-1, p. 7-2).

We eliminate blocks smaller than the minimum resource block from the cm2442 layer.

Historic underground mining occurred in areas with streams, but not in areas with large rivers
and lakes. Thus, we apply these restrictions:

water bodies (lakes and large rivers)
interstate highways

parks

urban areas

oil and gas wells

pipelines

populated places

Streams are not applied. In Chapter 10, we calculate coal in areas restricted by social and
environmental limits, accounting for the different treatments between surface and underground
mining methods. The estimates of restricted coal provided in Chapter 10 are less than the
estimated in Chapter 5 where we assumed that mining never occurred in stream buffers.

When mining occurs near streams, industry practice is to place pillars below streams. The
“rooms” where the coal is removed (by room and pillar methods) are areas where roof conditions
are relatively stable and areas where risk of flooding is relatively low. To minimize risk, the
“rooms” in room and pillar mining usually are not placed below streams. The room and pillar
method has flexibility to tailor mining operations so that barriers or pillars are left in the areas at
high risk for collapse and flooding. The normal recovery rates for room and pillar operations
reflect industry practice.



Remove restricted areas from the area of cm2442.

In Map Calculator, evaluate this request:

: cm2442zero

ILDgarithms =]
Layers O
s (- KA NCH KR SRR EIES B S
emodbrul Coud | < [A][S ][ 8] ¢ ie=iie
[ 4272:0] © ; : i : B Lage
[:::E:dE?Ezh . Co b | 1 | | 2 | | 3 | et B b - -
[remcmd272:h . Co | 0 | 2 B | r'u:|t| =il ] e
[ 42725b . A ' - -
[:::E:atz?zzh.mtiz;l asGrid_|
([em2442null] Jand [ not [[Union7restr]] | =

Ewvaliate

In Theme Properties, rename the new grid as:
cm2442zero

Record its source in the list of coverages to retain and rename.



Group Contiguous Cells into Blocks or Regions with a Unique Index Number
We now group contiguous cells into regions with a unique index number.
The new layer will contain coal that is unrestricted and coal that is restricted.

In Map Calculator, evaluate this request:

L

& cmZ2442contx

| Logarithrns =]
Layers ey e
[cm2dd2zero] - | ‘ || : || : | : Erp Heej
[cr2dd2zern . Coue e |4||5||B|
[Linion7resti] i b St N ST
o Com o =B e e o —
[Tanzbwcel) | 0 | . £y | n.;.t| B Eeeji] 1]
it o] Astirid |
[ [crm2442null]]. R egionGroup(falze true, nil) =

Ewvaliate

Notice that the first argument in RegionGroup is “false.”
A false builds a region from orthogonal neighbors and diagonal neighbors.

For continuous mining, we group cells that are connected diagonally (as well as orthogonally)
because continuous mining has the flexibility to be applied to irregularly-shaped coal blocks.

We excluded diagonal cells for longwall mining because longwall panels have to follow a
rectangular pattern.

In Theme Properties, rename the new grid as:

cm2442contx



Record its source in the list of coverages to retain and rename.

Next, we estimate the tons of coal in restricted areas in each of the regions.

In Map Calculator, evaluate this request:

’LL cm2442contr

Eraliate

|L|:|g;|arithm$ =
Layers T 5 SN
Pk T"‘ 9 Poam R elied PRI

[crm2dd 2oanty] | | | | : | | | Erp |

[cm2442cants . Ca 0 14]ls]ls]|

[cm2442zern) I e Erp [Lage

[cr2d42zem0 . Cou | ] | | Z | | 3 | o

[Union7rest] | 0l | x |r-,.;.t| e [ [Ceail

[UnionFrestr . Cour S — '

[Tonzbycel] j Aslind

[ [[emZdd2cants]] and [ nat [[Uniondrestr]] ] . -
Con[cr2dd 2cants].0.AsGid) —

In Theme Properties, rename the new grid as:
cm2442contr

Record its source in the list of coverages to retain and rename.




Identify Coal Resource Blocks with Tonnage at or above Minimum Size for Viable Mining
Operation

Next, we identify all the contiguous block of coal that have total tonnage of at least 13.544
million tons (i.e., the minimum-size reserve block for a room and pillar mine).

Our procedure is to
1. Use the Summarize Zones request under the Analysis Menu to estimate the amount of
coal in each block.

2. Eliminate all blocks where tons are less than 13.544 million tons

Step 1:
Make cm?2442contr active.

Under the Analysis Menu:
Click “Summarize Zones”
Use tonsbycell as the summarizing theme

Use Method A (pp. 6-66 and 6-84) to add million tons of coal to the table for
cm2442contr:

4! Attributes Of Cm2442contr




Step 2:

In Map Calculator, evaluate this request:

":." Map Calculation 1

| Logarithrms |
L

?&?‘24422&0] - |}E| |?||8||IEEI | |=||{}||and| Exp | Log |
[Crn2442zer0 . Cou |,-f"’| |4||5||B| |:—||:=-=|||:|r|

[Crn2d442 ]

[E$244EEE:::.ED = B ==l o2 | _Log? |
AT [+ [ o -] [ © |re] _Eset0 | Logio |
[Cr2dd2cantr . Cot
[czzuzzz:t:_mih’;l asGrid_|

[ [Crm2dd2contr . Milion_tons coal < 13.544).Con(999.A:Grd,[Crmd 44 2contr]) =

Evaluate

In theme Properties, rename the new grid as: cm2442bigr.
Record its source in the list of coverages to retain and rename.

[2" Iteration Note: The 1% argument for the conditional has to be out of the range of values
in the grid being created. Sometimes, you will need to use a higher argument such as
9999.AsGrid. When you come here on the 2™ iteration, cm4272, use 9999.AsGrid as the
argument. Jump to p. 9-108 to see the full expression. Then return here and continue.]

[4™ Iteration Note: Only a relatively small amount of coal occurs in blocks >96 inches.
Coal in restricted areas within these blocks is less than the cutoff of 29.442 million tons. To
keep the restricted areas as a separate category use the request shown on p. 9-119 in place
of the request demonstrated above. Jump to p. 9-119 and follow the directions there.]




In the view below, the lighter colored areas are the small blocks of contiguous coal that are
eliminated by imposing a tonnage cutoff of 13.544 million tons

The areas in the intermediate shade are the locations of restricted coal.

The dark area contains coal potentially available for room and pillar mining.
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In cm2442bigr turn cells with a value of 999 to null.
The 999 cells are blocks of coal < 13.544 million tons.

In Map Calculator, evaluate this request:

’L‘ cmZ442bigrx

ILDgarithms |
Layers o P bdernd i
ez 4 KN | EN RS R [
[emzdazbia Cowil | 7 [A][5][E] ¢ ==
[cm244 2contr] T [ g g - Erpe e
[crmZddZcantr . Coi; | 1 || 2 || 3 | iR
[cr2dd 2contr . mill | 5 | . cY | n.;.t| Erpi ejej 1]
[crm2dd 2contx] e = : '
[crn2dddconts EDLI AsGiid |
[ [crmz2d42bigr] = 939]. S et ulli[zm244 2bigr]] B
Ewalirate

In Theme Properties, rename the new grid as:
cm2442bigrx

Add its source to the list of coverages to retain and rename.



Convert Grid Coverage of Consolidated Coal Resource Blocks to a Polygon-Shapefile
Coverage

Convert cm2442bigrx to a shapefile.

In Map Calculator, evaluate this request:

"L" Map Calculation 1

| Logarithms |

Lapers
[Crnz442bigrx]
[Crnzd42bigrs . Coul
[Crnz442zern]

E3 |
| | | Exp2 Log?
= a
[Crzdd2zera . Cou |_| |1 ||2||3| |{||{=||}mr| - -
[CrnZ442conty] | | |

| o || . | iy ||r‘u:|t| Expl0 | Lagl |
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[ [Cr2442bigrs]].AsPolvgonF T abl -
"o hbestusersom2 44 2bigne shp" AsFileM ame,
falze,

Prj. M akeMull ]

- | (=] [ene]

Exp | Log |

> =]

Evaluate

Ignore syntax error message.

Add cm2442bigrx.shp to Viewl:
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Cells with value 0 represent areas with restrictions.

Notice that there are fragments of restricted areas outside the area with coal for room and pillar

mining.

The deleted coal blocks with less than 13.544 million tons of coal had areas with restrictions.

The coal area was deleted but the restriction area was not.
Use Theme Editing to Delete Restriction Fragments

We proceed now to delete the restriction fragments:
1. Zoom to area with fragments

2. Make cm2442bigrx.shp active




3. Under the Theme Menu:
Click “Start Editing”

Notice that dashed line is put around the display toggle (in the table of contents)
for the cm2442bigrx.shp theme

The dashed line indicates that the theme is in edit mode.
Use the select tool to draw out a box around some of the fragments

Handles will be added to the selected fragments

Press the delete key to eliminate these features from the theme
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Follow the edit procedure to delete the restriction fragments.

Use zoom and pan to position the theme in the view window.

Whenever possible use the pull out rectangle to select features.

Some of the features are small.

The pullout rectangle will be an efficient way to select the tiny features.

The editing process goes quickly; it will take about 15 to 30 minutes maximum.

Note: On the 4™ Iteration, Cm96, you will see that cm96bigrx.shp has only one area with
coal above the minimum-size resource block. Therefore, it is not necessary to superimpose
the resource block. Therefore, if you are processing cm96 (in case of Pittsburgh but maybe
not other beds) at this point:

Convert cm96bigrx.shp to a grid.

Name the layer: c:\testuser\cm96final

When queried to pick field for cell values, select “gridcode”

Jump ahead to p. 9-56.



Break the Coal Blocks Into Units That Are Approximately 40.6 Million Tons or Less
Next, we break the coal blocks into units that are approximately 40.6 million tons or less.
We superimpose the grid (constructed earlier) on cm2442bigrx.

We intersect gridfinalblkgcm2442.shp using cm2442bigrx.shp as the overlay theme.

Under the view menu:
Click Geoprocessing Wizard

Select “Intersect”

Click “next”

As the #1 theme, select gridfinalblkgecm2442.shp
As the #2 theme, select cm2442bigrx.shp

Set the output file to:
c:\testuser\cm2442bigrxgrid.shp

Click “Finish”

&} GeoProcessing

1] Select input theme ba intersect: Ahout Intersect
[Crz442higr=. sho =] This operation cuts an input
W e e e therme with the features from
an overlay theme to produce
Number of Features: 325 an output theme with features
2] Select an overlay therme: that have attribute data from
[Gridfinalblkgemz442.shp =] bath thernes.
[ Uze Selected Featines Wil
Humber of Features: EE12 + ® = @
2] Specify the output file Input Owerlay  Output

Dutpuk File: I|n::'\testuser"-.u:mEddEl:uigr:-:grid.s
b are about |nterzect

Help... | Cancel << Back Finizh




Open the legend editor for cm2442bigrxgrid and make the polygon fill transparent

Toggle on the display for cm2442bigrxgrid.

] Cmza4zbigregrid.

| Cmza4zbignoshp
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C_Jo2- 137 |

Open the table for cm2442bigrxgrid.
Notice that the same label applies, in some cases, to more than a single polygon.
This occurred because when gridfinalblkgcm2442 acted as a “cookie cutter” against

cm2442bigrx, some of the cells that cut through cm2442bigrx enclosed areas (within a given
cell) that were not contiguous in the cm2442bigrx layer.




Our next task is to edit cm2442bigrxgrid to arrive at a final set of coal resource blocks:

1. Some blocks will have less than 13.544 million tons of coal but will be contiguous to
other blocks. We want to combine small contiguous blocks to see if the combined unit has total
tons of coal in excess of 13.544 million tons.

2. Our method is to use vector theme editing. Blocks will be unioned or split to form
blocks with coal tonnage at or above 13.544 million tons and up to 40.6 million tons. We will
set theme editing properties for cm2442bigrxgrid in the Editing Properties dialogue box. When
blocks are unioned, the tons of coal in the composite block will be the sum of tons in the separate
blocks. When a block is split, the tons assigned to each part will be in proportion to area.

The block editing is done on a shapefile because in vector space we are able to perform, in effect,
on the fly re-digitizing of the blocks. These kinds of operations ordinarily cannot be performed
in grid space.

Assign a Unique ID to Each Coal Resource Block in the Vector Coverage of Available Coal
We begin by assigning a unique id to each of the polygons in cm2442bigrxgrid.shp.

Make cm2442bigrxgrid.shp active.

Under the Edit Menu:
Click “Delete Themes”

Click “Yes”
Start Excel

Open file
c:\testuser\cm2442bigrxgrid.dbf

Under the Insert Menu:
Click “Worksheet”
In the new worksheet:

Enter “Blockid” in cell c1



Enter 1 in cell c2
Enter “=c2 + 1" in cell c3
Copy cell c3 to cells ¢4 through c566

(You would, of course, run the id over the range appropriate for your theme, as
determined by the total # of rows with entries under the Label Column)

Click on “C” at top of column
Under Edit Menu
Click “Copy”
Click on “A” at top of A Column
Under Edit Menu
Click “Paste Special”
Select “values”
Delete column C
Copy Columns A, B, and C (from worksheet cm2442bigrxgrid) to
Column B (in worksheet Sheet 1)
Click on cell a1
Close Excel
Save file as
C:\testuser\cm2442bigrxgrid.dbf

Respond “Yes” or “Save” to all queries



Add cm2442bigrxgrid.shp to Viewl

Open its table and check to see that a new field, Blockid, is in the table.
Make cm2442bigrxgrid active
Under the Analysis Menu

Click “Summarize Zones”

Pick “Blockid” as the field that defines zones

Select tonsbycell as the summarizing theme.

Use Method A (pp. 6-66 and 6-84) to add a new field to the table for
cm2442bigrxgrid.shp, containing the estimates of million tons of coal.

Set width = 12

# of decimal places = 4



"L" Attributes of CmZ2442bigrrgnd.shp
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Use Theme Editing to Consolidate Coal into Coal Resource Blocks Following the
Superimposed Grid Pattern

The next task is to use theme editing to consolidate cm2442bigrxgrid.shp into coal resource
blocks with tonnage of at least 13.544 million tons.

When the consolidated block has less than 13.544 million tons, the block is removed from
consideration for mining by room and pillar methods.

We follow the procedure as outlined from p. 8-64 through p. 8-79.

Don’t forget to set editing rules in Theme Properties, Editing. See p. 8-64.

DIFFERENCES TO BE AWARE OF

When we grouped coal for longwall mining, resource blocks were not extended under interstate
highway buffers. The cost to repair a subsided interstate highway is large. Mining companies do
not want to expose themselves to those high costs. Also, it is costly to bypass coal under an
interstate highway buffer and continue operations on the opposite side due to the rigidity of the
longwall mining technology. Therefore, to assess coal for longwall mining, we treated interstate
highway buffers as a constraining boundary for forming resource blocks.

Room and pillar mining is more flexible than longwall mining. Miners can run connecting
tunnels between room and pillar mines under most restrictions except bodies of water. If there is
significant coal on both sides of an interstate highway, a single mining operation could mine on
both sides.

Also, room and pillar mining has nothing like the panel layout required with longwall mining.
Room and pillar mining can take place on very irregular blocks of coal.

The process of forming resource blocks for room and pillar mining should allow for the
flexibility of the room and pillar method.

The next view shows the final consolidated cm2442bigrxgrid.shp layer.
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The dark area is the final cm2442bigrxygrid layer.

The lighter area shows the areas that were removed from the initial cm2442 layer.

Next, we convert cm2442bigrxgrid.shp to a grid theme.




Add a Unique Block ID to the Attribute Table of the Final Consolidated Coal Coverage
The consolidated coal blocks in cm2442bigrxgrid.shp may not carry a unique blockid. The
consolidation process may have assigned the same blockid to more than a single coal block.
When we convert cm2442bigrxgrid.shp to a grid coverage, we want each coal block to have a
unique identifier in the grid coverage. In Excel we add a new id, blockid2, to insure that each
block has a unique identifier.
In Viewl, make cm2442bigrxgrid.shp active.
Under the Edit Menu
Click “Delete Themes”
Respond “Yes”
Open Excel
Open cm2442bigrxgrid.dbf
Insert a new worksheet
In the new worksheet:
In column c1, enter “Blockid2"
In column c2, enter
1
In column c3, enter
=c2+1
Copy c3 to all cells through c403
Click on the “C” at the top of the column

Under Edit menu, click “copy”

Click on the “A” at the top of the column

9-48



Under Edit menu, click “Paste Special”
In the dialog window
Click on “Values” radial button
Delete the C column
Copy the 1* 5 columns on worksheet1 to the B column on worksheet 2
Click on the al cell
Close Excel
Respond “Yes”, “Save” or “OK” to all queries
In Viewl
Add theme, cm2442bigrxgrid.shp
Open its table.
Notice new field, blockid2

We will use blockid?2 as the value field when we convert cm2442bigrxgrid.shp to a grid
theme



Open Analysis Properties and enter these settings:

Analysiz Properties: Yiewl

(Same Az BermlbBbufp] 2

Analyziz Extent

Left | -155677.503175 Top | 1970642 63375
BEottorm | 1693107 69375 Right [ 131910, 496825
Analyziz Cell Size | Current 4 alue B3
Cell Size | 16 m
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Murmber of Columns | 21715
Analysis Maszk | Mo Mask Set =]

Q. Cancel |

Under the Theme Menu
Click “Convert to Grid”

Name the layer: c:\testuser\cm2442grida

9-50



When queried to pick field for cell values, select “blockid2"
When queried about “adding features” click “Yes”
Add cm2442grida to Viewl

Toggle on its display
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Cleanup to Generate a Final Consolidated Coal Coverage
Next, we do some cleanup to generate a final cm2442 grid.

During consolidation, because some features are small, areas that are restricted might have
inadvertently been included in the blocks of mineable coal.

We correct the assignment in 3 steps:
1. In the cm2442grida layer, we reclassify all cells with gridcode=0 as cells with
value=0.

2. We set the Analysis Mask to the revised cm2442grida coverage (called Map
Calculation 1)

3. Any cells with zero in the layer from step 1 or any cells that are restrictions in
union7restr are reclassified as cells with value=0.

Step 3, in effect, takes any restrictions that were put into a mining block out of the block and
correctly assigns that coal to the restriction category (value 0).

