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About this Document

CNJ-C)aI-y’r :éSNné al ydz f
Release 7.7

© 19992018 Golder Associates Inc.

This manual contains detailed background on the features of FracMan. While every
effort has been made to keep the information accurate, changes may have occurred to
the program after this document was fiiedd. The latest information about the

program can be foundt the FracMan Website

IMPORTANT NOTE:

Due to contractual restrictions, your version of FracMan may not contain all the
functionality described in this manual. Please consult your licegjregment for
specific details.

Contact and Support:
www.fracman.com

Welcome to the World of Discrete Fracture Networks

A DFN, or discrete fracture network, is a population of individual fractures that work tagashe

a single hydrological and/or mechanical system. DFNs have a huge effect on fluid flow, the

structural integrity of mine drifts and tunnels, the production of fractured reservojm name

it. Whether transporting oil, caving boulders onto a higgwar carrying water into a cavern

where nuclear waste is being stored, fractureSarA Y L322 NI | y (i & 'y ReonieK | G Q& 6 K S
in.

FracMan was developed by Golder Associates Inc. to model the geometry of discrete features,
including faults, fracturegaleochannels, karsts and stratigraphic contacts. For convenience, all
discrete features will be frequently referred to as fractures in this manual, although the tools
provided in FracMan are equally useful for all types of discrete features.

FracMan iglesigned to provide geologists and engineers with an-¢asyse tool for modeling
fractured rock masses, rock mechanics and hydrologic applications in hazardous and nuclear
waste management, underground construction, mining and petroleum reservoir engigee
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FracMan provides an integrated environment for the entire process of discrete feature data
analysis and modeling.

FracMan provides:

9 Data analysis features to allow transformation of raw data into the formats needed for
discrete fracture modeling,

1 Sochastic simulation of fracture patterns to facilitate thrdamensional visualization,

1 Exploration simulation, to improve the design and interpretation of site characterization
programs for collection of fracture data,

1 HFnite element mesh generation anditput postprocessing, to facilitate flow and
transport modeling in networks of fractures and macro support, to facilitate Monte
Carlo stochastic simulation.

FracMan's data analysis capabilities include innovative techniques for analyzing fracture
orientation, size, intensity and transmissivity. These techniques provide the data needed for
fracture geometric modeling, using raw data which are frequectljectedas part of
comprehensive site investigations, but are ranadyizedin hydrologic or mechaoal modeling.

The FracMan package provides a "thinking tool" for discrete fracture modeling. It frees
geologists and engineers from the tedium of the modeling process and allows them more time
to think about the physical relevance of their models. Fracllecomplishes this with a

graphical user interface (GUI), which makes each step in the modeling process immediately
comprehensible. The user controls the package by choosing options from a system-of drop
down menus, while threglimensional and two dimensiahgraphical displays show the user
each step in the modeling process, from fracture genesis and sampling to formation of finite
element meshes. These graphical displays afford insight into the system of fractures being
modeled. By reducing the drudgerymbdeling and by giving a clear picture of the results,
FracMan frees the user to explore the meaning of those results and to ponder the aptness of the
modeling strategy itself.

L @2dz2Q0S 0602dza3KG GKA&a a2F0o6l NBX aliggdbl@NE | £ NS+ R& |
importance of your own DFNs is just the first stéps manual wilshow you how you can

convert that knowledge into real results. The toBlacMarofferswill turn your mysterious

geophysical data into the information you need to accompl$iat you want.

But first you need to install your software.

Installing FracMan

System Requirements

1 A computer running Windows, or newer
T A minimum of2 GBof RAM 4 GB recommended)
1 A minimum of 4 GB of free disk space.

> GOLDER 2



1 Open/GL compatible graphicard.
In order for FracMan to function effectively on your computer, your system must meet the
following requirements:
1 Display Color Settings must be set to True Color or High Color
9 Physical or virtual memory must be at le2&B For weHltesting or blo&-K simulation,
physical + virtual memory must be at leds&B.
1 Video memory must be at leaSi2MB.

Installing and Initializing FracMan
A simple stegby-step interface is used for installing FracMan onto your system.

Installing FracMan from a CD:
f MaSNI GKS /5 Ayia-ROMMRWEZNI O2 Y LJzi SNRa /5
1 Open the Windows Explorer and open the folder that contains the FracMan CD.
1 Doubleclick onthe Installer executable file.
9 Follow the installation instructions.
Installing FracMan from the web page:
1 On the welpage, downloadhe Installer fileto your hard drive.
91 Doubleclick onthe Installer file
9 Follow the installation instructions.

To start the program, open the group folder namitacMan in your Start menu and select
the shortcut for FracMan.

License Activation
Until youactivate yourFracManlicense adialogbox will appear each time you open the

program telling you how many days remain untilyevaluation license expires.
If you click theContinuebutton, the dialogbox will close and the programill open normally.

Thedialogwill reappear the next time you open the program. If you do not register your copy
of FradMan, your license will expire after 30 days, and you will no longer be able to use the
software. To avoid this, you must registeith Golder via the internet.

If the License Activatiodialogbox is displayed, click ti@&Register FracMarbutton. If the
program is already open, go to tilel S mdrgandclickO y 4 SNJ wS3IA a4 N GA2Y [/ 2RS3
A dialog box will appear:
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% Enter Registration Codes ﬁ

Activate Online: 750.0,2015.08.21

FracMan User - Training -
Expires: 1-1-2017

Version: 750

Support Expires: 12-31-2016

Ver: 4.6.0.7

Modules: Reservoir  Academic/Evaluation Quad Processor 64bit

License ID; 899 Password: ~ RmxhSzll

Activate Online. ..

[T mManual Activation

323256099

126111126

mailto:register @fracman. com [ Close ]

This box tellsvhich version and edition of Friskan you are using and the name and

organization under which it is registered. It also shows when your support and registration
codes expirellf this is the first time you have installed FracMan you can activate yousédan
enteringa valid License ID and Passwanrdiclickngthe Activate Onlinebutton next to the
Password boxTo ensure that the process was successful, check that the expiration information
at the top of thedialogbox has changed to match your purcled registration period.

You may also be provided with a USB security Key containing your license. The FracMan
installation program will install the necessary drivelgst insert the security key into an
available USB port and your license will bivac Seel roubleshooting USB Security Hery
tips on fixing problems with your license key.
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When your current registration and/or support period is about to expire, FracMan will prompt
you to renew. Oncgour license/support period has been extended, the renewal prompt will
stop appearing until your next expiration date approaches.

Uninstalling FracMan
Should you ever wish to urstall, you may do so using Windows Control Pgiéhdows 7)

1 Click theStart button and open theControl Panefrom the Settingsmenu.

9 Qick theProgramsand Featurescon

1 From the list in thé’rogramsand Featuresvindow, select FracMahand click
Uninstall

1 Follow any further directions that appear.

Version Check
When your corputer is connected to the Internet, FracMan can automatically check for new

version releases via the Web. When you open the program, depending on the update settings
you have specified, FracMan will show you a dialog box telling you its version statuger to

look for updates manually and to change update settings, séleti > Check for Updatéem

the file menu.

