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FAST, DYNAMIC GEOLOGICAL MODELLING

INTRODUCTION TO LEAPFROG
GEOTHERMAL

TUTORIAL 1: UNDERSTANDING AND USING A PROJECT

This tutorial is an introduction to the Leapfrog Geothermal software. You will be introduced to the different

visualisation tools and options available using an existing project.
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INTRODUCTION

For this tutorial, we are going to navigate through an existing project.
e Open Leapfrog Geothermal 3.2

From the opening window you can see the list of your recent projects, if any, you can create a new project, or
you can open an existing one. From this window you can also check your OnDemand licensing details.

\3 Leapfrog Geothermal training - Leapfrog Geothermal - m} X

J _ v | BB Projects | G Scene View

'f:g Project Tree Gy

[E) Topographies
[F= GIS Data, Ma

¥ [ Borehole Dat Open or create a

[ Planned . .
) Borenole new project Recent projects | Clear

[ Points
[5=) Polylines
v E‘ Structural Modelling
[ Form Interpolants
E‘ Stereonets
[ Structural Trends Leapfreg Geothermal ...
E" Meshes
B Geological Models
[ Interpolants Search: IE‘ Ci\Users\samantha\Documents\3D modelito del @J
E‘ Combined Models
[ Flow Models
[ Block Models
[ Saved Scenes and Movies
E" Cross Sections and Centours
[F5 Colour Gradients

[*] Notes

|:1 New Project...
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Ek Open Project File...

Licence details

L 23 Full Acceleration 94FPS  $7-Scale 1.0 Hours to go: <1

e Click on the “Hours to go” button to get more information on your OnDemand licence.

Your OnDemand licence expires on: 2016-02-04 09:35
Click here to extend

e Click on Click here to extend. The software is contacting the Licence Server. It will bring the

OnDemand Licensing [ Lespirog Geothermal v b

menu where you can check o
OnDemand Licensing Active  Available

your I|Censes fOr a |0nger "Ynurdong\enumbaris:ZOM‘JZMBS

time period. C“Ck on Quit, Your dongle is configured for OnDemand Licensing with a maximum checkout period of 7 days.
Your current Geothermal licence expires on 12/05/2017 10:24:00

Your current Geothermal licence expires in 0 days and 0 hours. You are checking out an additional 1 day.
It will now expire on 13/05/2017 10:24:00

Selected  Unavailable

(L Help wguit !‘ge‘c Licence

e Select Open Project File.

e Navigate to the Leapfrog Training\Project\Leapfrog Introduction folder.
e Select the Leapfrog Introduction.aproj file.

e Click Open.
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THE LEAPFROG DISPLAY

The Leapfrog Scene View display can be divided into 4 main parts:

- The Project Tree that contains the project data.

- The 3D Scene Window which displays selected data in 3D.

- The Scene List and Shape Properties Panel which control how the data is displayed. They are also
used as a working set of the data relevant to the current task.

- The Processing Panel which lists objects being processed or waiting processing.

Below is a typical view of what you will see when you start a Leapfrog project, with the project tree and 3D
Scene Window left in the state when the project was last opened.

(o Tesphrog Gesthermal Scene Toolbar
J _ ¥ | BE Projects | [ Scene
& Lok~ ER & RN & &

B Leapfrog

2 Project Tree

P [ Topographies

P ) GIS Data, Maps and Photos
P [ Borehole Data

P [ Paints

P [ Polylines

P [ Structural Modelling

P [ Meshes

P [ Geological Models

P [ Interpolants

P [ Combined Models

P [ Flow Models

P [ Block Models

P[] Saved Scenes and Movies

P [ Cross Sections and Centours
= H

p

dients

Project Tree

Plunge +
Azimuth

Properties Panel

a @ Topography

GIS data:

Slicemode: | Unsliced -

= T Gealogy 38 [[ByGeolog.. || Edit Colours | b A
fitter | NoFit
@ ] collar ® (&Fatcol.-][ | ™ Query filter: o Filter -

@ |\7)| Topography contours 3¢ [ Elevation- [l WEleva..~

Line radius: | 75.00 =

Format Display Text

3 v

1 8 54| Full Acceleration 61FPS  §Z-Scale 1.0 Hours to go: <1

INTERACTING WITH THE SCENE

When the data is displayed in the scene, you can view and interact with it. Key interactions are mouse
operations:

- Click and drag the left mouse button to rotate the scene.

- Click and drag the right mouse button to zoom in and out the scene. You can also use the scroll
wheel to zoom in and out.

- Click and drag the middle mouse button or click the left and right button of your mouse
simultaneously to pan the scene.

- Left click on an object in the 3D Scene highlights it in the Scene List and brings up information
about the object. The software also allows the user to enter comments about objects.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1
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B Leapfrog Introduction - Leapfrog Geothermal - u] X

—J_ ¥ | BB Projects | [ Scene View
g Project Tree oy 9;: . E K ﬁ I}, x ;:! f

P [ Topographies

B () GIS Data, Maps and Photos
B [ Borehole Data

P ) Paints

P [ Polylines

P [ Structural Modelling

P (5 Meshes

P [ Geological Models

P [ Interpolants

B 5 Combined Models

A Topography

P [ Flow Models Location  2808513.7730,
P [ Block Models 63280432007,
P [ Saved Scenes and Movies 261.9693

Elevatis 261.97
P[5 Cross Sections and Centours o Tm The Topography object has been created from the elevation grid
[ Colour Gradients [Exac 5 (EURIH ¢ called DTM. 2016-02-24 10:22
m Motes Volume Mesh is not

closed
Area 624,750,000
Parts 1

£ Open Topography

B Edit Comments

@ 43 Topography 8 [@Fatcol.-| | b 4\ Topography
GIS date:
e aeed Slice mode: |From Scene v
@ 7 Geology # 38 [[B Geclog...~ |[ Edit Colours b A :
@ = collar 3 [&Fatcol..~ l:l b
@ ||| Topography contours 3¢ [ Elevation~ | [l WEleva..x
) v
. +2808727.25, +6327824.63, +23023 [ Full Acceleration 17FPS  $Z-Scale1.0  Hoursto go: 23

Useful keyboard operations include:
- The home key sets the view to displayed data.
- Access standard geographical views: U for looking Up, D for looking Down, E for looking East, W
for West, S for South, N for North.

e Take some time to rotate the scene using these simple operations. You can also access these options
from the Look menu in the Scene toolbar.

The scene window displays a 3D representation of selected data from the project tree. You can add objects
from the project tree to the scene in two ways:

e C(Click on the object and drag it into the scene.
e Right-click on the object and tick the View Object box.

The Scene toolbar provide various options that we will investigate throughout this tutorial:

- Clear scene: remove all the data present in the 3D Scene.

- Look: options to access preset views and define bookmarks.
- Plane and Slicer options.

- Ruler option.

- Standard Select button.

¥ lokv N F KN\ ES
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| CUSTOMIZING THE INTERFACE
Leapfrog Geothermal provides many options to customize the interface to your liking.

e  Click on the main Leapfrog Geothermal Menu and select Settings.

General

Overlays Acceleration mode: Full Acceleration
Colour Scheme

Lighting Font size: 8.0 <| pt
Processing Z-axis scale: times the X and Y axes

User Interface

Help Rotation

(®) Geographic rotation (@) Rotate with left button

() Free rotation () Rotate with right button
Camera

@) Qrthographic projection

() Perspective projection

From this menu you can change the Z-axis scale, your text size, Rotation and Camera options.

e Click on Overlays to access the optional display options: Grid, Axis lines, Scale bar, Compass and
more. Click on the options to see the differences in the 3D scene window.

e Click on the Colour Scheme to change your background colour and other colouring options. You can
create your own Scheme.

r m Bl
|| | Scene Screen Grid Axis Lines Scene Schemes: Settings:
Overlays [] Show screen grid Show axis lines Overlays Default General
Colour Scheme [] Put numbers on axes Colour Scheme Black background Name: |Demnnstratiﬂr|| |
Lighting Lighting White background !
) [ Show whale box 3 = Background colour:
Processing Processing Demonstration
User Interface User Interface Text colour: [ ]
Help b= Help
Scale bar Borehole trace colour: _
Compass ball Borehole trace width: |1 =
Viewing angle text
Mesh edge colour: | [N
Slicer position text
= e Mesh edge width: 1
Mesh slice line width: |2 E
G Delete Scheme Asdis Colours
%Eactory Reset K-axis colour: _ .
I gjﬂelp Revert xgose I I lﬁﬂelp Bevert xgose I

e Click on the User Interface and select Show Tree Lines and Show Save Scene (the latest will be added
to your Scene toolbar).
e Investigate the other options. When satisfied, click Close.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 5
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You can also customize the size and location of your tabs and scene windows.

e Click and drag the grey partitions to change the size of your scene panels.

e C(Click on the partition of the scene list and drag it to the right hand side of your window to set to the
side instead of bottom.

e Click and drag the Scene View Tab to open it as an independent window. Follow the same method to
bring it back into the main Leapfrog Geothermal interface.

@ Leapfrog Introduction - Leapfrog Geothermal - a x

%g Project Tree
¥ [) Topographies
P 4" Topography
P [ Draped GIS Objects
P [ GIS Data, Maps and Photos
P [ Borehole Data
P [ Points
P [ Polylines
B [ Structural Modelling
P [ Meshes
P [ Geological Models
P [ Interpolants
P [ Combined Models
P [ Flow Models
P [ Block Models
P [ Saved Scenes and Movies
B [©) Cross Sections and Contours
[E Colour Gradients

- [=.

= | BB Projects

|:| New Proj L4
| v | @ SceneView

Ek Open Prg —
FAE AN AN
Recent pr¢ £ Topography ®
77 @ & Flat colour - |
fpﬁ Y

3 . GIS data: | Select -

. * |71 Geology b4

@ |[[4 Geology_... - || Edit Celours

— |/ oA

= collar b4
T I T —
.,—r'\_\_‘(:f-:; b

et « |7 Topography contours b4

SR J‘ = | @ [RElevation ~|[Jl MElevation~
otes ¥ | '

Azimuth 008 4 Topography
g 2500 5000 7500 )
Slice mode: |From Scene v
, :

. +2029087.13, +6324613.85, +334.05 L0 Full Acceleration

15FPS  $7-Scale 1.0 Hours to go: 23

LEAPFROG GEOTHERMAL PROJECT TREE

In Leapfrog, objects in the project tree are organized from the top down. The objects used to build the
models, and the models themselves, are located within the project tree folders.

The first step in understanding a project and investigating its contents is to compact the tree by hiding the
detail. This is done using the small arrows on the left side of the project tree. If an object does not have a side

arrow then there is no detail stored below. This function allows:
%g Project Tree

- To hide the details unless you want )
¥ [ Topographies

¥ & " Topography
- & DTM
- B [ Draped GIS Objects

to focus on the specific construction

Open: detail
shown

of an object.
- It supports a workflow where a
simple model is successively refined.

e Compact the project tree.

Closed: detail
hidden

PROJECT TREE STRUCTURE

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 6
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The base level of the project tree is made of 16 folders. All the data and tools available within a project are
found within these folders:

e Topographies: In Leapfrog Geothermal, the topography ?:8 Project Tree

represents the ground surface and all data associated
with it. All objects that make up the topography are W E‘Tupﬂgraphies

stored under this folder. It also hosts the clipping [= .3' Topography
boundary object which defines a region of interest. .
D d Gl5 Object
e  GIS Data, Maps and Photos: Vector data can be imported I_— rape Jects
__H
to define land use in two dimensions. The maps and P [ GIS Data, Maps and Photos
photos can also be imported, and geo-referenced within W E‘ Borehole Data

the interface. [= ”l Boreholes
e Borehole data: This folder contains the Boreholes object > E' Pl d Barehaol
which is made of tables defining the physical 3D shape of anned borenoles

I__Ilh 1
boreholes. It must contain the location and survey data, |__ Borehole Correlation

and at least one interval table. This folder also hosts the [ E" Points
Planned Boreholes folder where new wells can be b E' Polylines
created and evaluated against existing models and the > E‘ structural Modellin
Borehole Correlation folder. 9

e Points: Points must have 3D coordinates, with or without > E' Meshes
associated values. They can be used for visualization only = [ Geological Models
or as input to define surfaces and models. . E' Interpolants

e Polylines: Polylines are created or imported in Leapfrog - )
Geothermal as a source of manual input to generate or > I'_— Combined Models
constrain surfaces. [ E‘ Flow Maodels

e Structural Modelling: This folder contains structural P [ Block Maodels
measurements, created within Leapfrog or imported and > E' Saved Scenes and Movies
option to model structural data . ]

e Meshes: Meshes are used to represent surfaces. A mesh > L Cross Sections and Contours
is a collection of vertices and triangles that define the [ Colour Gradients
shape of a 3D surface object. Leapfrog Geothermal can m Motes

import meshes created in other software, and can also
export meshes for use in other software.

e Geological Models: All geological models created in a Leapfrog project are saved under this folder. A
geological model contains several key components (Boundary, Fault System, Lithologies, Surface
Chronology and Output Volumes).

e Interpolants: Interpolants are numeric models representing the physical properties of an area from
either borehole data or point data. Interpolant Models contain five key components (Boundary,
Trend, Values, Isosurfaces, and Output Volumes). Multi Domain Interpolant and Indicator
Interpolant can also be created from this folder.

e Combined Models: This folder provides the tools to combine categorical model (Geological model)
with interpolant models.

e Flow Models: This object can be used to build, import and export flow grids. These grids can be
created in Leapfrog Geothermal, or created in external software and visualised in Leapfrog
Geothermal. Leapfrog Geothermal currently provides options to work with ModFlow, FEFLOW and
TOUGH2 models.

e Block Models: This folder can be used to create or import block model grids to evaluate them against
your geological and interpolant models. You can also import key standard grid files such as
Magnetotelluric Resistivity files, UBC and Gocad models.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 7
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e Saved Scenes and Movies: Scenes are like bookmark views of the project data; the user can save a
scene from any data in the 3D window. Scenes save the objects present in the 3D view, and the
display properties, but it doesn’t save the data itself. Scenes can be exported for use in the Leapfrog
Viewer so you can share your information. Movies are created by combining multiple scenes.

e Cross Sections and Contours: Cross section images can be imported and geo-referenced in this object.
Cross sections of geological or interpolant models within the Leapfrog project can also be created and
exported. This folder also provides the tools to contour any surface present in the model.

e Colour Gradients: This folder provides the tools to import colour gradient from other software
packages.

Note: While the main project tree structure cannot be altered, it is possible to create subfolders to organise the
data imported in the project.

EXPANDING THE PROJECT TREE

The Leapfrog Geothermal structure supports a workflow where a simple model is successively refined. Let’s
investigate how a geological model is built.

e Expand the Geological Models folder.
e Expand the geological model called Geological Model — Unfaulted. You can see the 5 key components
mentioned previously:
O Boundary.

0 Fault System. . | {7 GM - Unfaulted
0 Lithologies. - W = Boundary
0 Surface Chronology. Lo ) GM - Unfaulted Extents

0 Output Volumes. B — Topography

T | Lateral Extent [inactive]
Ly 17 Lateral Extent vertical wall
o 5:' Lateral Extent
-------- &3 Fault System
- = Lithologies
- B (% Surface Chronology
- B [5) Output Volumes

e Expand the Boundary Object. You can see that this
object is created from 3 items:
O A Boundary box (GM - Unfaulted Extents).
0 The Topography.
O A Lateral Extent which is used to define the
boundary of the geological model. If one
continues expanding the Lateral boundary, we

can see that it is defined by a polyline = .

This principle of expanding to reveal the object source applies to all objects in the project tree.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 8
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| ACCESSING TOOLS VIA THE PROJECT TREE

e Right-click on each object in the project tree to view the actions you can perform for that object. This

works at any level of the structure.

For example:

%g Project Tree

The GIS Data, Maps and Photos object can be used to import vector data and maps, create new

GIS line objects and define the region of interest.

The Boreholes object can be used to add or create new data, delete or export data.

The Interval table object (geology in the following image) reveals a menu showing possible

actions specific to this dataset.

| ] Topographies

B [ GIS Data,
[ E Borehole
[ E Points
P> E Structural
P> E PMeshes
P> E Palylines
[F Structural

| ] Geological Models
| ] Interpolants

Maps and Photos
Data Import Vector Data..,
&8 tmport 2D Grid...
| Data @ Import Map...
MNew GIS Line... 3
Batch Import 4
| Trends Set Clipping Boundary...

[F5) New Subfolder...

P [ Combined Models

P [ Flow Models

P = Black Models

P [ Saved Scenes and Movies

P [ Cross Sections and Contours
[ Colour Gradients

[*] Notes

s Project Tree

P [ Topographies

P [ GIS Data, Maps and Photos

¥ [ Borehole Data

P ||| Bereholes Open Al

P [ Planned Borehel| 5] Fix Errors...
w2 Drillhele Correlat @ New Merged Table

B [ Points =F Append Boreholes...
> [ structural Data | £ Reload Boreholes..
B [ Meshes Import From File ’
B [ Polylines Import From ODBC '

[ Structural Trends
P [ Geological Madels
P [ Interpolants

"B MNew Evaluation
Add Core Photo Link

View All
P [ Combined Models
B & Delete... Delete
B [ Flow Models
B [ Block Models 4" Export...