Step 1:
In Map Calculator, evaluate this request:

"L' Map Calculation 1
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Step 2:
Under Analysis Menu
Click “Properties”

Enter these settings:

Analysiz Properties: Yiewl

Analysiz E xtent | Same Az FemlBbufpl 2 3
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Step 3:

In Map Calculator, evaluate this request:

i Map Calculation 2
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L
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[ [[Map Calculation 1] = 0) or [[Union7rest] = 1] |.Con[0L4zGrid [Map Calculation 1]

|

L<]

E waluate

In Theme Properties, rename the new grid as:
cm2442final
Record its source in the list of coverages to rename and retain.
In Legend Editor, change its legend to 2 classes as indicated in the next display

Toggle on its display:




] cmza4ztinal 1=

I °
I 377 - a0z
| cmZ4a4zgrida
[ 11-45
[ 145- 20
[ ]91- 124
[ J135- 1749
[ ]1=0- 223
[ ]=224- 68 ‘
[ 289 - 212
[ 313 - 357

I 355 - 402
[ Inovata — ‘\
Cmzad2bigregrid.: %

[ £

ﬂ cm 2942 cont: ™
[]1- 410
[ JHoData

CmZa4Zbigr=grid.s
=
AF
| Gridfin alpitthu.z hp &{ e
(. o
| emZ4aZbigr
I ©
[ 15- 224
[ JHoData

| emZ44Zbigr
L _Jo
| L ,
o r

ko~ [ oada

o

L

The dark areas (black) are areas that are restricted to coal mining.

The areas with intermediate shading (green) are the consolidated blocks of coal available for
room and pillar mining, coal 24 to 42 inches in thickness.

The areas with light shading (gold) are the areas where coal was deleted as a result of the
consolidation into mineable blocks.



Update the Remaining Coal Coverage: Remove Final Consolidated Coal Coverage

Next, we update the remaining coal coverage by removing the coal (along with associated
restricted areas) in cm2442final from the_latest remaining coal coverage.

Note: As you repeat the calculations for each coal thickness category, the latest remaining
coal coverage will be the latest one created in the previous iteration.

FIRST ITERATION (cm2442)
The first time you arrive here, you are working on cm2442, therefore the latest remaining
coal coverage is:

remlw96sb

Add grid coverage, remls96sb, to Viewl

SECOND ITERATION (cm4272)

The second time you arrive here, you are working on cm4272, therefore the latest
remaining coal coverage is:

remcm2442sb
Add grid coverage, remcm2442sb, to Viewl
THIRD ITERATION (cm7296)

The third time you arrive here, you are working on cm7296, therefore the latest remaining
coal coverage is:

remcm4272sb
Add grid coverage, remcm4272sb, to Viewl
FOURTH ITERATION (cm96)

The fourth time you arrive here, you are working on cm96, therefore the latest remaining
coal coverage is:

remcm7296sb

Add grid coverage, remcm7296sb, to Viewl

9-56



Open Analysis Properties, and change Analysis Mask to rem16bufpl12:

Analysiz Properties: Yiewl

finalysiz Extent | Same 4z RemlBbufp] 2 |

Left | -155677.503175 Top [ 1970643.69375

Bottorn | 1633107 63375 Right | 191510.496525

Analysis Cell Size | Curent Yalue =]

Cell Size 116 Map Units
(17346

Humber of Hows

Mumber of Columnz | 21718

fnalysiz Mask At

' Ok, Cancel |




We reclassify cm2442final as follows:

; Reclassify Yalues

Clagzification Field: |ﬁ.,.fa|ue E3
Clagsify. .. | Unique Lookup... |
Old W alues M W alue
I 933 1
a7 - 402 1
Mo Data 1]

Cave ] Canicel




In Map Calculator, evaluate this request:

‘Z‘ Map Calculation 1

|L-:|g;|arithms |

L
ey il A | R 0 0| 55 | ) s
[Reclass of crm2443 |f| |4||5||E| |:—||:=-=||Dr|
[crmz2d44 Hinal] —
[Ezzqqu::;.cuup |_| | 1 || < || 3 | | = ||{= ||"‘°r| Sl 05
[Cri2442gridal |+ | | 0 || . | | () ||r‘u:-t| Exp10 Logll
[Crn24d2arida . C
[Ezzmzﬁ::d:. EE:IL | AsGrid_|
E [ [Fembw3Ezb]] and [ not [ [Feclas: of crm2442final]] ] ] —
1.Con1.AzGrd.0.A:Gnd)

Evaluate

Notice that the 1* coverage in the expression above is the latest remaining coal layer.

Here again you have to substitute in, the correct 1* layer as you iterate:

FIRST ITERATION (cm2442)

The first time you arrive here, you are working on cm2442, therefore the 1* coverage in the
expression is:

remlw96sb
SECOND ITERATION (cm4272)

The second time you arrive here, you are working on cm4272, therefore the 1% coverage in
the expression is:

remcm2442sb



THIRD ITERATION (cm7296)

The third time you arrive here, you are working on cm7296, therefore the 1* coverage in
the expression is:

remcm4272sb
FOURTH ITERATION (cm96)

The fourth time you arrive here, you are working on cm96, therefore the 1* coverage in the
expression is:

remcm7296sb



The second step is to change cells with 0 to null

In Map Calculator, evaluate this request:

"QJ Map Calculation 2

2 ———— F EIEIE] =]
[Map Calculation 1 |,-f’| |4||5 ||E| |:=-||:=-=||Dr|
[Feclass of cr2ddi—

[HZZEizEfEﬂm ERBEIREEE
[em2442final] |+| | 0 || | | {3 ||nm|

[emz2442final . Coud

[Crmzdd2aida] =] Aslrid |

| Logarithms

Exp I Log I

Exps I LogZ I

Exp10 | Logid |

[ [Map Calculation 1] = 0).5etMull1.A:Gnd)

Ewaluate

In Theme Properties, rename Map Calculation 2 as: remcm2442.

Record its source in the list of coverages to retain and rename.




Estimate Tons in Outside Safety Barrier
The next step is to expand cm2442final by 1 cell (for safety barrier).

In Map Calculator, evaluate this request:

"; Map Calculation 1

| Logarithmz =]

Layers
[remeom2d42] -
[remcmz442 . Cour
[Reclass of cmZ4di—

Enp | [Lage |
[Reclasz of cmZ443
[cm2d4 2inal]

&~ I e i 3 | R S
[Croddzgids]  ix) AsGrid |

[[Feclass of cm2442final]] Expand(1 411 -

B | [l |

Evaluate




The layer, Map Calculation 1, is a 1 cell expansion of cm2442final. The expansion can extend
into the areas that are restricted and into areas that do not have remaining coal.

We correct the initial expansion by setting a mask and evaluating Map Calculation 1 with the
mask in place.

Note: Mask is the latest remaining coal layer. See next page for coverage names to use on
each of 4 iterations.

Under the Analysis Menu
Click properties
Change the analysis Mask to

Remcm2442 (1% Iteration)

Analyzis Propertiez: Yiewl

Analpsis Extent | Same As RemlBbufol 2 ]|

Left | -155677.502175 Top | 1970643.69375

Bottam | 1693107.63375 Right | 191310.436825

Analyziz Cell Size | Current W alue =]

Cell Size 115 m
[17346

MHumber af Baws

[z1715

MHurmber af Calumns

fnalysiz Mask AEN=NEEES

Ok, Cancel |




FIRST ITERATION (cm2442)

The first time you arrive here, you are working on cm2442, therefore the latest remaining
coal coverage (just created) is:

remcm2442
Set Analysis Mask = remcm2442
SECOND ITERATION (cm4272)

The second time you arrive here, you are working on cm4272, therefore the latest
remaining coal coverage (just created) is:

remcm4272
Set Analysis Mask = remcm4272
THIRD ITERATION (cm7296)

The third time you arrive here, you are working on cm7296, therefore the latest remaining
coal coverage (just created) is:

remcm7296
Set Analysis Mask = remcm7296
FOURTH ITERATION (cm96)

The fourth time you arrive here, you are working on cm96, therefore the latest remaining
coal coverage (just created) is:

remcm96

Set Analysis Mask = remcm96



In Map Calculator, evaluate this request:

{.' Map Calculation 2

| Logarithrnz |
L
-- |::E||I::I_J|-Eltil2lr'|1g |:-:E | | ‘ || : || : | | . ||{} | |aﬂd| Exp Log
[t ap Calculation 1 |x”| |4||5||E| |:=-||?—~=||DF|
e ) EIE] Gk 2] =
[Reclass of cm2443 | + | | 0 | | | | {3 | | r'||:|t| Expl0 LoglD
[Reclazs of o443
[cmzddZiina] ¥ Asfrid |
[ [Map Calculation 1]).Can([Map Calculation 1].99.4:Grid) =
Evaluate

Change the cells with value = 99, to null.




In Map Calculator, evaluate this request:

’-L' Map Calculation 3

ILDgarithms |
¥ FEE HEE
E=p Liog

[Map Calculation 2 |,f’| |4||5||E| |:=-||:=-=|||:|r|

[Map Calculation 17

[MZEE:|EE|:::§E1 = =3 =]l S s
[remcmz2d42] |—|— | | (] || . | | (3 ||n-:ut| Exp10 Logl0

[ 2442 . C

[::T:cclz-lss of n:mEI:::lt;I Asland |

[ [Map Calzulation 2] = 93] SetMull[1_AsGrd) =

E valuate




We now remove any coal in the safety barrier for cm2442 that might extend into other restricted
areas.

In Map Calculator, evaluate this request:

’; Map Calculation 4

| Logarithms =]
-. Calculation ZE:E | | | ki || 8 || J | | - ||{} | |and| Exp | Log |
[Map Calculation 3 | | |f-1-||5 ||E| |}||}_|| |
[Map Calculation 2]
e B MEIE EEk ] =
Map Caleulation 1 [+] [0 |- ] [ @ || Exp10 | Logto |
[Map Calculation 1
[re:':?:m;ff;; - ;I AsGrid |
E [Map Calculation 2]] and [ ot | =
[[Unionfrest]) |
1.Coni[t ap Calculation 3],I:I].r-‘-.3|3rid] —
Ewaluate

In Theme Properties, name Map Calculation 4 as:
cm2442sb (sb for safety barrier)
Record its source in the list of coverages to rename and retain.

Use Method A (pp. 6-66 and 6-84) to calculate the tons of coal in outside safety barriers:



4! Attributes Of Cm2442sb




Next, we estimate coal in interior safety barriers.

In Analysis Properties, we set Analysis Mask to the latest remaining coal overage from the latest
complete iteration by mining technology and coal thickness..

Note: As you repeat the calculations for each coal thickness category, the latest remaining
coal coverage from the last complete iteration by mining technology and coal thickness will
be the one created in the previous iteration.

FIRST ITERATION (cm2442)

The first time you arrive here, you are working on cm2442, therefore the latest remaining
coal coverage (complete iteration) is:

remlw96sb
In Analysis Properties, set Analysis Mask = remlw96sb (see next page)
SECOND ITERATION (cm4272)

The second time you arrive here, you are working on cm4272, therefore the latest
remaining coal coverage (complete iteration) is:

remcm2442sb
In Analysis Properties, set Analysis Mask = remcm2442sb (see next page)
THIRD ITERATION (cm7296)

The third time you arrive here, you are working on cm7296, therefore the latest remaining
coal coverage (complete iteration) is:

remcm4272sb
In Analysis Properties, set Analysis Mask = remcm4272sb (see next page)
FOURTH ITERATION (cm96)

The third time you arrive here, you are working on cm96, therefore the latest remaining
coal coverage (complete iteration) is:

remcm7296sb

In Analysis Properties, set Analysis Mask = remcm7296sb (see next page)
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Under the Analysis Menu, click
“Properties”
Change Analysis Mask to

remlw96sh

Analysiz Properties: Viewl I

Analysis Extent | Same Az Rem1Bbufol 2 =

Left | -155677.503175 Top | 1970643.63375

Bottorm | 1633107.69375 Right | 191810.436825

Analyziz Cell Size I Current ' alue =]

Cell Size |15 m
[T7346

MHumber of Bovws

[21718

Humber of Columns

Analyzis Mazk B

)4 Cancel |

Save your project.

It is very important that you save your project.

We proceed to open a new ArcView project (to build and rotate grid) and then return to the main
project after that procedure is completed.



Superimpose Grid to Delineate Coal for Representative Mines

Important Note: We now digress from assessment work to make a grid. We will use the
grid to break the coal into mine blocks of the size listed in table 7-1 (column 6), p. 7-2.
After the grid is built, we will reopen the chapter9 project.

Open this ArcView Project (template for building and rotating grid):
c:\testuser\warp.apr
We build a grid with dimensions close to those of actual mines.

We use the grid to represent the interior safety barriers between mines for a specific
technology/thickness combination.

Open minegrid.xls in Excel.
Currently, we are working on cm2442,

For tonnage (cell A16) we enter the minimum-size resource block (column 6) from table 7-
1, p.7-2:

13544000 (No commas)
Press “Enter” on the keyboard

For technology/thickness (cell A19) we enter the corresponding label:

cm2442

Press “Enter” on the keyboard



£4 Microsoft Excel - minegnd.xls

J File Edit Wiew Insert Formak Toaols Data Window Help

DRSS ERY [IB2ART v &= L35 0

| arial -0 - B I UE=E=EHES %, W% 8
A2l ﬂ = Parameters for Pittsburgh are below, Change for other t
A | 8 | ¢ | o [ E | F | G | H |

lergth
of the
averbed resourc
thickness block
corner From = from u ko toy technolac [feet] in mete
rorthw est -188000 2135709 -188000| 2135704 lwd272 4.75
northe ast 251164 2135709 229670| 2000000 lw 7296 T
sautheast 251164 1633332 Tdd26.8| 1522211 lwHEG 8.6
sauthw est -188000) 1633332 -3d32d3| 16857320 cmddZ 275 33261
northw est -188000| 2135704 cmd2 T2 4. 75
cmi296 T
cm36 a.6
Angle of ratation
15 33261
haorizontal span
&.39164
vertical span
02377
Enter tonnage in A 16, Grid will be based upon this tonnage
13544000}

Enter technalogy in cell 819 [select from lwd 272, e 7296, lw36, cm2dd?, cmd 272, cm 7296, or cm36)
Mote: type technology just as listed above with characters lowercase

cm2ddz |

Farameters far Pitgburgh are below , Change for other beds

Denzity based upon 1800 tons!acre-ft in units of tonsz per square meter-foot, in cell 822

0.445
For rectangular grid, set values are as follows
left long -1&83000
right long 250000
battam lat 1634000

top rotated |at 2000000

N RS N SN T NN SN Y ] | s ) ey (o) g | ) PR P .
DJ—JU?LH-&LOM—*QIIImﬂmm-ﬁmmﬂgmmﬂmm-ﬁmm




After you calculate corner points for the rotated grid, copy them to a new workbook:

Open a new workbook in Excel.

Highlight the field names and the values for the 4 corner points:

-4 Microzoft Excel - minegnd._xls

File Edit Miew Inserk Format Tools Data Window  Hell

NEEHS SRY % B2@a<

K ow [d
Arial T1DvBIg‘§§EE
B1 j = from x
A B_[ Cc [ D | E

1 |comer from = From u ko K by

2 |narthwest -188000 2135709 -153000 2135?D9I

3 _|northeast Z5116d4 2135709 229670 2000000

qd | zoutheast 25116d 16335332 Tdd26.5 1522211

9| southwest -188000 16353332 -3d43243 1EE?EIEEI=

B |narthwest 188000 2135709
=

Under the Edit Menu click
Copy

Open the new workbook.

Under the Edit Menu click
Paste Special

In the Paste Special dialogue window click:

Values
OK



Paste Special |

Paste

o all " Comments

i~ Formulas i yalidation

O ialues ™ all except borders

™ Formats ™ Column widths
Cperakion

& None & Mulkiply

™ add " Divide

™ Subtract

[~ skip blanks [T Transpose

Paste Link | QK I Cancel

Click on the Al cell.
Save the spreadsheet as

C:\testuser\minegridcm2442.dbf (Dbase 1V format)
Close the new workbook.

Respond “yes” or “OK” or “save” to all Excel queries.



If necessary, make your Excel workbook (minegrid.xls) active
At the bottom of the worksheet, notice that there are 2 worksheets listed:

calculate (the worksheet that is open)
gridmaker

Click gridmaker to open it:

-4 Microsoft Excel - minegrid.xls

_ File Edit Wiew Insert Formak Tools Daka  Window He

DEeEs @Y LBES o ¢
Arial - 10 | B F O |§ = =
B2 | = =calculatelAl6
A, B
1 mining technalogy crm2dd’
2 |tonnage | 13,544,EIEIEI!
4 |“alues for running gridmaker
4 |left longitude - 1830010
5 |bottomn latitude 1633332
b |harizontal span 4359164
{ |wvertical span AL
8 |rows 151
8 calumns 132
10

The gridmaker worksheet captures the values you will need later to run the grdmakerrev script in
ArcView.

Click on the Al cell
Under the file menu, click “Print”

You will use these printed values later when you run the grdmakerrev script.



Open ArcView

In the Project Manager Window click
the Tables Icon

Click “Add”

Scroll to c:\testuser\minegridcm2442.dbf.

Click “OK”

In Viewl, under the View Menu

Click “Add Event Theme” and make these entries:

i Add E

vent Theme

Table: | mineqridzm2442. dbf =]

% fiigld: | To_x =l

5 field: ENNEY

k. I Cancel

Click “OK”
Make the new theme active.
Toggle on its display.

Click on “Connect the Dots” [Button with “Star”]
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Zoom to extent of active theme:

" Minegridemz442 db_*
.

« RemiGbufpiz

-

Click rotated rectangle to get its “handles”
Click the “G” Button.
Save the new shapefile as
c:\testuser\tomgridcm2442.shp
Make minegridcm2442.dbf, active
Under the Edit menu click
Delete Themes

Click “Yes”



« Tomaridlem2442.sh

|41

Click on the rotated graphic to get its handles.

Press Delete




Click the Gridmaker Button (it looks like a grid on the right of the button bar)
You are prompted for 6 input parameters
Previously, you printed these values when you ran minegrid.xls.
Use the printed list and enter the parameters as you are prompted

If the default value is not correct in the Message box, then type the correct value

For left longitude -188000 (No commas)
For bottom latitude 1633332

For horizontal span 439164

For vertical span 502377

For rows 151

For columns 132

(Obviously, the #s you enter would be the appropriate values for the area where you are
building a grid. The correct #’s for the Pittsburgh, continuous mining on 24 to 42 inch
coal, are those above.)

Save the grid as
c:\testuser\mxxgridcm?2442.shp
When you are prompted for Labels, click

No



We are now ready to rotate mxxgridcm2442.shp

We will run ShapeWarp to rotate mxxgridcm2442.shp:
Our “from grid” is: mxxgridcm2442.shp
Our “to grid” is: tomgridcm2442.shp
Our table of input data is: minegridcm2442.dbf

Our table of GCP’s is: coordsmgcm2442.dbf (which we will create)

At this point you are advised to save your project.
However, save it under a new unique name such as:
C:\testuser\warpmgcm2442

By saving the project, you can correct any errors that may become evident later, starting
over from this point.



Delete all of the themes from ArcView.