Software Update L&J
FracMan? - Build 750.0.2015.04.01
is now available
| Check Every:
@ Day
Week

You can set FracMan to look for updates every day, week, or month by checking the appropriate
box. If theCheck Everpox is not checked, FracMan will not automatically look for updates, but
will only look when you instruct it to. When a new version is available, the dialog box will have a
YSaar3asS alreAy3a GKS o0dZAfR RIGS 2F GAKRIGSMNEAZY Y YT
order to install the new version, just click the hyperlink. If there are no version updates, this
KELISNIAY]l o6Aff y20 0S | @LAflofSo /| ftAO1TAYy3 GKS ¢
webpage detailing how the new FracMan buitthroves upon previous builds.
Getting Started
b2¢g GKIG 282dzQ@S AyaidltftSR IyR NBIAAGSNBR 82dzNJ &z
mentioned in the preface, FracMan uses the DFN approach. DFN models offer numerous
advantages over conventional akporosity models, including:

1 More realistic representation of geology and fracture network geometry,
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9 Direct simulation of reservoir connectivity, and

1 Consistent, comprehensive integration of geological, geophysical, production, and well
test data.

- ;
l = — = r -
[ e T §
= = - r - l
[ | = |
|/ ;-‘:;r W W LAT L= )
Dual Porosity Discrete Fracture Network

The DFN approach models the geometry of a fracture network explicitly and provides a realistic
way of modeling fractured reservoir performance. The approach consists of three general steps:
9 Fracture Data Aalysis
1 Generation of Discrete Fracture Networks
9 Discrete Fracture Network Analysis

Step one involves analyzing the information from a variety of data sources to derive the
parameters needed for step two. These parameters are fracture locations (gpatial), size,
shape, orientation, flow properties, and number of distinct fracture sets.

Step two involves generating multiple discrete fracture networks based on the results of the
data analysis.

In step three, these networks are analyzed to derive eegiing information. These include

simple geometric analysis like the computation of fracture densities, as well as complex multi
well flow simulations.

Typically, a forward modeling approach is used to iterate between steps two and three during
the modd calibration process. For example, the calculated fracture density or the calculated
response from a transient well test is compared to field measurements. If there is not an
acceptable match, the input parameters for the fracture network are changddtanetwork
analysis task is repeated with the updated model.
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Components of a Reservoir Model
FracMan uses a hierarchical object model for all the objects you need to model a fractured

reservoir. The highest object in the FracMan hierarchy is calfedrse The parenScene
object has children objects. Objects currently available are:

Fractures and Fracture Seté$-ractures in FracMan are planar polygons with 3 or more sides

with no restrictions on location or orientation. They are typically gerestdén groups (called

fracture setsfrom stochastic descriptions of their properties or from relations to geology. Itis
also possible to create individual fractures using deterministic values. If fractures are generated
in sets, the individual fracturebjects are children of the fracture set object. If individual

fractures are generated deterministically, they are placed undgingle Fracturesacture set

object.

Surfaces Surfaces in FracMan consist of a set of triangles with shared verticem(ayn

known adriangulated irregular networks 2 NJ ¢ L b Qao 6KAOK Ydzad oS
modeling programs, and then imported into FracMan. These surfaces cabehsed to

define model regions (for example the top and bottom of a resenayier), create grids, and
define faults. In order for FracMan to treat a surface as part of the actual model, it can be
converted to a fracture and assigned properties.

Regions Regions are usatefined subvolumes of the model in which fractures arengrated.

By defining multiple model regions and fracture sets it is possible to create reservoir models that
have different fracture properties in different sections of the model. Regions can be simple
geometric objects like a box or a cylinder, or tlvayn be defined by more complex geometry

such as a geocellular layer, a fault, or a fold.

Wells. FracMan supports deviatagells. Data associated with wells includes fracture
intersections from image logs, P10 sampling intervals, flow logs, perforatienvals, pressure
histories, and so on. This data can be used in conjunction with other information to derive
statistical parameters for the size, shape, location, orientation, aperture, and permeability
distributions of a particular fracture set.

Meshes. Meshes are networks of triangles generated at the same locations as the fractures
used for fluid flow simulation. A complete mesh (containing all the triangles representing a
complete fracture set) is referred to asvAFIC group A group can haveniitdren calledMAFIC
sets These are sets of triangles representing individual fractusegMAFIC Flow Simulation
for more information on MAFIC meshes.

Grids Grids are threaimensionalolumetricelements with polygonal sides. A grid can be
generated outside FracMan by programs like reservoir simulators ecgi@dar models or
inside FracMan, where they are used to represent geological features like folds or faults.

O
&
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FracMan can be used to calate fracture network parameters (e.g. directional permeability)
for grids.

Poles, Dip Vectors, Trends, and Plunges
This section is a review of some terms used in fracture modeling. It may be skipped if you are

comfortable with these terms.

Fracture

In generalpolesanddip vectorsare terms used
to define the orientation of a plane in space.
Fractures in FracMan are modeled as planar
polygons and use poles or dips to describe their
orientation. Thepoleis a vector normal to the
fracture plane and usually (by convention)

Pole points cownward. Thalip vectoris a vector
normal to the pole and lies in the plane pointing
in the direction of the maximum slope gradient.

Trendandplungedescribe the orientation of a vector. Threndis the horizontal angle in the

y plane away from the North (positiveaxis). Thelungeis the vertical angle in space away

from horizontal (xy plane). The orientation of a dip or pole vector is completely specified by its
trend and plunge.

North

East East + Plunge

User Interface

The FracMan program wingv contains several different saindowsor barsthat make up the

user interface and model visualization. Throughout this manual, these different sections will be
referred to by the names designated below and shown in the following figure:

Application Me&wu

1 ApplicationTool Bar
1 Objects

1 Definitions

=
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Attributes
Properties
Notes
Visualization wdow
Log

Legend

E FracMan 7.50 64bit Test Build (2014.07.17) - FracManlfrd
.

Seed 641033002
ViewScaleZ 10

Objects
-] @ Scene

G2 Analysis

Definitions.

[ Fracture Sets

- _ . e olE

[P BasicGrid_1

[ 8 setpefinition

File Edit View Fracture Insert DataAnalysis StaticAnalysis DynamicAnalysis Tools Window Help

D X[&EE TOLS % e HL ETe o0

Attributes
= Attributes
Name

Total Length m]
EBounding Box [m]

Y
z
Size ]

© Appearance
[ Filed
Wireframe

Properties.

Object: Wel_t

= R

9 FracManLfrd % ~ | Log 7 x

MD v

[ Radius
x

s
=2

[ [ Vertex Properties
Index

ARERE

Notes

well_1

X

o

s cael wumscat]

FracMan allows a great deal of flexibility in how you arrange the docking bars which surround
the main visualization. Each window can be dockegittzer side above, below or alongside

other docked windows. Additionally the bars can be docked on top of another bar, forming tabs
along the bottom which allow you to select between the different windows.