P [ Saved Scenesand M @ Export Errors..

B [ Cross Sections and Contours
[ Colour Gradients

(] Notes

YTYwyw

TYYYVYYY

3 collee

Bl Eorfercs..
F rew Guery Fiter
T Mew Column
# bppend Data
i Beload Data
Wt Object
+ Frioritice
Paltines i
3 Structura! Trends | o p
" Geological Medels
7 Intespodants u_. Erport.
Combined Models B EXport Emors.
) Flow Models i Breperties.
Bock Models
" Sarved nd Mevvies

end Contuurs

When a bold option appears in the right-click menu, it means the option can also be selected by double-

clicking on the object. For example, the Open tool in the images above.

Objects shown in bold text in the project tree are currently displayed in the scene window.

Note: Some actions are not available until data has been imported into the project.

Leapfrog Training
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INVESTIGATING AN EXISTING PROJECT

USING THE SCENES

To investigate and understand an existing model, it is often useful to look at the scenes saved in the Saved
Scenes and Movies folder. A saved scene is a way of storing the scene list and settings for later use, like a
bookmark. It is very useful for providing a stable point of reference in a project and for explaining important
aspects of the project. In a saved scene a collection of objects are displayed, along with a summary of what the
scene is showing.

e In the demonstration project you have opened, you can see that several scenes are saved. You can
investigate the contents of a scene in two ways:

e Right-click on one scene of interest and select Open. This brings up a thumbnail sketch and a brief
description of what the scene shows (if it has been documented).

e Dragging the scene into the viewer will allow you to interact with the data in the scene.

3 Leapfrog Intreduction - Leapfrog Geothermal - m] X
gj _ v | BB Projects | @ Scene View
Project Tree (] w | |
k VP e WIN B LN ®S
V [ Topographies NG
icer
> A% Topography LD R )
L =]
P [ Draped GIS Objects —
@ Edit Save 1 Geology b4
B [F] GIS Data, Maps and Photos Edit Saved Scene
< ({3 Geology_Reinterpr...~ || Edit Colours ]
I [ Borehole Data
Description | b A
B [ Points
» Conceptual model and borehole = collar ®
B Polyiines lithology. <@ [& Flat colour -l ]
B [ Structural Modelling Each colour represent a lithological unit 0
and/or a permeability structure. b
P[5 Meshes All formations are sliced exept the & GM - conceptual model: Andesite %
B [ Geological Models basement, and the borehole data. @ @ Lithology .
B [ Interpelants >
P[5 Combined Models & GM - conceptual modet: Basement ®
B [5 Flow Models &Y Refresh @ & Lithology -
B [ Block Models ___ B
'V [ Saved Scenes and Movies Display & GM - conceptual modet: Dacite ®
&. 01, Boreholes, Topgraphy and contours L. I -
= Set To Current ® @ Lithology I |
&, 02. Georeferenced images = >
=
. 03. GIS view 5 Hame: |05, Dynamic slicing through the geological madel & GM - conceptual modek: Fault Zone ®
. 04, Structural measurements @ | Lithalogy | ——
&, 05. Dynamic slicing through the geological model >
0y ]
. 06.Intrusions versus deposits type surfaces and volt =pen o Comments [ Help % concl Dok & GM - conceptual modek Ignimbrite 1 x
Displa :
L, 07, Faults isplay Tab or click to add | = (& Githology gl ]
&, 08, Measuring in the scene. Rename... £ ———— ——— A -
& 09, Temperature model & Delete.. Delete \, Sticer
k. 10. Temperature evaluation
&, 11, The moving plane Slice width: (100000 3| [ g | o] setto v
3
&, 12. Cross-sections Stepsize: (60000 |3| | = || 2317483312246 3
. 13 Block Models Plunge +22 @
. 14, Borehole planning Azimuth 028 Dip: 0.0 = ¥: [6332653.636607 3
k. 15. Tough? Interface - SIS0 SOREJ3p010000 | Dipsz: (3155 Dz [-1240.99999909
5
* 53 Full Acceleration 3PS §ZScale2d  Hourstogo: 23

LOCATING AN OBJECT

The scene list contains all the objects available for viewing in the 3D viewer. It can be used to store a collection
of objects needed for a particular task or within a specific scene.

- It is often easier to make an object temporarily invisible than to remove it from the scene list. To
make an object invisible, toggle the “eye” beside the object in the scene list.

- There are a large number of other options for controlling the appearance of an object in the scene,
and these vary depending on the object being viewed, and will be described in detail.

The easiest way of locating an object in the scene list is to click on it in the 3D display window. This opens the
object properties window and also highlights it in the Scene List, where its appearance can be changed.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 10
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3 Leapfrog Introduction - Leapfrog Geothermal — m] x

Leapfrog Geothermal - [m”m]
g Project Tree o 8 ’ Look v g g @ \\

¥ [ Topographies sl @ |& Lithology -l

> A" Topography p————T Y

P [ Draped GIS Objects & GM - conceptual modek: Ignimbrite 2 ®
B [ GIS Data, Maps and Photos @ & Lithology -1 |
P [ Borehole Data [E———R ] ) =]
B [ Points & GM - conceptual modet: Lake sediments b4
B [ Polylines @ |& Lithology -l
B [ Structural Modelling [——T Y
B [ Meshes

& GM - conceptual model: Modem Dome

N — @

B [ Geological Models

B [ Interpolants b

P [ Combined Models . GM - conceptual modet: Old dome

P [ Flow Models @ & Lithology il

P [ Block Models . . ey

¥ [ Saved Scenes and Movies & GM - conceptual model: Relic Dome
. 01. Boreholes, Topgraphy and contours | [@Lithology  ~] |:|
. 02 Georeferenced images Lo b
k. 03. GIS view QGM conceptual modet: Rhyolite

. 04, Structural measurements

I _——
. 06 Intrusions versus deposistype surfaces and volumes Object is highlighted J ® G- concepruat modt Sedimerts %
e 7. Faults & GM - conceptual model: a [ Lithology -l _ |
k. 08. Measuring in the scene. Rhyalite —el 5|
\\ 5 FEEEETS & G:L;.nlcemuafmader: Squem:ia\ deposits %
H T N £333250.2970, J fthology -
Object properties = e b
window appears Volume  31018,000,000 & Rioiite
Area 118,850,000 Plunge +22
72 Borehole planning Parts 2 = Azimuth 028 Slice mode: | From Scene [~]
2500 5000 7500 10000
‘ & 15. Tough? Interface || add Comments Fill Slicer
e, +2816523.55, +6333273.33, -1393.49 El Full Acceleration B86FPS itZ—ScaIe 20 Hours to go: 23

e Right-clicking on the object in the Scene List and selecting Go to Project Tree takes you to the location
of the object in the Project Tree.

3 Leapfrog Intraduction - Leapfrog Geothermal - m] X

Leapfrog Geothermal ~ _ v | B2 Projects | [ Scene View
T2 Project Iree 0 & | looky W & @\\

P GM - conceptual model fault block 2 <« |& Lithalogy -l
P ) GM - conceptual model fault block 3 [—
P 5] GM - conceptual model fault block 4 & GM - conceptual modet: Ignimbrite 2
P GM - conceptual model fault block 5 <@ [& Lithology -l
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|CHANG|NG THE APPEARANCE OF AN OBJECT IN THE SCENE

There are two places where the appearance of an object can be changed. The first is in the controls that are
associated with the object in the scene list.

Delete control

|

™ Slicer b3 IS S N A Property icons ]
* =] Geology P : Ry
* S collar x » A i Label icons
Object @ @ Geological Model - Faulted: Andesite 3 b
visibility @ & Geological Model ...qulted: Basement 3¢ (@ Lithol...- | [ NN b
« @ Geological Model - Faulted: Dacite -4 I:l b
® @& Geological Model ...[ted: Ignimbrite 1 3§ I:I b
= @& Geological Model ...Ited: Ignimbrite 2 3§
@ @ Geological Model...d: Lake sediments 3¢ [@Lithol..-| | Opacity slicer
® @& Geological Model...aulted: Old dome ¥ I:I b
Faulted: Rhyolite 3§ _I >
Icon based on
object type Select

display

e Common features on all objects:
O Delete control: removes the object from the scene. It doesn’t delete the data from the
project.
O Object name.
e Features available on all except the slicer, ruler and moving plane.
0 Object visibility: click to make an object visible or invisible in the scene.
O Select display: controls which parameter is displayed (for example Lithology along a
borehole).
O Colour list: controls how numerical values and lithological units are coloured.
0 Opacity slider: changes the transparency of the object.
e Property icons, specific to an object: these vary with the type of the object. For example, showing the
triangles on a mesh or rendering points as spheres.

The second area for controlling how an object appears is in the properties box, where more detailed control of
the data is provided. This is available only for the selected object.

The main items appearing on the properties box are:
e Slice mode: enables the user to change how the slicer interacts with an individual object.
e Object size: controls line width, point size or radius of a sphere.

e Query filter: allows the user to display only a subset of the data as defined by a database query.
e Value filter: displays a subset of the data based on numerical values.

Note: A saved scene does not maintain an independent copy of the data, so if the data changes then so does
the appearance of the scene.
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| ACCESSING THE DATA

Many objects in the project tree are tabulated datasets (e.g., boreholes tables, points, structural
measurements, even shapefiles). You can visualise the tables or attributes when opening these objects.

e Open the geology table from the Project Tree. Double-click on the object or right-click open to see the

table.
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VISUALISATION TOOLS

TOPOGRAPHIC DATA

Varying height data in a project can pose problems. It is important for all the data to be consistent and
relevant; hence a single elevation field (the Topography) is defined. Several data sources can be combined
under this single object.

GIS data and maps typically display a 2D representation of land use at ground level. There are three ways of
looking at GIS data and maps:

- Inits “native” form: This can be either with its own height data or on fixed elevation if none is
provided. This is achieved by dragging the GIS/Map data into the scene directly from the project
tree.

- GIS objects are automatically draped on the Topography when imported in the project. You can
see the object, projected at topography level from Topographies/Draped GIS Objects. While this
option works well for lines, it is not perfect for polygons if you want to display them at the same
time as the topography itself.

- On the topography: this is achieved by dragging the Topography object into the scene and
selecting which GIS/Map is to be displayed. Maps can also be draped on any mesh.

e Display the saved Scene 01. Boreholes, topography and contours in the demonstration project. You
can turn on and off the Topography object and the contours. The contours are GIS vectors, with their
own elevation value displayed in their native form.
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e  Exaggerate the Z-scale.
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e Display Scene 02. Georeferenced images. You can see that raster images, either maps or cross
section, can be imported in Leapfrog and appropriately geo-referenced. By default, maps are
imported at 0 m elevation.
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e Add GIS data in its native form, and GIS data draped on the topography to the scene to see the
differences.
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As you can see, the maps have been loaded at different elevations to differentiate them in the 3D Viewer.
They are not accurately positioned in the 3D space.

 ELEVATION

e Display scene 03. GIS views.

e Look at the property icons available for the Topography object and test them.

e Change the colour list of the Topography object to Elevation and set the GIS data menu to None.
e Click on the coloured bar and Edit Colourmaps.

Colour list options
£ Topography
@ % Elevation -\l WElevation - |

: AN N Show edges

GIS data:

GIS data menu

Smooth faces
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. DRAPING AN IMAGE

One easy way to view the maps in their correct position is to combine them with the Topography object so
that it can be “draped” automatically over the terrain.

e In the Scene List, the Topography object has a GIS data menu, select the TopoMap from the Maps
and Photos option.

As you can see, the topographic map is now draped over the Terrain. From this menu you have access to all
the maps and GIS layers in the project. However you can only display one object at a time on the topography.
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CREATING VIEWS

It is possible to combine GIS objects and maps into a single layer or theme. This is currently done through the
scene list and is referred to as a “View”.

e Inthe GIS data menu, select the view called Topo and maps and observe the data. As you can see the
rivers, lakes and roads have been draped over the Terrain as well as the Orthophoto and the
TopoMap underneath.

B Leapfrog Introduction - Leapfrog Geothermal — m] X
Leapfrog Geothermal + | p | - [ p,ojec;‘ 9 Scene View |
24 Project Tree NP Leok~ w AN ] [ L | \\ ® 7
P [ Topographies o £ Topography %
P[5 GIS Data, Maps and Photos @ [E. Elevation -] MElevation -]
P [ Borehole Data ——T =k
P [ Points —

GIS datz: [Topo and maps -]
P [ Polylines
P (5 structural Modeling | ———am

P[5 Meshes
B [ Geological Models
P [ Interpolants
P[5 Combined Models
P[5 Flow Models
P [ Block Models
¥ [ Saved Scenes and Movies
. 01, Boreholes, Topgraphy and contours
. 02. Georeferenced images 3
. 03, GIS view
. 04, Structural measurements
e. 05, Dynamic slicing through the geological model
. 06, Intrusions versus deposits type surfaces and volumes
. 07, Faults
. 02, Measuring in the scene.
. 09, Temperature model
. 10. Temperature evaluation
& 11, The moving plane
. 12. Cross-sections
. 13, Block Models
. 14, Borehole planning

. 15. Tough2 Interface Plunge +42 e
P[5 Cross Sections and Contours 7 Azimuth 009
0 2500 5000 7500 10000
‘E Colour Gradients - GIS data: Topo and maps
m ] v
e, +2028827.50, +6344141.71, +320.70  [E Full Acceleration 11FPS  $Z-5cale2d  Hoursto go: 23

e Inthe GIS menu, select Views/Edit Views. Click on New.

GIS views: i()r‘lhnphnm and GIS

e Giveitaname.

* | |Rename New.. Delete
Available layers: Current layers:
* Fault 2 " lakes & flat c... -| [ N —
% Fault 3  rivers & Fiat ... - [ width: 2.00 —
¥ Fault 4 L —owdelbeddie
& Geological —
2 Old_dome o Name: |HiSRviewd w—
1% Topography 4 E—
8 TopoMap xgancel Create ]
Add = “ Remove * Lower
Revert All Hlose

e On the left of the window, there is a list of available layers: maps and GIS data. Select the layers you
would like to add to the view and click on Add (or double-click on the layer). The layers will appear in
the Current layers list.

e You can modify the display settings of each object in the view.

e Click on Close.

e Inthe GIS data menu of the Scene List, select the view you have just created.
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|SLICING THROUGH THE DATA

Slicing is a powerful tool for revealing data that is concealed behind oth
can be considered as a form of dynamic sectioning.

The slicer can be turned on in two ways:

- Atoggle switch which turns the slicer on and off
- Aline which effectively “cuts” the scene

e Display scene 05. Dynamic slicing through the geological model

er objects, or for emphasizing data. It

E
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The slicing is controllable in several ways:
- via the keyboard using “,” and “.” to step Forward and Bac

kward.

- via the keyboard using <CTRL> + <E> to slice East axis, or <CTRL>+<N> to slice North axis.
- via the mouse: Holding down the <CTRL> key on the keyboard and dragging the right mouse moves

the slicing plane in a direction orthogonal to the slicing plane. Holding down the <CTRL> key on the

keyboard and dragging the middle mouse (both buttons together on a two button mouse) changes

the thickness of a thick slice.
- via the scene list as shown in the following images.

Align to camera Slice East (X) axis

®, Slicer

1

[ miestee [ @

ﬁ Remove back

[ Remove front
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When creating a vertical slice, to mimic a 2D cross section, we often want to look perpendicular to the section.
Use the “L” or “SHIFT + L” shortcuts to visualize one side of the slicer, or the other side. Some easy way to check
your slice is vertical:
- Control that your slicer dip angle is set to 90°.
- If you have the grid overlay activated, when looking straight into your slicer, you should see the Z
axis grid appearing.

e Use the toolbar to remove the slicer, and re-position it.

e Take some time to look at the icons of the slicer and their properties. Modify the parameters to
familiarize yourself with them.

e Change the step size. This corresponds to the distance moved for a single key press, and is also used
to control the speed with which the slicer moves when the cursor is dragged.

e On occasion the scene may appear empty because the slicer has removed all the visible data. Either
reposition the slicer or turn it off.

e Change the slicer properties of individual objects (e.g., Basement).

Note: If the slicer moves as you are rotating the view it may be that you have locked the slicer to the camera
view. Untick the padlock icon.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 19



2 leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

| QUANTITATIVE MEASUREMENTS

LOCATING A 3D-POINT

The simplest way of getting an approximate location in the scene is to make sure the object of interest is
visible in the 3D-viewer and position the cursor over the location. The position is dynamically updated in the
toolbar at the bottom of the window. This is calculated using the depth buffer on the graphics card and
therefore is not exact.

If an exact position is required the user should click on the object. This causes Leapfrog to compute the exact
position from the object, display it in a pop-up window and place a point in the scene to confirm the exact
location.
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ETHE MOVING PLANE

The moving plane is the basic tool within Leapfrog for defining trends and measuring planar structures.

e Open the saved scene 11. The moving plane from the Demonstration project.
e Click on the plane, observe its properties.

