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A working definition

m  Geomorphic landforming — what is i1?

= Regrading disturbed or altered landscapes respecting and working
with....

Natural terrain patterns - the idea of reference terrain
Natural geomorphic and hydrogeomorphic processes
Natural vegetative patterns

Natural processes are allowed fo proceed at rates that would be typical
for undisturbed landscapes of similar topography.

Differs from many other forms of regrading that are designed to
optimize the lack of natural processes focusing on immediate
stabilization at the expense of the above.
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An applied research agenda
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How we visualize the parts fitting together




Why an applied research agenda in
geomorphic and creative landforming for
Eastern coal mines?

= The obvious applicability............and unrealized
opportunities

= Active mining

= Mountaintop mining

= Emerging concern with land use - forestry, biofuels, energy
parks. etc. - example - in southern WV slope / aspect can impact
site productivity by + or - 20% independent of soils

m Grading and land shaping for O order watersheds - better
drainage area delineation in these areas

m Grading for upper slopes including drainage course design
m Where site context is potentially sensitive
= Mountaintop operations in general
= Contour mining
m Regraded and natural slope transitions
m Drainage channel and stream design



Before we go on.. acknowledge some
important supporting or parallel work

M 7 = Current (COTS)
TERRAIN ANALYSIS . .
i applications conceptual
. leaders are....
= Geofluv

= Rivermorph




So back to our framework
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So why are visualization and modeling the unifiers in this framework?




The Faro Mine Complex is located in
south-central Yukon. It is 15 km north of

the town of Faro and almost 200 km
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The mine complex, has a total
footprint of over 25 km?
(9.65 mi®) with mining pits
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Linking landshaping with visualization
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manipulation to analysis
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Leads us to.. Methods for examining and hopefully
integrating aspects of geomorphic reclamation into
eastern active mining more fully

= Methods for understanding and engineering /
designing landforms

= Methods for hydrologic system design
= Methods for detailed landform engineering

m Again visualizing such a process



For examining landform..we wanted an
approach that

s Would be useful as a research tool and
potentially be applicable in real situations

= Be implementable

= Would be useful for landform stability,
erosion, land cover, and hydrologic
assessments



So what evolved was a multi stage
approach that considered....

= Mine site within its context scale
= Elevation, spacing and connectivity of landforms
= Data, map and field surveys
= Permit data - if available

s Parameters useful within a mine site
= Survey and field data collection
= Permit data - if available

= Detailed site parameters
Field survey

Historic data

Reference landforms

[ |
[ |
[ |
m Reference reaches



Site context parameters - landform
parameters

= Landform texture - e.g. ridgeline length per
unit area

= Vertical variation - amplitude of elevation
changes on upper slopes

= Refticulation - terrain net patterns

= Horizontal variation - distances to adjacent
landscapes at roughly the same elevation

s Parameters measurable from data - DEM,
LIDAR, imagery, etc.



Some examples of the resulting landscapes from this level of classification
with results for including landform parameters
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Pointed-Finely Divided (li)
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The parameters refer to landform texture, vertical variation, reticulation
And horizontal variation



Another landscape within the western Appalachians of West Virginia
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And a third landscape where the Appalachians for flattening out
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Flat-Coarsely Divided (llliii)
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The site level - actual details for
landforming parameters

= Crest curvature

= Linkage angles

= Texture - drainage network
= Slope profiles

= Field investigations, historic data, reference
data






Linkage angle
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Micro texture / drainage density




Slope profile
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CREST CURVATURE
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Interval Range

0° —5° per 100
5°-10° per 100’
10° — 15° per 100’
15° - 20° per 100’
20° - 55° per 100
Dihedral Angle

0° - 5° per 100’ Is
5° -10° per 100’
10° — 15° per 100’
15° —20° per 100’
20° — 55° per 100’
Dihedral Angle

coarse 5 cren
medium 5 - 8 crenulations per mile
fine 8-11 crenulations per mile
very fine 11+ crenulations per mile



SLOPE PROFILE

Profile is classified by the sequence of curvature elements, codes 1, 2, 3 and by
the presence of profile inclusions, codes 4, 5, 6 and 7.

Elements

Inclusions

of4,5&6



Four sequence types, coded A, B, C, and D are designed and described below.
By noting the presence of inclusions (e.g., A5, D6, etc.), a fairly sophisticated
description and classification of slope profile is possible.

Sequence N . -
o | M ,,

Type A Type B Type C Type D
1-2-3 1-3 1-2 2-3




Such a system....