Ohjects o x

El'a Scene
=-[¥]Z3 Regions

[—]--ﬁ Wells
2@ | well1
L Well 1 Ivls

[/ Well1_Log 1
=-¥|53 Fracture Sets

w53 Analysis

4 " 2 objects . [z Definitions | T Attributes, b
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The three window panels on the side of theesem can be detached from the main FracMan
window and moved around the screen if desired. Their vertical order can also be changed by
dragging and dropping.

W e 1300t o B TS LN el S - -~ -
- s - n—

D T g T

oM X AR AR RS SO0 R\

-t e o f

- B9 reeiae -

sEUNERTINE

1 R
3 l lﬁ.

'
i
|
1

{AYLX & RNI}3I G4KS 6AYR2¢ 20SNI GKS f20F0GA2Yy &2dzQR
several icons representing the different possible dock locations. Drag the cursor to one of these
icons and the window will dock to that point:

Dock as a tab on the window beneath the icon

Dock to the left of the window

Dock below the window

H

Dock to the right of the window or on the right side of the application

Dock above the window

Dockingwindowscanbe lockedin placeto preventinadvertentmovingaround.
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[ Fraehn 750 BABi Test Bt RS 00 S

At the top of the visualization window is a row of tabs. As you run goalyses, additional
windows will appear in this row

| rachanl . frd: B _Definition_1_ 4 Stereonet:® 221 ClusterAnalysis_ x
%8 FracMani frd:1 (=] 1515_Definit 11 st e ClusterAnalysis_1:4

Click on any tab to bring that window to the front.

You can also get rid of the tabbed windows byUs§ f SO Ay 3 G¢lF 60SR 2AYyR26a
G2AYR26¢ YSydzd C¢KAA 6Aff haBgingegndetnindvad. v (2

i
{StSOGAY3 a4/ 1FalOlFRSE 2NJ ac¢AtSE FTNRBY (GKS a2AyR26¢

1 Stereonet:3 = || B ] R W
[ Clusterfnalysis_1:4 = |[= = W
% FracMand frd:1 o |[= [ = ]
C =1 1515 _Definition_1 1 =n =R
T
T " ISIS Results Fisher distribution | Bivariate Normal distribution | Bivariate Bingham distribution | Elliptical Fi... <1 F ¥
T Fisher distribution  Bivariate Mormal distribution  Bivariate Bingham distribution  Elliptical Fisher distr =
"Set 1"
Fracture Count 211 211 211 211
£ Relative Intensity 100 % 100 % 100 % 100 %
Mean Pole (tr/pl) 84010, 15.741 #4050, 15191 #3932, 15.823 #3932, 15.823
Major Axis 264,010, 74,259 264,050, 74,809 271545, 74.043 174,501, 2.008
Minor Axis 354,010, 0.000 174.050, 0.000 174.501, 2.008 271.545,74.043
S K1 163116 154205 -9.71624 163116 L
K2 139918 -9.13249 1.03462 7
K12 6.46662e-005
Kelmogorov-Smirmov  0,0463098 0.0717746 00561085 0.047521
£ K_S Probability 98.5286 % 69.8897 % 919782 % 98.0682 %
T
Total Fracture Count 211 211 211 211
Data Pedigree
— | S Object SetDefinition_1 P
L Trend Trend
Plunge Plunge -
4 T A
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- ISIS_Definition_1_1

o= s

j ClusterAnalysis_1:4

H 1SIS Results | Fisher distribution | Bivariate Normal distributi...| 1 F Fl
Fisher distribution  Bivariate Normal distribution  Bivz = et 2
Total Clustered Fractures 164
. . Total Area of Clustered Fractures 800691.71 L
Set Total Volume of Clustered Fractures 80069175 1
Fract.ure ount 2 il AliE Min Fractures Per Cluster 5
Relative Intensity 100 % 100 3% 100 Max Fractures Per Cluster 159
Me.an Po!a (tr/pl) 84.010,15741 #4.050,15191 839 Mean Fractures Per Cluster g -
Major Axis 264.010, 74,258 264.050, 74,803 Zn.— Std Dev Fractures Per Cluster 108.80444
CAEDGTS BT AR WEs Min Fracture Area Per Cluster 74681724
K 163116 134205 2l Max Fracture Area Per Cluster 793223.54
2 e <Al Mean Fracture Area Per Cluster 400345.86
kL2 = 607, 005 Std Dev Fracture Area Per Cluster 555612.95
Kolmogorov Smimay| DOIGIE 00717748 b Min Fracture Volume Per Cluster 74681727
K_S Probability 98.5286 % 69.8897 % 919~ A - P ———— S
| 1 3 4| LI}
%@ FracManl.frd:1 [= ||EH £ | 1 Stereonet:3 [= HEH £ |

‘!N)
X

Fracture Pole Orientation

Control Windows
There areeightmain windows/panels used in Fidan: ObjectsDefinitions Attributes

Properties, Notes, the Mialization wndow, Log and Legendeach window displays a different

LRNOA2Y 2F GKS FA{SQa O2yiSydaz 2N RAaALIX l@&a GK
lff GKS R201Ay3 o0FNER OFy 06S aSaG G2 ldzi2z KARS o
When autohide is enabled, the barsll minimize to the edge of the main window and appear
when you hover the mouse over their icon.

12
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Objects Bar

Objects 2 % TheObjects Badisplays the contents of your FracMat
E‘"“ Scene model in a tree chart format. Leficking on the
=8| Regions .
[7[T) RegionBox 1 minus/plus box expands or compresshs tree.
E-IE3 Wells
27 | well 1 . . o
I Well1s Objects can baidden from the Visualizationimdow
&[54 Fracture Sets (they are not removed from the actual FracMan modk
[V SetDefinition_1 by unchecking the box next to the object name.
=23 Grids
L.[C(FP BasicGrid_1 _ _ _
-G8 Analysis The Objects mdow can also be used to select object:

Simply click on the object name,dthe object will be

highlighted. Once an object is selected you can edit

control the display properties of the object in the

Attributes and Propertieswindows.

TheObjectsBaOl y 0SS aK2éy |yR KARRSY o6& aStSOGAy3a ahoe
pressing CtrE. Rightclicking in the Objects window away from any objects will bring up a menu

of display options.

Objects } X Motes
7@ Scene
Coth) 1
21088 Regions SetDefirvtion_1
i Weits o
sV} well 2
I wen2 Hide All Selected
Vi Well 2 Ms 2
e
7R well3 X

VIS Well 3 Ms
v ) Fracture Sets
VI8 SetDefintion )
v .3 Grids
| 5 BasxcGnd_1

W2 Analysis Select Parent
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Definitions Bar

Definitions 2 % TheDefinitions Barallows you to change th

o Fachime Scts - parameters of any definition previously created in the

\ () SetDefinition \ current FracMan model. Definitions in FracMan are

{1 ISIS Definitions N sets of parameters used to perform complex tasks.