The three axes are defined as follows:
- The first axis is along the green line in the moving plane.
- The second axis is defined to be in the plane and orthogonal to the green line.
- The third axis is perpendicular to the plane.
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The plane can be positioned in 3 ways:
- User defined numerical input. Here the user types in a location, dip, strike and pitch.
- The plane can be manually adjusted using handles in the scene. These appear when clicking on
the moving plane in the scene.
- The user can set the 3D Viewer to look parallel to the desired plane position and draw a line. This
is usually the most convenient method of defining a planar structure.

e  Practice moving the plane to different positions.
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| THE RULER
The ruler is a tool that can be used to measure distances within a three dimensional space.

The measurement is taken by clicking and dragging the ruler between two objects in the scene. When there is
a valid measurement the dragged line changes to yellow/red dashes and remains in the scene after the user
releases the mouse button.

e Open scene 08. Measuring in the Scene in the demonstration project.
e  Practice making some measurements.
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Important Note: It is recommended to change the viewing angle after making a measurement to control the
location of the ruler. It can be easier to use the ruler over a slicer or a moving plane for better accuracy.

OBJECT DIMENSIONS

Information on any object can be obtained by right-clicking on this object in the project tree and selecting
properties. Alternatively a subset of the data can be obtained by clicking on an object in the scene.

e Open scene 06. Intrusions versus deposits type surfaces from the demonstration project.

e Click on the Rhyolite surface. A new window appears with some details, including the volume of the
formation.

e Right-click on the Rhyolite object in the scene list and select Go to the Project Tree.

e In the project tree, right-click on the object and select Properties. You will also find volumetric
information.
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QUERYING DATA

Leapfrog allows you to create queries on objects to visualize and/or model a subset of the original dataset.
Queries are SQL based and a Query builder tool is available to help users generate their query in a
straightforward way.

I X" Query Filter

Select rows from collar
Query: ||

e (Clear the scene. Query builder tool

e Drag the collar and geology objects in the 3D scene.

e Right-click on the collar object in the project tree.

e Select New Query Filter and a new window will appear.
Click on the Query Builder to build a query.

Name: [

\ () Help H 30 cancel ]

A new window appears to help you build your query.

Select from collar
the drop down list. Match: () All of the following @) |Any of the following|

e In the column window select the collar.holeid from

0 Select the Test as “is”. Column Test | Value
O Enter the value “GNS1” or click on the collar.holeid is GNSL
build icon to get the list of all available collarmaxdepth  >= 3200

options. +5dd Advanced

e Follow the same procedure for a numeric value as

per the example in the image (Collar max depth || | (ke | | Bcancel || o Apply | | Dok |
>=3200 m). !
o Select the option “Any of the Following” which is an “OR” statement in SQL language.
e Enter a name for the query and click OK.
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Under the Collar object in the project tree there is a new query object.

e Dragin the query object in the 3D scene.
e In the scene list property windows, the query filter is now activated and you can choose to use your
query.
e You can also link the queries between tables:
0 Click on the Geology object in the scene list.
0 In the property panel there is a Query filter option: Select the query you have just created
and observe the results in the 3D scene.
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If nothing displays on screen, it could be because the query entered has no solutions.

CONCLUSION

You are now familiar with the Leapfrog Geothermal visualisation tools and able to investigate an existing
project. The following tutorials will show you how to import data and build your own models.

Leapfrog Training Introduction to Leapfrog Geothermal, Tutorial 1 24



= leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

INTRODUCTION TO LEAPFROG
GEOTHERMAL

TUTORIAL 2: SHARING INFORMATION

Through this tutorial we are looking at different ways of extracting model information and sharing it to
promote communication and discussion.

TABLE OF CONTENTS
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RENDERING AN IMAGE

Leapfrog supports the ability to render high quality images, through the render image tool. Images can be
exported at high resolution.

e Display a combination of data on screen. You can use one of the saved scenes.

o Click on the Leapfrog Geothermal menu.

e Select Render Image.

e A new Render Image tab appears.

e Click Save. You can save it as a JPEG or a PNG file.

e For better quality images, you can use the Supersampling option or increase the size of the image.
You will need to click on Render again if you change any of the by default parameters.

e Click Save and enter a name for your .png or .jpeg file.
[ Update Image ]

3 Leapfrog Intraduction - Leapfrog Geothermal - m] X

Leapfrog Geothermal =

[ Mew Project.. (0 Help Fl
[ Open Project File...

v | B8 Projects | [ Scene View | (i@ Render Image X |
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Remember to:

- use the slicing properties of each object.

- use transparency.

- choose to display or mask the grid and/or axis lines.
- change the background colour to suit your purposes.

Below are some examples of rendered images of the models we just created which could be used for various
presentations:
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CREATING SECTIONS

CROSS-SECTION

A cross-section is typically a 2D vertical plane representing the geology and/or other parameters. Leapfrog
Geothermal provides the tools to automatically generate cross-sections in any direction/orientation.

There are two ways to create cross-sections:

- You can render the image displayed in the

3D scene.

- You can use the cross-section tools imbedded within Leapfrog.

To create a quick section, use the slicer tool to generate a cross-section, and adjust the display effects before

rendering the image.

o Display one of the model on screen. You can use of the saved scenes.

e Slice the model.

e Right-click on the Cross Sections and Contours folder in the Project Tree.

e Select New Cross-section.
o A New Section window appears.
o Type the Section Name and click OK.
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e The new object is currently displaying as a plain plane.

e Right-click on the object in the Project Tree and select evaluation. Select the model you wish to

evaluate. For the geological model, make sure to evaluate the top level model) which is the full

model).

e Click OK. Leapfrog will start evaluating the geological model against the cross-section.

e Once finished, you can now display the geological model attribute when displaying the new section.

Leapfrog Training

Sharing Information, Tutorial 2



2. leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

3 Leapfrog Intraduction - Leapfrog Geothermal - m] X
Leapfrog Geothermal ~ | p- | ~ | B2 projects [ @ Scene View |

faroree N AY 1Y Y

P [ Topographies

(8 CS - Geology 3 *x

: E S‘”’h: !:’" Petos ®|&Flatcolour - | I /) S

P || Boreholes -

P [ Planned Barehales

[F) Borehole Correlation

P [ Paints
P [ Polylines
P [ Structural Modelling
P [ Meshes ) Select Models To Evaluste X
P [ Geological Models
[ 3 E‘y Interpolants Auvailable models: Selected models:
P [ Combined Models ¥ [ Geological Models =] ¥ [ Geological Models
P [ Flow Models P [ GM - conceptusl mo... ¥ [F) GM - Faulted
P [ Block Models ¥ [ GM - Faulted . f7GM-Fauited |
P [ Saved Scenes and Movies ) GM - Faulted fautt ...
W [©5) Cross Sections and Cantours ) GM - Faulted fault... |

> 1§ C5 - Geology £ GM- Faulted fault...|

P 18 C5- Geology 2 ) GM - Faulted fault ..

& CS - Gt ) 6M - Faulted fautt ..

Oy
»igcs.r Qe # No Comments % GM - Unfaulted e
P 1 whw | Evaluations N | Tab or click to add ¥ [ Interpolants =
Evaluate Surf:
P (@ Fence | “vauatedunace W [ Temperature model
» | Topo Ll New Section Layout...

» I Serial L/ Copy Section Layout...
[ Colour 6 1 View Object

0

@ Temperature_Bore..

@ Temperature_Bore..
¥ [ Temperature model fi...
[ Motes Rename... F2 M n

B Delete.. Delete | SelectAll | | SelectNone | =

| B —p— T | E—O

le2.0  Hours to go: 21

B Leapfrog Introduction - Leapfrog Geothermal — m] X
Leapfrog Geothermal ~ | - [ [ B3 projects I @ scenc view |

24 Project Tree PR P ke W ON W @\\ '

P [ Topographies

F| 5 - Geology 3
B [ GIS Data, Maps and Photos {8 €S - Geology ®
£ 3 GM - Faulted - Edit Colours
¥ [ Borehole Data 2 - i
> 1] Boreholes . at colour
2 GM - Faulted

P [ Planned Boreholes
[ Borehole Correlation
P [ Points
B [ Polylines
B [ Structural Modelling

P[5 Meshes Display the
¥ [ Geological Models model attribute

P (# GM - conceptual model
> (# GM - Faulted
> (# GM - Unfaulted
P [ Interpolants
P[5 Combined Models
P[5 Flow Models
P [ Block Models
P [ Saved Scenes and Movies
¥ [ Cross Sections and Contours
P {8 C5- Geology
P [ C5- Geology 2
V (8 (S - Geology 3

EVALUATIONS

P (2 6M - Faulted L] 8 5 - Geology 3
B Cs-T t 1

b emperature Slice mode: |From Scene [+
B (i WNW-ESE Cross section
b 5 Fence secton Evaluated model e Show fault fines

L Plunge +20 . =
> 1] Topography contours Asimuth 030 Unewish: 2 [
- ] 2500 5000 7500 10000

> sl - ————— |

[ m ] 0

North ()

® [0 Full Acceleration  100- FPS  $Z-Scale20  Hourstogo: 21

e Modify your display properties until satisfied. For example, you can:

0 Set the slicer plane to the cross-section. Use “L” or “shift L” to set the view perpendicular to
the section.

0 Display borehole data and change its properties so you can see the wells on each side of the
cross-section: set the collar and geology to Thick Slice, and define the Slice Width to 5000 m
(that means you will display all the wells within 2500 m on each side of the slicer plane).

0 Add some transparency on the cross-section to see-through.

0 Display the grid if you want to have a scale reference.
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e Use the Rendering tool to export an image.

Elev [(Z)

Plunge 00 0
Azimuth 222

0 2500 3000 7500

For a more professional rendering, use the cross-section export tool imbedded in Leapfrog Geothermal.

e Right-click on the cross-section you have just created and select New Section Layout.
e A new tab opens with many options you can modify to create a complete and well-designed image
output. Take some time to browse through different menu to look at the available options.

Notes:

e To be able to add more information, you first need to evaluate the data (e.g., models and/or surfaces)
from the Project Tree.

e You can project your borehole on the cross-section. Leapfrog Geothermal gives you a list of the
boreholes and their distance to the cross-section. You can also display multiple attributes along the
borehole traces (e.g., on the left display, the geology, on the right, the alteration).

e You can add annotation and images (e.g., Logo) to complement your image.

e Once you are satisfied with your preview, click Save or Save & Export.
e You can export your layout as SVG, PDF, PNG or GeoTiff. The PDF and SVG files can be edited for any
final touch up you may require. The GeoTiff option exports a georeferenced image.
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e Create a new section at a different location. Copy the layout from the original one (copy Layout option
from the Project Tree). In a matter of seconds, you can now create many cross-sections.

e Create a new section and/or layout including your numerical model data as well. You can add the iso-
surfaces on top of your geology, or choose to display the temperature volumes instead.
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You can export your cross-section as .dxf for use in other packages.
e Right-click on the cross-section in the Project Tree and select Export.
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| FENCE SECTION

A Fence Section is a segmented cross-section. Its location is defined by drawing a polyline.

Create a Fence Section showing the geology expected along a predefined path:

e Display the Topography and the collar table.

e Right-click on the Cross-Sections and Contours folder.

e Select the New Fence Section option. A New Fence Section window appears.

e Select Fence Line From/New Polyline. An existing polyline might be used as well.

e Set the top and bottom depths.

e Give the fence section a Name.
e C(Click OK.
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The drawing tools are activated, and a polyline can be drawn.

e Click on the Draw lines icon. By default you will be drawing on an object, in this case the topography
layer. You can change to draw on a slicer if you need a 2D plane.

e Start drawing by clicking to add points. If you hold and drag your mouse you will create a tangent at
the vertex of the polyline. Right-click to end the polyline, then click on the Save icon.

Leapfrog Training
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\— ,—/ - a X
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Rules:

- A Fence Section polyline cannot self-intersect.
- A Fence Section polyline must be made of a continuous single segment.

Drawing tips:
Attempting to draw in 3D can lead to unpredictable results.
- Ifthe polyline is drawn on the slicer plane, make sure to orient the slicer before starting to draw.
- Create vertices of the polylines by left clicks.
- Terminate the polyline with a right click.
- Modify vertices’ locations by clicking on the point, press <CTRL> and drag the point to its new location.
- To add vertices, hold <CTRL>, click on a line segment and drag to a new point location.
- To delete a point, click on a point and press delete.
- To delete the entire polyline, double click on the polyline to select all the segments and vertices and
delete.

- You need to click on the Save icon to save your edits.

e Save the polyline and close the editor.

e A new section is available in the Cross-Sections and Contours folder.

e Right-click on the new Fence Section and select Evaluations.

e You can also use the Layout options as per a standard cross-section. The Fence Section is then
unfolded.
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SERIAL SECTION

This tool allows you to create automatically a series of parallel sections.

Display a model.

e Right-click on the Cross Sections and Contours folder in the Project Tree. Select a New Serial Section.

e The sections will be defaults cover the extent of your model.

e Change the spacing to 1500 m.
e Enter a name and click OK.
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e Right-Click on the new Serial Section icon to access the Evaluations options. It will be applied to all
sections.

e Display the sections one by one, or drag the Serial Section icon into the 3-D scene for visualisation.

e You can then create new section layouts as for a normal section.
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WORKING WITH SCENES

EXPORTING SCENES TO THE VIEWER

Scenes are like bookmarks. Each scene records the scene list as well as the state of your 3D display window. It
does not save the data itself. If a model is updated, the scene will include the updated model. It is very useful
for providing a stable point of reference in a project and for explaining key aspects of the project.

- The saved scene is one of the principal ways of documenting a view in the project.

- Saved scenes are used as a story board element for movie generation.

- Scenes can also be exported as a file for use in the free viewer.

e Display data/model of interest.

e Right-click on the Saved Scenes and Movies folder. Select Save Current Scene.
e Give the scene a name and click OK.

3 Leapfrog Introduction - Leapfrog Geothermal
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Once you have documented the scenes of interest, you can export them to the Leapfrog Viewer.

e Right-click on the Saved Scenes and Movies folder and select Export Scenes. A new window appears.
Add the scenes you wish to export in the Selected Scene panel. If you have several scenes, an option
to re-order them is available, using the Up/Down tools.

e Tick the Export hidden shapes box. This option exports layers in the scene list even if not turned on.
e Select Export all data that appears when I click. This option exports the data (e.g., the
attributes/names) associated with each shape.

e Click Export.

e Select a location and give the file a name. It will save a .Ifview file that can be opened with the

Leapfrog Viewer.

e Open the new file. Take some time to browse through the viewer.

Leapfrog Training
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Now that you are familiar with Leapfrog Geothermal, using the Leapfrog Viewer will be really straightforward.
It is a good way to share information in a true 3D interface with people that don’t have access to the full
software package. You can visualise the information provided, slice it, turn layers on and off, make

measurements and draw moving planes.
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The Leapfrog Viewer is free and can be downloaded on the Leapfrog website. It is an easy way to display and
distribute 3D models for discussion and demonstration.
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| EXPORTING SCENES INTO A MOVIE
Movie generation is easy and really impressive for demonstration purposes.

e Create two new scenes where the model is sliced in two parallel positions.

e Right-click on the Saved Scenes and Movies folder and select New Movie.

e Inthe New Movie tab select your scenes and click on Add Scene to storyboard.

e Click on the Scene in the storyboard and look at the options. Change the Still for option to 2 seconds,
check the Rotate 360 deg box and Rotate for 4 seconds.

( Edit Scene properties

3 Leapfrog Introduction - Leapfrog Geothermal
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e Click on the Transition icon. Change the transition time to a Duration of 4 seconds. When looking at
the Transition between 2 views where the slicer has been kept parallel, select the Slicer Travel option.

e Click on another scene and try a new combination of parameters. You can change the settings at a
later stage to try different scenarios.

e  Once satisfied with your settings click Save and Export. A new Movie object appears under the Saved
Scenes and Movies folder.

e On the Export Movie window, accept the defaults settings and click on Export to save the movie.

e  Once Leapfrog finishes rendering the images, select Play Movie. It will reproduce the movie in your
default media player software. Leapfrog saves movies as .wmv files.
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T 7

Slicer: Travel .

Fade
Travel

‘ Select Whole Movie

Total Duration: 30.0 seconds

05, Dynamic slicing
through the
geological model

&

Transition 1

@

Movie 1

Movie 2

09 Temperature
model

4FPS  $7-Scale2d  Hoursto go: 21

Leapfrog Geothermal will create

a movie going from Scene to Scene using smooth transition. It will

automatically select the shortest angle between different views (it can be changed) and will progressively fade
from one frame to the other. It can also progressively travel through a model when parallel views are set up.

Once satisfied with a movie, you can export to high resolution from the Export Movie window by increasing the
Movie Size. It will take longer to process but will be high definition.

CONCLUSION

In this tutorial we have learnt about tools that facilitate sharing of information from a built model. You can
now create 2-D, 3-D and dynamic outputs for your communication needs.

