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I.  GEOLOGY

A.  Define Drillhole

[image: image4.wmf]The first step before locating drillholes in the drawing is to setup a drillhole definition file (a *.CH file, named for the older nomenclature using coreholes).  Under Drillhole in the Advanced Mining Menu, select Define Drillhole and create a new file. This dialog is used for several purposes. The left side of the dialog is only for setting up how you want to be prompted if you are to locate drillholes in the drawing one-by-one using the Place Drillhole command. If you are bringing in drillholes from an existing file such as a spreadsheet, then you only need to look at the right half of the dialog. This is for defining the symbol(s) and size, the Key  Strata Density (used if it is not defined anywhere else) and the separation of layers if drillholes are layerized by their type. The Use External Database is only to be checked if you are linking the drillholes in the drawing to an external MDB or XLS file. This one *.CH file can be used for various mines and projects. 

B.  Drill Hole Data Entry and Import
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SurvCADD will import virtually any format of geologic data directly from your files or existing database. The SurvCADD Standard Text format is Carlson specific and is detailed in the mining manual. The SurvCADD Standard Database is the method to link the drillholes in SurvCADD to an external MDB or XLS file. The Custom Import Formatter is the most commonly used format, as SurvCADD will match the layout of your drillholes to bring into the drawing. It is the most flexible and will allow you to customize the drillhole import routine for importation as an ASCII file (comma, space, tab or fixed with delimited) from a spreadsheet or database. In the Drillhole Import Options dialog shown below, you simple add from the Available side to the Used side, the items and how they appear in your file. For Quality Attributes such as BTU or color, choose the Add Attribute button and type in the attribute name and place it in the correct location in the Used side. It is also an option to bring the holes in from up to four files representing: collar/survey information, strata intervals, bed names and quality attributes. Many other available formats exist for you to bring in geologic data from set formats recognized on the list of Other Specific Formats 
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One important concern to be addressed in the Custom Drillhole Import Options is the ability to import quality based on from/to depths instead of just assigning it to strata intervals.  SurvCADD does indeed possess the ability to import a quality file and split it into the various seams based on from and to depths.  Whatever strata exist in the holes at that depth is assigned the corresponding quality values.   If strata exist outside the from/to range of the quality, it is assigned the value of the quality that does fall in the zone.  Furthermore, repeated lithologies (COAL) in the same bed (C1) can have distinct qualities, which will composite based on thickness.

C. Strata vs. Beds

SurvCADD gives you the option to classify geology into Strata based sequencing, or further, into Strata (Lithology) and Beds.  This allows the splitting of the beds for further geological modeling of complex situations.  In most cases, this would be the necessary setup for splitting the seams and to model the quality sampling of seams at various intervals.  An example of this would be a 50-foot thick seam of limestone sampled every 5 feet.  The use of strata alone does not allow the use of duplicate strata names, and is only for “layered geology” always in the same order and sequence.  

D. Posting Drillhole Text
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Once the drillholes are on screen in the AutoCAD drawing, the posting of the drillhole information is easily done with either of two routines: Draw Drillhole Text –Standard or Drillhole Text Formatter. A sample of the Drillhole 2001-6 is shown here that can be layerized and positioned to the users needs.  This will give you a global view of each hole’s information in an AutoCAD text format.  The drillhole textformat can be permanently stored in a file and loaded at a later time with the flexible Drillhole Text Formatter. 

E. Draw Geologic Column and Define Strata
There are many methods and settings available to draw the geologic columns. One option that you might consider as a prerequisite is to Define Strata. This will prompt you for hatch patterns, scales and colors. These hatch patterns will apply to both the geologic columns and fence diagrams, and should help in the verification of what seams and strata are shown in the cross sections.  The Define Strata dialog is shown below with patterns and colors selected.  

These settings must be defined prior to the actual importation of the drillholes.  This will ensure the proper splitting of the seams into their respective subdivisions.  Strata can have specific densities and recovery percentages set here.  This is also the screen where strata is defined to be used in the conformance marker where strata or beds can be set to conform with ones that have more data. Following are examples of properly defined strata in geologic columns and fence diagrams. 

A fence diagram (geologic cross section) can be further analyzed as shown with the drillholes posted on it.  SurvCADD now has the ability to only draw and fill the key strata in fence diagrams and geologic columns.  This feature has recently been added.    