Opportunities for understanding terrain systems
using measurable terrain parameters

A design framework for post mining land shaping

A system for evaluating alternative plans -
qualitatively and quantitatively

A system based in...
= Geomorphic descriptions and processes
= Helps place surface hydrology on the land

= Language used by engineers, landscape architects and other
landforming professionals

= Uses historic patterns and reference data whenever possible



A second component we are interested
in exploring

= Landforming - design and pre-engineering

= Basic methods derived from evidence that
engineering and design that focuses in 2D plan
view design is often difficult to visualize
during plan development

= 3D methods may present us with pre-
engineering opportunities for landforming

= 3D methods can feed traditional engineering
documentation development



We are working with two approaches

= The earlier on-the-fly landform manipulation
tools

m A more controlled set of landform
manipulation primitives

= Currently prototyping a workable mining
landforming system with of-the-shelf-software -
landshaper sdk - can be standalone or embedded in
other applications.



A typical high resolution
DEM
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Some terrain modification tools - from
a larger toolset

e Qb Landshaper = [Import of <layss,_ /505, 197907_stma . dem * & 100%] al; 8 Dylom Lunchhaper - [lmport of clayss_U305_197907_um 27, dem * @ 100%]




One more to mention..erosion

= This has been linked to
the results obtained
with the
SIBERIA/EAMS erosion
model which has utility
to long term modeling of
erosion potentials in
disturbed landscapes.




Terrain / land shaping

= Can then subject all modified terrain fo various
assessments using GIS or other software

m Can kick alternative landforms back to our
visualization functions

m There are over 30 such individual commands.
Individual primitive commands can be chained
together to form complex landforms such as

m Fills
m Backfill / backstack areas
Haul roads

|
m Stream channels
m Highwall backfills



A project initiated in the Central
Appalachians

= Initial planning for 16,000 acres of a total
45 000 acre area

= Various mining methods over the site over a
proposed project period of 20 years

= Intensive land uses are proposed or visualized
as a part of the project

= A proposed 20 mile scenic and economic
byway is proposed for the area

= Development is emerging as a private / public
partnership
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Location, Climate, and Hydrology

Project Introduction

Mission Statement

Create a visual management plan and improve roadway alignment on a 16.5 mile section of the Clay-
Nicholas Economic Corridor. Suggest basic alignment of the roadway to make the drive more desirable
and visually pleasing in an extensively mined area of Clay County. Utilize reclamation techniques to buf-
fer and naturalize areas of mining. Implement low impact design practices to encourage long term sus-
tainability and improve water quality within the corridor.

Goals/Objectives

Goal 1:
Enhance the transpartation network by producing a faster, safer route between Clay and Summersvilie
that can accommodate the traffic of heavy industry. Yet, emphasizes the area’s natural beauty in the over-
all design scheme to create a scenic, desirable drive.
*  Suggest an improved roadway alignment for the Clay Corridor supplemented by an arc and tangent
layout

Implement sweeping horizontal curves into the roadway for a safe commute

Maintain grades of less than 15% for industrial traffic

Design roadway layout to optimize the full spectrum of intrinsic qualities.

Buffer undesirable visual features along the corridor.

Enhance desirable naturalistic features

Utilize points of topographical prominence for possible visual opportunities.

Preserve the adjacent streams near the corridor when design the road layout

Capture natural ferrain feafures to convey scenic drive.
Goal 2:
Site educational, commercial, industrial, and residential faciliies while preserving the scenic view for a
wide range of residents along the corridor.
* Propose three lanc-use plans using variations of educational, commercial, housing, and industrial
space

Clay County High School and vocational building will be included in the educational area.

Preserve non-mine areas for future development

Preserve the land in the corridor view shed for a naturalistic experience.

Current valley fill permitted areas will be preserve
Goal 3:
Reduce environmental impact within the corridor by proposing development only on mine permitted ar-
eas. Incorporate the area’s natural aesthetic features to convey a more naturalistic and visually pleasing
drive to residents and other users of the coridor.
* Re-grade surface area affected by mining for a more natural landscape.

Re-vegetate area with native plants to complement existing vegetation

Utilize Landform Grading Principals where applicable

Implement wildiife comidors along the Clay Comidor.