Leapfrog Training

Sharing Information, Tutorial 2

16



2 leapfrog
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INTRODUCTION TO LEAPFROG
GEOTHERMAL: IMPORTING DATA

TUTORIAL 3: IMPORTING DATA INTO LEAPFROG

The objective of this tutorial is to create a new Leapfrog Geothermal project and import different types of
data, ready to enable subsequent modelling.

TABLE OF CONTENTS

Creating a new Leapfrog Geothermal ProjECt ... uiee it e e e e aee e e s ere e e e ssaeeeennes 2
Importing maps and aerial PhOTOGraPRS .....c...vi it 2
Setting the regioN OFf INTEIEST ......iii i e e e e e st e e e s sate e e e e nsaeeesssseeeeansaeeesnsneeesnnseeaans 6
(@1 o= 38 4 oY= e oYY { =T o o1 USSPt 7
[LaaToYoYmuTa¥=a €1 Yo F-) - [ SRR 9
IMIPOIING MESNES ...ttt ea e st e e e a bt e st e e e bt e e sab e e ebe e e sabe e bt e e s abe e bt e e smbeenneeesaneeneas 10
IMPOItING POINT AATa. . .iiiiiiitieeee ettt st e et e s bt e s bt e e s b e e sbe e e s b e e esbeesmbeesnbeesaneeneas 11
IMPOrtiNg SErUCTUIAl data ..eeoueeeeiie ettt e s sat e s b e e st e sabeesnt e e saneennees 12
[aaToYoYqut oY= eXoT =] a o] (NN F=1 = SRS 14

Importing collar, survey and ilnterval tables...........cooiiiieiii e e 14

IMPOITING POINT VAIUES ...evvieiieee et et e e e e et e e et a e e s e steeesssaeeeesnsseeeassaeeesnssesesnssaeeennnenas 18
IMPOrting an eXiSTiNG SECTION ...ciiiiiiiiiiiii e st e s e e s sbr e e e s sbe e e s sraeessanee 19
Y ETaE T4l a =i e - | - DO TP PP TSP PP PPOPPPRPPOT 20

LD LT <=1 4 o TP T PP PTRPPP 20

LG o 0T o1 [ g Y] [o =4 TSSOSOt 21

[Fq Yo Ta [0 T=ae F-1 - PR 23
(6 Tol [V ] T o IR TSP PO UPOPPR 23
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CREATING A NEW LEAPFROG GEOTHERMAL PROJECT

e Open Leapfrog Geothermal 3.2.

e Inthe Projects tab select New Project...

e Fillin the name of your new project and save it under the Leapfrog Training\Project folder.
e Select OK.

The Project Tree, Processing Tasks, Scene list and Visualisation panes appear in a new project, that is currently
empty.

IMPORTING MAPS AND AERIAL PHOTOGRAPHS

The easiest place to start loading data is with a map or aerial photograph. This allows the user to define the
region of interest which can be used to clip large data sets. Leapfrog imports png, tiff, jpeg and bmp images
and these can be imported from the GIS Data, Maps and Photos folder as per below.

e Right-click on the GIS Data, Maps and Photos folder.
e Select Import Map...
e Browse for the TopoMap.png in the Leapfrog Training\GIS and Maps folder.

5 Leapfrog Geothermal training - Leapfreg Geothermal - [m] kS

| Leapfrog Geathermal = | b [N F=pmvens [ PUeRTY
g Project Tree & 9;] . w \ ﬂ _E\ {} ﬁ

[ Topographies
[ GIS Data, Maps and Photos

I rt Vector Data...
¥ [ Borehole Dats mport ectorata .
B Lead File "
8 Import 20 Grid...
[ Planned Boreholes = . .
I (B3] import Map... - = 4 | w Data s Leapdrog Training o (5 s Maps v & £
[F) Borehele Correlation
A New GIS Line.. z :
5 Paint. New GIS L ’ " -
) Points
Batch [mport 3
[ Polylines
¥ [ Structural Medelling Set Clipping Boundary... T Drepten
[E Form Interpolants 5 New Subfolder... RS-
[F) Stereonets
[ Desitep
[ Structural Trends S
[F5) Meshes.

[ Geological Models

[ Interpolants.

[F7 Combined Models

[F) Flow Models

[F Block Models

[F) Saved Scenes and Movies
[F7 Cross Sections and Contours
[F Colour Gradients

[ Motes

File name: | Topohlp.preg

Azimuth 240

0 1250 2500 3750 5000

1N B3 Full Acceleration 89FPS  $7-Scale 1.0 Hours to ge: 20

A new Import Map tab opens.
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5 Leapirog Geothermal training - Leapfrog Geethermal
. al - _ v | B3 Projects | G Scene View | “ Import Map X
8 - —— Ea [ — 3 e
g Project Tree S || Name: [Foponiap | ) | :7 Crop Image @ (m% [ v|Q @ “Gimeor [IfHep
[ Topographies —
[ 615 Dats, Maps and Photos : .
¥ [ Borehole Data | Fast 00 North (¥

i} :
5 Planned Borcholes [ varker || s
[ Borehole Correlation ; -

= Points (O Marker2 | | ¥ e

3 Poly) 7

5 polyiines OMarker3 |

¥ [ Structural Modelling
[E=1 Form Interpolants
[E) Stereonets
[ Structural Trends
[E5) Meshes.
[ Geological Models
[ Interpolants.
[F7 Combined Madels |
[F) Flow Models
[F1 Block Models
[F Saved Scenes and Mavies
[F1 Cross Sections and Contours
[E) Colour Gradients

[ Motes

Full Acceleration 100+ FPS $Z-Scale 1.0 Hours to go: 20

Maps are geo-referenced pictures:
- 3 points of known coordinates are necessary to correctly position the map into the model. These
reference points are positioned in the image and then assigned their real world coordinates by the

user.
- The Z-locations is identical for the three points. If the map is displayed in the 3D-viewer the Z location
is used to define the height at which it is displayed.

You can open the file Georeferenced Information.txt and the Georeferenced locations.jpg image located in the
GIS and Maps folder to visualize the position of the markers.

The simplest process for positioning the points in Leapfrog is:

e C(Click on Marker 1 and drag the symbol to its approximate location on the map using the
Georeferenced locations.jpg image as guideline.

e Repeat the same procedure for the two remaining markers. To improve the referencing accuracy, it is
important to ensure the markers do not lie on a line.

e Zoom in on the individual icons to accurately locate the markers.

e Type in the coordinates provided in the Georeferenced Information.txt file.

e Click Import and look at the map in the 3D scene.

Leapfrog Training importing Dara, Tutorial 3 3
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B Progoces. | 19 Seene View | Ty import Mo X * | BB Prcjecrs | 0 Scome View | ' tmport Mop %

= {TopoMap [ | 1377 Crop bmage & [uss |+ @, "pyimpen | Jree Hame [Tepobtas [ | 147 Croplemage G fwen [+ @, G ) “piopee  JiHes

It is easy to make a mistake typing in the coordinates. If the map looks in an unusual position or distorted, the
georeferenced points can be adjusted: right-click on the image and select Open.

Maps or photos can have imbedded coordinates associated with them. If this is the case, Leapfrog
automatically populates the coordinates. If the geo-referencing is erroneous or refers to another coordinate
system, you can choose to override the data.

e Import the Orthophoto.tif file from the Leapfrog Training\GIS and Maps folder.

e Note that this photo has imbedded coordinates associated with it. It also has a white border that we
do not wish to import.

e Click on Crop Image and select the area of the image you want to import.

o Click Import.

(3 Leapfrog Geothermal training - Leapfrog Geothermal - m] X

CI - v | @scnevin| oo
O e (OEESE | Ly pAcepmege 13 | @[ (vl @ gmeot | (e

[ Topographies
¥ [ GIS Data, Maps and Photos W T e i e
|2 TopoMap
5 Borchole Date \ \ Imbedded coordinates
[ Planned Boreholes
[ Borehole Correlation [ |
[ Points ‘ ‘
[ Polylines
¥ [ Structural Modelling
[E) Form Interpolants
[ Stereonets
[ Structural Trends
[ Meshes
[ Geological Models
[ Interpolants.
[ Combined Models
[ Flow Models
[ Block Models
[ Saved Scenes and Movies
[F) Cross Sections and Contours
[ Colour Gradients

[] Motes

g Project Tree

e, +2822277.03, +6342848.89, -0.00 Full Acceleration 100+ FPS  § Z-Scale 1.0 Hours to go: 20
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e Visualise the Orthophoto and the TopoMap in the 3D scene (remember to use the Home button on
the keyboard).

The Orthophoto is not referenced using the same coordinate system as the TopoMap. Its imbedded
coordinates need to be ignored and new coordinates given. This time, the TopoMap can be used as a
reference map to populate the coordinates automatically.

e Right-click on Orthophoto and select Open.

e Select Override georeference data from image

e Position Marker 1 on a clear landmark (e.g. lake edge). Note that the TopoMap is smaller than the
Orthophoto.

e Select the Click on the scene to place the registration mark tool and click on its true location in the
map. The coordinates will be automatically populated.

e Repeat for Marker 2 and 3.

o Click Save.

e Visualise the Orthophoto and the TopoMap in the 3D scene. Make adjustments if needed.

B Leapirog Geothermal training - Leapfrog Geothermal

(> |88 Proje:rs" 9 Scene View | [B Orthophoto x ‘

g Project Tree o N fame [0 |13 i cropimage @ (o [+ & [Hsove | EHirer
[ Topographies = =
W [ GIS Data, Maps and Photos Override georeference data from image
s 2 East () North (¥)
|2 TopoMap ; —
s Marker1| (28118925401 |, §344208.9289 . a
¥ [5 Borchole Data |,_‘§ 3! ‘;‘ Scene registration tools
[ Planned Borcholes (O Marker2 | [10207550048 |, STesaee3sed Lo
M ook Corelion O Marker3| 18998755305, 57576498 Y
[= Points R A L
[ Polylines

¥ [ Structural Modelling
[ Form Interpolants
[ Stereonets
[ Structural Trends
[ Meshes
[ Geological Models
[ Interpolants
[ Combined Models
[ Flow Models
[ Block Models
[ Saved Scenes and Movies
[ Cross Sections and Contours
[ Colour Gradients
[%] Motes

3

L X IE Full Acceleration GOFPS R Z-Scale 1.0 Hours to go: 20

e Import the Geological map.jpg file from the Leapfrog Training\GIS and Maps folder.
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SETTING THE REGION OF INTEREST

Once a map is imported it is worthwhile setting the region of interest, which can be used to clip some large
vector/grid datasets. The clipping boundary can be set on screen to cover the desired region or by typing
coordinates directly into the dialog. Alternatively, if other data is already loaded, the region of interest can be
set to cover some of the data.

e Right-click on Topographies in the Project Tree.
e Select Set Clipping Boundary.
e Click in the scene view and look in map view (Press “D” on your keyboard).

B Leapirog Geothermal training - Leapfrog Geothermal — u] X

CIl - e | @scever |
g Project Tree 0 ‘13‘! & v W N F \E‘\\ & 7

[ Topographies "
New T h v
'V [ GIS Data, Maps and P} VA A EERsEE

= Geological map | [ Set Clipping Boundary..
[ orthophote
= TopoMap
¥ [ Borehole Data
[ Planned Boreholes
[ Borehole Correlation
[ Points
[F=1 Polylines
¥ [ Structural Modelling Clipping Boundary

[ Form Interpolants 1 Minimum Maximum

5 Sterconets X (East;: [2z000000 || (28320000 |3
[ Structural Trends ¥ North): (63228000 2| [634e0000 |2

[ Meshes .
[ Geological Models 1< 1 Enclose Object =

[F Interpelants

[ Combined Madels

[ Flow Madels

[F) Black Models

[F5 Saved Scenes and Movies
[F) Cross Sections and Contours
[ Colour Gradients

[*] Notes

] Geological map ®

|3 orthophoto 2
@

[ Topomap ®

G =

&8 Orthophoto

B | Siice mode: [From Scene [ =]

[5 Full Acceleration 100+ FPS $Z-5cale 10 Hoursto go: 20

-
/. Set Clipping Boundary u

e Resize the area of interest using the red :

e, +2806450.93, +6341119.69, -0.01

and orange arrows and/or adjust the CBpping Eoundary

Minirmum Maximum

X (East): | 2806000

coordinates manually.
e Click OK.

-

2| 28320000 2|

Notes: ¥ (North): |6322800.0

) o 2| |e3s60000 |3
Unless explicitly set, the region of interest expands ; .

to include all loaded data. This can lead to problems ' Enclose Object
if the user accidently loads data in another
coordinate system or large files. For this reason, it is

best to set the region of interest early in the I ﬁﬂelp I xgancel ﬂgl{ |
| |

modelling process.

X

Set your region of interest to a slightly wider extent
than your expected model, to avoid any risk of having to increase it at a later stage.

Leapfrog Training importing Dara, Tutorial 3 6



= leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

CREATING THE TOPOGRAPHY

In Leapfrog Geothermal, the Topography object is used to define the elevation of the ground's surface. The

terrain will often be defined by a single DTM, but there may be circumstances in which data from several

sources need to be combined to ensure th

e data is consistent.

If there is no topography -
data available it can be set

to a constant height by
P 23 Locations

right-clicking  on  the

. d . h b 23 Structural Data
terrain and setting the | .
elevation.

23 Structural Tre

b 23 GIS Data, Maps aru‘
b 2 Borehole Data

& Import Elevation Grid

.~ Set Elevation

=

Set Clipping Boundary...

(» From Surface ...
From GIS Vector Data...

&, From Points...

I:> Topography Elevation

]

| ‘%gancel || @QK |

nds

The terrain is used to bound geological /interpolant and flow models and to position GIS data onto the
topography. As a result, changing the terrain will cause models to be recomputed and GIS data to be

repositioned.

For this tutorial, a single DTM file will be used to define the topography: the DTM.asc file.

e Right-click on Topographies.

e Select New Topography and Import Elevation Grid.

e Browse to the Leapfrog Training\TopoData folder.

e Open the DTM.asc file.

(3 Leapfrog Geothermal training - Leapfrog Geothermal

%_ v | B8 Projects | @ Scene View

g Project Tree

[ Topegraphies

B [ 615 Doto, Maps 4 New Topography + || &2 Import Elevation Grid

Fived Elevation

P [ Borehele Data Set Clipping Boundary...

[ Points & From Surface...

[= Polylines From GIS Vector Data...
B [ Structural Modelling % From Points...

[ Meshes

[ Geclogical Medels

[F Interpelants

[ Combined Madels

[ Flow Madels

[ Black Models

[ Saved Scenes and Mavies
[ Cross Sections and Contours
[ Colour Gradients

[*] Notes

€

AP - WNE (LN E S

Surface resolution: | 500 5

Clipping
Clipping will enly be applied to grids
where north is vertical on the map.

Clip data to bounding box
Bounding box: | Clipping Boundary v
o

Margin:

No Data Handling

® Leaveagap

O Replace with
Name: |DTM ]

©

0.75 1.00

Plunge +20
Azimuth 020

000 025 050

. 5 Full Acceleration

100+ FPS $7-Scale 1.0

Hours to go: 20

The Import Elevation Grid menu will open
e Surface Resolution: 50 (metres).
e Tick Clip Data to bounding box.

Leapfrog Training

. Enter the following parameters:

importing Dara, Tutorial 3



2 leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

e Enter a name.

e Click on Import.

e A new window opens for the Topography object. You get the option to rename it, then click OK. A
new object has been created under the Topographies folder and the DTM file has been converted into
a mesh now located under the Meshes folder of the Project Tree.

e Drag the new Topography object in the 3D scene. Remember that display settings can be modified by
changing Flat Colour to Elevation (in the Scene List) and adjusting the Colourmap for a better
visualisation of height variation.

e Use the Scale Z Axis tool to exaggerate the Z scale.

Once the Topography object is defined, remember that you can drape the maps on it.

(B Leapfrog Geothermal training - Leapfrog Geothermal
Leapfrog Geothermal v | - [ =] ijedsl @ Scene View |

T Project Tree 0 & & ook w N & @\\ -

'V [ Topographies

43 Topography

b
<@ | .. Elevation - Elevation -
[) Draped GIS Objects na =
B [ GIS Data, Maps and Photos
e v P

P [ Borehole Data
[ Paints
[ Polylines
B [ Structural Medelling
V¥ [ Meshes
& DM
[ Geological Madels
[F Interpelants
[ Combined Madels
[ Flow Madels
[ Black Models
[ Saved Scenes and Mavies
[F) Cross Sections and Contours
[ Colour Gradients

[*] Notes

Azimuth 021 £ Topography

0 2500 5000 750010000
e e

Slice mode: |From Scene v

e [5 Full Acceleration 100+ FPS $Z-5cale20  Hours to go: 19
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IMPORTING GIS DATA

Leapfrog Geothermal allows you to import, create o= . p——
and export GIS data. 7 U S e wo ks M T

e Right-click on GIS Data, Maps and

Photos, select Import Vector Data. i
e Under Leapfrog Training\GIS and Maps | “ii..
folder select the lakes.shp file and click | ;:L".,
Open. — =7

Note that several GIS formats can be imported.