Open the Project Manager Window.
Under the ShapeWarp Menu:
Click “Import Table”

Pick c:\testuser\minegridcm2442.dbf as the import table

Name c:\testuser\coordsmgcm2442.dbf as the GCP table

In the Pick Field Dialogue window match the field in the list to the query:

&} Pick Field

Fick the field to use for the From = coordinates. 0k,

Cancel

|41




The new GCP table will display on your monitor:

] Gresd Coniiol Poinke

R | Lo i fop Taw i Tir A
110K T B0 (eCNR0NN) | 21 2 (000000 | 1200000000 | P E AT AL L LELE 010000000 =
2 0N S50 1A (O] | 125, DO e SRR L1 SO N [ D
3_0” I511EL I]:l]:l}:l.l_ 1633332 DOD0O0D i :lJ-'.l].'lIl_ 1522271, OODD0nG 0. 000000
4| 0OH 1RSI0 DO 1633332 IOD0000 T I 18573211 OO0 [ (OO0
i [

Minimize the GCP table

Make the Project Manger Window active.

Click on the ShapeWarp “Diamond” icon.

In response to “Do you want to set the projection for the TO view?
Click “No”

Pick the theme that you want to warp (i.e., rotate):

’L" Pick the Feature Themes that you want to Warp.

Directary: | d\testuser 0k
B gridfinalpitthe. shp -] |Er d: - Caroel
B aridpitthy. shp
B agridplmglw4272 shp 1 adal
B aridtest.shp £ calcd e
&= [ [ ] calc?

; : £ calc3 & Directories
B rnsxgridhad 272 shp £ calcd ™ Libraries
M oittoria.sho ll F1 calch ll

Data Source Types: Dirives:

| Feature D ata Source =l |d =]




Pick the theme that has the rotated rectangle:

&! Pick the Themes for the TO View

Crirechan: | d:teztuzer
B pitong.shp :I = d -
B remaninguly2000.shp
B toblkaridemz442 shp £ adal
B togridpitthe. shp £ calet
B togridpitthas. shp £ calc?
........................... s B cale
B tormaridhwd 272 zkhp £ calcd
x T calch ll
Data Source Types: Cirives:;
| Feature Data Source B3 I E3

In response to the query about selecting a table

Click “Yes”

Wiould wou like to uge an exizting table?

Tes

OF.

Cancel

f* Directories

™ Libraries




Select the coordinate table as

c:\testuser\coordsmgcm2442.dbf

’L" Pick the Coordinate Table you want to use

File Name: Directories: ok
| coordsrmgem2442. dbf d:stestuzer
[ blksxaridem2442. dbf N = dh N Cancel
[ blockandom2442. dbf
[ coords1.dbf £ adal
[ coordsblkgocm2442. dbf £ calcl
dbf 7] cale?
[ coordsmglwd272.dbf £ calc3
[ deltal.dbf 7] calcd
P delta2. dbf hd £ cal5 hd
Lizt Filez aof Type: Dirives:
[ dbf = |4 =l




A window will open showing the TO and FROM rectangles. The 4 corner points will be used to
guide the rotation:

N . = L [
3
1
. 2

Click the RMS icon on the ShapeWarp toolbar (looks like a calculator).
Select “First Order”

Click “OK”

! Choose Order E3

Choosze the Palynomial Order far the: fit

First Order Cancel |

Second Order
Third Order




The RMS error should be very small.
On the ShapeWarp toolbar
Click “Go”
Save the rotated grid as
c:\testuser\gridfinalmgcm?2442.shp
Respond “No to query about report.
On the ShapeWarp toolbar

Click “Quit”

Open project
c:\testuser\chapter9.apr
Add theme:
gridfinalmgcm?2442.shp
In the Legend Editor:
Make the polygon fill for gridfinalmgcm?2442, transparent
Set size = 0.1 for the outline of gridfinalmgcm?2442.shp
Maximize the View window.

Toggle on the display for gridfinalmgcm?2442.shp.



Estimate Coal in Interior Safety Barriers

The layer, cm2442sh, contains the safety barrier for the outside extent of the coal allocated to
longwall mining, 24 to 42 inch thick coal.

The coal blocks, represented in cm2442bigrxgrid.shp and cm2442final, also need to have interior
safety barriers.

We complete 6 steps to determine interior safety barriers:



Step 1: Add cvtplypl.ave as a button to your project
In the Project Manger Window
Click on the Scripts Icon
Click New
Under the Script Menu
Click “Load Text File”
Scroll to c:\esri\av_gis30\arcview\samples\scripts
Select cvtplypl.ave
Click “OK”

Click the Compile button (Looks like check mark)



Make Viewl active
Double click in the open space on the right of the button bar
In the Customize Dialog Window
As “Category”, select “Buttons”
Move slider scroll bar all the way to the right
In the open space on the right, above the slider bar in the slider window, click once
Then click “New”, below to the left
In the Properties Window (bottom half of Customize Window):
Double Click “Click”
In the window that open, scroll to “Script 1" (i.e, the script that you just compiled)
Select Script 1
Click OK
Double Click “Help”
In the Window that opens
Type “Converts Polygon to Polyline//Converts Polygon to Polyline”
Double Click “Icon”
In the window that opens
Scroll to the “Poly” icon
Select “Poly”
Click OK
In the Customize Dialog Window

Click X in the upper right corner to close the window
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Notice that the poly button is added to Viewl
Step 2: Convert gridfinalmgcm2442.shp to a polyline
Make gridfinalmgcm?2442.shp active
Click the “Poly” Button
Save the polyline layer as
c:\testuser\gridplmgcm2442
When queried, add theme to Viewl
Step 3: Convert gridplmgcm2442.shp to a grid
Make gridplmgcm2442.shp active
Under the Theme Menu
Click “Convert to Grid”
Save the new layer as
c:\testuser\gplmgcm2442

Step 4: Intersect gplmgecm2442 and cm2442final to obtain the interior safety barrier
around coal, without placing the safety barrier on a restricted area

Note: Restricted areas in cm2442final (with value = 0) evaluate false when the intersect request
runs. Therefore, gplmgcm2442 is kept out of the restricted areas.

In Map Calculator, evaluate this request:



’L" M ap Calculation 11

ILDgarithms =]
L
s (e | | 0 0| 559 )
e 2| (7] [2)[5](6] CE)E
[Crmiz2442final . Cou |_| | 1 || 2 || 3 | | = ||{= ||"°"| Sl ik
[Crm24435h] (=] [ © |[-] [ O [m] _Ewi0] _Leato
[Cri2d42sh . Court
[E:EMEzI:u.Miril:n | AsBrid |
[ [[GplmacmZ442]) and [[Cmzd42final]) ].Con(1.AsGnd.0LazGnd) =

E waluate

Step 5: In Map Calculation 11, convert nulls to 9 (needed for step 7).

In Map Calculator, evaluate this request:



i

_,. Map Calculation 13

| Logarithrns =]
IS : Ty | 7 || a || g |
[Map Calculation 14 & f f f P f Exp Lag
[Map Calculation 14 i | s || 5 || G | P r o am
[Map Calculation 16 g g g Eumd [Cag#
[Map Calculation 1 | | ||l2 || 3 | i T
[hesd 27 2irnal] | 0 | 2 P} §|ru:|t| Bl e L
[wd27 2final . Coun e S '
[heed 27 Zfiral . millinrll Aszhnid |
([t ap Calculation 11]) 1sMull Con(3.AzGrid [Map Calculation 11]) =

Evaluate

Step 6: Use Map Calculation 13 to split cm2442final into 3 parts:
Areas that are restricted (cells with 0 value)
Areas with available coal less any interior safety barriers (cells with value 1-326)
Areas that represent interior safety barriers (cells with value 999)

In Map Calculator, evaluate this request:



"L" Map Calculation 14
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Evaluate

In Theme Properties, rename Map Calculation 14 as:
cm2442finalb

Record its source in the list of coverages to rename and retain.

In the legend editor, classify values as indicated in the next display:
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The black cells are restricted areas.
The dark blue thin lines (grid pattern) are interior safety barriers
The yellow cells or light areas are areas with available cm2442 coal.

The red thin lines at the outside edge are exterior safety barriers.



The interior safety barrier is coal taken from the initial coal blocks (in cm2442final) that is
reallocated to safety barriers.

Therefore, layers cm2442final and cm2442finalb have the same coal extent, and differ only in
their classifications of the coal.

Note: On 4™ Iteration, cm96, you will learn that there is no coal in safety barriers (for the
Pittsburgh assessment but perhaps not for other beds). Therefore, jump to

p. 9-101



Earlier, we updated the remaining layer by removing cm2442final (equivalent to cm2442finalb)
from remsurfall, creating the remaining layer, remcm2442.

The outside safety barriers, layer cm2442sh, remove additional coal.
Update Remaining Coal Layer: Remove Coal in the Exterior Safety Barrier

We proceed now to update remcm2442 by removing cm2442sh



Step 1: We reclassify cm2442sb following the procedure on p 7-10:

Heclassify Yalues
Claszification Field: Il"."'EllLlE! |
Clagzify. .. | Urigue Lookup... |
Old Y alues Mew Value
0 i N
1 B
Mo Data 1]
+| x|
Load
Save . Cancel

Step 2: We remove the reclassified coal from remcm2442, following the 2 step procedure on p.
7-12:



’L" Map Calculation 14
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Ewaluate

Notice that the 1** coverage in the expression above is the latest remaining coal layer.

Here again you have to substitute in, the correct 1% layer as you iterate, as indicated on the
next page.



FIRST ITERATION (cm2442)

The first time you arrive here, you are working on cm2442, therefore the 1* coverage in the
expression is:

remcmz2442
SECOND ITERATION (cm4272)

The second time you arrive here, you are working on cm4272, therefore the 1% coverage in
the expression is:

remcm4272
THIRD ITERATION (cm7296)

The third time you arrive here, you are working on cm7296, therefore the 1°* coverage in
the

expression is:
remcm?7296
FOURTH ITERATION (cm96)
The fourth time you arrive here, you are working on cm96, therefore the 1% coverage in the
expression is:

remcm96



’-L Map Calculation 15

| Lagarithrns =l

L

-. IZZ.aIn::l_JIatinjn'I-ﬂ IT I I : H 2 H z I I - H{} I IaﬂdI Exp I Log |
[Map Calculation 14 = ||== || or

[Reclass of wdz272 — — Exp2 I Log2 |
[Reclass of lwd272 = WEE] =]

[rei'ncltuji;F?E]w |—|— | | 0 || . | | £ ||r'u:|t| Expl10 | Logl0 |
T i |

[ [Map Calculation 14] = 0).5ethull1.4sGrnd =
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In Theme Properties, rename the new grid as:
remcmz2442sb

Record its source in the list of coverages to rename and retain.
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Estimate Coal Characteristics by Coal Resource Block
Next, we add coal characteristic data to the table for layer, cm2442finalb.
Add the following themes to View1:

parting10
sulfur100
btul6

Use Method A (p. 6-66 & pp. 6-84 through 6-89) to estimate coal characteristics:

tons of coal
thickness
overburden
parting
sulfur
btu/lb
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@ Attributes Of Cm2442finalb
Linan /
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0 441148 14.0 35 444 2.8 394: 12786 L
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Cm2442finalb contains 7 coal resource blocks

We estimate that there are 284 million tons of coal available for room and pillar mining on coal
24 to 42 inches in thickness, using continuous miners.

The largest block has 60.4 million tons
The smallest block has 21.5 million tons

The amount of coal in category 999, 2.8 million tons, is coal in interior safety barriers.
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A final cleanup step:

Streams and stream buffers were not used as a restriction to room and pillar mining.

In Chapter 5, we calculated the coal in areas with buffered streams for the entire area of the
remaining Pittsburgh coal bed. In Chapter 10, we will re-estimate coal in areas with social and

environmental limits, accounting for the different treatments between surface and underground
mining methods.

Summary, Consolidated Coal 24 to 42 Inches in Thickness

Available coal, room and pillar mining, 24 to 42 in. in thickness ~ 298.9 million tons

Coal in outside safety barriers 4.4 million tons

Coal in interior safety barriers 2.8 million tons
Total coal in safety barriers 7.2 million tons

Latest updated layer of remaining coal Remcm2442sb
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A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remlw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442shb) 6198.2

The estimates continue to show that the methods are providing consistent analysis.
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The remaining tasks are

To repeat the procedure to estimate available coal in the other thickness categories

Any step that is significantly different will be discussed below.

Otherwise, the procedure for the 24 to 42 inch category is applied
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Calculating Tons of Coal Mineable by Room and Pillar Methods, Coal 42 to 72 Inches in
Thickness

In Analysis Properties, set the Analysis Mask to

Remcm2442sh

Analyziz Properties: Yiewl |

Analpsiz Etent | Same Az RemlBbufpl2 |

Left [-155677 503175 Top | 197064369375

Bottarm | 1693107.69375 Right | 191510.496525

Analypziz Cell Size | Current ' alue |

Cell Size 116 m
[17346

Mumber of Fows

[21715

Humber of Columnz

Analypziz Mazk

k. Cancel |
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We proceed now to break cminer01 into the 42-72 inch thickness category.

In Map Calculator, evaluate this request:

& cmd272null

| Loarithrms |
Lapers P .
P v 9 §
[remcm2442sh] o B | | | : | | | _ j Erm o
rememzddzsh Co | ¢ [4][S ][ 6] i+ e e
2442zh  mil FEy Y T B [Came
e - [E)B) e e 2
[Remlw3bsh . Couri | 0 | L Py |n|:|t| B Eejej 0]
[RemlwiItst . Millio S St '
[streamzcmdd 42w ;I Azland |
[ i~
[l [ [cminerd1]) and [42.42Grnd < [Thik16]) and [Thik16] <= 72) J=0 —
1.5 ethull1.A:Gnd)

Evaluate

In Theme Properties, rename the new grid as:
cmd4272null
Record its source in the list of coverages to rename and retain
Set the minimum size mine = 19.750 million tons (table 7-1, column 6, p. 7-2)

Continue processing as indicated on p 9-10.
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On p 9-33, make the true argument for the conditional equal to

9999.AsGrid

"L" Map Calculation 1

|L|:|g;|arithms =
L
II;:_"?;:_"E:EIFIH] ] |}E | | ‘ || 8 || 9 | | - ||{} | |aﬂd| E:-:l:l | LDQ |
Emdzrzcont. Coe | [ ] [2][S ][ 8] [=][=][=]
[Crad 272 - Hille
et O OEE Ok el e
Femem2da2 Toi  [+] [0 J[=] [ © |[ret] _Eseio| | Leaid |
[Cr2d42finalb]
[Emzddzf:::":.l:u d AslGrid |
[ [Crd272contr . Million_tons_coa] < 19.75).Con3993.4:Gn0d, [Crnd ¥ 2cont]) =
Evaluate

After building this map calculator expression return to p. 9-33.
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Tons of coal in outside safety barriers from room and pillar methods using continuous miners, in
42 to 72 inch coal thicknesses, are estimated as 16.2 million tons:

"L" Attributes OF Cm4272sbrevx
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Final estimates for continuous miner, 42 to 72 inch thicknesses, are:

’L" Attributes OF Cm4 27 2finalb
L iz

a 217306 117.8 57 336 8.2 379 12BEe: =
433 131135 B35 51 289 a7 455 1223
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B54 100022 506 53 212 4.0 4.11 12403
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Cm4272finalb contains 36 coal resource blocks.

The sum, 1,743.8 million tons of coal, is the estimate of coal available for room and pillar mining
on coal 42 to 72 inches in thickness, using continuous miners.

The largest block has 71.6 million tons
The smallest block has 24.2 million tons

The amount of coal in category 999, 20.2 million tons, is coal in interior safety barriers.
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Summary, Consolidated Coal 42 to 72 Inches in Thickness

Available coal, room and pillar mining, 42 to 72 in. in thickness 1743.8 million tons

Coal in outside safety barriers 16.2 million tons
Coal in interior safety barriers 20.2 million tons

Total coal in safety barriers 36.4 million tons
Latest updated layer of remaining coal Remcm4272sb

A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remlw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442sh) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9

The estimates continue to show that the methods are providing consistent analysis.
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Calculating Tons of Coal Mineable by Room and Pillar Methods, Coal 72 to 96 Inches in
Thickness

In Analysis Properties, set the Analysis Mask to

Remcm4272sh

Analysis Properties: Yiewl

Analysis Extent | Current Yalue -]

Left | 155677503175 Top | 1970643.69375

Bottorn | 1693107.63375 Right | 191510.496825

Analyziz Cell Size | Current Y alue =]

Cell Size 115 m
[17346

MHumber of Bows

[21718

MHurmber af Calurmns

Analyziz Mazk fremcmdsf 2zh

ak. Cancel |
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We proceed now to break cminer01 into the 72-96 inch thickness category.

& cm7296null

ILDgarithms |
Layers T 5 B
| o Y TN R RTET BT

[remcmd272sh]  fa] o | | | : | | | ot e Evp ejs,

rememdzizsh. Co | [A][9][&] ¢ = e

[remcmd272:h . Co e p—— EuEd [Eamd

[remcmd272sh . Ard | 1 || < || 3 | N o

[remcmd272sh . Mi | 5 | ) P | n.;.t| Erpili e ej 0]

[remcmd272zh . k4 e = : '

[remcmd 2y 2sh . Ell Azland

[ a
[ [[cminerd1]] and [F2.A2G0d < [Thk16]] and [[THk16]<=98] ] =0 —
1.5etMull1. &G nd)

Evaluate

In Map Calculator, evaluate this request:

In Theme Properties, rename the new grid as:
cm7296null
Record its source in the list of coverages to rename and retain
Set the minimum size mine = 25.897 million tons (table 7-1, column 6, p. 7-2)

Continue processing as indicated on p 9-10.
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Tons of coal in outside safety barriers from room and pillar methods using continuous miners, in
72 to 96 inch coal thicknesses, are estimated as 2.9 million tons:
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Final estimates for continuous miner, 72 to 96 inch thicknesses, are:

’L" Attributes OF Cm7296hinalb
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Cm7296finalb contains 23 coal resource blocks.

The sum, 1412.9 million tons of coal, is the estimate of coal available for room and pillar mining
on coal 72 to 96 inches in thickness, using continuous miners.

The largest block has 87.5 million tons

The smallest block has 31.9 million tons

The amount of coal in category 999, 18.6 million tons, is coal in interior safety barriers.
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Summary, Consolidated Coal 72 to 96 Inches in Thickness

Available coal, room and pillar mining, 72 to 96 in. in thickness 1412.9 million tons

Coal in outside safety barriers 7.6 million tons

Coal in interior safety barriers 18.6 million tons
Total coal in safety barriers 26.2 million tons

Latest updated layer of remaining coal Remcm7296sb

A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remlw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442shb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6

The estimates continue to show that the methods are providing consistent analysis.
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Calculating Tons of Coal Mineable by Room and Pillar Methods, Coal > 96 Inches in
Thickness

In Analysis Properties, set the Analysis Mask to

Remcm7296sb

Analyziz Propertiez: Yiewl

Analysis Extent | Same Az FemlBbufpl2 |

Left | -155677 503175 Top [1970643.69375

Bottam | 16393107 63375 Right [ 131810.496525

Analysis Cell Size | Curment Value =]

Cell Size 115 m
(17345

Murmber of Rows

| 21718

MHurmber of Columns

Bnalyziz M aszk

k. Cancel |
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We proceed now to break cminer01 into the >96 inch thickness category.

