
 

 

1 

 

                                                                                        

 

 

 

 

 

                                                                                        
Published: July 2024 

 

                    

                 

                 

                

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

  

 

  

  



 

 

2 

 

                    

                 

                 

     

 

 

 

 

 

 

 

 

 

 

 

                                                                                        

 

 

 

 

 

 

Introduction ...................................................................................................................................................... 3 

Base survey Grid & Satellite Imagery .............................................................................................................. 4 

Import Point cloud LiDAR data ........................................................................................................................................... 4 

Create Surface .................................................................................................................................................................... 6 

Create Grid ......................................................................................................................................................................... 7 

Visual options ..................................................................................................................................................................... 7 

Satellite Imagery ................................................................................................................................................................. 8 

Updating Base Grid with survey pick-ups ......................................................................................................................... 9 

Excavation .................................................................................................................................................................................................................... 9 

Stockpile ..................................................................................................................................................................................................................... 10 

Dam ............................................................................................................................................................................................................................ 10 

 Viewing layers in section quickly .................................................................................................................................... 11 

Grid to Surface Volumes and Merging ............................................................................................................................. 11 

Cut/Fill Map ....................................................................................................................................................................... 12 

Structure building tools .................................................................................................................................. 13 

Dam modelling from centerline ........................................................................................................................................ 13 

Stockpile/Dump modelling from Footprint with Optimization ........................................................................................... 14 

 .......................................................................................................................................................................................... 15 

Road modelling from centerline with Edit line profile tool ................................................................................................ 16 

Excavated Sump and Pond modelling ............................................................................................................................. 19 

Surface Water Tools ....................................................................................................................................... 20 

Editing  Imagery with filled outlines ............................................................................................................... 22 

 



 

 

3 

 

This document has a corresponding demo project dataset that can be downloaded here: 
LINK 
 
This workbook and demo project files are meant to provide guidance and examples on utilizing some of 
Formation’s more common earthwork modelling, data management and visual plotting tools. Topics 
include: 

- Importing point cloud data and satellite imagery 
- Creating surfaces and grids 
- Applying styles to layers 
- Creating and merging survey pickups into a base grid. 
- Creating X-Sections 
- Calculating volumes between grids and surfaces 
- Producing Cut/Fill Maps 
- Dynamic modelling tools for dams, stockpiles, dumps, roads and excavations/sumps 
- Surface Water tools (Watersheds) 
- Adapting satellite imagery for plotting. 
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Launch Muk3D Formation. Then go to File > Open Project >       . Locate the muk3d.project file in the ‘2024 

Formation Demo Data’ folder and select. Launch Formation. 

Begin by activating all the tools within Formation by Showing all Commands. Hit the hotkey located on the right-hand 

side of the top ribbon: 

 

*Please note, this step is only necessary in the 2024 Formation release. The 2023 iteration has all commands visible.  

In the Project explorer window, within the base 

folder, find the 1.0 - LiDAR data subfolder (Figure 

1). Within the folder will be nine .laz point cloud 

files downloaded from the TNM Download v2 

(nationalmap.gov).  

Downloaded files can be placed directly into your 

Muk3D project folder and will be visible in the 

Project Explorer window. To load the data into 

Formation, drag-and-drop a .laz file from the 

Project Explorer into the central 3D window. This 

will launch the Import LAS file function and the 

window, seen in Figure 2 below, will appear. 

For the purposes of this exercise, we are only 

going to load the survey data of the bare ground 

topography. As a result, de-select or un-check 

the ‘Unassigned’, ‘Low point’ and ‘High Noise’ 

layers. Note that the ‘Ground’ layer in this case 

has ~10million points. As can be seen in Figure 2, 

make note of the Coordinate Reference System (CRS) information. In this case, we can see that the data is in NAD 83 

Zone 12N. To properly geolocate the files we’re using and later exporting, we will need to set Formation to that CRS 

(Figure 3). Hit ‘Ok’ and the point cloud will load into the 3d window the file will appear in the Scene Manager (Figure 4). 

Figure 1: Downloaded LiDAR data 

https://apps.nationalmap.gov/downloader/
https://apps.nationalmap.gov/downloader/
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Before we continue, set Formation’s CRS. Hit the CRS button in the lower right 

area:                                                                  

The Project Setting window will load. In the Coordinate reference system tab 

(Figure 3), you can search or load a CRS and set it for the project. 

In Figure 4 below, the Formation interface can be seen with the location of some 

features shown. 

 

All layers point count 

Different layers. Checked 

layers will be imported. 

Import layers as segregated objects. 

Preview data file while thinning. 