A new window appears. You can choose which field you wish to import. 7

You can specify one of the fields as elevation if your GIS data has

GIS Vector File

I\Geothermal Geoclogy...Training\GIS\|akes.shp

default, Leapfrog will clip the GIS dataset to the clipping boundary Fields to Import

previous|y defined. Import Column Type ImportAs g
AL000 real A1000

AL001  string A1001

elevation data associated to it. You can also spatially filter the data. By

Elevation Field: [<None> ‘ ~ ‘

e Filter the data using the Clipping Boundary.
e Click OK.
Filter Data

e Drag the shapefile in the 3D scene. Everything within: [:D

e Repeat the operation and import the following shapefiles from o the bounding box ‘
the same folder: :

Name: |lakes ]

0 concession.shp [ X cance |

O roads.shp
O rivers.shp

O rivers_pol.shp.
e Note that you can do batch import.
e You can now drag the GIS data into the 3D scene.

Remember that you can visualize the GIS data wrapped on the elevation grid from the Topographies\Draped
GIS Objects folder, or by creating a GIS Data View.

e Drag and drop the Topography object into the scene.

e From the GIS data drop-down list in
the scene list, select Views\Edit
Views...

= | B3Pm0 scene ven

M e A AL X

The Edit GIS Views window will appear

and you can create a new one.

e Combine maps and GIS data to be
wrapped on the elevation grid.

15 dats Togeand migs

TS T S Flccelmion NP5 $2%e2d  Hewsaged)

Maps wrapped on the Topography object are
automatically cropped to the extent of the topography.

Leapfrog Training importing Dara, Tutorial 3 9
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IMPORTING MESHES

Meshes are used in Leapfrog to represent 3D surface objects. Leapfrog can import various file format
containing vertices and triangles combined to define a shape. Meshes generated in Leapfrog use the .msh
extension.

e Right-click on the Meshes folder in the Project Tree and select Import Mesh.

e Browse to the Leapfrog Training\Mesh folder and select Fault1l.msh.

e A new window opens. Click OK.

e The new surface will appear in the Meshes folder. Drag the new fault object into the 3D scene.

From this menu you can offset the imported mesh in 3D space.

(B Leapfrog Geothermal training - Leapfrag Geathermal - ] X

Leapfrog Geothermal = | p-  [NEET e P
2 Project Iree [P P T N @\% &

T reee & Topegphy
b 5 Draped 615 Objects @ [F. Elevation - |ﬁE\lat\on -
'V [ GIS Data, Maps and Photos. b b
> rivers Secamlse
y e
B ™ Concession
B 5 lakes @ Cleanup Mesh X
» B rivers_pol
[ Geological map
[ Orthophoto
[ TopoMap
B [ Borehole Data
[ Paints
[E Polylines
P [£5 Structural Medelling
¥ [ Meshes
& DM
[ Geological Models
[ Interpolants
[ Combined Models
[ Flow Models
[E) Block Models
[E) Saved Scenes and Movies
[ Cross Sections and Contour:
[ Colour Gradients

[*] Notes

Perform the following steps:
Consistently orient faces
Remove non-vertex points
Remove degenerate faces
Orient concentric parts

[ Invert mesh orientation

[] Remove vertical edges

& Import Mesh.
& Import Elevation Grid

& New Mesh ’
&8 New Triangulated Mesh v
& Mesh Operations »

[] Rotate locations about X axis

[] Move Mesh

From Moving Plane

@ Bxport Meshes

FOE s

[F% New Subfolder..

Plunge +35 e
Azimuth 021

0 2500 5000 750010000
e

o [5 Full Accelerstion 100+ FPS $Z-5cale20  Hoursto go: 19

B Leapirog training - Leapfrag (=] ®

I O - (] o |
g traject Tree Vgl ok TN F (BN # S

¥ [ Tepagraphes r
4 Topography ®
B i Topography : =
|y Flat ccdou = {4
P [ Draped G5 Objects [ Flat colour ] —

W [ GIS Data, Maps and Photos o e
o 3 s GIS dats: | Select |
W 3T roads
B ® Concession |6 Fauitt
» B dakes .y
B M revers_pal i

I3 Gealagical map f '
B onhaphote
& Topahtap

B [ Berehale Data

Foints

Potylines

) Structural Modelling
¥ 5 Meshes

& pTM

77 Geological Madels

5 Interpalants

3 Cormbined Madels

£ Flowe Modale

Bleck Mudel

Saved Scenes and Movies
EZ Cross Sections and Contaurs
73 Collaur Gradients

7] Notes

Hiarch {¥)

10

£52 Faultn

Flungs 413 —
Azimuth 813 Shce mode: | From Scene -

0 3500 S000  TSO0L0040 —-
e — — [T Show borders

e = ZRI2G06.50, 632044321, « 24704 B Full Accelenation 100= FP5 F 2-5cale 2.0 Hours to ge: 18
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IMPORTING POINT DATA

Point data can be loaded in X,Y,Z format and associated to an arbitrary number of columns that contain

numerical values. This is a generic format that can be used to load any georeferenced points, geochemical and

geophysical data.

e Right-click on the Points folder.

e Select Import Points.

e Browse to the Leapfrog Training\Points folder.

e Select the Earthquakes.csv file.

e C(Click Open.

Leapfrog Geothermal will display a new window where it is trying to match the data found in the files with the

expected columns, based on the header row in each file. The user needs to check that the columns are

correctly attributed to X,Y, and Z and to define any custom columns.

The series of dropdown lists along the top of the table indicates the label Leapfrog Geothermal will assign to

the imported data. If Leapfrog Geothermal has incorrectly identified a column, choose the correct assignment

from the dropdown list as per the instructions below:

e Easting is: East (X).

e Northing

is: North (Y).

e Depth is: Elev (Z). The column is not recognized and will not be imported unless manually selected.

e Magnitude: The column is not recognized and will not be imported unless manually selected. Select

the Data Type as Numeric.

e Choose more columns if you want to.
e Click Finish.

. Import Points Earthquakes

eS|

File

e m e e e w e =

[ I I (Y A [ U e e e
S e|lm N o n kR W NS

Data

ot Imported

013-05-11T16:58:55.414Z
012-01-14T14:50:16.765Z
010-11-03T13:14:21 4187
010-02-17T16:56:43.7702
010-04-06T13:28:14.533Z
D11-12-09T13:50:34.576Z
011-12-09713:49:36.914Z
011-12-097T13:49:07.5997
D11-08-26T02:56:46.441Z
D11-03-10T19:52:12.804Z
011-01-05T04:48:05.902Z
010-09-25T02:50:43.6537
010-07-29T23:33:03.031Z
010-07-27T18:36:46.488Z2
010-07-24T03:14:51 423Z
010-07-24T08:40:39.8297
010-07-24T06:51:38.559Z
010-07-24T06:05:12.815Z
010-07-24T06:01:16.190Z

Il Help

v | Not Imported

2013-05-11T17:00:00.412Z
2014-01-09707:54:41.339Z
2013-08-12T15:23:00.000Z
2013-07-09714:35:00.0002
2013-07-10712:41:00.000Z
2013-09-05T11:11:00.000Z
2013-09-05T11:52:00.000Z
2013-09-05T11:11:00.0002
2013-09-04710:07:00.000Z
2013-08-21716:30:00.000Z
2013-08-14T14:44:00.000Z
2013-07-16T14:41:00.0002
2013-07-16T09:47.00.000Z
2013-07-16709:42:00.000Z
2013-07-16T09:40:00.000Z
2013-07-16T03:40:00.0002
2013-07-16T09:40:00.000Z
2013-07-16709:40:00.000Z
2013-07-16T09:40:00.000Z

w Mot Importedy | Mot Imported =

176.4679
176.5026855
176.4662
176.46397
176.47273
176.4817
1764776
176.47379
176.47929
176.48164
176.39493
176.4633
176.43626
176.47707
176.40192
176.48492
176.48578
176.49208
176.44046

-38.139038
-38.09692383
-38.1429
-38.11392
-38.13805
-38.14106
-38.13681
-38.13351
-38.13301
-38.12167
-38.2533
-38.11872
-38.16006
-38.13567
-38.17408
-38.10961
-38.13959
-38.10637
-38.1495

magnitude | Elev (Z)

16081753 -57.047526
1627965983 -114.095052
1956 -1000
1.645 -1000
2.266 -1707.4
2494 -2000

219 -2000
1.799 -2000
2032 -2000
1599 -2000

17 -2000

204 -2000
1165 -2000

213 -2000
1893 -2000
1432 -2000
1853 -2000
2244 -2000
1.251 -2000

Column Summary

Column Import As
publicid Mot Imported
eventtype Mot Imported
origintime Mot Imported
modificationtime Mot Imported
longitude Not Imported
latitude Mot Impoerted
magnitude Numeric
depth Lithalogy
magnitudetype Category
depthtype Text
evaluationmethod Mumeric
evaluationstatus Time Stamp
evaluationmode Date
earthmodel URL
Name: ‘E Not Imported
Character encoding: A East (X}
— Morth (¥)
Unique Row ID: ‘E Elev (@)

P Date and Time Formats
B CSV characters

Import All Columns

‘%;ancel

Import Name

+ | magnitude

&, Finish

e Display the new object in the 3D scene.

Leapfrog Training

importing Dara, Tutorial 3
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Once the data is imported it is often useful to change the colour or display values within a range. Remember to

use the object properties in the Scene List including the Value Filter tool.

& 5000

10000

15000

[E3 Full Acceleration

(5 Leapfrog Geothermal training - Leapfreg Geothermal
Ol - [Srcee | @ scnevien Colourmap
g Pojct Tee A F e WNF (BN S
'V [ Topographies =
s #. Earthquakes
> & Topography i * @ [ magnitude -1 -]
P [ Draped GIS Objects od ° @ - e =
B [ GIS Data, Maps and Photos & % hd . 2 L=
» [ Borehole Data Elev(z) vy ., .
¥ [£ Paints s . s d-:q *t L. e .
n - . -
b & Earthquakes ol . Make point
[ Palylines % -t R
P [ Structural Modelling . T @ = .0 solid (sphere)
P [ Meshes I S 2%y = ®
[ Geological Models 3 o Ve ' ©. '
) Interpolants . ° g °
[E=) Combined Models -. ® 9 Ao e
[5) Flow Madels e &g &
[ Block Models [ ] L °
o
[ Saved Scenes and Mavies ® ° @, Y L4
[E=) Cross Sections and Cantours < . ‘.. o °
[5) Colour Gradients . )
Mot L A
(5] Notes Fiorh (v)
&<
® o .
Object properties .
#., Earthquakes
Py 5
Slice mode: | From Scene -
Query filter: No Filter -
Value fitter: |2.0 3|-[8s =
Value filter Point radius: 300,000 :
Radius values: | magnitude v

Format Display Text

100+ FPS  §Z-Scale 2.0 Hours te go: 19

Reminder: A query filter can also be generated to show a subset of the data. Queries can be applied to several

data type (locations, GIS attributes, borehole tables) and used as input when generating geological models or

numerical models.

IMPORTING STRUCTURAL DATA

Leapfrog Geothermal allows to create or to import structural measurements from the structural data folder.

e Right-click on the Structural Modelling folder and select Import Planar Structural Data.

e Browse to the Leapfrog Training\Structural Data folder and select the Structural Measurements.csv

file. A new Import Structural Measurements window pops-up.

The data consists of:

- X, Y, Zlocation points.
- Dip and Dip azimuth at the measured point.

- A Fault column (optional), listing the name of the fault associated to the structural measurement.

Leapfrog Training importing Dara, Tutorial 3
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(B Leaptrog Geothermal training - Leapfrog Geothermal

a x
Leapfrog Geothe: v | BB Projects | (@ Scene View
B PrjectTre AP - WNE (N RS
¥ [ Topographies
B & Topography Elev (z)
P [ Draped GIS Objects
B [ GIS Data, Maps and Photos
B [ Borehole Dats € Import Planar Structural Data StructuralMeasurements o x
B [ Points
= Polyiines File Data Column Summary
B [ Structural Modelling s [ Te. v[Noth(v) v |Bev@  +|Dip + | Dip Azimuth v | Not Importedw | | | Column Import As Import Name
Import Planar Structural Data. ]
B [ Meshes ¥ z Dip DipAz Fault X East (X) x
= Geological Models ! Impart Planar Structural Data via QDBC samozones |3 s 255 e ¥ North ()
[ Interpolants 1% Import Lineations z Elev @ z
P @ New Planar Structural Data (635656 100 2%, 1 130 f
[ Combined Models 6332000420 130 8 34 B Dip Dip dip
[ Flow Model ew Declustered Structural Data : DipAz Dip Azimuth azimuth
ow Models 6328443166 259 2 328 R B B e
[ Block Models [ New Subfolder... Fault Not Imported
6328301645 278 70 230 3
[ Saved Scenes and Movies =
[ Cross Sections and Contours H 7| 2815466 6330150 476 ” B f
[ Colour Gradients |
[*] Notes B
Nome: [StructuralMeasurements ]
Character encoding: [Aum (Windows-1252) - ]
Unique Row ID: [Nnne ‘ v
Select Header Bow: |1 F
[ Import All Columns |
P Date and Time Formats
| P CSV characters
(5 Help I & cancel ) Finish I
m 1 y = il
% |9 Full Acceleration 100+ FPS  $Z-Scale20  Hours to go: 19

e Import the Fault column as Category.
e  Click Finish.

e Display the new object in the 3D scene. Structural measurements are represented as disks oriented in
the 3D space.
e Use the visualisation properties to modify the size of the disks.

e Use the drop-down menu in the scene list to visualise the disks by their attributes: Dip, Azimuth or
Fault.

B Leapirog Geothermal training - Leapfrog Geothermal

- O X
Leapfrog Geothermal ~ _ ~ | BB Projects | @ Scene View
22 Project Tree 0 N P ook ﬁ N & @ \\ & 5
'V [ Topographies £ Topegraphy x
s <@ [& Flat colour - |z
jaansif o —————————TI'Y 3
P [ Draped GIS Objects o
s
B [ GIS Data, Maps and Photos o (Dl
P [ Borehole Data —_
B [ Point: —
E cints @ StructuralMeasurements 8
= Polylines Edit Colours
Structural Modelling .+ |[Thick -
. |[Thick
P @ StructuralMeasurements
[ Form Interpolants
[ Stereonets

[ Structural Trends
B [ Meshes
[ Geological Models
[ Interpolants.
[ Combined Models
[ Flow Models
[ Block Models
[ Saved Scenes and Movies
[F) Cross Sections and Contours
[ Colour Gradients

[] Motes

Disk options:
Thick, Flat and
outline options

@ StructuralMeasurements

Slice mode: From Scene -

Show down dip lines

Query filter: No Filter -

e

1S Full Acceleration 95FPS  $ZScale2d  Hourstogo: 18

Disk size

Leapfrog Training importing Dara, Tutorial 3 13
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IMPORTING BOREHOLE DATA

Borehole data are the main basis to create models in Leapfrog Geothermal. Leapfrog Geothermal expects a
collar table, a survey table and interval tables. Each project can have only one collar file and one survey file,
but multiple interval tables can be imported.

Each well is defined by a unique ID. It must be similar in each table.

- The collar table contains at least: Well name, X, Y, Z coordinates and the maximum drilled depth
(measured depth).

- The survey table contains information that describes the deviation of each borehole: Well name, and
a list of depths with associated azimuth and dip. The dip angle is 90 for vertical and 0 for horizontal.

- The interval table contains the well name, and the data encountered in a given interval defined by its
top depth (from) and bottom depth (to). The interval tables must contain information on
measurements such as lithology, numeric or text values.

These are the mandatory fields required by the software, but you can load as many columns as you want into
your tables.

Three methods are available to import borehole data in a project:
- Import borehole from .csv tables (demonstrated in this tutorial).
- Establish a connection to an ODBC database.
- Import boreholes via acQuire.

IMPORTING COLLAR, SURVEY AND IINTERVAL TABLES

e Right-click on the Borehole Data folder in the Project Tree and select Import Boreholes.
e The Import Borehole Data window appears.

e For the collar data, click on Browse to locate the file in Leapfrog Training\Borehole data.
e Leapfrog automatically picks up the other tables as they are saved in the same directory.

Input Files If the survey file is not automatically

Callar: [1_(3NS_Yogyakar‘ta_JuneEDM\Borehole data\CoIIar.c;\;] = Browse... added, browse for the file.

Survey: [_GNS_Yogyakar‘ta_June2Dl4\Borehole data\Survey.c;v] ~ Browse...

Interval Tables: | ...S5_Yogyakarta_lune2014\Borehole data\Geology.csv = Add...
Most interval tables found in the
same location as the collar file will
be automatically added to the list.
Additional interval tables can be
loaded as well.

== Remove

Screens: ] ~ Browse...

& cancel @Impor‘c

. . Leapfrog Geothermal ===
e Click on Import to start the process of )

importing data. c Could not import Collar.csv

An error occurred when reading "C\Users\sarmantha

If the files are already opened in other software, for g
\Desktop'Leapfreg TrainingBorehole data

example Excel, an error will appear. Close the files you \Collar.csv": The pracess cannat access fhe file
are loading and try again. because it is being used by another process,
L
ok

b

Leapfrog Training importing Dara, Tutorial 3 14
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Leapfrog Geothermal will display a series of windows, one for each file, and will attempt to match the data
found in the files with the columns expected, based on the header row in each file. It is the same principle as
used when importing point data.