In Map Calculator, evaluate this request:

: cmIGnull

L
?is:amscm?EEEH] - ; i _ | [ || 8 || ? |
[streamscm7236x .| S | 4 || 5 || b |
[ 7296 . —
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[
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1. SetMulll . &sGrid)

Ewvaluate

|»

|41

In Theme Properties, rename the new grid as:
cmo6null

Record its source in the list of coverages to rename and retain

Set the minimum size mine = 29.442 million tons (table 7-1, column 6, p. 7-2)

Continue processing as indicated on p 9-10.
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To keep the restricted areas as a separate category use the following request (in place of the
request demonstrated on p. 9-33):

":.' cmIbbigr

ILDgarithms = |
L
?ﬂ?zemmam ] e KA EEN s Exp Log
[cmredginab. Coi | i/ [)[5][8] ¢ =i
[cm7256hnalb_mile o e g e [ Eun Lo
[erm7 295 imalh . ove LI e EZEN | P
[cm729E6finalb . par e '

[cm7 255 inaib . sulf. x| Astrid_|

([ [ [cr3Econtr . milion_tons_coa) < 19.476] and [[crm36contr] <> 0] ).Con[999.4:Gnd [cm96cont]) =

Ervaliate

Return to p 9-34 and continue with the normal processing through p. 9-39.

On p. 9-39, you are given some different instructions for cm96.
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Tons of coal in outside safety barriers from room and pillar methods using continuous miners, in
> 96 inch coal thickness, are estimated as 0.0 million tons:

"L" Attributes of cm96szb

1| |’

There is negligible coal in outside safety barriers for the 1 block of coal resources,
continuous miner >96 inch coal.
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Note:

There is no remcm96sb grid because there was no coal in exterior safety
barriers

This result is correct for the Pittsburgh coal bed. Other beds may have coal in exterior
safety barriers in which case you need to follow all the processing steps.
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Final estimates for continuous miner, > 96 inch thickness, are:

#! Attributes Of Cm96finalb

A Cwant | Ardier e oo Phinbescs g Svadvatan g5 Sadear s St S2F Sveth
1] BEA0 55 103 ava 100 353 13462
102 ERE35 £4.1 103 267 91 352 13464
999 299 nz 105 954 91 ah2 13472
4| »

CmO96final contains 1 coal resource block.
There are 64.1million tons of coal available for room and pillar mining on coal > 96 inches in

thickness, using continuous miners.

There are 0.3 million tons in interior safety barriers.
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Summary, Consolidated Coal 96 Inches and Greater in Thickness

Available coal, room and pillar mining, > 96 in. in thickness 64.1 million tons
Coal in outside safety barriers 0.0 million tons
Coal in interior safety barriers 0.3 million tons
Total coal in safety barriers 0.3million tons
Latest updated layer of remaining coal Remcm96
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Summary, Coal Mineable by Room and Pillar Methods Using Continuous Miners

Next, we summarize results to this point

Tons of Coal Available for Mining
million tons
includes coal in
Category million tons restricted areas
Room & Pillar Mining, 24-42 inch thickness 284.1 298.9
Room & Pillar Mining, 42-72 inch thickness 1743.8 1861.6
Room & Pillar Mining, 72-96 inch thickness 1412.9 1495.9
Room & Pillar Mining, > 96 inch thickness 64.1 69.6
Total 3504.9 3726.0
Tons of Coal in Safety Barriers
million tons
includes coal in
Category million tons restricted areas
Room & Pillar Mining, 24-42 inch thickness 7.2 7.2
Room & Pillar Mining, 42-72 inch thickness 36.4 36.6
Room & Pillar Mining, 72-96 inch thickness 26.2 26.3
Room & Pillar Mining, > 96 inch thickness 0.0 0.3
Total 69.8 70.4

The third column in the tables adds coal in restricted areas.

The method used to update the remaining coal layer accounts for the restricted coal and the coal
allocated to each category.
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A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remlw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442shb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6
Coal allocated to cm96 mining 69.6
cm96 safety barriers 0.3
Remaining (remcm96) 2707.8

The estimates continue to show that the methods are providing consistent analysis.
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Rename grids to more convenient names
Save the current project.

Start a new project.

Open a new view.

Toggle on the Spatial Analyst Extension.

Under File Menu, click “Manage Data Sources” to access the Source Manager:

& Source Manager

Grid M ame Directaries:
Il o Mestuzer Ceire] |
B calc a = oM -
Bl calz10
B calclt £ esndata
W call? Copy
B calz13 A
B calcl4 sname
B cals1b .
Delet
M calcl6 hd = et
Source Tupes: Crrivees:
[Grid =l [c =l
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Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage

Coal that meets technical require-

ments to be mined by room and
pillar methods (R&P) using
continuous miners

R&P mineable coal as a 1-
null coverage

R&P mineable coal, 24-42
inches in thickness, as a 1-null
coverage

R&P mineable coal, 24-42
inches in thickness, as a 0-1
coverage

R&P mineable coal, 24-42
inches in thickness, with coal
grouped into blocks when cells
are contiguous

R&P mineable coal, 24-42
inches in thickness, grouped
with restricted cells removed
from available coal

R&P mineable coal, 24-42
inches in thickness, with blocks
having fewer tons than the
minimum size mine removed
from available coal

Original Name

c:\testuser\calc9

c:\testuser\calc10

c:\testuser\calc11

c:\testuser\calc13

c:\testuser\calc12

c:\testuser\calc14

c:\testuser\calc15
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New Name

c:\testuser\cminerQ1

c:\testuser\cminerlnull

c:\testuser\cm2442null

c:\testuser\cm2442zero

c:\testuser\cm2442contx

c:\testuser\cm2442contr

c:\testuser\cm2442bigr



R&P mineable coal, 24-42

inches in thickness, in resource
blocks equal to or greater than
the minimum size resource block,
as a 0 (restricted) and block #
coverage

R&P mineable coal, 24-42
inches in thickness, in coal
resource blocks

R&P mineable coal, 24-42
inches in thickness, updated
coal resource blocks (after
on-the-fly editing)

Latest updated layer of remaining
coal, takes R&P 24-42 out
of previous remaining layer

Layer of coal in outside safety
barriers, R&P mineable coal,
24-42 inches in thickness

R&P mineable coal, 24-42
inches in thickness, coal resource
blocks and interior safety
barriers

Latest updated layer of remaining
coal, takes outside safety

barriers for R&P 24-42 out

of previous remaining layer

Stream buffers on available
coal, R&P mining 24-42
inches in thickness

c:\testuser\calc16

c:\testuser\cm2442bigrx

c:\testuser\cm2442bigrxgrid.shp

c:\testuser\calc18

c:\testuser\calc19

c:\testuser\calc24

c:\testuser\calc26

c:\testuser\calc29

c:\testuser\calc31
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c:\testuser\remcm2442

c:\testuser\cm?2442sb

c:\testuser\cm2442finalb

c:\testuser\remcm2442sh

c:\testuser\strcm2442x



R&P mineable coal, 42-72
inches in thickness, as a 1-null
coverage

R&P mineable coal, 42-72
inches in thickness, as a 0-1
coverage

R&P mineable coal, 42-72
inches in thickness, with coal
grouped into blocks when cells
are contiguous

R&P mineable coal, 42-72
inches in thickness, grouped
with restricted cells removed
from available coal

R&P mineable coal, 42-72
inches in thickness, with blocks
having fewer tons than the
minimum size mine removed
from available coal

R&P mineable coal, 42-72

inches in thickness, in resource
blocks equal to or greater than
the minimum size resource block,
as a 0 (restricted) and block #
coverage

R&P mineable coal, 42-72
inches in thickness, in coal
resource blocks

R&P mineable coal, 42-72
inches in thickness, updated
coal resource blocks (after
on-the-fly editing)

Latest updated layer of remaining
coal, takes R&P 42-72 out
of previous remaining layer

c:\testuser\calc20

c:\testuser\calc21

c:\testuser\calc22

c:\testuser\calc23

c:\testuser\calc27

c:\testuser\calc25

c:\testuser\cm4272null

c:\testuser\cm4272zero

c:\testuser\cm4272contx

c:\testuser\cm4272contr

c:\testuser\cm4272bigr

c:\testuser\cm4272bigrx

c:\testuser\cm4272bigrxgrid.shp

c:\testuser\calc33

c:\testuser\calc35
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c:\testuser\cm4272final

c:\testuser\remcm4272



Layer of coal in outside safety
barriers, R&P mineable coal,
42-72 inches in thickness

R&P mineable coal, 42-72
inches in thickness, coal resource
blocks and interior safety
barriers

Latest updated layer of remaining
coal, takes outside safety

barriers for R&P 42-72 out

of previous remaining layer

Stream buffers on available
coal, R&P mining 42-72
inches in thickness

c:\testuser\calc39

c:\testuser\calc42

c:\testuser\calc44

c:\testuser\calc46
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c:\testuser\cm4272sb

c:\testuser\cm4272finalb

c:\testuser\remcm4272sb

c:\testuser\strcm4272x



R&P mineable coal, 72-96
inches in thickness, as a 1-null
coverage

R&P mineable coal, 72-96
inches in thickness, as a 0-1
coverage

R&P mineable coal, 72-96
inches in thickness, with coal
grouped into blocks when cells
are contiguous

R&P mineable coal, 72-96
inches in thickness, grouped
with restricted cells removed
from available coal

R&P mineable coal, 72-96
inches in thickness, with blocks
having fewer tons than the
minimum size mine removed
from available coal

R&P mineable coal, 72-96

inches in thickness, in resource
blocks equal to or greater than
the minimum size resource block,
as a 0 (restricted) and block #
coverage

R&P mineable coal, 72-96
inches in thickness, in coal
resource blocks

R&P mineable coal, 72-96
inches in thickness, updated
coal resource blocks (after
on-the-fly editing)

Latest updated layer of remaining
coal, takes R&P 72-96 out
of previous remaining layer

c:\testuser\calc47

c:\testuser\calc48

c:\testuser\calc49

c:\testuser\calc50

c:\testuser\calc51

c:\testuser\calc52

c:\testuser\cm7296null

c:\testuser\cm7296zero

c:\testuser\cm7296contx

c:\testuser\cm?7296contr

c:\testuser\cm7296bigr

c:\testuser\cm7296bigrx

c:\testuser\cm7296bigrxgrid.shp

c:\testuser\calc54

c:\testuser\calc56
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c:\testuser\cm7296final

c:\testuser\remcm7296



Layer of coal in outside safety
barriers, R&P mineable coal,
72-96 inches in thickness

R&P mineable coal, 72-96
inches in thickness, coal resource
blocks and interior safety
barriers

Latest updated layer of remaining
coal, takes outside safety

barriers for R&P 72-96 out

of previous remaining layer

Stream buffers on available
coal, R&P mining 72-96
inches in thickness

c:\testuser\calc60

c:\testuser\calc63

c:\testuser\calc65

c:\testuser\calc67
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c:\testuser\cm7296sb

c:\testuser\cm?7296finalb

c:\testuser\remecm?7296sh

c:\testuser\strcm7296x



R&P mineable coal, > 96
inches in thickness, as a 1-null
coverage c:\testuser\calc68

R&P mineable coal, > 96
inches in thickness, as a 0-1
coverage c:\testuser\calc69

R&P mineable coal, > 96

inches in thickness, with coal

grouped into blocks when cells

are contiguous c:\testuser\calc70

R&P mineable coal, > 96

inches in thickness, grouped

with restricted cells removed

from available coal c:\testuser\calc71

R&P mineable coal, > 96

inches in thickness, with blocks

having fewer tons than the

minimum size mine removed

from available coal c:\testuser\calc73

R&P mineable coal, > 96

inches in thickness, in resource

blocks equal to or greater than

the minimum size resource block,

as a 0 (restricted) and block #

coverage c:\testuser\calc72

R&P mineable coal, > 96

inches in thickness, updated

coal resource blocks (after

on-the-fly editing) c:\testuser\cm96grida

Latest updated layer of remaining

coal, takes R&P > 96 out
of previous remaining layer c:\testuser\calc75
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c:\testuser\cm9onull

c:\testuser\cm96zero

c:\testuser\cm96contx

c:\testuser\cm96contr

c:\testuser\cm96bigr

c:\testuser\cm96bigrx

c:\testuser\cm96final

c:\testuser\remcm96



R&P mineable coal, 96

inches in thickness, coal resource

blocks and interior safety

barriers c:\testuser\calc77

Layer of coal in outside safety
barriers, R&P mineable coal,
> 96 inches in thickness c:\testuser\calc79

Stream buffers on available

coal, R&P mining > 96
inches in thickness c:\testuser\calc81
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c:\testuser\cm96finalb

c:\testuser\cm96sb
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Congratulations!!!!
You have finished Chapter 9.
You have completed a detailed analysis of coal available for room and pillar mining.

Our methods are on track to produce consistent estimates.
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Chapter 10.
RESIDUAL COAL CATEGORIES
Purpose: In this chapter, we estimate the tons of coal in residual categories.

Overview: Residual categories include (1) coal which meets thickness and overburden technical
requirements for longwall extraction but is not mineable because the slope of the bed exceeds
12 degrees; (2) coal which meets thickness and overburden technical requirements for room and
pillar extraction but is not mineable because the slope of the bed exceeds 12 degrees; (3) coal
which meets thickness and overburden technical requirements for contour strip mining but is not
mineable because the slope of the surface exceeds 32 degrees; (4) coal that is not mineable
because it has thickness between 12 and 24 inches and an overburden ratio greater than 20 to 1
(too thin for room and pillar and too deep for contour strip mining); (5) coal over 24 inches in
thickness with overburden less than 100 feet (cannot use room and pillar) and an overburden
ratio greater than 20 to 1 (cannot use contour strip mining); (6) all other remaining coal in blocks
too small for mining by any of the technologies, termed fragmented coal. Analysis is applied to
estimate the coal in each category. The coal is subtracted from the latest estimate of remaining
coal in order to maintain an “adding up” check on our methods.

Our method in this chapter is to use the latest updated layer of remaining coal as a mask and then
determine the coal by category as outlined in the preceding paragraph. As we finish a category,
we remove that coal from the latest remaining layer to obtain an updated remaining layer. This
procedure avoids double counting. Throughout the Pittsburgh coal bed, there are many cells in
our coverages that fall into more than a single category across all the categories we consider. Our
method guarantees that each cell is assigned to only one category.

Before we calculate the coal in the last category, fragmented coal, we remove the area with
restrictions in the following 7 categories (which make up the union7restr layer):

Parks

Interstate Highways
Oil and Gas Wells
Water Bodies
Urbanized Areas
Populated Places
Natural Gas Pipelines

This identifies the coal in the fragmented category that is not mineable because it occurs in a
restricted area. The rationale for separating the restricted coal from other coal (in the fragmented
category) is that the coal became fragmented because of the restrictions. The restrictions broke
up the continuity of the coal.
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Coal that meets thickness and overburden requirements but not the slope requirement for
longwall and room and pillar extraction.

10-2



Open a new ArcView project.
Add a View Window. Do not add any themes.

Under the File Menu, set Working Directory to your project path.

’;" YWork Directory

Specify new wark. directany k.

- estuse Cance

Open View Properties and enter these settings:

:" Yiew Properties

Mame: | Viewl

Creation D ate: | Saturday, September £5, 1939 05:09:36 P Cancel |

Creator: |

M ap Units: | rneters

[l 1«

Diztance Units: | miles

Frojection. .. | Area OF Interest. .
B ackground Colar: Select Color...
Comments:
il
—
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Under the File Menu
Click Extensions
Toggle on

Spatial Analyst

i} Extensions

A allable Estensions;

| Part Project Utilities Al ok, |
| Projector Corcel |
| Report \Afriker
_ | Samples Browser
_| Shapewarp 2.2 J Heset |
_| Shapefile Description Dialog ™ Make Defaul
«1  Spatial Analyst j

About:
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In Viewl, add these grid themes:

bedslope
ob16
rem16bufpl2
remcm96
thk16
tonsbycell

ﬂ Remcmig =
B
[ IHoData
| Thk1G
[Jo-18
[ Ja7- =2
[ ]==3-4
[ ]s&o0-85
[ J8&- =1
[ sz- 98
99- 114 . .
[ 115 - 120
1z - 147
|:| No [ ata
i
| obi1s
[Jo-486
[ ]167 - 33z
[ ]2=4- 500 ; AR
[ ]s01-867 i B oy
[ s65 - 534 ‘& R
I =25 - 1004 . * Lo
B 100z - 1168 L .
Bl 150 - 1335 +g L
Hl 1336 - 1502 ?%-,g"ew
|:| Mo [ ata X
| Bedslope . P?
- o I I.'._-‘
£ e -
E
2 L)
. 4
[ 5
s
L1~
s
[ 19
I 1o
" =
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In Analysis Properties, enter these settings:

Analysiz Properties: Yiewl

finalysiz Extent | Sarme A2 FemlBbufpl 2 |

Left | -155677.5031 75 Top | 1970643 69375

Bottom | 1693107.69375 Right | 191810496825

dnalysis Cell Size | 43 Specified Below ]

Cell Size 116 om
(17345

MHumber of Rows

| 21713

Mumber of Colurnns

Analyzis bazk HRENsNE

ak. Cancel |

Delineate Layer of Coal, Underground Mineable, With Slope of Bed Greater than 12
Degrees and Estimate the Tonnage in this Layer
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In Map Calculator, evaluate this request:

Ay

@2 Map Calculation 1

ILDgarithms = |
I_a[!rIIIIEI::?E. Court] | I || : || : | - ||{} | |and| Exp Log
[B edslope] |4||5||E| :=-||:=-=|||:|r|

[Bedzlope . Count]

nREd |
] |

[Reml1EBbufplZ] | | | 1 | | 2 | | 3 | | = | |-::= | |::mr| Expd Log2
[Fem1Bbufp12 . Cd | + | |

0 || | () | Exp10 Lagl0

[RemlGbufpls . M|

;'-‘-.SGru:I

[ [Ob16] »=100] and [[THk1E] >= 24] and [[Eedslope] > 13)

| »

4]

Evaluate

In Theme Properties, rename Map Calculation 1 as: bedslopegt12.
Record its source in the list of coverages to retain and rename.

These cells include coal that would be mineable by either room and pillar or by longwall
methods except for the fact that the bed has a slope in excess of 12 degrees.

Longwall mineable coal is included because the limits of equal to or greater than 100 feet for
overburden also include overburden at or above 300 feet needed for longwall extraction.