One powerful operation that is also fairly new is the isopach mapping with the new shading feature.  This will draw user defined color shaded isopach maps with a legend directly from the drillholes on

[image: image9.wmf]screen.  Maps can consist of elevation, thickness, or any attribute.  

C.  DataValidation and Correction

SurvCADD has the option to automatically correlate geologic columns or cross-sections on screen with a direct link to the built in database.  When viewing two holes, the user simply picks the strata in each hole that they would like to correlate.  A line is then drawn between the two columns connecting the two selected strata, and the database is instantly updated renaming the altered strata.  This can be verified in edit drillhole or drillhole datasheet.   

[image: image10.wmf]
Before any of the modeling takes place, the drillholes must be analyzed for invalid out-of-order strata.  There are several report routines for internally checking the holes for invalid (reversed) strata, missing strata (pinch out) and invalid attributes.  Attribute types and ranges are set in the define attribute routine where the maximum and minimum values are specified for any defined attribute or quality.  The program will only model values in this range, and will also report the holes that do not meet the required quality range.  This can be very useful in two ways.  First of all, it will identify any possible typing or entry errors in the initial database file, and secondly, it will bring attention to any legitimate areas of out-of-range quality.

As mentioned previously, for splitting the beds, the strata and beds must be defined in the define strata routine before importing the geologic data.  In addition to that, if a global change of bed name is needed, SurvCADD has the rename bed routine that will allow the user to select which holes and strata or beds need to be renamed.  

Another important modeling tool is the group of parameter compliance routines.  These consist of define parameters, compliance drillhole report, compliance areas, mark compliance drillholes, and tag drillholes for processing.  This powerful portion of the package will create and define boundaries that meet virtually any user defined parameter. More importantly, it will [image: image11.png]St CELE? Choose Strata to Process

Giid il Choase Giid e

Modelng Method

C Tienguation € InveseDistence @ Kigng € Pobromial

I lgnoeZeoVaes I

[ SelKigngPaonctes
I~ Use Parancter Fitrs
T S— Corcel [




highlight and model with only drillholes that meet the defined parameters.  An overall map of the example area is shown with the BTU of the composited (in this case) C2 coal seam.  The parameter compliance was defined to outline and hatch the area of the coal seam where the composite coal BTU is greater than 9500 BTU and less than 11000 BTU.  This is very easy to do, and will allow the user to locate areas of question in just a few steps.   Below is shown a window of the very easily generated diagram of the composited BTU of the C2 coal seam falling within these ranges.
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  D. Overall geologic cross-sections. 


The following figures represent cross sections (SurvCADD’s fence diagram) taken through the area at the intervals shown in the figure below.  Intervals A-A’, B-B’ and C-C’ are east to west lines using the complete model.  The following fence diagrams are exaggerated 5 times vertically to better see the actual splitting and trending of the strata.  
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II.  MODELING

A. Modeling Options and Techniques

1. “On-the-Fly” versus “Gridding”: SurvCADD provides the option to calculate reserves, to isopach and to draw fence diagrams directly from drillholes on the screen or from a stored set of grid files called the “pre-calc” grid set.  The pre-calc grids represent the geologic model for the mine.  The grid files that make up the model can be carefully prepared based on analysis of geologic data.  Grids can be strategically modified in distinct areas and grid math can be used to derive new grid files. It is always preferred to schedule equipment or conduct reserve or pit quantity calculations from the pre-calc grid model versus from an “on-the-fly” selection of drillholes.
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Gridding Algorithms: The prompting sequence below illustrates the variety of grid algorithms.  The primary options are Triangulation, Inverse Distance, Kriging and Polynomial Surface modeling.  The Polynomial Surface Modeling is similar to Triangulation except that it smoothes the surface by fitting a 5th degree polynomial onto the source triangulation points.  While some geologists prefer to use some degree of inverse distance for thickness, structure and qualities (inverse distance works to any order), others prefer triangulation or polynomial for structure and may even resort to Kriging if the drillhole data is regularly spaced.  Qualities often model best by inverse distance.  All modeling methods work best through interpolation.  Inverse Distance and Kriging have “built-in” extrapolation, whereas triangulation and polynomial methods are extrapolated by “conservative” logic that damps the trend at the edges.  Users can add base elevation 3D polylines using Tag Strata Polyline to define the base of a strata/bed in exterior  areas to control extrapolation.  

