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A working definition

 Geomorphic landforming – what is it?
 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 to 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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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

 Grading and land shaping for 0 order watersheds – better 
drainage area delineation in these areas

 Grading for upper slopes including drainage course design
 Where site context is potentially sensitive
 Mountaintop operations in general

 Contour mining
 Regraded and natural slope transitions
 Drainage channel and stream design



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

 Current (COTS) 
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?



Faro Mine
The Faro Mine Complex is located in 
south-central Yukon. It is 15 km north of 
the town of Faro and almost 200 km 
northeast of the City of Whitehorse. 
From Whitehorse, the mine is a 30-
minute charter flight or a 4-hour drive 
away. The mine complex is located in the 
traditional territory of the Kaska Nation 
and upstream from the traditional 
territory of the Selkirk First Nation.



The mine complex, has a total 
footprint of over 25 km2  

(9.65 mi2) with mining pits 
over 335 m (1072 ft) deep  
and surrounded by 
approximately 500 million 
tons of waste rock, and 55 
million tons of stored mine 
tailings.























Linking landshaping with visualization







We can then take the
results of this landform
manipulation to analysis

software for evaluation on
the fly.



Project status – initial plans have been developed for spoil regrading,
tailings stabilization, the mill, and surface water – preparing to visualize

those plans.



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

 Again visualizing such a process



For examining landform…we wanted an 
approach that

 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

 Parameters useful within a mine site
 Survey and field data collection
 Permit data – if available

 Detailed site parameters
 Field survey
 Historic data
 Reference landforms
 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

 Reticulation – terrain net patterns
 Horizontal variation – distances to adjacent 

landscapes at roughly the same elevation

 Parameters measurable from data – DEM, 
LIDAR, imagery, etc.



Pointed-Finely Divided (Ii)

Some examples of the resulting landscapes from this level of classification
with results for including landform parameters

The parameters refer to landform texture, vertical variation, reticulation
And horizontal variation 



Rounded-Moderately Divided (Iiii)

Another landscape within the western Appalachians of West Virginia 



Flat-Coarsely Divided (IIIiii)

And a third landscape where the Appalachians for flattening out



The site level – actual details for 
landforming parameters

 Crest curvature
 Linkage angles
 Texture – drainage network
 Slope profiles

 Field investigations, historic data, reference 
data



Crest curvature



Linkage angle



Micro texture / drainage density



Slope profile



Class Interval Range

CREST CURVATURE c1
c2
c3
c4
c5
c6

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

LINKAGE ANGLE 1
2
3
4
5
6

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

MICRO TEXTURE x1
x2
x3
x4

coarse             5 crenulations per mile
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

1 Convex 2 Straight 3 Concave

4 Break 5 Bench 6 Irregular 7 Combinations 
of 4, 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
Types

Type A
1-2-3

Type B
1-3

Type C
1-2

Type D
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

 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



Some terrain modification tools – from 
a larger toolset

Existing terrain

Dig terrain

Raise terrain

Flatten terrainFlatten terrain



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 to various 
assessments using GIS or other software

 Can kick alternative landforms back to our 
visualization functions

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

 Fills
 Backfill / backstack areas
 Haul roads
 Stream channels
 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











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 to quantify current conditions

 Develop preliminary landforming strategies using 
landforming tools

 Review and finalize preliminary landforming 
strategies using analysis functions from WCMS and 
EAMS

 MAJOR ISSUES – integrating new reclamation with 
recent reclamation and with land use goals.













The topography laying under the imagery



One tool that shows promise for capturing terrain is ground based
LIDAR - in particularly critical portions of the sites – for both landforming and 
stream restoration.



The visualization application begins with a globe –
similar to Google Earth

One useful aspect of the application is that it works
directly with ARC geodatabases and Civil3D data sets





Here is the resulting edge of the ridge
landform merging with previously mined areas

and areas planned for future development



An experiment–modulating ridge terrain for 
illustrative purposes



Or a sharper less modulating ridge
to define the viewshed from the

proposed road



An existing highwall from 
another view





Results can then be kicked back
to software such as SIBERIA /EAMS 

for erosion and landform stability studies



Or to CIVIL 3D for volumetrics



Or to WCMS in ARC-GIS. Average watershed size – pre-mining 
conditions and proposed reclamation conditions



Runoff and drainage network tree diagram



Some added examples  - a hilltop that was mined with 
regrading rounding off the ridge with defined

drainages



Ridge slopes reduced with added drainage density



A ridge reclaimed maintaining existing 
ridgeline orientation



The same ridge reoriented with added vertical modulation 
(localized relative relief) and reduced slopes to

increase area in potentially more productive sites



Evaluate proposed landforms against pre-
mining and current. 



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 0 order and 

adjacent areas by redesigning up-slope drainage networks
 Increases future site utility
 Reduces slopes while maintaining natural appearance 

 Increasing areas in more productive slope orientations
 Minimizes level areas
 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



thanks
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