Similarly, the condition on coal thickness includes coal that could be mined either by room and
pillar or longwall methods.
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ﬂ Remcm36
I
:lNoData

| Thkid
[ Jo-18
[ 147- 32
[ ]=3-40
[ ]s0-65
[ ]o6- &1
[ =2- o8
[ == - 114
[ 115 - 1=0
11 - 147
[ JHorata

_| oOBi6
[Jo- 188
1187 - 2223
[_] =24 - 500
[ 501 -8687
I 6= - 534
B =35 - 1001
B 100z - 1162
B 1159 - 1335
Bl 1:=5- 1502
:lNoData

| Bedslope
1o
£
/2
B =
B 4
[ 13
=- -

Use Method A (pp. 6-66 and 6-84) to calculate the tons of coal in the area where the bed has a
slope exceeding 12 degrees:
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’.L" Attributes OF Bedslopegtl2

YW alue Coumnt tillior_tons_coa
....... 0:  BE307Z5 27057 ! -
....... 1 3583 21

-

| o[

There are 2.1 million tons of coal in areas where the bed slope exceeds 12 degrees. This coal is
not mineable by longwall or room and pillar methods because the slope is too steep.
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Update Layer of Remaining Coal by Removing Coal Where the Slope of the Bed Exceeds
12 Degrees

Next, we update the remaining coal coverage by removing the coal in bedslopegtl2 from the
latest remaining coal coverage.

The latest remaining coal coverage is remcm96.

Open Analysis Properties, and change Analysis Mask to rem16bufpl12:

Analyzis Properties: Yiewl

Analysis Estent | S ame Az FemlBbufp] 2 |
Left | -155677.503175 Top | 1970643 59375
Bottarm | 1693107.69375 Right | 191510.436825
Analyziz Cell 5ize | Current ' alue =]
Cell Size 116 em
| 17346

Mumber of Rows

Humber of Columnz | 21718

Analysiz bazk Axk=omE
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We reclassify bedslopegtl2 as follows:

Reclaszify Yalues

Clagzification Field: |ﬁ.ja|ue - |
Clazsify. .. | Urigue Lookup... I
Old Values Mew Walue
0 1 =
1 Mo Data
Mo Data Mo Data

Load

Save Ok, Cancel
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In Theme Properties, rename the new grid as
Rembslopegt12

Record its source in the list of coverages to rename and retain.

A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remIw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442sb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6
Coal allocated to cm96 mining 69.6
cm96 safety barriers 0.3
Remaining (remcm96) 2707.8
R&P and longwall coal

with bedslope > 12 degrees 2.1
Remaining (rembslopegt12) 2705.7
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Delineate coal that meets thickness and stripping ratio requirements but not the slope
requirement for contour strip extraction.

In Analysis Properties, enter these settings:

Analysis Properties: Yiewl

Analyziz Extent | Same &z Remlbbufpl 2 ﬂ

Left [-155677.503175 Top [ 1970643.69375

Battam | 1693107.63375 Right | 131810.496525

Analysiz Cell Size | Current Yalue =]

Cell Size 116 e
(7345

MHumber of Rows

| 21713

Mumber af Columnz

."1".r'|a|_l,l3i3 FERR B embzlopegt 2

ak. Cancel |
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Add grids: stripratiol0 and surfslope, to Viewl.

In Map Calculator, evaluate this request:

f: Map Calculation 1

| Logarithms |
L
(e i Ea I | EH T I
[ pe] Exp Log
[Surfslope . Count] |,-="’| |4||5||E| |}||}=||Dr|
[ ripratiod 0]
[St:g::t:z'll].l:uun HRHEEIREIEEE P o5
[rembedslopegtl 2] |—|— | | l || . | | 0 v*’ Expll Logln
[rembeds! N2,
[:ZQthZEEZEnz. d AslGrid |

[ [Stripratiol 0] <= 200] and [[Surfslope] > 32)

Ewaluate

L<]

In Theme Properties, rename Map Calculation 1 as:
Surfslopegt32

Record its source in the list of coverages to rename and retain.

Use Method A (pp. 6-66 and 6-84) to calculate the tons of coal in the area where the surface has

a slope exceeding 32 degrees:
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"L" Attnbutes OF zsurfzslopegt32

There are 123.2 million tons of coal in areas where the surface slope exceeds 32 degrees. This
coal is not mineable by strip contour methods because the surface slope is too steep.
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Update Layer of Remaining Coal by Removing Coal Where the Surface Slope Exceeds 32
Degrees

Next, we update the remaining coal coverage by removing the coal with surface slope greater
than 32 degrees from the latest remaining coal coverage.

The latest remaining coal coverage is rembslopegt12.

Reclassify surfslopegt32 as follows:

Reclazszify Yalues

Clazzification Field: |"Jalue = |

Clazzify. .. I nique Lookup... |
0ld % alues Mew Yalue
0 0 |
b 1
Mo Data 1]
4| x|

Load
Save ] Cancel
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Reclassify, Reclass of Surfslopegt32, as follows:

Reclaszzify Yalues

Clazsification Field: |ﬁ,.fa|u.3 |
Clagzify... | hique Lookup... I
Q0ld Y alues Mew Value
0 1 |
;1 Mo Data
. Mo Data . NoData

Load

Cave OF. Canicel

In Theme Properties, rename the new grid as:
Remssgt32

Record its source in the list of coverages to rename and retain.
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Use Method A (pp. 6-66 and 6-84) to calculate the tons of coal in remssgt32:

; ’L" Attributez OF Remsszgt32?

W alue Count Million_tons coa

I 1 RA42997 20825 ! d

J v [T

The estimate, 2,582.5 million tons, is the coal remaining after removal of the surface mineable
coal that cannot be mined because the surface slope exceeds 32 degrees.
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A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (rem16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remIw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442sb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6
Coal allocated to cm96 mining 69.6
cm96 safety barriers 0.3
Remaining (remcm96) 2707.8
R&P and longwall coal

with bedslope > 12 degrees 2.1
Remaining (rembslopegt12) 2705.7

Strippable coal
with surface slope >32 degrees 123.2
Remaining (remssgt32) 2582.5
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Delineate coal that has thickness of at least 12 inches and less than 24 inches but a stripping
ratio greater than 20 to 1.

In Analysis Properties, enter these settings:

Analysis Properties: Yiewl |

Analysic Extent | Same &3 Rem1Bbufpl2 ]

Left | 158677502175 Top | 1970643.69375

Battam | 1693107 69375 Right | 191810 496825

Analpziz Cell Size I Current Y alue ]

Cell Size |16 m
[17386

Humber of Rows

BEE

Murmber af Columns

Analyziz b aszk i remasgtds

k. Cancel |
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We have to create a layer of stripping ratios that extend over the entire remaining layer.

The layer, stripratiol0, has non-null entries when the stripping ratio is equal to or less than 20 to
1 (see page 6-5).

In Map Calculator, evaluate this request:

:‘ M ap Calculation 1

ILDgarithms =]
Laers EIREIBIEIRE
[remzagt3?) - = F Evp ey
[remssatd2 . Count] Y | 4 || 5 || G | R
[remszgt3d . millioni - g g g Erpe [Lome
[Reclass of surfslop | 1 || < || 3 | oE o
[Feclass of surfslop | 0l | ) e | r'u:|t| il e L]
[surfzlopeqgt32] e - ' '
[surfzlopegtd? . Co ;I Aslinid |
([ [ [[Ob16]Float ) [ [Thk16] .Float! 12.4:Gnd] 1100 nt =
Ewaliate

In Theme Properties, rename Map Calculation 1 as:
Stripratio10x

Add its source to the list of coverages to rename and retain.
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Next, we identify coal that is within 12 to 24 inches in thickness and has a stripping ratio greater
than 20 to 1.

In Map Calculator, evaluate this request:

f: Map Calculation 1

ILDgarithms =]
Lavers T E T
P i 9 Eom (E

[Map Calculation 2P ] ot | | | : | | | S Erp s
MapCaleuiaion2 | i/ [4][5)[6] = == iw

[stripratio] Omiztake i e Erpe [Lome
[stripratio] Omistake | 1 || fi || 3 | N

[ Ebui] D EEE (e R
[Mo16buf . Count] T = '

[=tripratio] Ox] ;I Ashid

[12A:G0d <=[Thk1E]] and [[Thk18] < 24] and [[stripratio] 0=] > 200) -

Ewaluate

In Theme Properties, rename Map Calculation as:
Cmthinsdeep
Add its source to the list of coverages to rename and retain.

Toggle on its display:
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| Mo1Gbuf

[ ]102

B s-s5

| Map Calzulation 2
[ ]o
£
[ ]HeData

| stripratio10mistak e
[Jo- 148z
[ ]14a84-
[ ] =2sz7-
[ ]a91-
[]5954-
[ ]7a17-
a1
[ 10244 - 1170t
I 11707 - 131710
|:| No [ ata

2026

4380 —
5853
7316
S7a0
10243

[ JHeData

| stripratiodd:

[Jo-1=s0
[ 11=51-
[ ]=zwmz-
[ ] aoss-
I 54903 -
Bl G754
I =10 -

2701
4052
5402
G753
5104
9454
10805

Bl 10506 - 1215 -
[ IHaoData

_| oOb1s
[Jo- 1688
[ 187 - 322 _|
-

334 - 500

Most of the coal (in brown or dark shade) that is too thin for room and pillar and too deep for
strip contour mining or area mining is located in a pod of Pittsburgh coal to the southwest of the

main body of Pittsburgh coal.

Much of this coal has thickness of between 18 and 22 inches in thickness and about 100 to 300

feet of overburden.

Next, we calculate the tons of unmineable coal using Method A (pp. 6-66 and 6-84):

10 - 23




"L" Attributez OF Cmthinsdeep

Walue Count tillion_tons_coa
1] 4351623 23525 Jd
1 1091304 190.0'

1 [

There are about 190.0 million tons of coal in thickness range between 12 to 24 inches with
stripping ratios greater than 20 to 1. The coal is too thin for room and pillar extraction and too
deep for strip contour or small area mining.

Update Layer of Remaining Coal

Next, we update the remaining coal coverage by removing this unmineable coal from the latest
remaining coal coverage.

The latest remaining coal coverage is remssgt32.

Because the Analysis Mask = remssgt32, removing coal that meets the conditions for being
unmineable leaves the new estimate of remaining coal.

Therefore, we obtain the remaining layer by reclassifying the cmthinsdeep layer:
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Reclasszify Yalues

Clazzification Field: |*v"alue =1
Clazzify... | nigue Loakup... |
0ld Y alues e Walue
i 1 -
1 Mo Data
Mo Data Mo Data

+| x|
Load |

Save | (] Cancel

In Theme Properties, rename the new grid as:
Remthindeep
Add its source to the list of coverages to rename and retain.

2,392.5 million tons of coal remain to be assigned to a category.
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A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remIw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442sb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6
Coal allocated to cm96 mining 69.6
cm96 safety barriers 0.3
Remaining (remcm96) 2707.8
R&P and longwall coal

with bedslope > 12 degrees 2.1
Remaining (rembslopegt12) 2705.7

Strippable coal

with surface slope >32 degrees 123.2
Remaining (remssgt32) 2582.5
Coal between 12 and 24 inches in

thickness and with stripping

ratio greater than 20 to 1 190.0
Remaining (remthindeep) 2392.5
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Delineate coal that has thickness of 24 inches or more, overburden of less than 100 feet, and
a stripping ratio greater than 20 to 1.

In Analysis Properties, enter these settings:

nolyis Propertes: Viewl |
Analysiz Extent | Same Az RemlBhufpl 2 =]
Left | -155677.502175 Top | 1970543.63375
Battam | 1693107.69375 Right | 191310.436825
Analysziz Cell Size | Current alue |
Cell Size 116 m
MNurmnber of Fows 117346
Murnber of Colurmns | 21718
Analyziz M ask
QE. Cancel |
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Next, we identify coal that is 24 inches or greater in thickness, has overburden of less than 100
feet, and has a stripping ratio greater than 20 to 1.

In Map Calculator, evaluate this request:

’.;' coal24gt20

ILDgarithms |
Layers : 3 | = || g || 9 | eiredimul
[remthindeep] - : f P _ Exp Log
[rermthindeen . Coug L | < || 5 || & | I LR H
[remthindeep . milic— = 1 = 3 frenn g g Erpe (Lo
[crthinzdeep] | || || | PoF i
[crnthinsdeep . Coug | 0 | - ioen |n|:|t| a0 Eeje ]
[crthinedeep . mill e et '
[Map Calculation 2];' Aslnid |
[ [Thk1E] »= 24] and [[OB1E] < 100] and [[stripratio] 0x] > 200] =

Evaluate

In Theme Properties, rename the new grid as:
Coal24gt20
Add its source to the list of coverages to rename and retain.

Toggle on its display:
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[ 158s54-
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[]&7=1-

2026
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Most of the coal (in brown or dark shade) has insufficient overburden for room and pillar or is
too deep for strip contour mining or area mining. Much of this coal is located in the pods of
Pittsburgh coal to the southwest of the main body of Pittsburgh coal.

Next, we calculate the tons of unmineable coal using Method A (pp 6-66 and 6-84):
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@ Attributes Of Coal24gt20

Yalue Count  [Million_tons coa
........ 0: 4067163 22675 {a]
1; 284454 104.5

There are about 104.6 million tons of coal with thickness of 24 inches or greater, with
overburden of less than 100 feet, and with stripping ratio greater than 20 to 1. The coal has too
little overburden for room and pillar extraction and is too deep for strip contour or small area
mining.

Update Layer of Remaining Coal

Next, we update the remaining coal coverage by removing this unmineable coal from the latest
remaining coal coverage.

The latest remaining coal coverage is remssgt32.

Because the Analysis Mask = remthindeep, removing coal that meets the conditions for being
unmineable leaves the new estimate of remaining coal.

Therefore, we obtain the remaining layer by reclassifying the coal24gt20 layer:
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Reclasszify Yalues

Clazzification Field: |*v"alue =1
Clazzify... | nigue Loakup... |
0ld Y alues e Walue
i 1 -
1 Mo Data
Mo Data Mo Data

+| x|
Load |

Save | (] Cancel

In Theme Properties, rename the new grid as:
Remcoal24gt20
Add its source to the list of coverages to rename and retain.

2,287.9 million tons of coal remain to be assigned to a category.
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A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remIw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442sb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6
Coal allocated to cm96 mining 69.6
cm96 safety barriers 0.3
Remaining (remcm96) 2707.8
R&P and longwall coal

with bedslope > 12 degrees 2.1
Remaining (rembslopegt12) 2705.7

Strippable coal

with surface slope >32 degrees 123.2
Remaining (remssgt32) 2582.5
Coal between 12 and 24 inches in

thickness and with stripping

ratio greater than 20 to 1 190.0
Remaining (remthindeep) 2392.5
Coal 24 inches and greater, with

overburden less than 100

feet, and stripping ratio

greater than 20 to 1 104.6
Remaining (remcoal24gt20) 2287.9
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The remaining coal, 2287.9 million tons, occurs in blocks too small to support a minimum size
mining operation.

The screening process to identify small blocks removed restricted areas and then grouped
contiguous coal for underground mining or, in the case of surface mining, coal segments within
2 miles. We then estimated the coal in the non-restricted parts of the blocks to see if there were
enough resources to support a minimum size mining operation.

Reasons that coal could fall through to the fragmentation category include:

- restrictions break the coal into non-contiguous segments reducing the likelihood that
there will be adequate coal in contiguous blocks; this effect applies mainly to interstate highways
which span large areas and break the coal into separate blocks.

- smaller insular blocks around the perimeter of the remaining Pittsburgh bed are thrown
into the fragmentation category when restrictions reduce the coal to an amount below the
resources required by a minimum size mine.

- the blocking of the coal into thickness and overburden categories to fit mining
technologies can fragment the coal when there is a lot of local variation in thickness and
overburden; this effect is quite prominent in the pods of Pittsburgh coal to the southwest of the
main body of remaining Pittsburgh coal.

- there are many irregular configurations in the coal near the mined out areas of the
Pittsburgh accounting for significant fragmentation.
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Delineate Restricted Coal Within the Layer of Fragmented Coal
Next, we proceed to estimate coal in restricted areas (using the union7restr layer) within the latest
updated remaining layer, remcoal24gt20.

In many cases, the restrictions remove enough coal so that the coal resource block does not have
enough coal to support a minimum size mine.

In these cases, the coal not available for mining is the coal remaining after the restricted coal is
removed (in effect this coal is bypassed if the area were ever to be mined).
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In Analysis Properties, set Analysis Mask to remcoal24gt20:

Analysziz Properties: Yiewl

i Same Az RemlBbufpl 2

Analysiz Extent

Left | 1565677502175 Top | 1970643 63375
Bottorn | 1693107 63375 Right [ 191210.496825
Analyziz Cell Size | Current alue =]
Cell Size 116 m
Murnber of Rows | 17346
Mumber of Columnz | 21718
Analysiz Mask | remcoal24a0t20 B3

Q. Canicel |
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Add grid theme union7restr to Viewl.

In Map Calculator, evaluate this request:

’L" Map Calculation 1

L
er'l.'_"rE:E:tr] | }E | | ? || 8 | | 9 | | - | |{} | |ar'|d|
[UnionTrestr . Coure |,-f"’| |"-1-||5 ||E| |}||}=||Dr|
R Z4gt20]

[HZEZWEED.[ |_| |1 ||E||3 | |“ ||“=||“°r|
[Coal24gt20] | i | | 0 || . | | {3 ||n|:|t|
[CosiZagt?] T

[EEZE@ED.M?;E; | AslGrid |

|L|:|g;|arithrns = |
Exp | Log |
Expz | Logz |
Exp10 | Logio |

[ [ [Femcoal24gt20]) and [[Union7rest]] 1.Con(0.45Gnd. 1 4:Grnd

Evaluate

4]

In Theme Properties, rename the new grid as:
fragcoalr

Add its source to the list of coverages to rename and retain.

Toggle on the display for fragcoalr:
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| UnionTrestr
[_]o
1+
[ JHoData

| remecoal2dgtzo

[
[ JMHaoData

| coalzdgtzo

L o
.
[ JHoData

| remthindeep
.
[ JHoData
| ocmthinsdeep it
Lo
- N
[ JMHoData §'
| Map Caleulation 2
[ _]o .
= R
[ ]HoData % :
| stripratio10miztak e

[Jo- 1496z

[ 1484-
] =2a27-
[ J4=a1-
[ 5=54-
[ ]7=17-
[ Js&v=1-

[ 10244 - 1170
el 41707 - 1317

2926
4390
5853
F316
ayao
10243

The dark (brown) areas are restricted areas within fragmented coal; the light (blue) areas are

areas of fragmented coal that are not restricted.
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Use Method A (pp. 6-66 and 6-84) to calculate the tons of coal in fragcoalr:

’;" Attributes OF Fragcoalr

Y alue Count  |Million_tons_coa
1] HEEI62 aa0.2 —
1 3480807 19377
1| | ]

Fragmented coal, net of restricted coal, is estimated to be 1,937.7 million tons.