Use grass swales where needed

Program Elements

Education

Housing

Business
Recreation

Low Impact Design
Roadway

Program Relalionships
Education

Clay County High School
Clay County Technical Center
Arboretum

Football Field

Baseball Field

Fitness Genter

Archery Range

Driving Range

Golf Facility

Housing

Single Family Homes
Multi-Family Attached Units
Apartments

Business

Business Incubator

Commercial Park
Industrial Space
Medical Facility
Private Practice Physician Space
Restaurant
Low Impact Design

Bioretention areas
Bio Swales

Area History
Clay County wat formed in 185 from partz of Braston, Kanawha. and ichalas Countiea and was named in honar of Henry Clay. 2 Kentucky
axateaman. We deciared our etatehood in 1362, Ciay County has around 10.120 recidente. ol of which are located in rural areas. Thic bringe
the popultion denity to anly thiry people per square mie. In actuaiiy the popuiation haz declined from the 1960'z and 1870’3 in Clay. Clay
County iz mad up of about 3,200 courty ouner-occupied homes and sbout 300 rerter occupied apartments, make about 21% of rentere
Clay averages about 2.5 pecpie per househald. This figure shouid be cansidesed when designing housing unite. The average rent n Clay in
sbout 8250 a month. With an average income of sround 827,000 Clay is under the siate average at $37.000. Estimated averages of condoe:
in Clay are around $75.000 ik detached homes average sround $125,000. Ciay iz predominantly made up of Caucasian American (36%)
‘whie gender numiera are exen at 50% for men and women. The mesn annusl temperanie s 55
angez fram 22 fo 40 inches. The county area ie 346.1 square milez, whie twa thirde of the county iec at elevations of 1000 feet above sea
level
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The composite analysis was completed by studying mining permits, contour mining areas, strip
mining areas, site boundaries, and permitted valley fill areas. The green areas within the site are
permitted surface mining areas that are focused on the 1200 foot and the 1400 foot contour areas
where coal seams are present. Within these areas heavy mining will occur preparing a flat uniform
surface, making future development much easier and cheaper. These areas have been deemed
most suitable for development because they are flat, having a solid bedrock foundation, the areas
can be landform graded to make a more visually pleasing.  The yellow areas, being the extent of
the developable site boundary, consist of future coal mining sites still waiting to be permitted for
future coal extraction.  The purple represents permitted areas of valley fill; within these areas de-
velopment will be discouraged due to unstable soil, shifting, and lack of bearing capacity. These
areas are most suitable for green spaces, infiltration basins, wetland areas, bioretention areas,
special reclamation areas, and future park spaces. The red area is the location of a proposed cor-
ridor that will be functional after mining operations have stopped and reclamation has been com-
pleted.

Valley Fill Areas

Permitted Mine Areas

Developable Area Extents

Proposed Cooridor
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So the project

= Large mine and re-mining areas

= All new mining is being evaluated for some
degree of geomorphic reclamation

= Critical areas are being planned with close
attention to landforming details



Basic project methods

Work from past reclamation, current permits and
proposed future mining

Use land use planning and viewshed analysis to
establish general landforming goals

Complete landform analysis using site context and
site parameters fo quantify current conditions

Develop preliminary landforming strategies using
landforming tools

Review and finalize preliminary Iandformi\;\\;}
E’r;/c‘l/{rggies using analysis functions from WCMS and

MAJOR ISSUES - integrating new reclamation with
recent reclamation and with land use goals.
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One tool that shows promise for capturing terrain is ground based
LIDAR - in particularly critical portions of the sites - for both landforming and




The visualization application begins with a globe -
similar to Google Earth
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Results can then be kicked back
to software such as SIBERIA /EAMS
for erosion and landform stability studies
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Or to WCMS in ARC-GIS. Average watershed size - pre-mining
conditions and proposed reclamation conditions
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A ridge reclaimed maintaining existing
ridgeline orientation
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_| The same ridge reoriented with added vertical modulation
ot (localized relative relief) and reduced slopes to
increase area in potentially more productive sites
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Evaluate proposed landforms against pre-
mining and current.
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So what we tried to do was...

= Illustrate landforming methods to evaluate and
redesign the landforming tools

= Develop a planning approach that..

= Increases stability and drainage definition in O order and
adjacent areas by redesigning up-slope drainage networks

= Increases future site utility

= Reduces slopes while maintaining natural appearance
m Increasing areas in more productive slope orientations
= Minimizes level areas
m Slightly decreasing slopes in those areas to increase

management and planting options but mixing with appropriate
steeper areas for.........

= Forest management
= Managed timberlands - forest / slope protection for critical slopes
= Sites for potential biofuels production
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