Here are a few key points:

- If Leapfrog Geothermal marked a column "Not Imported" and you wish to import that column, select
a label and data type for that column from the dropdown list.

- If you wish to import all columns, click on the Import All Columns button.

- If any of the information Leapfrog Geothermal expects is missing, an error message will appear.
Return to the table and correct the problem described.

For the Collar table:
e Ensure that the columns have been correctly identified as per the image below.
e Click Next to move on to the next file.

In bold is the file being processed

B Import Borel X
Column summary
Progress: Collar.csv > Survey.csv > Geology.csv
File Data Column Summary
Hole ID w | East (X) w | North () w | Elev () v | Max Depth Column Import As Import Mame
1 |WELLID Easting Morthing z Max Depth WELLID Hole ID
2 GNST 2819681 6333280 158.6903547 | 2559 Easting East (x)
3 GNSI0 2013631 6331067 4101758514 2408 Nerthing Nerth (¥)
4 | GNsT1 2818445 6332872 1703330916 3200 2 Hev (@
5 | GNS12 2825930 6333105 1122653348 2800 MaxDepth Max Depth
6 GNs2 2821473 63326928 197.8896242 3443
7 GNS3 2823638 £333160 119.4822364 1718
8 GNs4 2817904 6336101 3763505541 3074
9 GNS5 2824519 6331420 114.052801 2524
10 GNSE 2812094 6329680 3382388763 3508
11 GNST 2827416 £334504 8593141016 3005
12 GNSE 2822384 £328576 2014005638 2794 RS
13 GNs3 2823340 £339970 398355028 2508 Character encoding: | Auto (Windows-1252) -
14/ T1 2822975 2826138332 2000 Unique Row ID: [holeid -
15 TID 2
16 T11 . . Select Header Row: [1 =
pe= o Data p.rewew of the file ——
LU belng processed P Date and Time Formats
i) T4 ~ | P CSV characters
;_;ﬂelp %Qancel :L Next

Leapfrog Training importing Dara, Tutorial 3 15
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For the Survey table:
e Check that the information is correct.
e Make sure that the Unique Row ID is set to none in this case. There are several azimuth and dip
values for each well so there is no unique identifier in this table.

e Click Next.
(3 Import Boreholes O X
Progress: Collar.csv > Survey.csv > Geology.csv
File Data Column Summary
Hole ID w | Depth w | Dip w | Azimuth v Column Import As Import Name
1 WELLID Depth Dip Az WELL ID Hole ID
2 GNsi 2559 % 0 Depth Depth
3 | GNs10 2308 % 0 o o
4 ot 450 % 0 Az Azimuth
5 | GNST1 430 87 285
6 GNS11 585 85 283
T GNST 700 78 286
8 | GNST1 900 75 292
9 | GNSI1 1010 73 287
10 GNS11 1350 67 282 M
ame:
11 GNS11 1500 66 281
12| GNSTT 1646 65 275 Character encoding: | Auto (Windows-1252) -
13 GNS11 1850 67 278 Unique Row ID: [Nune =
8GN 11 £ 53 &3 [] Negative Dip Points Down
15 GNS11 2360 64 275
16 GNST1 2790 63 278 Select Header Row: [1 -
17| GNST1 2040 63 280 Import All Columns
LB ICNS 1T 5200 = 25 P Date and Time Formats
19 GNS12 205 90 120 | B CSV characters
;;_;-ﬂelp %gancel ,,;Eravinus ;‘,-ﬂaxt
For the Geology table:
e Ensure that the columns have been correctly identified.
e Click Next.
(3 Import Boreholes O x
Progress: Collar.csv > Survey.csv > Geology.csv
File Data Column Summary
Hole ID w | From v | To w | geology v Column Import As Import Name
1 WELLID from to geology WELLID Hole ID
2 GNs1 0 174 Alluvium from From
3 | GNSIT 174 284 Ignimbrite 2 (Upper) w To
4 onst 264 ™ Andesite geology Lithology  geology
5 | GNS1 734 1246 Ignimbrite 2 (Lower)
6 GNS1 1246 1531 Sediments
7 | GNS1 1531 2029 Ignimbrite 1
8 | GNSI 2029 2559 Rhyalite
9 | GNS10 (1] 508 Dacite
10| GNS10 508 1445 Ignimbrite 2
11 GNS10 1443 1610 Ignimbrite 1
Mame: [Gen\ngy
12| GNS10 1610 2318 Rhyalite
13 GNS10 2318 2408 Lake sedirments Character encoding: | Auto (Windows-1252) -
14 GNS11 0 231 Dacite Unique Row ID: [None —
15 GNST1 231 331 Ignimbrite 2 (Upper)
16/ GNST1 331 571 Andesite Select Header Bow: 1 =
17| GNS11 571 1230 Ignimbrite 2 (Lower) Import All Columns
18 GNS11 1230 1420 Sediments P Date and Time Formats
19 GNST1 1420 2191 Rhyolite | B CSV characters
{if Help & concel 44 Previous @ skip &> Finish

e Once you have checked the last file, click on Finish to complete the process.
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The Boreholes object is now populated with three tables: Collar, Survey and Geology.

e Select the Boreholes object and drag it into the 3D scene to visualise the borehole data. As you can
see, only the geology and the collar object are visible in the Scene List. The survey table cannot be

seen independently.

(B Leaptrog Geothermal training - Leapfrog Geothermal

eapirop Geomermat - ] >~ [

BB Projects | @ Scene View |

g Project Tree
¥ [ Topographies
¥V 4 Topography
& DM
P [ Draped GIS Objects
B [ GIS Data, Maps and Photos
¥ [ Borehole Data
¥ |I] Boreholes
B 1 collar
3 survey
P | Geology
[ Composites
[ Planned Boreholes
[ Borehole Correlation
B [ Points
[ Polylines
'V [ Structural Modelling
P @ StructuralMeasurements
[ Form Interpolants
[ Stereonets cifllo
[ Structural Trends
B [ Meshes
[F Geclogical Medels
[F Interpelants
[ Combined Models
[ Flow Models
[ Block Models
[ Saved Scenes and Movies
[ Cross Sections and Contours
[ Colour Gradients

[*] Notes

VP e WN# (RN # S

[=IEN

North (¥)

GHS3

T3

T1

CIREES

fise

GHS7
s12

2500

Plungs +20
Azimuth 020

5000

I53 Full Acceleration

East (X)

©

7500

) Geology
@ [}y geology -]

Edit Colours

3¢ il |32

™ collar
> @fercor | E—

[X] Geology

Slice mode:

From Scene -

Queryfiter. | NoFilter -

Line radius: 300.00 -

Format Display Text

100+ FPS  $ZScale28  Hours to go: 19

A red cross appeared on the icons of the Survey and Geology tables, which means that the software found
errors in the data. Errors will be fixed later in this tutorial.

Leapfrog Training
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| IMPORTING POINT VALUES

Leapfrog Geothermal allows importing point data along the borehole trace. The information required is: well
name, depth along the well and any subsequent data such as numeric value or categories.

e From the Borehole Data folder, right-click on Boreholes and select Import From File/Point Values.
e Select the WellTemperature.csv file.

o The Import Depth Points window appears.

e Import the Temperature column as Numeric data.

o Click Finish.

e Visualize the data together with the collar and geology data.

B Leaptrog Geothermal training - Leapfrog Geothermal
| Leapfrag Geothermal v | - [T Fepaeam
g Project Tree |l P | ook~ N F ‘E‘\\ & g

V [ Topographies —
] Geolo
¥ & Topography @ \@g:;ngy -l Edit Colours X
& DM —_— A~
B [5) Draped GIS Objects m =
P[5 GiS Data, Maps and Photos < (%, Temperature -|[E WTempersture
V [ Borehale Data 5 ey
¥ |1l Boreholes = collar
=t -
H survey .
b 2 Genlogy
[ Composites
B &. WellTemperature
[ Planned Bareholes
[ Borehole Correlation
B [ Paints
[ Polylines
'V [ Structural Modelling
P @ StructuralMeasurements
[ Form Interpolants
[ Stereonets
[F=) Structural Trends
P [ Meshes
[ Geological Madels
[F Interpelants
[7) Combined Madels
[ Flow Madels
[ Black Models
[ Saved Scenes and Mavies

3¢ il - /82

|

#.. WellTemperature

Slicemede:  |From Scene -

Query filter: No Filter v

[ Value fitter:

[E) Colour Gradients Plunge +20 = =
Radius values: | Fixed Radius - |

Azimuth 020
[*] Notes
o 2500 5000 7500
—_— Format Display Text

m ] 3

b [5 Full Acceleration 100+ FPS $Z-5cale20  Hours to go: 19
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IMPORTING AN EXISTING SECTION

Importing a section uses the same procedure covered for geo-referencing maps. It requires two or three
reference points, which must be located in the image and given their real coordinates.

e Right-click on the Cross Sections and Contours folder.

e Select New Cross Section from Image.

e Browse to the Cross section folder in the tutorial data.

e Select the file WNW-ESE Cross section.jpg.

e Check the Vertical section type. Only 2 markers are now necessary.

e Position the markers using the well location as guidelines (GNS10 well head location; GNS8 bottom
hole location).

e Enter the coordinates manually or click on the scene to extract the coordinates from the scene.

e Click Import.

e Visualize the cross-section in the 3D scene.

(3 Leapfrog Geothermal training - Leapfrog Geothermal - m] X
gj _ v | BB Projects [ Scene View | "l Import Section image %
g Project Tree &, || Name ‘ & | 7 CropImage @, (5% |+ Q, @ fmpot I Hen
V [ Topographies L
¥ 4 Topography Georeference Data Section Type
& DM Vertical section
P [ Draped GIs Objects East (%) North (¥) Elev @ Image () Image (V) [ Eastfacing section
B [55 615 Data, Maps and Photos [ Marker1| (2213631 , 6331067 , 408 s [es2 L 188 [ Morth facing section
» [ Borehole Data 2
B [ Points (D Marker2 | |2822384 , 6328576 , -2420] | 19 757
[ Polylines
B [ Structural Medelling
B [ Meshes
[ Geological Madels _ GNS6

<N

Suporficial daposits

[F Interpelants

[ Combined Madels

[ Flow Madels

[ Black Models

[ Saved Scenes and Mavies
|™) Cross Sections and Contours
[ Colour Gradients

[*] Notes

% 5 Full Acceleration 9%FPs $7ZScale2d  Hourstogo: 18
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MANAGING DATA

FIXING ERRORS

Unprocessed data often contains errors that prevent the computation of an accurate model. Leapfrog
Geothermal has tools that help the user to correct errors in the data.

A red cross on the icon of the data imported means that Leapfrog identified inconsistencies in the imported
data. In this exercise, the Survey and Geology tables under the Boreholes object have a red cross. Errors can
be fixed as follows:

e Right-click on the Borehole Data/Boreholes/Survey table and select Fix Errors.
e The Errors tab appears, with one errors listed:
O HolelD not in collar table (1)
e Expand the error until you find the row number and click on it. On the right hand side, the table
appears with the error surrounded in red.
e In this example you can see that the well name has been misspelled. Correct it and click Save.
e The red cross has now disappeared. Close the Errors tab.

(3 Leapfrog Geothermal training - Leapfrog Geothermal

% _ ~ | BB Projects | [ Scene View | %] Errors: survey X
g Project Tree N Groupemorsby: [Type | = Edit v [} Replace Al Sseve T Her

¥ [ Topographies
¥ 4 Topography
& DM
B [ Draped GIS Objects ¥ survey (1) 0 a7 [GNsa1 1200 720 2850
P [ GIS Data, Maps and Photos VTR
¥ [ Borchole Datz ¥ Warnings (0)
¥ ||| Boreholes o wamnings
P =1 collar ¥ Invalid Value Handling (0)
] survey
B 7 Geology
[ Compos
B e WellTen
[ Planned Bol
[ Borehole C
¥ [ Points A& Prioritise
B . Earthquake (@ Delete.. Delete
[ Polylines & Export..
B [ Structural Moc & Export Errors...
PEMeE G b
[ Geological Moa
[ Interpolants.
[ Combined Models
[ Flow Models
[ Block Models
[ Saved Scenes and Movies
W [ Cross Secticns and Contours
B (i WNW-ESE Cross section
[ Colour Gradients

[] Motes

'V Errors (1) Current Error (in table survey) Sho

¥ Hole 1D not in collar table (1) o | s e i

Open 1§ No Comments
%] Fix Errors... Tab or clic|

[ Import Column
<k Append Data
2 Reload Data

LN &3 Full Acceleration 100+ FPS 3 Z-Scale 2.0 Hours to ge: 19

e Right-click on the Borehole Data/Boreholes/Geology table and select Fix Errors. Three errors are
listed:
O One error is related to the Collar maximum depth: the interval within the geology table is
deeper than the maximum depth defined in the collar table.
0 Two errors are due to overlapping segments: lithology intervals overlap each other.
e Fix all the errors and check the warnings.

If multiple errors are identified, it may be more appropriate to update the source file and reload the borehole
data within the software once all errors are fixed. Right-click on the table and select Reload Data.
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|GROUPING LITHOLOGIES

There are often many sub-stratigraphic units defined during the observation of cuttings and cores during the
drilling of a well. In order to have a synthetic model, or when building a preliminary model, it is recommended
to group the lithology into major units. You can create several grouped lithologies and their associated
Geological Models. You will also experience that well databases are not always clean of errors. Misspelling is
one of the most frequent examples of data issue. Grouping the data in Leapfrog allows you to ignore it.

° Right_click on the Geology table and select (3 Leapfrog Geothermal training - Leapfrog Geothermal

—J _ v | BB Projects | @ Scene View
e Project Tree a, Gp s o w x ﬂ _E R

e A new window will appear: select the Base |y 1ougamne

New Column/Group Lithologies.

Column as Geology. ¥ Tepoyarny

e Give a name to the new column that will be P [ Draped G5 Objects
P [ GIS Data, Maps and Photos

L ”
created: “Geology_Group”. ¥ [ orehole Data
o ¥ Il Boreholes
e Click OK. b = collar
=1 survey
P ] Geolos
gy. Open & No Comments
[ Composite w
. X Fix Errors... o
B £ wellTemp ) D OT CheE 1o
' New Query Filter
E‘ Planned Borel
[ Borehole Con{ . New Column v || [y Group Lithalogies
¥ [ Points =P Append Data (B Split Lithologies
B .. Earthquakes {2 Reload Data TH Interval Selection
[ Polylines [ View Object
P [ Structural Modell & Prioritise ]il Qverlaid Lithology Column
P 5 Meshes Rename.. 2 | [0 Import Colurmn
B Geological Mode 8 Delete... Delete
E‘ Interpolants ~
A" Export...

[ Combined Mode
[ Flow Models
B Block Models | 7) Bropeties..

@ Export Errors..,

The menu is used to group several Lithologies and to create the simplified stratigraphic column appears. The
left hand side displays all the lithologies encountered in the imported Geology table, whereas the right hand
side displays the new stratigraphic grouped column.

As you can see the first two lithologies are Alluvium, and Alluvium and superficial deposits. We can group
these two formations together.

£ Lithology Column - Geology_Group Iﬁ

Ungrouped Lithologies Groups
Code < | Code Colour

Alluvium

Alluvium and superfical depesits

Andesite

Basement

Dacite

Ignimbrite 1

Ignimbrite 2

Ignimbrite 2 (Lower)

Ignimbrite 2 (Upper)

Ignmibrite 1

Lake sediments

Mo data

IOEREDOOCOER

Auto Group

_;_-;HE'P ‘%Qancel (ﬂQK
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e Select Alluvium. £ Lithology Calumn - Geology_Group @
e Click on New Group. Ungrouped Lithologies Groups
° Change its name to Code Colour @ |Code Colour
- : Andesit [ ] ¥ @ Superficial deposit
“Superficial deposits” and e — uperticial deposts -
Basement L | Alluvium
expand the grOUp by Dacite I:l Alluvium and superfical deposits
clicking on the triangle on Ignimbrite 1 L]
its left Ignimbrite 2 I:l
M5 (ke Ignimbrite 2 (Lower) =
e In the left panel, click on Ignimbrite 2 (Upper) ]
Alluvium and superficial Ignmibrite1 =
. L. Lake sediments I:l
deposits and drag it into No data |:|
the Superficial Deposits No return [
Old d -
group. ome ,_|
Auto Group +ﬂew Group
_!,“_.;ﬂelp %Qancel -QBQK

e Observe the remaining formation and group them together.
e Change the color of each group if desired.
e Visualize the new Geology_Group in the 3D scene.