Restricted coal within fragmented coal is estimated to be 350.2 million tons.
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A summary of estimates, starting from Rem16mcell (remaining, chapter 5), is:

Remaining (reml16mcell) 15790.2
Safety barriers (mined-out coal) 157.2
Remaining (rem16buf) 15633.0
Coal <12 inches in thickness 42.1
Remaining (rem16bufp12) 15590.9
Coal allocated to surface mining 918.4
Surface mining safety barriers 80.9
Remaining (remsurfall) 14591.3
Coal allocated to longwall mining 7987.0
Longwall mining safety barriers 100.5
Remaining (remIw96sb) 6504.4
Coal allocated to cm2442 mining 298.9
cm2442 safety barriers 7.2
Remaining (remcm2442sb) 6198.2
Coal allocated to cm4272 mining 1861.6
cm4272 safety barriers 36.6
Remaining (remcm4272sb) 4299.9
Coal allocated to cm7296 mining 1495.9
cm7296 safety barriers 26.3
Remaining (remcm7296sb) 2777.6
Coal allocated to cm96 mining 69.6
cm96 safety barriers 0.3
Remaining (remcm96) 2707.8
R&P and longwall coal

with bedslope > 12 degrees 2.1
Remaining (rembslopegt12) 2705.7

Strippable coal

with surface slope >32 degrees 123.2
Remaining (remssgt32) 2582.5
Coal between 12 and 24 inches in

thickness and with stripping

ratio greater than 20 to 1 190.0
Remaining (remthindeep) 2392.5
Coal 24 inches and greater, with

overburden less than 100

feet, and stripping ratio

greater than 20 to 1 104.6
Remaining (remcoal24gt20) 2287.9
Restrictions to Fragmented Coal 350.2
Fragmented Coal, Net 1937.7
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Delineate Coal in Areas With Environmental and Social Restrictions
Next, we recalculate the coal restricted by environmental and social limits:

Pipelines

Oil and Natural Gas Wells
Urban Areas

Parks

Interstate Highways
Populated Places

Streams

Water Bodies

The first step is to consolidate all of the restriction cells into a single coverage. The following
coverages by mining technology are the layers we want to consolidate:

Lmul236surfcz
Imu36surfcz
Imusasmz
auger1236f
auger36f
Iw4272finalb
Iw7296finalb
Iw96finalb
cm2442finalb
cm4272finalb
cm7296finalb
cm96final
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In Analysis Properties, enter these settings:

Analyzis Properties: Yiewl

fnalyzis Extent §

Left | -1558677.502175 Top | 197064363375
Baottor | 1693107 63375 Right [ 131910.4965825
Analyziz Cell S5ize | Current ' alue ]
Cell Size 115 m
Mumber of Fows | 17346
Murnber of Colurnns | 21718
Analysis Mazk | Mo Mask Set ]

Q. Cancel |
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We process each layer by

1. Checking its properties to see if the extent covers the remaining Pittsburgh

2. Reclassifying the coal so that restrictions have value=1 and all other cells have

value=0.

The process is demonstrated using the first layer, Imul236surfcz

Add grid theme, Imul1236surfcz, to View 1.

Open the Theme Properties Window:

i} Theme Properties

Theme Mame: | Lrul 2363urfcz

Source: | o testuserdmul 236surfcz

CellSize: | 16

17346

Cols | 21718

Hows

Left: | 1556775032

Right | 191510.4368

Bottom: | 1533107 6333

Top: | 1970643.6933

— Tvpe: | Integer
Locking I ]

Status: | Pernarnent

Comments:; I

Rl

] | Cancel

Rows = 17346, Cols = 21718, and Left Bottom entries indicate the extent is Rem16bufpl2,

which is what we want.
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Reclassify Imul236surfcz as follows:

Reclazsify Yalues

Clazsification Field: |ﬁ,.fa|ue = |
Clagsify... rique Lookup...
0ld Values M ew Value
a 1 |
1 1]
2 1]
Mo Data 1]

+| x|

Load

Save ] Cancel

In Theme Properties, name the new grid as:
Cs1236r
Add its source to the list of coverages to rename and retain.

Repeat the 2 step process for each of the coal layers and the fragmented coal layer.
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After entering “0' as the new value for “NoData”, make sure you press the Enter Key

Open the table for your coverages.
You should have a very large count for the 0 cells.

Also, a good result is indicated when your new reclassified grid has black fill for the NoData
category.

Next, we union all the coverages to obtain a consolidated coverage of restricted areas where
prospective coal mining is targeted.

In Map Calculator, evaluate this request:

é! Map Calculation 1

| Lagarithrs =]
= o D EFIEIET e
s cenl 7] EEIE] EEIE
el BN [ [ S A A
(Cmd2721] +] [ o J[-] [ @ |[r=] _Esi0] Leato |
[Crd272r . Count]

- AzGnd |

[ [Cs12360)] ar [[Sazmr]) or [[Cz360]) or [[Suger3Gr]] or [[Augerl 23660) ar [[Lw3Er]] ar [[Lwd236r]) or -
[[Lewd2¥ 2] or [[Crm36r]] or [[Crm7 2960 or [[Cmd27 20 or [[Cm24d20) (e

L4]

Ewaluate

In Theme Properties, rename the new grid as:
Restrtomining

Add its source to the list of coverages to rename and retain.
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Toggle on the display for restrtomining:

I o ata

| frageoalrrr
o
[_11
I o ata o
| em9&r
o
11
I o ata
| em7Tz2o60
o
11
I o ata
| emd2TEr
I °
11
I e ata

| cmza4zr

| T EeET
[ o
L1t
I o ata

| a2z . . R P ‘ ,

0 r".r Cotat T ' T . ..:'
%1 LI -. "'-_.I o '_:f ) .' N " i LIS ’ '\__.. ' II--.'.'

Use Method A (pp. 6-66 and 6-84) to calculate tons of coal in the restricted areas:
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g

¢ Attributes OF Hestrtomining

W alue Covnt Million_tons coa
........................... 0: 375555433: 150758 =
1:  1164929: 714,31

..........................................................................................................

1| | »

The estimate of tons in restricted areas that occur where coal is available for mining is 714.3
million tons.

Earlier, chapter 5 p 5 - 25, we estimated coal in restricted areas to be 2,265.6 million tons.

While that estimate is correct for the entire remaining Pittsburgh bed, the relevant issue is the
amount of restricted coal in areas that would otherwise be available for mining.

Large amounts of coal are set aside due to environmental and social restrictions. Even larger

amounts of coal are set aside due to technical considerations. Coal availability is significantly
impacted by both environmental and social constraints, and by technical constraints.
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Break Down the Aggregate Estimate for Restricted Areas into Mutually Exclusive
Estimates for Each Restriction Category

Next, we break down the aggregate estimate for restricted areas into separate estimates for each
of the environmental and social constraints.

Reclassify restrtomining as follows:

Reclaszify Yalues

Clazzification Field: |"-.-"a|ue E3
Clazzify. .. rique Lookup...
Old Walues M e Walue
1] Mo Data | —
1 1
Mo Data Mo Data

L4]

+| x|

Load

Save ] Cancel

In Theme Properties, rename the new grid as:
Restrtm1null

Add its source to the list of coverages to rename and retain.
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In Analysis Properties, enter these settings:

Analyziz Properties: Viewl

Sarme &z Bem1Bbufp] 2 2

-155677.503175 197064369575

16931 07.69375 1918104965825

Current Y alue Ed
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Add these grid themes to View1:

Pipelineszero
Wellszero
Urbanareazero
Parkszero
Interstazero
Placeszero
Streamszero
Waterzero

In Map Calculator, evaluate this request:

#& Map Calculation 3

| Logarithrns |

e —— B B0 BEE . L

[Placeszern . Coun |,-f”'| |4||5||B| |}||}=||Dr|

(el ] o

MZQE?E.EM] =1 JEdE) Ll Sl i

(W aterzero] |+ | | 0 || . | | 03 ||n-:ut| Expl0 Logl0

[ at . Count

[LlrEaEr:ZZDazers]Lm ;I Ashnd |

[ [Pipelinezzero] | and [ not | -
[ Pwfellzzera] ) or [[Urbanareazera]] or [[Parkszera]) or [Interstazero]] ar [
[Flaceszem]] or [Streamszero]] ar [ aterzena]]

]

Evaluate
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- Make Map Calculation 3 active

- Under the Analysis Menu, click “Summarize Zones”
- Make tonsbycell the summarizing theme

- Record the tonnage from the Stats table

- Make the Stats table active; under File Menu export the Stats table

- Repeat for each restriction coverage
We are following this Hierarchy (recall similar calculation on p 5-23 through 5-24):
Pipelines
Wells
UrbanArea
Parks
Interstate Highways
Populated Places

Streams
Water Bodies

Pipelines have lowest priority. The expression in Map Calculator for Pipelines includes only the
area with pipelines exclusive of overlap with any of the other restriction coverages.
To make the estimate for Wells (the next coverage in our list), we

Make Map Calculation 3 active

Under Theme Menu, click “Edit Theme Expression”

In Map Calculator, replace Pipelines with Wells and eliminate Wells from the “not” list:
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":.' Map Calculation 3

| Logarithmsz = |

e % BEE CEE

[Placeszzern) -
[Placeszero . Coun | 4 || 5 || b | = ’ iz
[ellszera] s e ErpE Ky
Mellzzera . Count] HEE

[ aterzern] i | 0 | e §|r'u:|t| = (ol
[ aterzero . Count T ' '

[Urbarareazers] =] Azland |

[ Pwellzzen]) and [ not | -
[[Urbanareazera]) or [[Farkszen]] or [Interstazera]] or |
[Flaceszem]) or [[Streamszero]] or [P aterzero]]

)

Eun [Lom

Evalate
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Proceed in like manner to analyze each restriction coverage.

In each case, we replace the left side (of “and’”) coverage with the coverage next on our
hierarchy.

Also, we remove the coverage being processed from the “not” expression.
Don’t forget to save the table from “Summarize Zones”

Estimates which are mutually exclusive are:

Pipelines 279,843,872
Wells 72,132,880
UrbanArea 25,196,828
Parks 73,180,040
Interstate Highways 50,322,088
Populated Places 78,564,336
Streams 105,982,368
Water Bodies 29,029,088

Total 714,251,500

The Total agrees with the composite exclusive estimate made above.
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Summary of Final Estimates
Next, we summarize and report final results.

The results are aggregated into 3 categories:
Coal Available for Mining
Coal Set Aside due to Environmental and Social Restrictions
Coal Not Mineable Because of Technical Limits

Coal Available for Mining

Surface Mineable Coal 745.1 million tons
Coal Mineable by Auger 73.9 million tons
Longwall Mineable Coal 7,593.0 million tons
Room & Pillar Mineable Coal 3,504.9 million tons

Total 11,916.9 million tons

Environmental & Social Restrictions (tons)

Pipelines 279,843,872
Wells 72,132,880
UrbanArea 25,196,828
Parks 73,180,040
Interstate Highways 50,322,088
Populated Places 78,564,336
Streams 105,982,368
Water Bodies 29,029,088

Total 714,251,500

Technical Restrictions

Safety Barrier, Mined-Out Coal 157.2 million tons
Coal < 12 inches in thickness 42.1 million tons
Surface Mining Safety Barriers 80.9 million tons
Longwall Mining, Safety Barriers 100.5 million tons
Room & Pillar, Safety Barriers 70.4 million tons
Underground, Bed Slope > 12 Degrees 2.1 million tons
Surface, Surface Slope > 32 Degrees 123.2 million tons
12 to 24 in., Stripping Ratio >20to 1 190.0 million tons
>24 in., Overburden < 100 ft, >20to 1 104.6 million tons
Fragmented Coal 2,287.9 million tons

Total 3,158.9 million tons
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Coal Available for Mining 11,916.9 million tons

Environmental & Social Restrictions 714.3 million tons
Technical Restrictions 3,158.9 million tons
Total 15,790.1 million tons

The total, over all assignments, equals remaining Pittsburgh coal resources of 15,790 million
tons.

This adding-up check indicates that the methods have resulted in consistent estimates.

Of note is the fact that technical restrictions are about 4 times as large as environmental and
social restrictions.

The amount of coal that falls into the technical restriction category can only be known when the
entire remaining bed is allocated to mineable coal resource blocks.

In chapter 5, we estimated environmental and social restrictions as 2,266 million tons.

We assumed that stream buffers were areas restricted for coal mining. Stream buffers contain a
large amount of potentially restricted coal: 1,320.3 million tons

After the assessment of mining methods, stream buffer restrictions were found to be a relatively
small amount: 106.0 million tons.

Underground mining on the Pittsburgh does occur below stream buffers. In contrast, mining does
not occur below water bodies. Water bodies remained as an important restriction to all coal
mining and stream buffers remain an important restriction to surface mining.

The analysis shows that fragmented coal can be an important restriction to available coal.

Only by analyzing the entire remaining Pittsburgh coal bed, were we able to identify coal that
could fall into the fragmented category.
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Rename grids to more convenient names

The final step is to rename grids to more convenient names
Save the current project

Start a new project

Open a new view

Toggle on the Spatial Analyst Extension

Under File Menu, click “Manage Data Sources” to access the Source Manager

&! Source Manager

Grid M ame Directones:
Il o htestuser Ceroe] |
B cal: - = ot -
Bl calc10
B calc11 7] esridata
B calcl? Copy
Bl calcl3 5
[ calc14 Srame
B calclb |
Delet
Ml calcl® hd =] oee
Source Types: Crriveees:
[Grid =l e —
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Then rename the initial grids with the following names:

(You would, of course, use your project path when you rename the grids.)

Coverage Original Name New Name

Coal that meets technical require-

ments to be mined by room and

pillar (R&P) or longwall methods

except that it has a bed slope

> 12 degrees c:\testuser\calc9 c:\testuser\bedslopegt12

Latest updated layer of remaining

coal, takes coal with bed slope

> 12 degrees out of previous

remaining layer c:\testuser\rclss2 c:\testuser\rembslopegt12

Coal that meets technical require-

ments to be mined by surface

methods except that it has a surface

slope > 32 degrees c:\testuser\calc11 c:\testuser\surfslopegt32

Latest updated layer of remaining

coal, takes coal with surface slope

> 32 degrees out of previous

remaining layer c:\testuser\rclss3 c:\testuser\remsslopegt32

Stripping ratio for surface
mineable coal c:\testuser\calc13 c:\testuser\stripratio10x

Coal 12 to 24 inches in thickness
with stripping ratio > 20 to 1 c:\testuser\calc14 c:\testuser\cmthinsdeep

Latest updated layer of remaining
coal, takes coal 12 to 24 inches in
thickness with stripping ratio > 20
to 1 out of previous remaining layer c:\testuser\rclss5 c:\testuser\remthindeep

Coal > 24 inches in thickness,

with overburden < 100 feet, and
with stripping ratio > 20 to 1 c:\testuser\calc17 c:\testuser\coal24gt20
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Latest updated layer of remaining
coal, takes coal > 24 inches in
thickness, with overburden < 100
feet, and with stripping ratio

> 20 to 1 out of previous
remaining layer

Areas identified as fragmented
coal

Areas with restricted coal
within the area with coal
identified as mineable by
surface methods, coal 12 to
36 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
surface methods, coal

> 36 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable in
small area surface mines,
coal >36 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
auger, coal 12 to

36 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
auger, coal

> 36 inches in thickness

c:\testuser\rclss6

c:\testuser\calc18

c:\testuser\rclss7

c:\testuser\rclss9

c:\testuser\rclss10

c:\testuser\rclss11

c:\testuser\rclss12
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Areas with restricted coal
within the area with coal
identified as mineable by
longwall methods, coal

42 to 72 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
longwall methods, coal

72 to 96 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
longwall methods, coal

> 72 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
R&P methods, coal

24 to 42 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
R&P methods, coal

42 to 72 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
R&P methods, coal

72 to 96 inches in thickness

Areas with restricted coal
within the area with coal
identified as mineable by
R&P methods, coal

> 96 inches in thickness

c:\testuser\rclss13

c:\testuser\rclss14

c:\testuser\rclss15

c:\testuser\rclss16

c:\testuser\rclss17

c:\testuser\rclss18

c:\testuser\rclss19
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Areas with restricted coal
within the area of
fragmented coal c:\testuser\rclss20
Restricted coal, obtained

from a union of the 13

layers of restricted coal

indexed immediately

above c:\testuser\calc20

Restricted coal, as a
1-null layer c:\testuser\rclss4
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Congratulations!!!!

You have finished Chapter 10 and the complete coal evaluation.

You have mastered the use of ArcView and Spatial Analyst.

You have completed a detailed analysis of coal available for an entire coal bed.

The results uncover the role that technical limits ultimately play in reducing coal available
for mining.

For some beds such as the Pittsburgh, technical limits represent a larger constraint to coal
availability than do social and environmental limits.

Give yourself two pats on the back.
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Appendix A
Estimating Coal by Reliability, Thickness, and Overburden Categories

Problem: Estimate Coal (excluding coal in restricted areas) by Reliability, Overburden,
and Thickness Categories

You are tasked to estimate coal tonnage in buffers within specified distances of drill holes.

Then, you are required to estimate coal within reliability class by coal thickness and coal
overburden categories.

Complication: By Federal and State law, some coal cannot be mined (e.g., within 100 feet of
interstates, 300 feet of public parks, etc.). Your estimates are to exclude the coal in these set-
aside areas.

Primary Data:

(1) You have a point file (for a specific coal bed) containing longitude and latitude for the
locations of drill holes. Each record in this file also contains (for each drill hole), the
coal thickness of the sampled coal, measured in inches.

(2) Using bed elevation (by drill hole) and a DEM, you also have calculated overburden at
each drill hole location measured in feet and added this overburden estimate to each drill
hole record.

(3) You have a polygon feature theme that delineates the area of remaining coal for the target
bed.

This appendix is designed to illustrate methods. Small sample data sets are used. The
illustrations do not adhere in all cases to the coal classification methods described in U.S.
Geological Survey Circular 891. However, the methods illustrated in the appendix can be
applied using the specific classifications found in Circular 891.



Steps to Organize Your Project Work

Establish a data folder (on your computer hard drive) and place all the data you need for
the project in that folder:

1. Point file with drill hole data
2. Shapefile of remaining coal

3. Shapefiles of set-aside areas such as roads, parks, etc.
This step may require you to download multiple county files, merge the
separate county files into a multiple county file, and then clip that
coverage using a polygon coverage slightly bigger than the areal extent
in the remaining coal coverage.

Decide upon an appropriate projection for your project. Set projection parameters and
reproject all of your coverages to that projection.