‘ I5IS_Definition ‘

IR e iany aactimes . Clicking on ®efinition launches a small menu that let:
ClusterAnalysis_1 you either edit the definition, or stathe fracture
Well_Fracture_Intersection 1 generation or the export of flow simulation files

(1 Grid Fractures Analysis =
GridFracUpscaling_1 | The Definitions Window can be shown and hidden by

aStSOGAY3a a5STFAYAGAR2Y &S
pressing CtrD.

Rightclicking in the Definitions window away from asgfinitions will bring up a short menu of
options including Expand All, Collapse All and Delete Definitions.

Detintions 3 X Notes
{

- Fracture Sets % SeDefiniton_1
d 1535 Definitions
o Intersecting Fractures

il Grid Fractures Analysis
GridFracUpscaling_1

Ag Expand A

Multiple definition dialogs can be viewed simultaneously.

> GOLDER

14



) Frachan 7.50 64bit Test Build (2014.05.20 - Frachanl o= x

| File wJMmm Oynsmic dnalysis Tools Window  Help
0 & (3] ow ane |'e ' %o e 4N G I v A ¥ @ L fA e

cilea

Seed 1401
oD

o o[

View Staie 2
Ctr-L

s

Legend
@@ st | Mosel sl caniem
510 {3 eroperty manager

o 1] e e
A | 1on

Tmeine
pp——

Toolars
. ettt
—

Set Background

Set Eracure Percent
Stare Cunent Yiew
visiility Region

10 | showFullsaeen

Show View Legend

Orign  -14475.2

837432 100843

@ Trend/PlungeLength
e

Attributes Bar
_ TheAttributes Barallows you to edit many of the
= Attributes parameters and mperties of the object or objects
Name RegionBox_T currently selected in th©bjectswindow. When a
5 g Box m] graph (such as a histogram or stenet) is active, the

Attributes window allows you to edit properties of that

graph.

The Attributes vindow can be shown and hidden by

seSOGAY3 ! GGNROdzI Sa¢ FNJ
= Appearance

pressing CtrA.

Filled
Wireframe
Outline

Lit
Transparent
Fill Color
Wireframe Calar

OEOED
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Properties Bar

Properties

Object: BasicGrid_1

= = Cell Properties

3 Cellx
3 cely
7 celz

FRAC_COUNT
® FrRacC_PORD
K Cda Permeability

Oda_kxx

Oda_Kxy

Oda_Kyy

Oda_Kyz

Oda_Kzx

Oda_Kzz

P32

P33

R_MTX

Storage

=l | Vertex Properties
3 vertx
j‘“' Verty
j‘“' VertZ

Property: Storage

Min: 2.42071e-007, Max: 2.6948e-006, b
single predsion floating point

Invalid value; -3399

Storage[m3/kPa]

Constant distribution {0)

(Cell Property)

=i

) ) ot

ThePropertiesBarallows you tcadd or editproperties
of the object or objects currently selected in the
Objectswindow.

The Properties wdow can be shown and hiddday
a St S Oibgefiex GF NP YA Si6KES YoS#/ dzd

¢ KS 2 ®@nd i®sh@n at the top arekisting
properties will be listed in the left sulwindow. Clicking
on one of thesgropertieswill bring up a list along the
bottom of the box giving the property name, its
minimum and maximum values)ean and size as well
as the data type, invalid value token, units @hd
distribution or correlation that defines itNote:if the
property is deihed by an equation, the equation will
not be shown; similarly, the program will not tell you i
the property was copied from another property.

The buttons on the right side of the panel allow these
functions:
Add Property

Edit Property
Delete Property

Rename Property
Set Invalid Value
OffsetScale Values
Replace Values
Visualize

Set Units

Set Property Notes

=

=4 =4 =4 =4 4 4 -4 -5 -9

If you choose a property amthht-click, you get a menu of options including those on the tool

bar and additionally:
T Duplicate Property

1 Define Orientation Properties

1 Object Groups

S GOLDER
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Notes Bar

Motes 1 xTheNotesBarallows yousave comments abouhe

objectcurrently selected in th@©bjectswindow.
Well_1

This area allows the user to store notes - ThAe NOL[G? \i'VldOW can be ShOVle andA hidd?n by
about spedfic objects. aSft SQadsy IF NB YA SIBKES YOSty dzo

Rightclicking in the Notes windowill bring up a menu of options.

Objects 2 X  Notes 3 X P FracManltrd »
| e ¥ @ Scene [
s WL Regeons Wel 1
v Wells
- ' - Fhvs area allows the user 10 store notes
L i about specfic objects, Notes cannot be
I} well 2 saved for mutiple chjects at a tme.
v 'f:' Well 2 Ms |
718 wel3
Y 'ff‘ Well 3 s

7 Fracture Sets
V[0 SetDefintion 1
v .3 Gnds
5 BasacGnd_ 1
B Analysis

Select Al

Raght to left Reading order
Show Unicode control characters

Insert Unscode control chacacter »

Open IME

T
Visualization Window

TheVisualizationwindow displays all visible objects in a FracMan model. By using your mouse,
you can study your model from any direction or distance. There are three methods to
investigate pyur model in the Visualization mwdow: rotate, translate, and zoom in or out on the
model. The desired method can be selected by clickindnemespective button on the

Application Toobar, or, if you are in the default rotate mode then you can use the &ayth
shortcuts indicated in thé ool Baisection to translate and zoom

Log Bar

The log bar continuously displays user operations in the form of Macro comnfagelshe
sectionUsing Maoosfor a complete description of the commands that are used by the macro
system
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Log o x
Count=1 -

SelectObject
Action =1
[]b‘jEl:,'t = "Grids"

Log o=

COMPUTEFRACTUREANAL

DefinitionMam
GridMame = "
FracsetName
Oda=1
OdaGlobal = 1
COdaEigen = 0
Count=1

well
Mame = "W
Point = 0.

Radius = 0

CreatelntervalSet
IntervalSet
Mame = "We

Left: Regular Log output. Right: Log output with Display Timing and Display Progress checked.
The contents of the log may be saved as an ASCII text file bycligtihgin the log window and
4SSt SOGAY3 G9ELRNIE O .2dz YIe |faz2 O2L® -FyR LI &0 ¢
click menu. Intherighdt A O1 YSydz GKSNBE INB (62 RA&LI & 2LIA?Z2
G5AaLx e t NP 3INB asichedked, theksgsigm timié &t fufcBoN IO pstiok will
FLIISENI Ay GKS t23 ySEG (2 a9b5£4T 6KSy GKS fFaGdsSH
operations will log each operation as it is begun.

All user operations can be logged to an ASCII teXofilater reference by rightlicking on the

f23 6AYR2¢ YR aStSOGAYy3 a[23 (2 CAfS¢o ¢KAa T
and for macro debugging.

The Legend Bar

You can display a legend in FracMan by seletiggndfrom the Viewmenu. The legend can

be moved around the screen as its own window or joined to the mairviraf ¢ A Y R2 6 Q&

sidebar just like one of the other panels. The legend is helpful when visualizing different grid

and fracture properties.