Data file’s native Coordinate 

Reference System 

Figure 2: Import LAS file function window 

Figure 3: Setting the Coordinate Reference System 
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Figure 4 Formation interface 

 
 

 

    

      

Drag -and-drop all nine .laz files into the 3D window one at a time. Only load the 

ground layers. After a .laz layer has been loaded, un-check its visibility in the 

Scene Manager to not bog down the software with many visible point clouds  in 

the 3D window simultaneously (Figure 5).    

 

Right-click on your folder of choice and make it the ‘Active folder’. All newly saved 

files will be put there. The demo data has the surface located in the 2.0 – 

Topography subfolder.  

Go to Surface > Create > Surface from layer or the           button. 

As can be seen in Figure 6 below, in the Source Data field, select All the source data.  

Imported Point Cloud in Scene Manager Point Cloud loaded in 3D window 
Set CRS  Set cursor ‘Snap’ 

type if ON Set vertical exaggeration in 
3D window 

Set ‘Snap’ ON or 
Fixed Z  

Figure 5: Point clouds in Scene Manager 
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All relevant layers open in the Scene manager will be available. Hit ‘Ok’ and the surface will be generated. This may take 

a couple of minutes given the quantity of LiDAR data. The completed LiDAR_surface, generated in the 3D window, can 

be seen in Figure 7 below. Save the surface in the Scene Manager to your working folder. Non-saved versions of layers 

are highlighted in a red italic font. Unload the point cloud layers in your Scene Manager. 

 

 

Formation is optimized to function with grids. To convert the surface into a grid, go to Grid > Create > Create grid from 

surface or the         button. The function window can be seen in Figure 8 below. Name the grid and select your Grid 

spacing (m). In this case, we’re using 3m to maintain a grid 

with a manageable number of points. Formation will provide 

guidance by highlighting and issuing a note within the Number 

of grid points cell (Figure 8). 

 

Adjust the color and opacity of the grid by right-clicking on the 

grid layer in the Scene Manager. To display a grid/surface as 

a wireframe, hit ‘w’ while in the 3D window. To display as a 

surface, hit ‘s’. Apply textures and customizable styles to your 

Figure 6: Surface from layer tool with all data selected Figure 7: LiDAR surface in 3D window 

Figure 8: Create grid from surface window 
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layers from the DB Viewer menu that can be seen in Figure 9. To apply a style to a 

layer, drag-and-drop it onto the layer in the 3D Window. To edit, delete, clone or add 

an element, right-click in the DB Viewer menu. The atlas HSV Shading, which colors 

elements based on their elevation, can be seen applied to the LiDAR Grid in Figure 

10. Note, a 3 to 1 vertical exaggeration is applied.  

 

In the Satellite Imagery folder, you’ll find the satellite image 2021_4BandImagery_Utah_J1032777_000_000.tif. Go to  

Imagery > Convert imagery (Figure 11).  Load the tif in the Satellite image folder and name your Target jpg. Formation 

will create three files to your working 

directory, namely a jgw file (Figure 12). 

It can be loaded, independent of the 

survey grid, by drag-and-dropping it into the 3D window while holding CTRL. This will import the satellite image as a 2D 

tile at elevation 0 (Figure 13). As can be seen in Figure 13, the satellite imagery is much larger in area than the LiDAR 

surface. However, draping the imagery onto the LiDAR grid, by drag-and-dropping the .jgw from the Project explorer, will 

only display imagery where the grid exists. 

Figure 9: DB Viewer window Figure 10: LiDAR Grid with HSV atlas shading applied 

Figure 12: Converted image files in Project explorer 

Figure 11: Convert image window 
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In the 3.0 – Structure Survey subfolder, there are Dam, Excavation and Stockpile folders. These folders contain survey 

pickups of structures that need to be incorporated into the Base Grid. To achieve this, we’re going to triangulate surfaces 

from the provided survey data and merge the new surfaces into the Base Grid.  

 

Excavation 

Begin with the Excavation structure. Load the Excav1_Survey Points and lines.polyline layer (Figure 14 on the left). Go to 

Surface > Create > Surface from layer or the           button. Select the excavation survey file as the source data and 

check the Use lines as breaklines option. The generated exaction surface can be seen on the right in Figure 14. 

 

Figure 13: Satellite image .jgw imported as 2D tile (left) and draped on grid (right) 

Figure 14: Excavation survey pickups and triangulated surface 
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Stockpile 

Repeat the same process with the Stockpile data. Load all three layers of the crest, footprint and survey points and run 

the           function.  