Add Project Data and Open Themes in the View Window

Copy all of the files from the diskette (Data for Spatial Analyst Assessment) to c:\sptemp
remaining.shp
drillholes.shp
interstate.shp
park.shp

Open a New ArcView Project
When Queried to Create a New Project: Make sure radial button is on for a New View
When Queried to Add Data: Click No
Under the File Menu:
Click “Set Working Directory”
In the dialog window enter: c:\sptemp
Click “OK”
Under the File Menu:

";' Work Directory

Specify new wark, directony Ok

Iz spier Cance

i

Click “Extensions”
Click the toggle for Spatial Analyst
Click “OK”



1= Extensions

Sy allable Extensions:

Sarmples Browser
Shapet/arp 2.2

Shapefile Deszcription Dialog
Spatial Analyst

S-PLUS far ArcMiew G115
TIFF 6.0 lmage Support
Viewhd aker

I I . ) B B

=

About;

0K, |
Canicel |
Rezet |

[ Make Default

Under the View Menu:
Click “Properties”
Set Map Units: Meters
Set Distance Units: Miles

Cancel |

Click “OK”
& View Properties
Mamne: | Yiew]
Creation [ ate: | Saturday, Decemnber 18, 1939 053317 P
Creator: |

kap L nits: | Tnekers

Diztance Units: | miles

Projection... |

Area Of Interest. . |

=
=l

=]

B ackaground Calar:

Select Calor.

Cornmernts:




Add these themes:
c:\sptemp\remaining.shp
c:\sptemp\drillholes.shp

Toggle on display for both themes (drillholes above remaining in Table of Contents)
In Table of Contents, double click to open legend editor for remaining.shp

Change:
polygon fill to hollow

7 Legend Editor

L d Twpe: [ 5 =
egend Type! | Single ¢ 2 Fill Palette =] B3 Save...
Drefault
Symbol
[ ]
Crouble click the symbc
Outhine; ||]_1 |
Edvanced.. Statistics. .. {1 Fed Apply




In Table of Contents, double click to open legend editor for drillholes.shp
Change:
symbol size to 4 and
color to red

"L' Legend Editor

Symbol .

' [@]
.
°
AN
o

Drouble click the symbc

Advanced... Statiztics... il jele Apply
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Create a Grid Coverage of Coal Thicknesses

Our first task is to create a grid coverage that assigns a coal thickness to every cell in the
coverage. In other words, we proceed to fit a surface to the drillhole data with coal thickness as
our interpolated variable.

We want to have a model or grid of coal thickness only in the area of remaining coal. Therefore,
initially we make remaining.shp into a grid. By doing so, we can use the remaining grid as a
mask At this point, we decide upon the analysis extent and cell size to use throughout the
project.

Make remaining.shp active
Zoom to active theme

The *“Zoom to Active Theme” Button is between the Graphics and Window Icons (at the
button level). It looks like a stack of three books, the middle book is gray, there is an
arrow pointing at the top of the stack

Under Analysis Menu
Click Properties
Analysis Extent: Same as Display
Analysis Cell Size:
Pick “As Specified Below”
Notice the m to the right of cell size indicating map units in
meters
Cell Size: 16 (Note: make sure you press Enter after you type 16.

You should then see 630 or 693 in the Rows Window and a number in the Columns
Window.

Click “OK”

Record the row and column counts on a piece of paper. Periodically, we will check our
settings against these counts.

A row count of 630 or 693 covers the area outside the remaining layer.

Proceed if your row count is either 630 or 693.



Same Az Dizgplay

128209 671157 1658331, 271002
1647236.463358 121918.972738

Az Specihied Below




Make remaining.shp the active theme

Under the theme menu
Click Convert to grid
In window that opens change the grid name to remainingcoal
ID is the correct field for cell value. Click “OK”
Click “No” when queried to Join Feature Attributes
Click “Yes” when queried to add theme to view
Display remainingcoal

Under Analysis Menu
Click Properties
Set analysis mask to remainingcoal
Click “OK”
See Settings in the display that follows:

Current W alue 2

-135809.671157 | 1658331 21002

1647236463958 121318.972738 |

Current Walue 2




Open the table for drillholes
Examine the field names. Note the field called thick _in. This is the field we will use to
build a thickness surface.

"-;" Attrnibutes of Drllholez_shp

5
a
<
2
7
-l
J
1
.
I\L




Make Drillholes.shp the active theme

Under the Surface Menu
Click Interpolate Grid
Set Z Value Field to thick_in
Set Power to 1
Accept all other values
Click “OK”

Interpolate Surface

Method | DWW -

= Walue Field Thick, in_ il

(« Mearest Meighbors {~ Fixed Hadius

Mo of Meighbors 12

Fower |1

Bariers | Mo Bamers -

Ok, Cancel




Next, we convert the thickness grid to an integer grid. To do this we must decide the level of
significance for thickness, to retain in the project. We set the significance at one place to the
right of the decimal point. To have an integer grid with this significance, we multiply the
thickness grid by 10 and apply the integer request (int):

Under the Analysis Menu
Click Map Calculator
Double click “Surface from Drillholes.shp” in the Layers List
Click the * (in the left-middle part of the window)
Click “1” and “0” on the number pad
On keyboard, press the “End” key (above the arrow keys)
Click the dot on the number pad in ArcView
Type “int”

Your expression should be:

;I-':_n

il Map Calculation 1

| Lagarithms | =]
L
i-Ell::Ee frorn DrilllholiEs |;E | | ‘ | | 8 | | : | | - | |{} | |3ﬂd| Exp | Log |
[Femainingzoal] |x"'| |4||5 ||E| |3=-||:=-=||Dr|
Pemsriaced o B SN ST S 55 o e
|+ | | 0 || . | | iy ||n|:ut| Expll | Loglld |
'~ AsGrid |
[ [Surface from Drillholes. shp] * 10).ind -
Evaluate

Click Evaluate

Now for a little cleanup



Make Surface from Drillholes.shp the active theme
Under the Edit menu

Click “Delete Themes

Click “Yes”

Make Map Calculation 1 the active theme
Under the theme Menu

Click Properties

Rename: Thickness*10

Click “OK”

&! Theme Properties

Theme Mame: | Thicknes:*10

Source: | o heptemphicalc

CellSize: |1E Rows | 633 Cols 1558
Left | 1358036712 Fight: | 1219216712

Bottom: | 1547236 454 Top: | 1652324, 454
Tope: | |nteger Statuz: | Permanent

Locking

Camments: I

k. | Cancel

|1




Under the File Menu: Save project as: c:\sptemp\coal

i2 Save Project As

File M ame: Directories: 0k
| coal c:aptemp
2B ool npn - ‘E- o - Cancel
£ calc
7 infa
£ remainingcoal
7 sfacel
— —
Cirives:
= =]

Create a Grid Coverage That Has Tons of Coal as the Cell VValue for Each Cell

Next, we use the thickness grid to make a new grid that has tons of coal for each cell

Some Preliminary Math:

There are 0.445 tons of coal per square meter-foot
(equivalent to 1800 tons per acre-foot)

Thickness*10 is measured in inches and has been multiplied by 10 for conversion
to an integer grid
To convert to feet: thickness*10 x (1/10) x (1/12)
Each cell is (16m x 16m) or 256 square meters
A square meter-foot in a cell follows as: 256 x (1/10) x (1/12) = 2.1333

Thus tons of coal per cell = 0.445 x 2.1333 x (thickness*10)
Or tons of coal per cell =0.94933 x (thickness*10) per cell

Example: Consider a cell where thickness*10 = 240 (cell has coal 2 feet thick)
Coal in cell (16m x 16m) = 0.94933 x 240 = 240.9 tons



Under the Analysis Menu
Click Map Calculator
Enter this request:

'3 Map Calculation 1

| Logarithms |
L
i:|=:.r'|E:E::E::"'| 0] |;IIIE | | - || 8 || J | | - ||{} | |and| B | Log |
[Thickness 10 . Co 2] (418 ]le] [=]==]]~]
pemel s | O DEIE BEE S 2
| |+| | o || . | | ) ||n|:|t| E:-:p'lDl Lag10 |
~ #sGrid_|
[ [Thickness*10] * 0.94333).int 4]
Ewaluate

Click Evaluate

After Map Calculation 1 is added to the View Window, click the “X” of the Map
Calculator Dialogue Window to close the window.

In the Theme Properties window change Name of Map Calculation 1 to Tons By Cell

Save Project

Create Coverages of Areas Restricted for Coal Mining

Next, we build coverages of restricted areas. We have two cases, parks and interstates.
Interstates

Convert the interstate feature theme to a grid theme:

Add the interstate feature theme from c:\sptemp
Check to make sure Analysis Properties are unchanged (cell size =16,
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rows = 630 or 693, and columns = the number you recorded)
Make the interstate theme active
Under the theme menu:
Click: Convert to Grid

Gnalysiz  Suface  Graphics

Eroperties. ..

T BT

Start Editing
SaveEdits
Srave Bditeg

Corveert to Shapefile. ..

[ = =

Srawe [ata Seh.

by Edit Legend...

12

15 Hide/Show Legend

;f Eematch Edadresse s, L
2 Autodabel. Ctil+L
a0 HEmavellate!s (StrlEh
33 Hemeve [yelapping Latels

236

M [Eomvert el appmgLate e B0
- T able...

12 Cluern... Chrl+0)
16

10 Select By Theme. ..

Create Buffers. ..

= Clear Selected Eeatures

Edit T heme ExEressan.,
to gnid themes

Save theme as c:\sptemp\interstate
When queried to pick field for cell values, click “Ok”
When queried to join feature attributes, click “No”



When queried to add grid to view, click “Yes”
Toggle on the interstate grid

i Viewl

o Interstate =
I -
[ JHoData

Interstate = hp

v

tons by cell

[ 428 -186 —
[ ]157 - 185

186 - 214
215 - 243
294 - 272

[ ]=273- =01
[ ]=02- 330
[ 331 - 354
[ =60 - 388
[ JHoData ll
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Federal law requires a 100 foot buffer around roads. Our representation of an interstate is one
cell wide. Remember in Analysis Properties we set cell size to 16 meters or approx. 50 feet. An
interstate is considerably wider than 50 feet. We will assume that in total an interstate is 650 feet
wide in rural areas (or 6 more cell widths on each side of the original cell). A 100 foot buffer
adds 2 more cell widths. In total, we will add 8 cells to each side of the single road cell:

Under the Analysis Menu
Click Properties
Set Analysis Mask to “No Mask Set”
This important step puts an unrestricted buffer on the feature so that any part of the
feature that is not on remaining coal will still block access when its buffer (as distinct
from the feature) overlaps the remaining coal area.)

Analyziz Properties: Yiewl |

Analysis Extent | Current alue - |
Left [ -134616.17523 Top | 1657526.951531
Battorm | 1647740773363 Right | 123112 463665
Analyziz Cell Size | Current ¥ alue =]
Cell Size |16 m
MNurnber of Rows | 630

[F13

Mumber of Calumns

.":".r'la|_'.-'3i3 M azk Mo Mazk Set

ak. Cancel |




Under the Analysis Menu
Click Map Calculator
Evaluate this request:
After Map Calculation 1 is added to the View Window, click on the “x” of the Map Calculator
Dialogue Window to close it.

=10] %]
|Logarithms [«

[Irterstate]
[Interstate . Count]
[tors by cell]

[tons by cell . Coun
[Thicknesz*10]
[Thicknesz*10 . Caol
Remainingcoal

[ [Interstate]).E zpand(2.10}]

Rename Map Calculation 1 as Interstate with 100” buffer
Toggle on its display
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&! Theme Properties

Theme Mame: | Interstate with 100" butfer

Locking

L<]

Source: | o heptemphicalc3

CellSize: |15

Left: | 13568096712

Rowe

Bottom: | 1647235464

Type: | Integer

EE Cole |58

Right 11213216712

Top: | 1655324.464

Status: | Temporarny

Cormments: I

k. | Cancel

1]

& Interstate with 100 _*

Hao [ ata

v

=

Inter=t ate
I -
[ | NoData

Interstate = hp

<

tons by cell

L

125 -
157 -
156 -
215 -
244 -
273 -
302 -

156
185
214
292
272
201
230

Parks




Convert the park feature theme to a grid theme:

Add the park feature theme from c:\sptemp
Check to make sure Analysis Properties are unchanged (cell size =16,
rows = 630 or 693, and columns = the value you recorded)

Make the park theme active
Under the theme menu:
Click: Convert to Grid
Save theme as c:\sptemp\parks
Add theme to view and toggle on its display

& Viewl
| Pams =
]
No [ ata
| Pad.zhp
« Interstate with 100" —
0 i
Mo [ ata 1
\ﬂ Inte r=t ate
I -
[ | Mol ata
| Interstate shp
tans by cell
1122-158 7|
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Federal law requires a 300 foot buffer around parks.
Therefore, we will expand the park grid by 6 cells
Under the Analysis Menu

Click Map Calculator
Evaluate this request:

=10] ]
Logarithms =]

[Farks . Count]
[Interstate with 100
[Interstate with 100
[Interstate]
[Interstate . Count

[ [Parkz]).Expand[B.{0}

Rename Map Calculation 1 as Park with 300" buffer
Toggle on its display
You may have to change colors in Legend Editor to see the buffer
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i Viewl

v

v

Pak=

0
Ho [ ata

Fade with 200" buff
[ ©
[ JMolata

=

Fat.shp

Interstate with 400"
0
Ho [ ata

Inter=tate
B °
[ JMolata

Interstate shp

[
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Create a Grid Coverage That Delineates Measured, Indicated, Inferred, and Hypothetical
Coal Resources

Calculate distance to drillholes:
Make drillholes.shp the active theme

Under Analysis Menu
Click Find Distance

Make Distance to Drillholes.shp the active theme

Under the Analysis Menu
Click Reclassify

Change Old Values to these ranges:
(Note: 402.337 meters = 0.25 miles)
However to demo method, we assume 100.584 meters = 0.25 mile
Use the Meter settings; other values show relationship to Circular 891
SKIP AROUND THESE CONVERSIONS (WHAT YOU SHOULD USE):

True Conversions

Meters Miles 891 Category
0 - 402.337 0-0.25 Measured
402.337 - 1207.011 0.25-0.75 Indicated
1207.011 - 4828.044 0.75-3 Inferred
> 4828.044 >3 Hypothetical

USE THESE CONVERSIONS (USED FOR CONVENIENCE):

Assumed Conversions

Meters Miles
0-100.584 0-0.25 Measured
100.584 - 301.752 0.25-0.75 Indicated
301.752 - 1207.008 0.75-3 Inferred
1207.008 - 4300 >3 Hypothetical



Reclazsify Yalues

Clazzification Field: | 1 alue = |

Clazzify... | [ Ftque [Camkm.. |

ald Y alues MHew Walue

0-700.534 1
100.584 - 301.752 2
30,752 -1207.008 3
1207.003 - 4300 4

| T1BE.478 - 133977

1339.774 - 1633.07 !
1633.07 - 186E.365 = ;I

+| x|

Laad

Save ] Cancel

Eliminate all the other Old Value entries except No Data
To eliminate value lines
Click at left of line to highlight it
The click X near bottom of list

Click OK

Open Legend Editor for the Reclass of Distance to Drillholes.shp theme
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Make these changes to labels

Out to 0.25 miles

From 0.25 to 0.75 miles
From 0.75 to 3 miles
Greater than 3 miles

&} Legend Editor

Theme: § Load...
Legend Type: | Unique Value =] Save...
Default
Walues Field: |4 alue = |
Symbol Walue Label Count
0 Out to 0.25 miles 10524 2
Bl - From 0.25 to 075 mild 83347
B From 0.75 to 3 miles | 336760
B ¢ Greater than 3 miles § 127033
] Mo Drata
| =| o] & a9
Colar Schemes: | Bountiful Harvest =]
Advanced... I Statistics. . | W jefe | Apply I

Toggle on, toggle off display for Distance grid to see reliability zones.
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Create Grid That Has Restricted Areas Removed

To eliminate the area in Interstates and Parks (including buffers, we need to turn those themes
intoa 0 and 1 grid:

In Map Calculator evaluate this request:

Open Theme Properties and Rename Map Calculation 1 as parkw300class

7 Map Calculation 1

| Logarithrs |
Lapers _
[Feclasz of Distand |}E | ‘ | : | : | _ |{} |3ﬂd Exp Log
[Feclass of Distanc |f" | 4 | 5 | G | > |:—= ||:|r
Clist tar Crrillk Exp2 Log2
preceetibd | 2 MEIE] HEE 22l =
[Parks . Count] | + | o] | . | iy |r'u:|t Expl10 Logl0
[Park. with 300" buwiff
[Park with 300 buff.x | Astirid_|
[ [Park with 300" butter]] lsMull. Conf(0 AsGrid, 1 AsGrnd] =
Ewvaluate

In Map Calculator evaluate this request:
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Open Theme Properties and Rename Map Calculation 1 as interstatew100class

‘L‘ Map Calculation 1

|Lngarithm3 |
e & BB HEE e 1 | i
[Park with 300" buff 7] [2][3]le] [=][=][]
[Park. with 300" butt
[|r'r:5:E= -.--.uir.h1||:| = EE] =] i e
[Interstate with 100 |-|— | | 0 || . | | (3 ||r'u:|t| Expl0 Lagl0
[Interstate]
[Interstate . Count] ;I AslGnd |
[ [Interstake with 100" buffer]). lsMull. Conf0.AsGrid, 1. AzGrd) =

E waluate




Next, we estimate the coal in the remaining coal area by reliability class:
Under the Analysis Menu

Click ‘Properties”
Set Analysis Mask to

Remainingcoal

Current Walue ¥

-135809.671157 1658331, 271002

1647236, 463958 121918972738 |

Current 4 alue ]




Under the Analysis Menu
Click “Map Calculator”

Evaluate this Request:

Some things to notice:

f-' Map Calculation 1

| Logarithms |
L
E[L;rl:trn:rst.atel.-uith'l[llilil |}E| |?||8 ||9 | | - ||{}||3ﬂd| Exp Log
[interstatew100clas |,f" | |4||5 || & | | = ||:=-=|||:|r |
[i 100c|as
ot e e B R
[partkw300class . Ci |+ | | 0 || 5 | | () ||n|:|t| Exp10 Lag10

[Reclazs of Distand

[Feclass of Distancill AzGrid |

[ [interstatew 00clasz]) or
[[parkw300clasz])

SetMull[Reclazs of Distance to Drllholes. shp])

E waluate

Map Calculator doesn’t care about spacing of line returns or spacing of parentheses. Therefore,
beginning and ending parentheses can be isolated, nested conditions indented, and “enters” used
to move to new lines as above.

The request above removes restricted coal from the assessment.
In Theme Properties, rename Map Calculation 1 as

remainareabyreliability

Under the View Menu
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Click “Themes Off”

Then toggle on the display for remainareabyreliability:
The display shows that interstates and parks (and their buffers) have been removed from

remaining coal.

ﬂ remainareabyreliab 2
]
] =
3

Hao [ ata

| Pams
[0
[ | MNoData

| Par with 200" buffe
]
Mo [ ata

| Interstate with 100"
[ o
[ | MoData

| interstatewq00class
. ll

S 09 O
® e - .$
o® ® o%,
oo e® »
e® © )
o ©°° @ 9
'P-r.":h‘ ‘<00
a - ‘:“ .
® o8 o0
.¥..= o ..-
® 00 N @
... "I. .I -

Also, the area with remaining coal does not have any coal located beyond 3 miles from a drill

hole.