If you wish to adjust theolor position of the legend so that blue signifies a value other than 0,
for instanceg click anywhere on the color scale and drag it vertically until the values and colors
match up as you desire.

Rightclicking on the legend allows you to aliexproperties. There are stkfferent availabé

color schemes: Rainbow, Blhite-Red,Grey, Jet, Circular and CubeHelirt provides a little
Y2NB O2yiN}ad OKIFy The&Cicularischefriespécially designédyfod 2 ¢ ¢ ©
visualization of orientation data (trend/plunge etc) where the colors map around allowing you
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to more easily compare valueSubeHeliypresents a uniform saturation change that allows it to
print equally good on color or black and iéhand also looks correct on projectors etc.

Legend B X Legend o x Legend a x

= 100 = 100 = 100

100 — 100 = 100 =

an = 0 = an =

&0 — a0 = g0 =

70— 70—

0=
&l —

a0 —
S0 =

40 — 40 —

30— 30—
20 =

10 =

o=—

=<0 <0 <0
Rainbow Legend BlueWhite-Red Legend Grey Legend
Legend X Legend o x Legend 1 x
= 100 = 100 > 100

100 = 100 — 100 —

o0 —| a0 = 90 =

&0 — a0 —| 30 =

i 0= 70—

&l — 60 — 60 =

0= 50 = 50 =]

40 — 40— 40—

30— 30 —| a0 —|

20 = 20— 20 =—|

10 = 10= 10—

o= 0— 0—

<0 <0 <0

Jet Legend Circular Legend CubeHelix Legend

The rightclick menu also has three other optionReversdlips the legend, so that, for instance,
low values will be red and high values bliReset Positiorundoes any changes you have made

to the legend, returning it to the default positiorRropertiesallows you to modify the scale as

well as change whatspects of the object are visualized and how. A window will pop up that
allows you to set the minimum and maximum values of the color map. As indicated by the
legend, elements with values greater than the maximum value will be drawn in white. Elements
with values smaller than the minimum value will be shown in black. The properties window also
allows you to switch between linear and log scale.
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Calormap Scale Properties @

Objects
SetDefinition_1

Color:

Property IEquivHadius hd

Auto-zcale to property values
Min | 0.180078710563184

Max | 117.955394509082

[ Log scale
[ Hide values outside range
|| Keep range when changing properties

Use sequence mindmay

Apply ‘ I Close

¢KS RNBLIR26Y YSPrdperygS By Qif 2dzR0G &2 f12(NJ LINE LISNI A S &
selected me will be visualized.

If no boxes are checked then FracMan uses the minimum and maximum values specified by the
user. If theAuto-scale to property valuedox is checked, FracMan will scale the color map
automatically. This automatic color map scgloan be done either using the values for the
currently displayed property (e.g. fracture apertures or pressures for the current time step) or
using the values for a property sequence (e.g. pressures over multiple time steps). For the
second option thedJse sequence min/maxox has to be checked. The second option is
particularly useful when visualizing transient pressure changes in a series of pictures.

If the Keep range when changing properti&®x is checked, the minimum and maximum values
will not change when you select different properties to visualize, otherwise the minimum and
maximum values Wireset for the new property.

Tool Bar
The tool bar contains several buttons which serve as shortcuts to common operatioisaRrac

performs. The buttonand their functions are as follows:

0 New Creates new FracMan file.

= Open Opens an existing FracMan file.
= Save Saves the current FracMan file.
x DeleteSelected Deletes the selected object.

27
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FreeRotate
(Leftclick and hold)

FreeTranslate

(Leftclick and hold + Shift,
or hold left and right mouse

buttons)

FreeZoom

(Leftclick and hold +
Control, or use mouse
wheel)

Zoom Extents

Zoom Extents Selected

Align

Plan View

North

South

East

West
PerspectivéOrthographic

EnableSpin

Copy to Clipboard

AreaSelect

Translate Objest
Rotate Objedd
Select Bces

SelectVertices

Select Cells

Rotates model in thdirection the mouse is moved.
Axis of rotation is centered in model and
perpendicular to the direction the mouse is moved.
Translates model in the direction the mouserisved.

Zooms in on model when mouse is dragged down.
Zooms out on model when mouse is dragged up.

Zoomsin or out in order tdfit the entire model
(visible or notwithin the boundaries of the
Visualization Window

Zoomsin or out in order to fit the selected object(s)
within the boundaries of th&/isualization Window
Aligns the view to the nearest orthogonal axis.

Changes to top view and orthogonal projection.

Changes to North view.
Changes to South view.
Changes to East view.

Changes to West view.

Toggles between perspective and orthogonal
projection. When the button is depressed, the mode
view is given the appearance of depth.

Allows the user to turn the spin feature on or off.
When the button is depressed, the model view can
set to rotate continually.

Copiesan image of the view window to the clipboard

Selects all objects in the enclosed field of the
Visualization Window.
Moves the selected object.

Rotates the selected object.

While this isactive, the object editing tools (Select,
Translate Object, Rotate Object) will manipulate onl
object faces.

While this is active, the object editing tools will
manipulate only object vertices.

Select grid cells frorthe current object.
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M Select Traces Select Traces from a tracemap object.
[ Generate Fracture Set Creates a new geometric fracture set definition.
i) Generate Single Fracture  Creates a new single fracture.

& Record Macro This toggles whether a macrorecording. When the
button is depressed, macro recording is on.

Before you can start using the program like a pro, you need to know where the commands are

and what they do.

Menu Bar
There are elevedrop-down menus on the menu bar. These are:

1 The Filanenu program and file options, as well as import and export functions.
The Editmenu object selection and modification tools.
The Viewmenu view attribute controls.
The Fractureanenu DFN and single fracture generation and manipulation.
Thelnsertmenu object generation, includingrells,regions, grids and surfaces.
The Data, Static, and Dynamic Analgsénus tools for analyzing well, grid, surface, and
fracture data; the meat of the program. These will be covered in greater detail later in
the manud.

1 The Toolsnenu program options, macro control, and Monte Carlo analysis.

1 The Windowmenu multiple window manipulation.

1 The Helpmenu program information and assistance, online registration.
alyd@ 2F CNIYOalyQa Yl 22N Tdznéhish2ya OlFy oS

= =4 =4 4 =4

File Menu
TheFilemenu has eight commands underitew, Open Close Save Save Asimport, Export,

andExit It also lists the most recent project files that have been saved.

New

This creates a new, blank FracMan file. If you have a Fraciampé&h when you click New, the
program will automatically close it. If the open document is not empty, FracMan will prompt

you to save it before closing:
rFracMan &1

':e] Save program data to FracMan file?

| Yes | [ Mo ] | Cancel |

Thisdialogalso appears when you quit FracMan. If you cliakcel the program will return to
the open file without generating a new file. If you chibl the program will not save the open
file before creating a new one. If you cli¢ks the program will open a dialog asking you to
specify the file name and directory you wish to save to. OpceclickSave FracMan will save
your current file, close it, and make a new file.
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Open
This allows you to load a preexisting FracMan file. It brings up a browser dialog in which you can

find and select the FracMan file you wish to open. Once you hdeetsd the file you want,

click theOpenbutton. This will load the file into FracMan. If another file is already open, the

program will prompt you to save it and close it, just as when you close the program. Clicking

Cancelill return you to the progam as it was, without opening another file.