3. Calculate Residuals:  If a gridding method is truly “predictive”, then it should predict fairly well the thickness, base elevation or quality of a strata at a drillhole even if that drillhole is removed from the selection set.  The difference or error of prediction is called the residual.  If the thickness of the coal in a drillhole is 3.5, and with the drillhole removed, inverse distance interpolates the thickness (using the other drillholes) at 3.1, then the “residual” is +0.4.  If this process of removing drillholes and predicting through them is repeated across a large selection set, then a total residual average and standard deviation can be calculated.  The command “Calculate Residuals” allows the user to try all forms of modeling methods to see which has the lowest residual average (most predictive).  We recommend a technique where “interior” drillholes are selected, so that pinchout and subcropping effects on thickness are avoided.  If the method predicts the interior well where the geology itself is being modeled (as opposed to weathering effects), then the method can theoretically be applied throughout.  After trying Triangulation, Inverse Distance (1st, 2nd, 3rd), Kriging (Power, Gaussian) and Polynomial, here are the results on the lower split of the C2 coal seam:

Residual Analysis on Lower Split C2

Thickness

Base Elevation

   Sulfur




Avg.
St.Dev.

Avg.
St.Dev.

Avg.
St.Dev.

Triangulation

0.22
0.39

4.46
6.84

0.70
0.93

Inverse Dist 1st

0.21
0.38

5.10
7.39

0.64
0.82

Inverse Dist 2nd

0.21
0.38

4.76
7.12

0.66
0.86

Inverse Dist 3rd

0.22
0.39

4.66
7.01

0.68
0.89

Kriging, Gaussian
0.21
0.35

11.69
13.49

3.92
0.81

Kriging, Power

0.21
0.35

19.38
13.76

0.75
0.81

Polynomial

0.24
0.43

4.44
6.92

0.75
0.97

4. Filtered Selection Sets (through Compliance Files):  
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Drillholes can have user-defined “header” attributes such as Driller, Drill Date, etc. as shown above in the drillhole data sheet.  These header attributes can be set in the command Define Drillhole.  A parameter file can be made that distinguishes between drillhole features and strata features.  All “old” drillholes could be filtered out by setting a drillhole parameter Driller <>HOF.  Strata parameters can be added to the parameter file (eg. %FLT>40).  Then within the command Autorun Strata Grids, the option to Use Parameter Files (see above) can be selected, or within the direct command Make Strata Grids, the Parameter File option can be used.
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Splits, Conformance, Pinchout, Marker Seams: Splits are defined in Strata Definition, as described above.  SurvCADD carries splits throughout, so in areas where the coal seam is whole, it will model as the sum of its constituent splits (upper and lower).  Since modeling methods are consistent to themselves but potentially inconsistent between methods, there is some danger in modeling the base of lower in one method and its thickness in another.  When added together, it may not match exactly the base of middle in those areas where the coal seam runs as a whole unit with no parting.  Grid File Utilities can force the top of lower to match the base of middle in areas where the coal seam is not split.  Conformance is defined in Configure SurvCADD. There is “no conformance”, “seam-specific” and “all”.  The seam-specific is set in Configure Strata as shown below:

Here, the upper seam is used as a conformance marker for both UU and UL.  Conformance never overpowers actual drillhole base elevation data—it applies only when drillholes contain the marker seam but do not contain the target seams because of shallow drilling or surface elevations that are below the target seams.  Conformance will not prevent pinchout where a target seam is missing in a sequence.  Conformance has effects only on base elevation.  The “all” option forces strata to conform to the nearest strata for which there is information.  The obvious result is that lower strata with less information due to predominantly shallow drilling will conform to strata above them in the sequence.

6. Inverse Distance Search Controls:  Configure SurvCADD, Mining, has the following options for controlling inverse distance:
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It sometimes “pays” to limit your samples to, say, 15 for purposes of inverse distance.  But if the 15 closest samples are all to the north, you get poor modeling in other directions.  Here you can direct the program to get at least 2 samples, no matter how far away (up to 2000 feet here), in each quadrant (NE, SE, SW, NW).