Ungrouped Lithologies Groups
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This process illustrates the importance of starting with a “clean” database, to avoid having to fix too many
errors within the interface. Use a consistent naming convention and check for misspelling to avoid duplication
of lithologies. Leapfrog Geothermal provides the tool to identify errors and misspelling, but is not a database
management interface in itself.
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| IGNORING DATA

In your database you may find some intervals with no data, for example due to circulation losses, or some
formation you may want to ignore due to uncertainty in its quality.

e Open the Geology table.
o I|dentify the well or the interval you wish to ignore and tick the Ignored box.
e For the purpose of this exercise, do not ignore the segments. Discard any changes.
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CONCLUSION

In this tutorial, we imported a series of topographic and GIS data, a cross section, numeric data, structural data
and various borehole data. We performed a quality check of these datasets. They are now ready to be used to
build the geological model.

Do not underestimate the time you need to spend for quality check and preparation of your data. The quality
of your model depends on the quality of your data.
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BUILDING A COMPLEX GEOLOGICAL
MODEL: GNS DEMONSTRATION PROJECT

TUTORIAL 5: BUILDING A FAULTED GEOLOGICAL MODEL

In this tutorial we are going to build a complex geological model including faults.
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STRUCTURE OF THE GNS DEMONSTRATION MODEL

In the previous tutorial we built an unfaulted model of the stratigraphic sequence of the GNS demonstration
field. You must now be familiar with the different formations and the surface types used by Leapfrog to
realistically represent continuous sedimentary layers versus discontinuous lava bodies.

We are now going to introduce faults in the model. In a real case scenario, you would look carefully at the
borehole data, identify the offsets in the different formation and integrate more data to locate your faults.
Due to time constraints during this training, we are not doing a geological interpretation of the data. We will
use the faults inferred locations and geometries from the geological map. We will create the faults using
several techniques for you to practice with tools available within the software.
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N

THE FAULT SYSTEM

Faults are added and managed within the Fault System object of the Geological model. Faults are complex

components of a geological model and should only be included when you have a good understanding of the

basic uses of the software, and a good understanding of your geothermal field.

THEORY ABOUT FAULT MODELLING

Here are a few key points to remember when creating faults:

e The Fault System object defines faults and their interactions.

e When a new geological model is created, the Fault System object is empty.

e The faults in a geological model are not active until the fault system chronology box is ticked for each

fault. This means you can build your structural network without re-computing the geological model, until

you are entirely satisfied.

e  When the faults are activated:

0 Leapfrog will compute the structural framework according to the fault chronology and

interactions: it will generate individual fault blocks on each side of the faults.

0 Leapfrog will replicate the surface chronology from the original model into all the fault blocks

using the same surface characteristics. For example, if a deposit surface is created from an

existing mesh, it will be created from the same mesh in the sub-models. If a deposit is

formed from lithological contacts, then the software re-computes the surface using the

contact points, however, by default, it will only use the points located in the fault block

boundaries unless stated otherwise. You need to do some planning before faulting a model.

e At this stage, Leapfrog does not have a common chronology table between faults and surfaces. Thus, if

you create a fault, by default it will affect the entire stratigraphic column.

e If a formation is unfaulted, you need to specifically tell the software to take into account all the contact

points before activating the faults.

For you to practice and use as many Leapfrog
Geothermal tools as possible we will:

- Create a fault from an existing surface.

- Create a fault from a geological map
using fault lines and structural
measurements as guidelines.

- Create a fault using the combination of
the geological map and existing cross-
sections as guidelines.

¥ (#GMm
P @ Boundary
&3 Fault System
B ) Lithologies
B @ Surface Chronology
P 23 Output Volumes

Open

== New Fault

View All Faults

3 Interpolants View Used Faults

£ Flow Models ) Properties..
£ Data Grids
3 Saved Scenes and Movies

B (51 Cross Sections and Contours

##% From Base Lithology...

## From Other Contacts...

£ From Polyline...

& From Curved Polyline...
From GIS Vector Data...

#. From Points...

@ From Structural Data...

& From Surface...

For clarity, do not use the lateral extent in this exercise.

The fault surfaces are colour-coded orange and pink. These colours represent the geographic side of the fault.
In this example the orange shows the north-west, while the pink shows the south-east.

Leapfrog Training Building a complex Geological Model, Tutorial 5




= leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

|CREATING FAULTS FROM A SURFACE

This method is used when a fault has already been created in another Leapfrog project, or in another software
package. It must be imported into the project before you can use it.

e  For this exercise we will use the Fault 1 mesh that we previously imported in Tutorial 3.
e Create a new fault from Surface in your geological model, using Fault 1 as input.
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e Depending on your model extent, you may have a warning message “Faultl” is too small. If this is
the case, select Use ‘Faultl’ Vertices. This means the mesh is smaller than your geological model
boundaries and it will convert each vertex into a points, and rerun the interpolation between these
points. Display Fault 1.
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[ Flow Models
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e Double-click on the Fault System object. As you see, the Fault 1 is not activated. Do not activate any
of the faults until we have finished building the entire structural network.
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|CREATING FAULTS FROM A GEOLOGICAL MAP

The surface geological map is used as a guideline to build this fault. You will create a GIS line to constrain the
surface trace of the fault, and use the structural measurement associated with Fault 2 to constrain the dip
orientation and dip angle of this fault.

e  From the GIS Data, Maps and Photos folder create a new GIS line. By default Leapfrog will bring in
the slicer and slice the model horizontally and set the view in Map view (looking down). The drawing
toolbar is now active. Display the geological map into the 3D scene if not already present.

e Draw Fault 2, following the geological map trace. Alternatively, draw on the Topography object.
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Note: the same rules apply to draw a polyline or a GIS line.

e Inthe Geological Model, create a new fault from GIS Vector Data.
e Make sure to select the Fault Type as a Surface (which means it will have a dip angle), and not a
vertical wall. Select the Fault 2 (On Topography) object and click OK.
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e Visualise the new surface. Its geometry at depth is currently unconstrained.
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We will now constrain the dip angle of the fault using structural measurements. We imported structural
measurements for all the faults in Tutorial 3, however, we need to isolate the structural measurements for
Fault 2 to be able to use it as input for this specific fault. The easiest option is to create a query to isolate Fault
2 and use the result of the query to constrain the dip angle.

e Apply a new query filter on the StructuralMeasurements object.

e To adjust the surface of Fault 2 using the structural measurement right-click on Fault 2 in the Project
Tree and select Add/Structural Data.

e Select StructuralMeasurements, use the Query Filter and click OK.
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e Double-click on Fault 2 in the project tree and turn the Boundary filter OFF. This will ensure the
structural measurement are taken into account even if sitting slightly above topography level.
e Check the geometry of Fault 2. The dip angle/direction is now constrained by the structural

measurement.

For practice, this exercise will also take you through the steps involved in creating new structural
measurements. We will add structural measurements at the end of the fault line.

e Display the geological map draped on the DTM.

e In the Project Tree, right-click on the Structural Modelling folder and select New Planar Structural
Data.

e Enter a name such as “SM Fault 2 new data” and click OK.

The structural data toolbar appears above the scene along with a structural data window.

e Zoom in to one end of Fault 2. Use the grey structural measurements as a guide.

® Rotate the scene to look in the direction of the dip (dipping west in this example).

e Check that the Draw on objects icon is selected in the new toolbar. It will allow you to draw the new
structural measurements points directly on the DTM (the other option would be to draw on the
slicer).

e  Click on the structural data point icon and draw the point in the scene by clicking on the centre of
the strike and dip, and drag it along the strike direction.

e  Adjust the Dip angle to 80°.
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Draw structural data points in the same direction to ensure the polarities remain constant. Use the Flip Point

option if one is not properly orientated.

e Draw a second point at the other extremity using the same method and save your edits.

e To adjust the surface of Fault 2 using the new structural measurement right-click on Fault 2 in the
Project Tree and select Add/Structural Data.

e Display Fault 2.

Leapfrog Training Building a complex Geological Model, Tutorial 5



2. leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

If the fault surface is twisted, check the orientation of your structural measurements. They must be consistent
between the two datasets. Edit your structural measurement if needed.
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measurements information (dip azimuth and dip angle).
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|CREATING FAULTS USING A CROSS-SECTION AS A GUIDELINE

To create Fault 3 we will use the geological map and the cross-sections as guidelines to build the fault
geometry. This time, and for practice purposes, we will combine the use of a GIS line (surface trace) and a
polyline (fault location at depth).

e  Clear your scene and bring the WNW-ESE cross-section we imported in Tutorial 3 and the geological
map (draped on the DTM) into the 3D scene.

e Create a new GIS line for Fault 3 and create a new fault based on this GIS object. The fault will have
a dip angle so make sure to select a surface and not a vertical wall. Select the GIS line projected on
Topography (this is representing its true location in space).

e  Right-click on Fault 3 in the Project Tree and select Edit with polyline.

e Draw a polyline representing the fault at depth as per the cross-section trace. You can draw on the
cross-section directly, but make sure to select the draw on object icon.
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Save your edits and display Fault 3.

You will notice that this method is approximate and the plane may not look perfect as it is constrained by the
vertices of two disjointed lines. You can adjust the polylines location and the trend until you are satisfied.
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CREATING FAULTS USING THE TRENDING PLANE

To create Fault 4, we will use the quickest technique available in Leapfrog to generate a dipping surface. We
will constrain Fault 4 using a GIS line and constrain the dip angle using the trending plane tool.

Create a new GIS line for Fault 4 and create a new fault based on this GIS object.

[ )
e Look down and draw a plane line parallel to your fault trace.
Rotate your view and click on the plane. Use the handles to incline the plane towards the west, and
adjust the dip angle from the plane property window.
e Right-click on Fault 4 in the Project Tree and select Adjust Surface.
o Click on Set From Plane. Make sure the parameters are updated and click OK. Check Fault 4.
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e You can now look at the four faults. Each surface is extended up to the model boundaries at this

stage.
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You can edit your faults at any stage in the modelling process.

In a real case scenario, try to avoid self intersecting faults at depth. This would add complications and
unecessary fault blocks to your final model.
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| FAULT INTERACTIONS

Now that all the faults have been created, we can look at the chronology and the interactions between these

faults.

e Double-click on the Fault System object.

In this window you will get access to:

- The Fault system chronology: you can re-order the faults.

- The Interaction Type menu: it is active for all faults except for the youngest one.

- Add an interaction and have a look at the options. The oldest faults can either:

0 Cross-over the youngest faults.

0 Terminate against the youngest faults, in which case you have to choose on which side it is

terminating.
- DO NOT ACTIVATE THE FAULTS (the model is not ready to be faulted yet).

If there are any inconsistencies in your fault interactions and chronology, a warning message will pop up.

In this example, we do not have an established chronology of the fault system. However, looking at the
geological map, we can identify spatial relationships between faults that will influence the chronology order:

Fault 3 terminates on Fault 2.
Fault 4 terminates on Fault 1.
Fault 1 and Fault 2 do not interact.
Fault 3 and Fault 4 do not interact.

We can conclude that Fault 1 and Fault 2 should be considered as the youngest faults that will affect the oldest

ones.

For practice, we will look at two different interaction scenarios.

Make sure that you are not activating the faults while doing this.

e Re-order the chronology of the faults, making sure

that Fault 3 and 4 are the oldest ones, and Fault 1 is

the youngest.

e Click on Fault 3 in the fault system chronology

window.

O O O O

Add an interaction.

Select Crosses over Fault 2.

Add an interaction.

Select Terminates against Fault 1 on
South East side.

e C(Click on Fault 4.

(0]

o
(0]
o

Add an interaction.

Select Crosses over Fault 1.

Add an interaction.

Select Terminates against Fault 2 on
North West side.

e Make sure that the faults are not activated (the check
box are unticked) and click OK.
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e Once Leapfrog is finished computing, right-click on the Fault System object and select View All
Faults if not already displayed.
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e Now that you understand the principle, adjust your fault interactions in order to match the
geological map as per the following image.
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COMBINING FAULTS AND LITHOLOGICAL SURFACES

As we have mentioned earlier, faults will divide the original geological model in fault blocks and will replicate
the stratigraphic sequence as built in the original model in each of the blocks.

- As you know, we have built all our surfaces using contact points. The unfaulted model takes into
account all the contact points from all the boreholes across the geological model boundary.

- Once faults are activated, Leapfrog will rebuild these surfaces using the contact points. However,
once faulted, the geological model fault blocks have a smaller boundary (between faults), and the
software will by default only use the contact points within this reduced boundary. This means that
even though some surfaces might not be faulted, they will still not coincide from block to block as the
input data to create them is different.

In the case of this GNS demonstration project only the Basement, the Lake Sediments and the Rhyolite

formations are displaced by the faults. The solution is to let Leapfrog know that it needs to use ALL the contact
points.

IGNORING SURFACE DATA OUTSIDE A BOUNDARY

For the unfaulted formations, we need to specifically tell Leapfrog to use all the points within the entire model,
not only the points within individual blocks. It is important to do this before activating the faults, otherwise
you would need to go in each block to do so at a later stage.

-

e Double-click on each surface within your |- EditDacite o - i ‘:bﬂj

geological model (deposits, erosion and

. . Lithologies | Surfacing | Inputs Trend
intrusions), except the Basement, the

Lake Sediments and the Rhyolite surfaces, Boundary filter: | Off v
and set the Boundary filter to Off within Snaptodata: | Inherit from GM (Off) v
the Surfacing tab. |

Inherit resolution from GM

l4-.0«:1ditin:|r'|al options |

Name: [Dacite ]

;; Help %Qancel -(djgl{

FINAL CHECK AND FAULT ACTIVATION

When you work on your own project and wish to test different scenarios, it would be appropriate to make
copies of your model. You can do this by right-clicking on the geological model and selecting Copy. This option

will make an exact active copy of your model. Alternatively, you can create a Static Copy, however you will not
be able to update the copied model any further.

You can only copy models within one Leapfrog project; you cannot copy active models between projects. Would
you wish to visualise an existing model in another project, you can export the model. It will not be editable.

It is also advised to back up the project at regular intervals, especially when you know that you will add major
changes to it. Within the Leapfrog Geothermal menu, Save A Copy.

Leapfrog Training Building a complex Geological Model, Tutorial 5
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e In the General tab of geological model property window, change the Volume generation option to
“do not merge output volumes”. This will allow to identify the different fault blocks when clicking
on a volume.

e In the Surface Chronology window, check all the surfaces to compute the volumes.

e Finally, open the Fault System object and activate the faults.

Leapfrog will take some time to compute. It is building a full model now.

F [ Geological Models
v (@ om
B & Boundary
B &3 Fault System
> = Litheologies
¥ ) GM fault block 1
P> (@ Fault Block Boundary

P (@, Surface Chronology
will now see one volume per formation. B [ Output Volumes

e Expand your geological model in the Project Tree.

You can see that it has been subdivided in fault blocks. Expand the fault blocks
and notice that each one of them is a geological model in itself (including the
objects Boundary, Surface Chronology and Output Volumes).

In this model five fault blocks are created. When we display the full model, we

B £ GM fault block 2
P & GM fault block 3
b ) GM fault block 4

Visual tricks: B £ GM fault block 5

- If you want to see the full model, with only one volume per formation: ¥ [ Output Volumes
right-click on the geological model and select View Output Volumes. & Dacite

- If you want to see the surfaces used to create these volumes: select & Old dome
View Surface Chronology. & Andesite

- Ifyou want to see the different block extents: select View Fault Blocks & Superficial deposits
Boundaries. & Ignimbrite 2

- If you want to see the surfaces or volumes of one individual fault ::::::B
block: right-click on the geological model fault block of interest and & Ignimbrite 1
select View Surface Chronology or View Output Volumes. 5 Lake sediments

& Basement

e Spend some time looking at your model, per fault block or as a whole, visualising surfaces and
volumes.
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You may get warning messages popping up while it is building the model. Some of the surfaces are not
continuous across the entire model, especially the intrusions. If a formation is not present in one of the faulted

block, an empty volume will be generated and a warning message will appear. Click OK.

If you look closely at the
deepest formations. We

generated volumes, you will notice that the model is not perfect, especially for the
will now spend some time editing the surfaces to make the model geologically

coherent. The most important at this stage is to confirm that the unfaulted surfaces are identical across the

different fault blocks.
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ADJUSTING SURFACES

Now that the model is built and faulted, we can look at adjusting some problematic surfaces: the Basement
and the Lake Sediments. Remember that they are built using lithology contacts.

- By default, the software is only using the contact points within each fault block boundary. As a
consequence it generated different surfaces in each faulted block.

- In a perfect situation, we would have enough contact points to constrain the surfaces adequately
within each block. In reality, we don’t often have enough contact points, so we will need to add some
edits to force the basement surfaces to behave properly.

- Leapfrog Geothermal honours the contact points from the borehole data and the edits manually
entered by the modeller. However, the two inputs are kept separately and if the interpretation
changes or more factual data become available, user inputs can be modified or deleted at any time
without affecting the source data.

ADJUSTING DEPOSITS

e C(lear the scene and drag the borehole geology in the 3D scene.

e Display the main Basement volume.

e Display the Basement surfaces and Basement contact points from each model fault block. Clip the
surfaces for a better display.

e Spend some time looking at the surfaces and contact points.

As you can see, two of the blocks will need to be edited to create a coherent geological model.

Morth ()

These blocks have contact points from deviated wells. Leapfrog is accommodating the best possible surfaces
between a dipping contact (deviated well) and the nearby horizontal contact points from vertical wells and
consequently creates curved surfaces.