Close

This closes an open FracMan file without quitting the program. It will prompt you to save the

file just as when you create a new file, but instead of displaying another file in place of the
closedone, the JNE ANJ Y NBYlIAya 2Ly o6dzi KlFa y2 ¢2N)aLl oS
toolset, you must have a FracMan file open.

Save

This saves any changes you have made to the current FracMan file. If you have not already

saved the file, the program will bringp a browser dialog, allowing you to select which directory

you wish to save the file to. You may also specify a name for the saved file. If you do not specify

I yIFYSZT CNIOaly gAatft al @S Al | aSafeuNdnOfyduy mé = G KS
have selected a file name and directory that are identical to those of a preexisting FracMan file,

the program will warn you:

Confirm Save As

! . FracManl frd already exists.
“ Do you want to replace it?

J

If you clickyes your current save will overwrite the old one. If you chiek FracMan will return
you to the previousSave Aglialog box, allowing you to select a different directory or file name
and save again. ClickiG@ncebn the Save Aslialogwill return you to your file without saving
any changes.

Save As

If you wish to ave your changes but do not wish to overwrite the current FracMan file, this
option allows you to specify a different file name and/or directory under which to save the
current version of your file as a separate file from any previous saves.

Import

This dows you to bring many different types of data into FracMasiumetricgrids
triangulated surfacegpoint data, tracemaps, well logs, seismic datal data exported from the
FracMan program suite.

f File Format Assistartk & dzA SF¥dzf 6 KSy fledodnatydiiBaieDinced dzNBS ¢ K|
you select a file, the format may be automatically detected from the extension and the
ARSYGAFASR GeL)S oAttt 0S akKz2egy Ay (GKS aCAtS cC
automatically detected, identify what type of fileAitda @A G K GKS &t NAYF NB 51 i

YSydzd ! fA&aG 2F NBO23aAYyAT SR FTAES F2NXNIGa GAff

> GOLDER 23



CaNNIGéd 2KSy (KS at NEOASSH {StSOGSR CAtSE od

shows several lines from the selected file. Whe i KS dat NE@ASgs { St SOGSR C
is clicked, the view changes to show an example of this type of file format so the user
can compare them and verify that the file format is the same.

1 Welldata describing one well can now be imported from severad fiteluding one for

the well trajectory and separate ones for the well collar, deviation and well log.
Supported file formats include:
o Petrel well trace datf.txt, .asc, or .dat)
GoCAD well fileg.wl, .gp
Log ASCII Standafdas)
FracMan obiject files (.sab)
ASCII well fracture filstxt, .ors)
generic borehole definition fileGtxt, .csv, or .dat)
well interval (tops) fild.txt)
o well deviation file(.txt)
9 FractureFilebrings in:
o FracMan facture files (extension .ffbfaband .fabgz; SeeAppendix EEAB
Fracture File Format
o legacy MaficOil fracture filgsitm_fra)
generic fracture dat@.txt)
Tomographic fracture imagesTFI (.csv)
1 Gridaccepts:
ECLIPSESCIgrid files(.grid, .grd or .giecl)
stress field fileg.str)
3DMove grid fileg.sdb
RESCUE gri¢itxt or .bin)
GoCAD SGriqssg .gp)
Modflow discretized grid&.dis)
FeFlow grid¢.fpd, .fem)
ASCII grid&fgr)
o FEHM mesl{i.geo)
1 Surfaceallows surfaes to be imported from:
o DXFE forma(.dxf)
RMS forma(.txt or .rms)
ZMap Surfacé.zcor, .dat)
CPS3 Surfacd.cps)
Earth Vision Surfadext, .dat, .ev)
GoCAD Surfadds, .gp, .tsurf)
Petrel Surfacé.txt)
Charisma Hat Stickd & @€ 0
Polygon File Formdtply)

ESRI Shapefi(eshp)

O O O O O O

o

(@)

O O O OO0 O o O

O O O OO0 OO0 O o
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0o Maptek Vulcar(.00t_asc)
0 Surpac Digital TermaiModel(.dtm)

SeeSurfacedor more information about surface objects.
9 Tracemapbrings in trace dta from:
o FracMan Trace Data Filgf2d)
DXFTrace Datq.dxf)
GOCAD PLir(epl, .gp
Polygon File Formdiply)
ESRI Shapefi(eshp)
CPS3 lines(.dat)
Irap classic lineGirap)

Zmap+ lineg.zmap)
MAFIC Particle Tra¢hpcl)

SeeTracenapsfor more information alut tracemap objects.

1 Point Dataaccepts text files containing point coordinates in three dimensions without
regard for file extensionSeePoint Data Objedior more information about Point data
objects Supported file formats:

0 GoCAD VSéivs, .gp)

Polygon File Formdiply)

ESRI Shapefi(eshp)

MAFIC Partie TracK.pcl)

Surpac String Filestr)

0 SEGY format dafesegy, sgy)

1 Mafic Definition Fileimports MAFIC model files (extension .s&@peMAFIC Flow
Simulatiorfor more information about MAFIC files.

1 MAFIC Meslbrings in MAFIC mesh files (.necafinput, .maf, .mff, .mafic, .mft or .rst)

1 Seismic Datamport seismic cube data or microseismic point data (.segy).

i Fluid Databaseémport fluid database used to store hydraulic fracturing fluids (*.hff or
* . txt).

1 Merge from FracMan Filenerges objects from other FracMan project files (.frd).

1 FracMan Object Filanports objects from FracMan object files (.fro).

When you have selected the type défijou wish to import, FracMan will bring up a browser

dialog box in which you can specify the format, name and directory of the file which you wish to

import.

O O O 0O 0O O 0 o

o O O ©
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(@ Frachtan 7.50 645 Test Bud (201407.17) - FracMant.frd > @ %
File Edt View Fracture Insert  Data Analysis  Static Analysis  Dynaswc Analysis  Tools Window  Help
Jod XisEhs 00k o@PL fiidoav @l 4
Seed 1406820594 - B ¥
eZ 10 -

Objects 3 X Notes 8 x P FracManltid > v log 2 x

W Import Well Data

p=
g @l L » Computer » Windows (C:) » FracMan Workshop » Exercisel
N, el

Golderl_bed.LAS
Golder] fracLAS

Exercisel
Exercise2
Exercised
Exercised
ExerciseS
Exercised
Exercise?
Exercisel

File name

- J_J(N)
’ ; (€)
‘ " '
J Objects |\ Definttions O Attridutes | I Properties . . | Notes
Rendy:

Only files with applicable extensions will be shown as available to import. Sfan@e,if you

have selected Log ASCII Standesdhe file format you wish to import, files with extension .txt

will not appear in the browser window even if there are such files in the shown directory. In

order to change the file format you wish to import, yowst click on the drojglown menu next

G2 aCAftSa 2F (eLlSyeo CKAA gAff ONRARY3I dzLJ I f A&
selected. If your file extension is not in the list and you know that it is in one of the available

formats, youmay type *intothe dropR2 6y Y Sy dz y S E landitk aiOpént This y I YSY ¢
will make all files in the shown directory visible, no matter what file extensions they have. Then

you may select the appropriate file and openMote:if your file is ndin the appropriate

format, it will not load.