 
Figure 15: Stockpile surface and survey pickups 

 

Dam 

Load the linework and points layers for the dam. Run the            function. You’ll notice that the surface triangulates in an 

unusual way (Figure 16). This is largely due to the source data being a little ‘chaotic’. Particularly the polygon 

corresponding to the footprint of the dam within the linework layer. To generate ‘clean’ surfaces, the quality of the input 

data is paramount.  In this case, a more defined and consistent ‘toe’ line would have been necessary. 

 
Figure 16: Triangulated Dam surface and input data 
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To create a quick section through the visible layers loaded in your 3D window, hit the            button. Create a section line 

and hit the ‘space’ bar. The ‘Excavation’, section line and X-section can be seen below in Figure 17. 

 
Figure 17: Excavation, section line and X-section 

 

Volumes between grids and surfaces can be determined in several ways. To determine the surveyed structures volumes 

vs. the Base Grid, go to Grid > Volumes > Volume between Grid and a surface or the           button (Figure 18). Select if 

you would like the ‘fill’ or ‘cut’ volume and hit ‘Ok’. The volume will be printed in the output window (Figure 18).  

To run volumes in ‘peels’ or vertical increments, utilize: 

  Grid > Volumes > Fill-elevation curve between grid and surface or the          for a fill structure. 

 Grid > Volumes > Storage-elevation curve between grid and surface or the          for a excavated structure. 

Figure 18: Volume between grid and surface 
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Merge the fill structures into the Base Grid by going to Grid > Merge > Merge Dam into Grid. Select the Base Grid and 

the Dam/Stockpile. The LiDAR_grid_3m.grid layer will be edited and updated (Figure 19). Note the volume between the 

base grid and surveyed structures is listed in the output window when you merge. 

Merge excavations with Grid > Merge > Merge excavation into Grid. The updated Base Grid, in the demo data, can be 

found in the 2.0 Topography folder and named LiDAR_grid_3m_Updated.grid. It can be seen below, with atlas HSV 

shading, in Figure 19. 

 
Figure 19: Updated Base Grid with atlas HSV shading 

Load both the original and updated LiDAR 

grids in the 2.0 – Topography folder. Go to 

Grid > Create Isochore between 2 grids. 

Formation will generate a Height attribute 

for the cut and/or fill vertical difference 

between the grids. The height attribute can 

then be applied to the latest Grid, from the 

DB Viewer styles, under the Colour by 

attribute value category. Apply the cut/fill 

style by drag-and-dropping it onto grid. Make sure to select height attribute when applying. 

Figure 20: Cut / Fill map between grids 
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Dynamic modelling tools are available for many earthwork structure types in the Structures menu. Roads, excavations, 

dams, dumps, ponds, ditches, toe berms and graded pads all have tailored modelling tools to streamline the design 

process. 

 

In this section, we will cover creating a dam surface from a provided centerline. The centerline of the dam will 

correspond to the centerline of the dam in the 3.0 – Structure Survey Pickups folder and covered in the section above. 

In the 4.0 – Planned Structures folder, go into the Dam sub-folder and load the Dam Crest- 1225m.polyline layer. As 

well, load the LiDAR_grid_3m_Updated.grid in the 2.0 - Topography folder. 

 

We want to plan the construction of this centerline dam from its current crest elevation of 1525m to 1535m. We want to 

maintain increase side slopes to 6:1 and a crest width of 30m. 

 Go to Structures > Dams > Create dam from centerline or the            

button (Figure 21). Be sure to select Merge into grid to enable the Dam to 

become a dynamic model. Hit ‘Ok’. Select the updated Base Grid and the 

1525m crest line. 

We can now dynamically update and optimize the dam surface. Ensure the 

newly created Dam layer is selected in the Scene Manager. Take note of 

the Properties window on the right hand side of your screen (Figure 22). 

 

 

 

 

 

 

 

 

 

Figure 21: Create Dam from centerline 

Figure 22: Dynamic property dam 

Dams Dynamic 

properties that can 

be adjusted 
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The dam’s dynamic properties window can be seen in Figure 23. All input design parameters, including crest width, side 

slopes, shell height and crest elevation can be modified here. This will dynamically update the surface, linework and 

merged grid generated in the 3D window. It will also update the Volume, Footprint area and Max Height at the bottom of 

the Properties window.  

In this case, at a crest elevation of 1,525m and 3:1 side slopes, the design will only require 427.5 m3 of fill vs. the existing 

dam structure in the updated LiDAR grid. 

The property window with the dam’s inputs changed to a crest width of 30m, side slopes of 6:1 and a crest elevation of 

1545m, can be seen in figure 24. Figure 25 shows the updated Merged Dam Grid in the 3D window (above) and a X-

section, perpendicular to the crest line, comparing the initial 1,525m vs. the updated 1,545m dams (below).  