Therefore, the remainareabyreliability grid has 3 reliability categories instead of 4.

However, you also could have coal in the hypothetical category (> 3 miles from a drillhole).

Estimate Tons of Coal in Each Reliability Category

Make remainareabyreliability active.

Under the Analysis Menu

Click “Summarize Zones”

Select “Tons by cell” as the theme containing the variable to summarize.



Click “OK”
When queried concerning a chart, click “Cancel”

Move the “Stats of Tons by Cell” table to the upper right of the viewable part of the View
Window:

2 ArcView GIS Version 3.1
Eile Edit TIable Figld findow Help
ElREE BRI [

| 0 u:-fl 3 zelected E]

R 70 - 70 W
| ﬂ ] vreliabl® 1 9194 { 23536640000 125 Jled
- E'“f’“ yrEla 2 75902 | 1943091 2.000 160

0 9 3 233219 59704064000 183
3 . '
Mo [ ata
| Patks
o
I [ ] Horata : -~
_ | Padk with 200" buffe
1]
Mo [ ata [ ] q T~
|| Interstate with 100° 4| | ﬂ__
I o -
[ HoData .%,' ". P -
_ | interstatew100class =
I ll
SEipE Y] hall| I
[
[

Make Viewl Active.

Open the attribute table for remainareabyreliability

Align the attribute table and the stats table as follows:
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Notice that the cell count agrees between the 2 tables

Join Stats to Attributes using Value as the common field:

7 ArcView GIS Version 3.1
Eile  Edit Table Field window Help

| 0ot | 3 zelected “m
aal ac A x|
!IEI
| 1
S e Aaas
1 9194 1 9134 | 23536640000 125 Jid
— a 7oz 2 70902 :19430912.000 160
= 3 233213 3 233219 | 59704064.000 182
]
=
=
Kl 1 | o
m‘= _1'
a5

Click on Value in the Stats table

Click on Value in the Attributes table

The Join button should be active; click on it.
Under the Table Menu:

Click “Start Editing”

Under the Edit Menu



Click “Add Field”
Enter these settings in the Field Definition Window:

Click “OK”

Click “Yes” (to query about field name)

& Field Definition

Mame: | million tons coal ‘ ak. I

Tepe: | Mumber | Cancel ‘
Wwiidth: I o
Decimal Places: | 1

Click on Calculate Button (Looks like calculator)

In the Field Calculator Window enter these settings:




7 Field Calculator

Fields Tupe Fequests
[5'-""] ﬂ t* Mumber i -
War_IEt_}'] = Shing M
[t ajority] - T
(Minority] " Date )
[Median] m
[rillior bong coal] £

- {= ll
[rrillian bonz coal] =
[Sum] 7 1000000 - ok |

Cancel I
Click “OK”

The field “million tons of coal” is populated with the estimates:

i} Attributes OF remainareabyreliability
318 125 325 2.8 Jd
338 160 320 23.3
337 183 a0 704

4] (vl




Under the Table Menu

Click “Stop Editing”

In response to query “Save Edits” click “Yes”

Under Table Menu

Click “Remove All Joins”

Click “million tons of coal” field name in the Attribute table
Under the Field Menu

Click “Statistics”

Record Sum

Sum should equal 96.5 million tons

Measured coal is estimated to be 2.8 million tons

Indicated coal is estimated to be 23.3 million tons

Inferred coal is estimated to be 70.4 million tons

Click “OK”
Reclassify Thickness Grid
Next, we reclassify thickness*10 to correspond with target thickness categories:
Make thickness*10 the active theme
Under the Analysis Menu
Click Reclassify

Enter these settings:



Reclassify Yalues

Clazzification Field: | WV alue = |

Clazzify... | U rique Lookup... I

Old v alues M e W alue

- 120- 240 1 [

.............. e

: 240 - 360 P2

.............. e

360 - 440 P 3

.............. IR SNSRI

Mo Data i Mo Data

.............. .

Save ] Cancel

Click



Change Table of Contents for Reclass of Thickness*10 to these labels:

12 to 24 inches
from 24 to 36 inches
greater than 36 inches

& Legend Editor

Theme: | Reclass of Thickness*10 = Load...
Legend Tepe: | Unique Value x| S ave...
Default
Values Field: |‘-.-"a|ue B3
Syrnbal Value Label Count
B 12 to 24 inches 24233 &
] 2 frorn 24 to 36 inches | 280296
- 3 greater than 36 inches | 35775
[ ] Mo Data
+| = | =| o] & & 3
Color Schemes: | Bourntiful Harvest |
Advanced... Statistics... I jele; Apply

Click “Apply”

Create Grid Coverage of Overburden



Next, we add overburden point estimates and interpolate to obtain an overburden surface grid:
Make the drillholes.shp theme active
Under the Surface Menu
Click “Interpolate Grid”

Enter these settings:

o [
Overburden =

[NoBarrers [

_ Ok | _ Corcel |

Make new theme active

Save your project
Under Theme Menu
Click “Properties”
Rename new theme as:
overburden

Reclassify Overburden Grid



Under the Analysis Menu
Click “Reclassify”

Enter these settings:

Reclazsify Yalues

Clazzification Field: I"'.'"EI|L,IE= |
Clazzify... | [ Figue e 0y |
O1d W alues Mew W alue
8 - 100 1 |
100 - 125 2
Mo Data Mo Data

Save ] Cancel

Click

Change labels in Table of Contents for Reclass of Overburden to:

A-41

“OK”



Click

80 to 100 feet

from 100 to 125 feet

i Legend Editor

Theme: | Reclass of averburden | Load...
Legend Type: | Unigue alue = Save...
Crefault
Yalues Field: Walue - |
Symbial Walue Label | Count |
] BMto100feet | 98133 ;
o from 100t 125 fesd | 242117
Py — oD ..........................

+|

Color Schemes: | B ountiful Harvest

Advanced... |

Statistics... |

Hrd e |

“Apply”

Delineate Coal in Each Category Classified by Reliability, Thickness, and Overburden

Next, we calculate tons of coal in all possible combinations of reliability (3), thickness (3), and

A-42



overburden (2).

There are 18 possible combinations. Because some categories may not have any cells, fewer
than18 categories can be found..

In Map Calculator, evaluate this request (you press enter to move to a new line):
Click “Evaluate”

Notice that we use “Reclass of Distance to Drillholes.shp™ as the grid coverage of remaining

’:.' Map Calculation 3

| Logarithms |

Lavers |
[remainareabyreliaki «
[remainareabyreliake |

[remainareabyrelial |

|

B2 EN

L= (=] ]

K EN I ES | E [ ER
E
|

Exp Log

*
<

E=pz Log:Z

|

|
[Reclazz of Thickn | | 1 || Z || 3 |
[Reclass of Thickn + | | 0 || . |
[Reclaszz of overbue

[Fieclass of overbui = Azland |

[ [Reclass of Distance to Drillholes.shp] * 100] + -
[[Reclazs of Thicknesz*10]*10] +
([Reclazs of overburden] ® 1]

) | |r‘u:|t| Expl0 Logld

Evaluate

coal.

This layer contains coal in the restricted areas occupied by the interstate and park buffers.
We start by estimating all coal, including coal in restricted areas.

Then we estimate coal, excluding coal in restricted areas.

Finally, we subtract the coal (including restricted coal) from coal (excluding restricted

coal) to obtain the estimates of restricted coal by category of reliability, thickness, and
overburden.



The request (Map Calculation 3) creates a coverage that identifies coal in unique classes of
reliability, thickness, and overburden.

Under Theme Menu:

Click “Properties”

Name the new grid as: coalrestr
As shown on A-45, you should see 15 categories (reliability, thickness, overburden) displayed as
a separate color.

The tree diagram on p. A-46 is the key for identifying and labeling each category.



il Viewl

ﬂ coalres tr
B 114
[ REH
] 121
[ 12z
| REN
] 13z
] 214
B 221
I ===
[ 234
I =32
B =1
[ 324
I =2z
==
[ JMHoData

| Reclass of Distanm

[ outten2s m
[ Frem 0.25 ta
I From 0.75 to
I =reater than:
| LEEEEE

| remainareabyreliab

[ JMorata
| Reclass of Thick ne:;l




Analysis Tree

Thickness Overburden

Reliability

=

= w N \e
N NHA—\NH

1
2
'<
3
1
2
1
2
1
1
2
'<
3
1
2

Sequence

Check
Here

As You
Relabel
Sequence



Estimate Tons of Coal, in Each Category and Total

Make Coalrestr active.

Under the Analysis Menu

Click “Summarize Zones”

As the summarizing theme pick Tons by Cell

In response to query about chart, click “Cancel”

Move the “Stats of Tons by Cell” table to the upper right of the viewable part of

the View Window:

I |

7! Statz of Tons By Cell Within Zones of coalrestr

=1 E3

[ »

e L Alaag Arza

T 7505 | 3852000000 125
1 coalrest = 112 711 182176.0000 165

I 11 121 1337 . 342272.0000 228

I 112 122 4860 ; 1244160.0000 228

] 121 131 2321 53392.0000 345

= 12 132 53197 553664, 0000 347

] 152 211 R979 : 1530624.0000 160

] 21 221 17103 ; 43783650000 228

B 221 222 472121 12086272.000 237

[ zz2 231 105 2E280.0000 342

o SPEE54E fonn .

311 AT 404 Conin H_J

[ 1==1

B ===

Bl ===

[ IHeData

| Reclazz of Distano

[ outton2s m
I From 025 to
I From 0.75 to
- Greater than:
Bl oD ata

| remainareabyreliab
£/
/2

a2

Mo [r ata

| Reclazz of Thickne:j




Make Viewl Active.
Open the attribute table for coalrestr

Align the attribute table and the stats table as follows:

’.'-' Attributes OF coalrestr ":.' Stats of Tons By Cell Within Zones of coalrestr  [ij[=] [E3

s S it LN P Al Axzs
117: 1505 111 1805 3852800000 125 el
112 71 112 71 18176.0000 165
121 1337 121 1337 3422720000 228
122 4350 122 4860 12447160,0000 220
131 232 13 232 593920000 345
132 2319 132 2319 5936640000 342
211 h375 21 5979 1530524, 0000 160
221 17103 221 17103 4378263.0000 220
222 4742 222 47212 11 2086272.000 237 o
231 105 231 105 263800000 342
232 12833 232 128331 3285245.0000 342 -
q T L LI__I

Notice that the cell count agrees between the 2 tables
Join Stats to Attributes using Value as the common field:
Click on Value in the Stats table
Click on Value in the Attributes table
The Join button should be active (6th button in from right); click on it.
Under the Table Menu:

Click “Start Editing”

Under the Edit Menu

Click “Add Field”

Enter these settings in the Field Definition Window:



T

i~ Field Defimtion

Mame: | total coal ‘ aE. I

Tepe: | Murmber | Cancel
Wwidth: | 12
Decimal Places: | 4

Click “OK”

Click “Yes” (to query about field name)
Click on Calculate Button (Looks like calculator)

In the Field Calculator Window enter these settings:



@2 Field Calculator

Fields Type

[Eiur'l] ﬂ " Mumber
["""a'_'Et.-'"] " Sking
[t Fjarity]

[Mirarity] € Date
[Median]

[total coal]

[total coal] =

[Surn] # 100000G

Requests
" .
+
<
<= [
- ]
Cancel

Click “OK”

The field “total coal” is populated with the estimates:

& Attributes Of coalrestr

192 028935 :
227 165 215 0.01 EEI
a7 253 204 . 3521
315 264 : 325 1. 5584
245 355 245 . EIBTI
345 383 354 | 0.821 ?
224 ¢ 160 203 1. EEIEE
299 339 270 4. EBEIE
338 239 324 15.01 ?'EI
343 347 344 0. IIIEE'I
242 37 247 4. 4848
j A 1000 b e | b | I:"ll"'l'l

pr

Under the Table Menu




Click “Stop Editing”
In response to query “Save Edits” click “Yes”
Under Table Menu
Click “Remove All Joins”
Click “total coal” field name in the Attribute table
Under the Field Menu
Click “Statistics”

Record Sum

72 Attributes OF coalrestr

&2 Statistics for total coal field

111 1505 02395 :

E 7 i, - [2um: 1080867 I

11 1337 0.331 Mear: B.A726

122 4860 1.5584 b awirmum: 43.0199

131 232 00211 Minirum: 0.0150

Fange: 49.0049
121312 ;g;g ?23;; Yarance: TE0. 7230
: Standard Deviation: 12,6779

21 17103 4 B398

222 47212 15.0179

231 105 0.0361 —

232 12833 4 4345 —
1 I bl i | AT nd al —=alnin}

Sum should equal 103.1 million tons

Click “OK”

This estimate includes the coal in all categories, including coal that falls in restricted areas.




Estimate Tons of Coal (Excluding Restricted Coal) in Each Category

Next, we estimate coal in all categories (reliability, thickness, and overburden) but we exclude
coal in the restricted areas.

In Map Calculator, enter this expression:

’L‘ Map Calculation 3

ILDgarithms - |
Lavers _
[rema?nareabyrel?ah:l |}E | | ‘ || d || : | | — ||{} | |and| Exp Lag
o ol A gy K1 | R S ()1 e
Hp ag

[Reclass af Thick =1 WEE] =]

[H§§|§§§ EfTh:Ek:g |+ | | 0 || 5 | | () ||n|:|t| Expll | Lagl0
[Reclasz of overbud

[Heclss af I:I'-.-'E.'I:I!:_ll Aslind |

[ [remainareabyreliability] = 100) + =
[[Feclass of Thickness*10]* 10] +

[[Feclazs of overburden] ¥ 1)

E waluate

Click “Evaluate”



Under Theme Properties

Rename the grid as: coalxrestr
@ Viewl

o] coalxrest -

/] 111
| RRE
Bl =
B 1=z
] 134
] =2
I 211
I ==
[ e
] 2=
B 222
[
[ ] ==
2 =22
B ===
[ ] Horata

| coalrestr

I 114
2 112
] 12
[ 122
B iz
1=z
] 214
[ =z1
Dy ===
[ 234
B =3z
B

A -53



Use procedure, p. A-47 thru A-51 to estimate Coal Excl Restri:

! Attributes OF coalxrestr

338 239 324 13.3611
343 247 J44 0.0361

342 37 345 4 4649 -
_4' 14 400 1 S AN I = _I

Make field, Coal Excl Restri, active
Under Field Menu

Click “Statistics™:

#2. Attributes OF coalxrestr

@ Statistics for Coal Excl Restri field

Sum: 96.5031
Count: 15

Mean: 64335

b awimnurn; 45,7434
kirirmurn; 0.0744
Range: 457290

348 358 343 0.0a11 Yariance: 139.8097

345 333 354 0.e137 Standard Deviation: 11.8241
224 160 201 1.0128

299 339 274 4 4096

338 239 324 13,3611

343 347 344 0.0361

a42 371 345 44649

AT A0 bt o} fa T ta ]




Notice that the total, 96.5 million tons, is the same estimate we obtained previously (see p. A-
37).

Open the tables for
Coalrestr
Coalxrestr

Align the tables as follows:

’; Attributes OFf coalrestr

@ Attributes Of coalxrestr

PR . i
R E

: bt L A E N e

A 1505 [.2395 111 1284 0.2456 =
112 71 0.0150 112 67 00744
14 1337 0,391 13 1230 03635
122 4260 1.5584 122 4085 1373
13 232 0.0a11 17 33 0021
132 2319 0817 132 3296 0e137
211 Ra73 1.2088 =11 BOCE 10128
24 17103 4 B398 22 16356 4 4096

222 4712 15,0173 233 42040 133611 b
23 105 0.0361 = 105 00267
232 128323 4.4348 233 12775 4 4649

1' *I A 4 Erhn A A I}'__I

Join Attributes of Coalxrestr to Attributes of Coalrestr

Make the Value field active in Attributes of Coalxrestr

Make the Value field active in Attributes of Coalrestr

Click the Join Button



#2  Attributes OFf coalrestr

v ony TR

111 1505 02895 1284 02456
12 71 00150 B7 00144
121 1337 0391 1230 03635
122 4860 15634 4035 1.311
131 232 00811 232 00811
132 2319 0817 2296 08137
211 5979 1.2088 B02E 1.0128
2 17103 4 ER38 15956 4 4096
222 4712 150179 42040 133611
231 106 00361 105 00381
232 12833 4 4848 12775 4 4649
1| 114 Arrd Tl 1Ernn Rt E

Under
Menu

Click “Start Editing”
Under the Edit Menu
Click “Add Field”

In Field Definition, enter these settings:

é} Field Definition

Mame: | Coal excl Resti2

Type:

Wwiidth: | 12
Decimal Places: I 4

OF.

Cancel

the Table




Click the Field Calculator and enter these settings:

| ’:." Field Calculator

Fields Type Requests
. & Mumber =
| o] = Sting t I
1| [tatal coal] -
| _[Coal exc Resti2] " Date -
[Festr Coal] i
|| [Coal Exel Rest] p |
I il Z= lI [
[Coal excl Restrd] = |
[Coal Excl Restr] —
Cancel | |

Click “OK”
Under the Table Menu

Click “Remove All Joins”
Under the Edit Menu

Click “Add Field”

In Field Definition, enter these settings:

@ Field Definition

Mame: | Restr Coal Ok I

Tvpe: [ Murnber |

Wit I 12
Decimal Places: I a

Cancel |




Click the Field Calculator and enter these settings:

! Field Calculator

Fieldz Type Requests
] Lo @& Mumber " -
aunt] " Shing *
[tatal caoal] o
[Coal excl Restr?] " Date .
[Restr Coal] !
[Coal Excl Restri] i {
B <= hd
[Festr Coal] =
[tatal coal] - [Coal excl Restr2) -
Cancel |
Click “OK”

@ Attributes OFf coalrestr

111 1516 0.2319 0241 0.0448 =

112 fal 0.0148 0.0139 0.0009
121 1315 0. 3865 0,359 00274
122 4865 1.5594 1.3120 02474
131 235 0,081 0,081 00000
132 2323 0823 08168 0.0063
211 BO0z2 1.2140 1.0M75 0.1965
221 17055 46753 43374 02779
222 47113 15,0203 13,3629 1.6574
23 107 0.0368 0.0368 0.0000 e
232 12870 4 4977 4 4753 00224
11 1EE54 35234 33156 02138 IL‘
1| 3

Under the Table Menu
Click “Stop Editing”

In response to “Save Edits”, click “Yes”



Now, we have estimates in each of 15 categories (by reliability, thickness, and overburden) for

Total Coal (which includes coal in restricted areas)

Coal Excl Restr (removes coal in restricted areas)

Restr Coal (i.e., the amount of coal in restricted areas)
Save Tables for Further Analysis

To save the Attributes table for further analysis in Excel:

Make the Coalrestr theme active
Click the “Open Table” button

4! Attributes OF coalrestr




Under File Menu click
Export
Pick “dBASE”
Click “OK”
Save file as

c:\sptemp\coalbycats
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