* You need to identify the fault blocks that need editing by either:
0 Displaying the fault block boundaries;
0 Clicking on a contact surface, contact point or volume and look at the properties.

Leapfrog Training Building a complex Geological Model, Tutorial 5 17



2. leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING
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e Once you have identified the fault blocks, edit the Basement surface knowing that we aim at sub-
horizontal surfaces. Use the following two options to edit the two basement blocks that need to be
adjusted.
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e  Option 1: Create a polyline on the edges of the model boundary to constrain the surfaces.
0 Right-click on the deposit surface and select Edit/With Polyline.
O Look down and use the draw slicer line tool to slice the model vertically.
0 Look straight into the slicer plane (type “L” or “SHIFT L” on your keyboard).
0 Draw a polyline at the required level using the existing contact points as a guideline.
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0 Save your edits and check the updated surface/volume.
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e  Option2: Adjust the surface to elongate it horizontally.
0 Right-click on the Basement surface in the appropriate fault block.
0 Select Adjust Surface: Reduce the Minimum Ellipsoid Ratio value to force the surface

horizontally.
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e The final Basement should look similar to the following image.
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e |f time allows, follow the same methodology for the Top of the Lake Sediments.
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While analysing your model, remember that you can modify the input data used to build surfaces at any time.

For example, it would be relevant to ignore the contact point with the rhyolite for the top surface of the Lake

sediments within the graben structure. The sediments may have accumulated around the rhyolite dome.
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| ADJUSTING INTRUSIONS

If you have time, try to edit the Rhyolite. Follow the same principle, being aware that editing intrusion surfaces
is not always an easy task. As you practice you will become more confident.

e As a starting point, bring the cross section in the 3D scene and edit the Rhyolite with a polyline. Click
and drag each vertex if you want to create tangents.
e Check the orientation of the polyline.
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e With more edits, you can constrain the shape of the Rhyolite.
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Hints:

e Remember that surfaces are constrained by the occurrence of lithological contacts. But the non-
occurrence of a formation is also a source of information.

e As a rule of thumb, it is best not to overdo the manual editing, and if the surface doesn’t snap to the
desired position the most likely cause is nearby data conflicting with your edits.

e  When updating a model, Leapfrog will honour the borehole data as well as your edits. Minimising the
amount of manual editing makes the update of the models faster and easier to control.

e  Once finished take some time to look at model. Your final faulted model is now completed.
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e At this stage, once the edits are done, it is often useful to merge the output volumes again. This
option is available from your geological model property window.

e You see the differences when looking at a sliced model with the Fill Slicer option unchecked; but also
when you have transparency on a unit.
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N

CONCLUSION

In this tutorial you have learnt different techniques to create faults in a geological model. You now have an
understanding of the fault network, including fault chronology and relationships. You understand how faults
are affecting a model and the importance to define the contact surfaces properties before activating the faults.

You have also practiced editing surfaces and intrusions to adjust/correct this model to make it structurally and
geologically coherent.
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UPDATING A GEOLOGICAL MODEL

TUTORIAL 6: UPDATING A GEOLOGICAL MODEL

This tutorial will take you through the process of up-dating an existing model. There are several ways of
updating a model and we will go through the options based on different possible scenarios.
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INTRODUCTION

Updating a model can be required for several reasons:

. One interval has been reinterpreted.

. Series of wells have been reinterpreted.

e  Anew well has been drilled and must be added to the model.
e New formations have been identified.

Each scenario is handled differently. In most cases, Leapfrog Geothermal allows quick and easy updates. The
software will reprocess all the models in the project using the new data. However, a few situations require
special attention:

e  Manual edits in your model will have to be checked for consistency. The software will always honour
the given data (both the borehole tables and the edits from the user). However, it is the user’s
responsibility to check the validity of manual inputs as the model evolves.

e Any contact deposit built using a fixed surface (mesh) should be reviewed. If the original surface
needs any change due to new well information, the mesh will need to be updated.

e Any new Lithologies will have to be added to the geological model.

An update will require processing time. Leapfrog Geothermal is designed in such a way that modifications are
processed quickly. Depending on the complexity of the project, it might take minutes or (in the worst case) a
few hours to rebuild a full model.

Due to time constraints, we will only import a new well within the model as an example, but each option is
described below. You will also use additional tools to test different model scenarios.

UPDATING THE BOREHOLES DATA OBJECT

MINOR UPDATE TO EXISTING WELLS

For minor updates to existing wells within the model, it is suggested that you work directly within borehole
tables.

e Open the table that needs updating, e.g., the geology table.
e Modify the required from-to intervals and/or the lithology:

0 The grouped column cannot be edited directly, however the software will re-compute the
geology table and if any changes in the lithology have been made, it will allocate the
modified lithologies to the proper group.

0 If a new lithology is created, it will appear in the ungrouped lithologies window which you
can then add to your group categories.

e Once you click OK the software will rerun the project immediately.
e Once the project has run, check the model for consistency, especially in surfaces combining lithology
contacts and manual edits, as well as deposits using surface meshes.
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| MAJOR UPDATE TO EXISTING WELLS

If a series of wells have been reinterpreted, it is often preferable to return to the original database to avoid
confusion and duplication of your edits. In this case, the user will need to reload the data.

e  Modify your raw .csv tables or your database, with e = Borehore o
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E‘ Drillhole Correlation -
ask for the same format as the original tables. b £ Points 7 New Merged Table

gF Append Boreholes...

e Right-click on the Boreholes object in the Project [ [ Structural Data & Reload Boreholes.,
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different from the one proposed. S Flow Modets @ Delcte.. Delete
. [ Block Models & Export
(] Click Import. [ saved Scer.1e5 and Movies é Export Errars..
e The software will rerun the project immediately. [¥ S Cross Sections and Contour

The software will check the data validity once again. If a red cross appears on one of the borehole tables, you
may have to fix new errors. Once the project has run, check the model for consistency, especially in surfaces
combining lithology contacts and manual edits by users, as well as surfaces using meshes.

ADDING ATTRIBUTES TO THE INTERVAL TABLE

You can add new columns to your borehole tables. The new column would need to be added within your
database first (if not originally there).

e Right-click on the Geology table and select New Column/Import Column.
e Browse to your Geology — with new column.csv file (Borehole data/add data).

e Change the new id Colee To Tabk Gavlogy - wih e cchre o
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At this stage we cannot delete columns in Leapfrog. If you import a new column, be aware that you cannot
delete it afterwards. Even if you reload the data, Leapfrog will ask you for all the full original datasets.
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ADDING A NEW WELL TO A PROJECT

As long as drilling proceeds in a field, wells can be added to the model in near real-time. New tables with the
information relative to this well need to be created, keeping the same table format as the original ones in the
model.

For this exercise, we are going to add GNS13 to our model. Right-click the Boreholes object in the Project Tree.

e Select Append Boreholes.
e The Append Boreholes window appears. It works in the same way as when you originally loaded your
borehole data. Browse to the Leapfrog Training \ Borehole Data \ Add data folder and select the

GNS13 files.
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Instead of appending data, you can always choose to Reload the data including the new well in the original
tables.

In this project, our model is mostly based on the borehole data. As we modified the table by adding new
information Leapfrog Geothermal is now updating all the models in this project built from the borehole object.
Without having to wait for the full project to run, we can already do some checks as soon as the Boreholes
object has been processed:

- Check for any error in the table: if Leapfrog finds some inconsistencies or error in the new data, a red
cross will appear on your table icon.
- Check your groups to identify any new formation or misspelling introduced with the new wells.
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e Create a new query to individualize GNS13 from the other wells.
e Once the Borehole object has been processed, you can click on the pause icon in the Processing
Tasks.
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e Asyou can see on your boreholes tables, there are no errdors identified.

From visualizing GNS13 in the 3D scene, you can see that the top of the well has not been recognized (it is not
colour coded when displaying the Geology_Group attribute). This means that some formations in the GNS13
could not be automatically allocated to the existing groups.

e Expand the Geology table object and double-click on the Geology_Group attribute. In the grouping
window you can see that two formations are not allocated to the groups.

-« Lithology Column - Geology_Group &J

Ungrouped Lithologies Groups

Code Colour || = Code Colour
Andesite 2 [ ||» = Superficial deposits
Superficial deposits B > Ignimbrite 1
B = Ignimbrite 2
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P = Basement
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P = No return
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| N o ] B L

1000 0RB0O0O0

Auto Group

I HHelp ¥ Cancel <Jok

e The Superficial deposit lithology is straightforward and can be allocated to the superficial deposits
group. On the other hand, the Andesite 2 lithology is a new formation that was not previously
encountered in the other wells. It needs to be added as a new group. Once done, click OK.

Leapfrog Training Updating a Geological Model, Tutorial 6 5



2 leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

e Let the project run: click on the Run All icon in the Processing toolbar. You can now see that the first

two intervals are colour coded.

Depending on your computer speed, rerunning the models may vary. Once the processing is finished, we need
to check the geological model and make sure that no manual edits are in conflict with the new data. We also
need to create a new formation for Andesite 2.

e Identify GNS13
position compared
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Fault network.

e Slice through
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borehole Lithology
with the model.
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You can see that all the formations have been automatically updated and there is no conflict in the model

except for the Ignimbrite 2 top surface and the non-existing Andesite 2 formation.

The software is by default honouring the contact point between Ignimbrite 2 and the new Andesite 2 unit. For
this exercise we will model Andesite 2 as an intrusion so that it cross-cut Ignimbrite 2 automatically. The

Ignimbrite 2 top surface will also need to be edited.

e Browse to the Surface Chronology object of the GNS13 block in the Project Tree and create a new
intrusion for Andesite 2. Edit or adjust the new intrusion to create a geologically reasonable shape.

e Edit Ignimbrite 2 top surface to ignore the contact point with Andesite 2. You will have to do this in

each fault block to be consistent.

e Check the relationship between the new formation and the surrounding intrusions. Adjust the surface

chronology if necessary and activate the formation. A new volume will be created and your model is

up-to-date.
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MODIFYING THE INPUT IN A GEOLOGICAL MODEL

USING A SUBSET OF THE ORIGINAL DATASET

If for any reason you want to rebuild the model using a subset of your original dataset, create a query on your
borehole data and use this query to filter the data in your geological model.

{% Geological Model - G

Mak f logical Model.
* LRI CIR A LEILARE List of queries available

e Double-click on your new model. SRl e

General Boundary

e |nthe General tab, check the Filter Data box and select

Base Lithology
the query to use. Base lithology colurn: Geology - Geology_Grou
e If you press OK, Leapfrog will re-run the model. hiftegoia Tawss  ~

Surface Generation

Surface resolution: [150.0 2| [ Adaptive
Snap to data: Off v

Exact clipping

Volume Generation

[] Merge output lithology volumes

ADDING LITHOLOGIES

If you want to model a formation that has not been intersected
by any borehole, you can manually add a lithology so that you
can create a surface and a volume of this formation. The input

the borehole data. Sediments
Superficial deposits
NEW FORMATION|

data to create this surface could be anything except contact Unknown [
points from boreholes (refer to Tutorial 4 Exercise for practice of Andesite =
this method). Andesite 2 I
Basement =

e Double-click on the Lithologies object of the Geological Dacite ]
Model. Ignimbrite 1 [

Ignimbrite 2 [

e C(Click on the Add button. Lake sediments O

No retumn [ ]

You can delete this formation at a later stage if you wish to. Old dome I
However, you cannot delete any of the lithologies defined from Rhyolite =
1

]

=

== Remove Rename

[ Add a lithological unit
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TESTING SCENARIOS

The workflow in Leapfrog Geothermal allows you to rapidly build several models to test alternative scenarios.
You can use the same borehole data to build a different model by altering some faults for example. Or you
may want to test a different model with different grouping solutions in case some lithological intervals are
ambiguous. In the section below, we present such an example using the interval selection tool to test an
alternative to the first model, without changing the primary data and without losing information from your
first model.

We are going to create a new column in your lithology column, assigning some intervals to a new formation.
We will then create a surface of this new formation to compare with the current model to help in your
interpretation of the local geology.

INTERVAL SELECTION

In this exercise we will re-assign some lithological intervals to a new formation. We want to group the Andesite
2 (GNS13), the Old Dome (all wells and surface data) and the Andesite (in GNS7 only).

The following process will create a new column in the interval table, which means that it will not automatically
update the existing model.

e Right-click on the Geology table in the project tree and select New Column/Interval Selection.
e Select the Geology_group as your base column and enter a name such as “Geology reinterpreted”
and click OK.

e A new window and new toolbar will appear.
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This tool is allowing you to select some intervals on screen and reassign them to a new formation.

e Click on the Select Interval with a stroke icon and select the following intervals by clicking on them or
click and drag the selection line through them:
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O Andesite 2 in GNS13.
0 Andesite in GNS7.

0 Old dome in GNS9, T9 and T5.
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e If you make a mistake, click on the Remove from the current

selection icon and click on the interval you need to remove.

e Once you are satisfied with the selection, click on Assign to

on the Interval selection window and Create a New Lithology.

e Enter a new name and click OK.

e Save your edits. The colour of the intervals of interest will be
updated in the Geology_reinterpreted attribute. The rest

remains unchanged.

e Close the Interval selection session and open the geology
table to check that a new column has been created (without modifying the primary data).
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|CREATING A MESH FROM BOREHOLE DATA

In this section we are going to create a new surface based on the reinterpreted column, using the mesh tool.
This can be really useful for modelling surfaces that are not faulted and can be shared between fault blocks.
This is a two steps process: first, you need to extract the contact points from the boreholes table; then, use
these contacts as input for your mesh.

e Right-click on the Points folder in the Project Tree and select New Intrusions Values. This tool will
allow you to extract contact points (intrusion type contact points) from the borehole table and save
them independently in the Points folder.

e Select the Geology reinterpreted category column.

e In the New Intrusion window, select your new formation as interior lithology and click OK. A new set
of points appear under the location folder.
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e Right-click on the Meshes folder and select New Mesh / From Points.

e Select the points Old Andesitic dome.

e Select Own extents and make sure it is slightly smaller than the geological model boundary.

e Change the resolution to 150 m and enter a new name before clicking OK. A new mesh has been

created.
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e Remember we also have surface data for the Old Dome unit. Use it to further constrain this mesh.
Right-click on the mesh and Add/GIS Vector data.

e Expand the Mesh in the project tree. You can see it has its own extents, its own trend, the locations
points and the GIS outline as input data. Modify the trend to force a horizontal elongation.
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e Right-click on the Meshes folder and select Mesh Operation/Clip Mesh.
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e A new window appears. Select the Old Andesitic dome as the mesh to Clip and the DTM as the
Clipping mesh. Visualise the DTM surface to identify the side to be retained (red colour is inside, blue
colour is outside). Click OK.
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A new mesh has been created, now clipped to the Topography. Compare this new surface with the existing
volumes to help in your interpretation. It would then be easy to adjust the existing geological model.

3 Leapfrog Geothermal training - Leapfrog Geothermal — u] ®
Leapirog Geothermal - | b ] - (B @ e
‘Bg Project Tree @
B EAMUAK, =
# Erosion 7 Geology ®
. Fault_vertices Geology_reinterpret.. - | Edit Colours. ]
B [ Polylines E Cow A
B [ Structural Modelling = collar
¥ 5 Meshes ] T :
&2 DTM (o)W
&2 Fault! & GM: Old dome ®
> b Old Andesitic dome outside DTM <® (& Lithology - |

B &8 0id Andesitic dome
¥ [ Geological Models
V(7 om
V @ Boundary
() GM Extents
B = Topography
P | Lateral Extent [inactive]
P &g Fault System
P =] Lithologies
P 5 GM fault block 1
B ) GM fault block 2
P GM fault block 3
B @ GM fault block 4
B @ GM fault block 3
¥ [ Qutput Volumes
& Dacite
& 0ld dome

& Old Andesitic dome outside DTM

3
@ (@ Flt colour |
—C b

# 0ld Andesitic dome

b3
@ [ Values - | AN O1d Andesitic do... ~|
—_—{ W

52 old dome

Plunge +14
& Andesite 2 Azimuth 237 Slice mode: |From Scene v

0 1000 2000 3000
& Andesite - — — Fill Slicer

w ] b

e, +2829827.26, +6342012.96, -303.12 @ Full Acceleration 100+ FPS  § Z-Scale 2.0 Hours to go: 17

The two meshes created in this process are dynamic. If we update the borehole table, the intrusion points from
the Geology reinterpreted column will be updated, consequently the Old Andesitic dome mesh will be updated,
and consequently the clipped mesh will be updated.

Leapfrog Training Updating a Geological Model, Tutorial 6 13



= leapfrog

FAST, DYNAMIC GEOLOGICAL MODELLING

CONCLUSION

In this tutorial you have learnt different options to update your geological model as new information becomes
available. You are now confident with updating your borehole data, adding new information to your table and

updating your geological model.

You have tested a method to create new surfaces using borehole data as input, without having to generate a
full geological model to test alternative scenario and assist in the geological interpretations.

All these tools will be extremely useful when you start building your own model.
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