 

Note: Once a dynamic model is saved, it is no longer editable.  

 

In this section, we will cover creating a dynamic stockpile from a provided footprint. We will utilize the ‘Optimize’ tool to 

goal seek a design configuration that meets our volume target. 

Figure 24: Dynamic dam updated property 
window 

 Figure 25: Dynamic dam updated in 3D window (above). X-Section of updated vs. 
initial dam (below) 

Figure 23: Dynamic Dam initial property window 
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In the 4.0 – Planned Structures folder, go into the Stockpile sub-folder and load the Stockpile Provided Footprint.polyline 

layer and your latest merged grid. Go to Structures > Dumps > Dump from footprint. The initial inputs are shown in 

Figure 26 and 27 below. 

Dynamic model can be ‘Optimized’ by right-clicking on the 

output label, in this case, Merge dam into grid. Then select 

Optimise. The window in Figure 28  will load. You can select 

your Value to optimize, the Target value and which input 

Parameter to change. 

In this case, we want the Stockpile to hold 400,000 m3 of material 

and are choosing to adjust the Stockpile’s crest elevation to 

achieve that volume. We Guess that will result in a Crest elevation 

of 1545m. Formation will adjust the 3D model to establish the 

appropriate crest elevation to achieve 400,000 m3 of capacity 

with a 1% error tolerance. The update Stockpile model and 

properties can be seen in Figure 29. Note the new Crest elevation 

 

 

 

 

 

 

 

 

Figure 26: Stockpile from footprint window with inputs 

Figure 27: Stockpile from footprint initial property window 

Figure 28: Optimize by output value window 

Figure 29: Update Stockpile model and properties 
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In this section, we will cover creating a road design from a provided centerline. The road will be a dynamic model and 

the Edit line profile tool will be utilized. 

In the 4.0 – Planned Structures folder, go into the Road sub-folder and load the Provided Road CL – 1530m.polyline. 

Load the latest merged grid from the Stockpile subfolder as well. Go to Structures > Roads > Create road from 

centerline. Select your grid and centerline. The initial inputs and road properties window can be seen in Figures 30 and 

31 below. 

Turn off the visibility of all the layers except the PREVIOUS 

merged grid and the provided centerline. Then go to Plotting 

> Edit line profile. Select your centerline and the merged 

grid without the road merged in (Figure 32). 

 

 

 

 

 

 

 

 

Figure 31: Initial dynamic road properties window 

Figure 30: Create road from centerline window with initial inputs 

Figure 32: Scene manager with ‘old’ grid and centerline visible 
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The Long section editor window, Figure 33, will load.  

This window will display a longitudinal section, along the selected line and grid. In this case, it is displaying the centerline 

of the road vs. the base grid without the road merged in. All modification to the centerline, in the section editor, will 

update the road design in the 3D window and its associated properties. 

The point-to-point elevations and slopes of the centerline can be interactively adjusted. It can be done manually, by 

moving them up and down with your cursor. In the view menu, you can set threshold values that’ll change the label 

colour if they are steeper than the entered limit. Additionally, a number of tools exist within the Long section editor to 

streamline the adjustment process. For any point, right-click and the option menu in Figure 34 is available. 

Select multiple points and the menu in Figure 35 is available. These tools allow 

you to specifically set elevations or point-to-point slopes for multiple sections 

along the centerline.  

Right-click on the line itself and a new point can be inserted. 

Figure 33: Long section editor with road centerline and grid without road merged in. 

Figure 34: Long section editor – single point options 
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- Save and update the grid surface and 

road design after adjustments press                                               

 

Undo any modifications that were made 

prior to saving, hit  

 

Update the editor to only show the post-

saved surface, hit  

 

Adjust the vertical exaggeration within the 

editor, press  

 

Note: The NEW grid, with the road merged in, needs to be set to visible in the Scene Manager, for design changes to 

take effect and update the Property values. 

 

Following a quick series of centerline modifications, the updated profile and properties can be seen in Figures 36 and 37 

below. This new design, being much more balanced Cut/fill wise. 

 

Figure 35: Long section editor – multiple point options 

Figure 37: Updated road model properties 

Figure 36: Updated Long section editor 
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Dynamic models for excavations (sumps) and ponds can be paired.  

Begin by loading the Provided Sump Crest.polyline in the Sump subfolder. Load the newly created merged road grid as 

well.  Go to Structures > Excavations > Excavation from crest (Figure 38). Hit ‘Ok’ and select the sump crest line and the 

merged road grid. Do not save. The Excavation from crest window and initial excavation properties can be seen in Figure 

38 and 39. 