B. Making the Model

1. Making Grids: A grid set is necessary to define a geologic model. The set of grids consists of a surface grid and base of strata grids (SurvCADD does not use thickness grids in the model set).  For key strata such as coal, it is best to model the base elevation and thickness, then add these grids (using Grid File Utilities) to obtain the top of strata grid.  Attribute grids for sulfur, BTU, etc. may be included in the model.  There is no limit on the number of strata or attributes that can be used in the model.  The “core” routine for making the geologic grid files from the on-screen drillholes is Make Strata Grids.  The surface grid file is usually made in Make Grid within the Contour-DTM menu.  Surface gridding is improved by adding “break lines” along streams, ditches and ridges.  An easy way to drape 3D polylines along these features is to simply draw regular polylines along noticeable ridges and valleys, then run 2D to 3D Polyline by Surface Model which is under the 3D Polyline pulldown menu within the Contour-DTM Module.  All grid files can be plotted and viewed in 3D and can be inspected in “real-time” with the moving cursor using the Grid Inspector within the Advanced Mine Module.
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Auto-Run Strata Grids: To automate modeling, it is advisable to organize the modeling procedures for each strata into one table which can be run to “re-make” all geology grids at once.  This table specifies the methods to be used (perhaps derived from Calculate Residuals), the name of the grid files and the area to be gridded.  It is important that all grids “share” the same grid region and grid cell density.  If using Make Strata Grids, you must “borrow” the grid position for any new geologic grid from another existing grid file.  For example, the Auto-Run Strata Grid dialog might look as follows: 
One particular advantage of Auto-Run Strata Grids is that the grids can be re-made within any user-defined inclusion perimeter if a drilling program has produced new drillholes, or even if new pit samples have been taken and entered or imported using SurvCADD Pit/Channel Sample options.  Using inclusion perimeters, the carefully constructed grids can be untouched except within the inclusion perimeters specified.  It is best to select new holes and pit samples as well as adjacent existing drillholes so that modeling will trend into the existing grids smoothly.

3. Strata Limit Polylines:  When gridding strata that subcrop or pinchout altogether, it is often advantageous to assert deliberate control over the subcrop and pinchout location by drawing strata limit polylines.  These polylines are associated with a particular strata.  For example, a seam that subcrops.  After the location of the subcropping or outcropping seam is identified through thickness ispaching and marking compliance drillholes (thickness greater than zero), actual [image: image21.png]Attribute Definition
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strata limit polylines can be drawn for the subcropping or outcropping seam (see below).  These can be applied to gridding, forcing thicknesses to zero in all areas beyond the strata limit polylines.

Mark Compliance Drillhole was used to circle the drillhole with the outcropping seam.  Then the seam was isopached for thickness, starting at 0.1 and the outcrops were drawn.  The user can then use human judgment to draw an outcrop line (in red) that can be designated the Strata Limit Polyline for the outcropping seam.  Even here, SurvCADD polyline logic comes into play.  The original sketched polyline for the seam was allowed to extend and dangle past the mining boundary.  Then Boundary Polyline was used (under StrataCalc and within MinePlan) to draw the interior, closed polyline for the seam where it is missing inside the mining boundary.
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The “Pre-Calc” Grid Set: This is the name given to the “Model” in SurvCADD.  This set of grid files is entered top to bottom, with any attributes following the base elevation grid of the strata they reference.  Timing, fence diagramming and “Mountaintop/Surface Mining” utilize the Pre-calc grid set.  The base elevation grid defines the strata that rest above it.  Thus, Unconsolidated material just below the surface might be the first strata in the Pre-Calc grid, and it is associated with its own base strata grid file. Less intuitive is the fact that a rock strata below Unconsolidated and above the first coal (we’ll call it Coal-1) would be associated with the top of Coal-1 Grid (eg. Coal1_Top.grd).  The Pre-Calc Grid file for this example down through the bottom seam might look as shown on the previous page.
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Grid File Utilities:  One of the primary uses of Grid File Utilities (GFU at the command prompt) is to add thickness grids to base of seam grids to derive top of seam grids.  The GFU “macro” for the strata example is shown below:
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A more “subtle” macro would be to prevent the top of the lower coal split from exceeding the base of the middle coal split.  This would be accomplished by the following macro (initiated by selecting Record at the right of the GFU dialog): 
Grid file utilities can be run “on-the-fly” but can also be saved as macros using “Record”.  The beauty of saving macros is that they go hand-in-hand with AutoRun Strata Grids.  After a new drilling program or series of pit samples are completed, the new data can be used to make fresh, new source grids in AutoRun Strata Grids.  Then all derived grids can be made in seconds using a series of pre-designed macros within Grid File Utilities.
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