When you have the desired file selectethe name of the file should appear in the box next to
G CAf S ¢vlitkYh8Opénbutton. Many file formats will load automatically at this point, but
some types, such as point data, will bring ugli@ogbox asking you to identify the columns in
your data.
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@ Extract Data From File =

First Row to Extract

Starting Line #:
3

Select the field name for each applicable column S elect Header Fow! I Use Headings I I Ignare &l I

— v [powe ]

Line ¥ End[m] ¥ End[m] Z End[m] Ignore Ignore Ignore Add Colum
lLength v”m v]

1 Trace Data: Traces_Traceplane Created: Mar € 200&

el (=l ¥l zl xZ ¥ z2 NE) ks

3 1194.55 2142 37 194 086 1630.17 106425 194_0&6 1

4 -B835.584 €24.41¢ -1237.588 931.04¢ -123&.07 -137.5¢€8 3

e 335.044 960.87 -5.91237e-011 134.158 1403.88 —5.51052e-011 3

& -446.072 29923 802335 -110.614 1877.75 80_2335 4

7 2047.85 424.824 BE.ZE93 183&.81 1074.47 86.2899 E

8 -123.712 1300.35 17.1478 203.351 1400.35 17.1478 13

3 2881.22 -143&.35 T4.6434 2038.75 503.848 T4.8434 7

10 1211.83 -1021.26 -9.91487e-011 331.48 978.743 -9.90802e-011 8

alil -1710.71 1704.7¢ 115.712 -2172.7 25370.7¢ 115.712 El

iz 514.032 -1203.42 -18.1833 1873.87 -2130.04 -15.1833 10

13 -1729.82 171597 -9_91085e-011 -818_848 &10_601 -3.91204e-011 11

14 1243.87 -10&1.85 -5.91063e-011 2Z11.84 -ZZB3.8 -5.512Zge-011 12

] T v

[7] Same settings for all selected files oK Cancel

FracMan automatically guesses what each column is based on the headacfocolumn.

Clicking theGuess Columnbutton will also check the column headers for cluss@what the

columns contain. When manually selecting columns, the user can specify the unit and precision

as well as the data type and nanie.order to specif what type of data each column contains,

you must ckk on the title of the columrMake sure that the columns have been correctly

identified before clicking th©Kbutton. If the type of data contained in that column is not in

GKS fAalzZ B2 NBE BPRSOKSAGLINRIAINI Y gAfft y204 aGF1S
Doing this keeps FracMan from trying to read the data and becoming confused. Clicking on the
IgnoreAllo dzii 2y @Attt Fdziz2YlFGAOFEte asSd Fftt O2ftdzyy O2
imported your file, FracMan will remember your column specifications for all future imported

files of the same format.

When you have finished labeling your columns, enter the line number on which data begins in

the box in the upper lefhand corner of thelialogé ¢ CA NB G w2g¢ (2 9EGNI OG {41 N
will be the first line in the file after the header information. If there is no header, just raw data,

enter 1 in this box.

Once all of this information has been specified, you may clicloteutton, and FracMan will

load your data file. You can check to see whether the file was successfully imported by checking
the Objects window. If the import was successful, a new object will have appeared here, even if
it does not show up in the Visualizatiavindow.
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Imported objects in the Object window are grouped under blanket categories based on their

GeLsSo C2NJ SEIFYLX Sz ¢Sttt (GNYOSa oAttt 06S 3INRJAISR
gAftf 0S IANRPAzZLISR dzy RSNJ G2 SRt dfyRINEG @ { OSy iS¢ @ G §32 1”7
display children for each parent category, simply click on the + next to the category name. The

children will appear and the + will change te aro hide the children again, click on thand

they will disappear.

Export
Thismenu itemallows you to send data out of a FracMan file into its own separate file. This

makes it possible to import FracMan ddmto other programs. FracMan can export several
different types of file.

1 Fracture Fileallows you to export all fractes and fracture sets in your file as FracMan
fracture files (extension .fab), GoCAD surface files describing your fractures (.ts), and
MaficOil compatible fracture data (.itm_fra).

1 Wellexports a FracMan model file (.sab) containing all wells in your file.

1 Gridtakes the selected grid and exports it as an ECLIPSE grid (.grd or .grdecl), a stress
field grid (.str), a FracMan fracture file (.fab), or a RESCUE grid (.bin or .txt). At least one
grid must be selected before this function can be called.

9 Surfaceallows the selected surfaces to be exported to GoCad (.ts).

f ObjectPropertieSELIZ NI |y 262500048 LINRPLISNIASE G2 | 3S
simplified GEOEAS file (.txt).

i FracMan Object(s3elect objects from the current project and save thenthe
FracMan Object file format (.fro). These can be imported into other FracMan projects.

1 Mafic Definition Filecreates a MAFKEompatible well data file (.sab).

1 FracMan Definitionsselect definitions from the current project and save them in the
FracMan Obiject file format (.fro). These can be imported into other FracMan projects.

1 Screen Captursave the current contents of the Visualization window in any of the
following formats:

Encapsulated Posicript (.eps)
Portable Document format (.pdf)
Scalable Vector Graphics (.svg)
BMP (.BMP, .DIB, .RLE)
JPEG (.JPG, .JPE, .JRLE)
GIF (.GIF)
TIFF (.TIF, .TIFF)
o0 PNG (.PNG)
9 Fluid Databasdexport the database of hydraulic fracturing fluids (*.hff).
1 3D PDHxport a visualization of fractures, wells, well [qgsint data and surface
objects to a 3D PDF file.

O O O 0O 0O o o
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When you select one of these file types to export, the program will bring up a browser dialog

that allows you to specify the format, name, and directory of the export file you wish to create.

The availald formats will be displayed when you clickonthediog 6y YSydz ySEG G2 a{|
GeLlSyéeéod {StSO0 6KAOK 2F (KSasS &2dz oAaK (2 ONBI (
GCAES ylILYSY¢o 2 KSYy @& 2dz RdvadlonRaadhEexpoel ileS ( KAy 3 a X
will be created in your chosen directory.

Recent Files

FracMan displays a list of quick links to the last six FracMan files that you have saved. This list is

found between theExportand Exittabs on theFilemenu. The files are numbedeand listed

from most recent to least. You may open the file directly from here by clicking on its name. This

avoids the hassle of browsing through many directories looking for the file you were last

working on. When a FracMan file not on the listpgied or saved, the last file on the list will

be dropped and the most recent one added to the top of the list.