Add a dynamic pond to the excavation. Go to Structures > 

Ponds > Create pond surface or hit           .  The Create 

pond surface window and initial pond properties can be 

seen in Figures 40 and 41.  

Configure both models in tandem. As the excavation’s 

properties change, the pond’s will update accordingly. 

Dynamically adjust the excavation depth (Shell height), slope, crest footprint and pond elevation or optimize the cut 

volume, pond volume, area and max. depth until the desired configuration is achieved. 

 

   

Figure 39: Initial excavation properties 

Figure 38: Excavation from crest window 

Figure 41: Initial pond properties. 

Figure 40: Create pond surface window  
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To hydro-reinforce the base grid and model the flow of water properly, a flow_grid needs to be created. To create the 

flow_grid, Formation will: 

1. Define the location of any ponds/dams/sinks that allow water to collect. 

2. Fill depressions in the grid. If a point can’t flow anywhere and its not regarded as a sink, then the point elevation 

is modified until all points can flow somewhere (except sinks) unless they are on the edge of the grid. 

3. Determine flow direction from each point. 

4. Count the number of predecessor points that contribute to flow through each point. 

5. Create streams for points that have more than a threshold area that contributes to flow. 

 

To generate this surface from the grid you’re working with, go to Water >  Watershed > Create a Watershed. 

Please note, processing time will depend on the size of input grid. We advise you utilize the Grid > Create > Extract from 

existing grid to delimit the topography to the needed area. 

The software will ask you to identify any existing basins or ponds that it should consider in its processing.   

 

After processing is complete, Formation will create the files that can be seen in Figure 42 below. Please note, the 

flow_grid created from the topography is no longer suitable for doing geometric modelling.  The Fill depressions part of 

the algorithm may modify surface elevations by an unspecified amount.  

After processing is complete, Formation will also generate the output seen in 

Figure 43 below. 

The default in this case, generates streams where the minimum catchment area 

is  900,000m2, 10% of the total grid area of 9 km2.  

 
 

 

 
Figure 42: Files generated from creating watershed 

Figure 43: Output generated from watershed processing  
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In order to re-generate streams with more granularity, go to Water >  Watershed > Regenerate stream network and set a 

lower minimum catchment area (figure 44).   

 
Figure 44 :Regenerate stream network 

The streams and flow grid for a Minimum catchment area of 900,000 m2 vs. 50,000 m2 can be seen below in Figure 45. 

 

To determine a catchment area at a specific location go to Water > Watershed > Generate catchment (figure 46). Make 

sure your flow_grid and streams objects are loaded: 

1.  Formation will ask you to select a grid with flow directions, this must be your flow_grid.  

2. It will then ask you to select a point. Select a point exactly on the stream of concern (figure 44). 

 

 

 

 

 

Figure 45: Stream Network - 900,000 m2 catchment area (left) vs. 50,000 m2 area (right) 

Select point on a Stream 

Figure 46: Generate catchment window and functionality 
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Formation will then generate a surface and outline for the catchment area. The catchment area can be seen, in green, in 

Figure 47 below. Formation will calculate and display the catchment area value in the output window, also seen in Figure 

45. 

 

 

To create a comprehensive visual that includes the topography, imagery, 

surveyed pickups and modeled structures, we will edit the satellite imagery 

with filled outlines within the new structures’ footprints. 

Go to Imagery > Add filled outlines to image (Figure 48). In the Base image 

cell, select the Sat Photo.jgw in the Satellite Image folder. Name your Output 

image and hit the          button to add an outline.  

Decide to fill the outline with a color or texture. The pre-defined textures can 

be found in the textures folder in the main directory of the project folders.  

The outlines in these cases correspond to the footprint linework layers 

generated modelling and merging the planned and surveyed structures.  

 

Figure 47: Catch area surface in 3D window and catchemtn area values in output window 

Figure 48: Add filled outlines to image window 



 

 

23 

 

A new Modified Satellite Image.jgw will be created in the active folder, 6.0 – Edited Satellite Image. Load the last merged 

grid in your 3D window, excavation – grid.grid, in the Sump subfolder of the 4.0 - Planned Structures root folder. Drag-

and-drop the new jgw onto your grid.  

Add contours to the surface quickly with the          button.  

Copy or save the view in your 3D window with Image > Export > Copy screencap to clipboard and Image > Export > 

Save Image or the                     buttons respectively. Contours, streams and the modified satellite image with filled 

outlines can be seen draped onto the grid in Figure 49 below.  

 
Figure 49: Satellite image draped onto the grid with filled outlines and contours 