Exit

Thisitem quits the FracMan program entirely. If you have a FracMan file open, the program will

prompt you to save. If you cli€kancelthe program will return to its previous state without

quitting. If you cliciNo, the program will quit without saving and any unsaved changes will be

lost. If you clickres FracMan will ask you to specify what to save the file as and where. If you

click Savewithout changing the file name or directory, the file will be saved and ovthie

previous saved version.

Edit Menu
The Edimenuallows you to modify object properties, select and delete specific objects, filter

objects into subsets, organizeWw the objects are displayed, and edit object geometry.

Undo

To undo an operation, clidkdit > Und@n the menu bar. The Undo functievill be enabled
only ifthe previous operdbn can be undone.To prevent memory leakage, not all processes
support the Undo function. In general, operationgh as object creation or deletion caririe
undone whileoperations that transform an objecsuch as moving or scaling, can.

Redo

The Redo function is ongnabled after the Undo function is used. It reverses the previous
FOGA2Yy 2F GUKS a! yR2¢ FdzyOlAaz2y o

Delete Selected

This deletes the selected object or objects from the filmce an object is deleted, it cannot be
recovered. Objects can also be deleted bglecting them in the Objects panel and either hitting

Delete on the keyboard or clicking t X button on the toolbar.

Delete Definitions
You can delete multiple definitions at once by selecting "Delete Definitions" and selecting the

definitions you wanteleted.
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@ Select Definitions

- [CJFracture Sets

é--DIntersecting Fractures
i L[T]well_Fracture_Intersection_1
[ Clusteranalysis_1
[ ] 5urface_Fracture_Intersection_1
é--DGrid Fractures Analysis

..[¥] GridFracUpscaling_1

=N

[ o

][ Cancel ]

Checking the root objects will select all objects of that type for deletion.
Delete Definitions cannot be undone

Modify Properties

This activates the Properties window where you edit, add, or remove properties from an

object. This windowis activated also by rightlicking on an object in the Objects window and
selectingedit Properties SeeProperties Bafor more information.

Translate/Scale Object Geometry
Thismenu optionallows you to edit thgosition, orientation, and sizef any objecti the

project. Select the object whose geometry you wish to mdi the Objects window and select

dTranslate/Scald 6 2 SO

as wells, youmay also rightlick onli K S

DS2YS{GNE¢

202501

dzy RSNJ 4 KS 9RA
yIYS

)

You may select multiple objects to edit at once; the change in scale, position, or angle will be

applied to all selected objects. déalogbox will appear asking you to spscifow the object is

to be altered. You must firselect the radio buttomext to the operation you wish to perform.

2y
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- .
% Edit Geometry [

| & 4]

Operation:

2] Position [Mave to 3YZ)
Tranzlate [Offzet By =Y2)
Secale
Riotate [About <, ¥ or £ &xis)

1]
1]

10

Relative To
Origin [0, O, 0
2) Selection Center
Selection Minirmurm

1 Paint
1] 0 1]

Apply Cloze

f Position(Move to XYZ)You enter the new-, y-, andzco2 NRAY | 1S4 2F GKS 2628
center or minimum
1 Translate(Offset by XYZHere you may specify how many units you wish to mymer
object.t KS Sy G§SNBR @I tdzS gAtt 0SS IRRSR (2 GUKS 206
values are acceptable.
9 Scale This allows you to change the units of the object from feet to meters or meters to
feet using the Selection Center optipor to change the scale of the object in the given
direction by the specified numbdor a more general functianFracMan takes the
absolute value of the entered number as the scaling factor; thus, negative vakies a
treated the same as positive.
1 Rotate Enter here the number of degrees about the given axis by which you wish to
rotate the object. Rotation is clockwise and pivots aroundpbimt specified in the
Relative T@ection Positive or negative values aaecepted.

Duplicate Object
This function allows you to select one or more objects and make an exact, independent

duplicate of each object. Simply select the object(s) you wish to copy in the Objects window and

clickEdit > Duplicate Objefitom the menu bar. Duplicate objects will appear in the Objects

GAYR26T gA0GK GKS alyYS yIYS Fa GKS 2NAIAYIE 202S(
2F GKS &FrYS 202800 ¢ At Warrding: Bafe dbjkc& maydakefalohg & Y/ 2 LI Y+
time to duplicae and may use a great deal of memory.

Copy to Spreadsheet

This operation copies data from histograms, stereonets and result views to the clipboard in list

format. With the histogram or stereonet windows open in the Visualization panel, select Copy to
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Spreadsheet from the Edit menu. The result object may be selected in the Objects window and
this option will be activated in the Edit menu.

Well

The Well menu item on the Edit menu provides the followingisi#mu functions foiVellsand
Well Logs

=4 =4 =4 4 =4 -4 4 -8 -4 -4

Grid

Edit Well

Resample Well Path

Offset/Scale Intervals

Add Interval Set

Create Intervals From Objects
Create Regions Around Wells
Merge Well Logs

Create Data Subset

Create Log Subsets from Intervals
Create Subsets from Categories

The Grid menu item on the Edit menu provides theofsihg submenu functions foiGrids

T

= =4 =4 =4 -4 4 A -4

=

Compute
o Compute Grid Cell Volume

Compute Grid Cell Height
Compute Grid Cell 1J Dimensions
Compute Grid Cell XY Area
Convert Tensr To Principal Vector
Dipole Sonic To Elastic Material Properties
Compute Coordinate Frame
Create Brittleness Properties

o Compute Grid Meahayer Height
Extract Surface
Create Sulisrid
Merge Layers
Mark Cells
Flip Cell 1JK Ced
Create Stress Properties
Create Brittleness Properties
Draw Slices / Subsets
Refine Grid

O O O 0O 0O o o

Surface
The Surface menu item on the Edit menu provides the followingnsethu functions for

Surfaces

1
i

Edit Surface Normals
Apply Texture Map

o> GOLDER
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Decimate Surfaces

Weld Fracture Faces

Clip Surface

Convert to Fracture
Compute Coordinate Frame
Compute Surface Curvature

Simplify Surface

Merge Surfaces
Trim Surface Outline

Extract Surface From Selection
Triangulate Selection

Convert Regiond'Surface
Convert Fracture To Surface
Split Object By Property Values

=4 =4 =4 =4 =4 4 -8 -8 -8 o oa o oA

=

Tracemap
The TraceMap menu item on the Edit menu provides the followingnsaibu functions for

TraceMaps
1 Simplify Tracemap
Merge Tracemaps
Create Data Subset
Create Subset From Selection
Compute Segment Orientation
1 Disconnect Traces
Point Data
The Point Data menu item on the Edit menu provides the followingnseibu forPoint Data
Convert Object to Points
Convert Selection to Points
Merge Point Data Objects
Delete Duplicaté’oints
Apply Coordinate Operation
i Create Surface from Point Data

=A =4 =4 =

= =4 =4 4 =4

Change Colors
You can change the colors of multiple selected objects at once, either setting them tea sin

color or setting each object to a different color.
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Edit Colors =

horizontal_1 Fill Color
haorizontal_2
vertical_1 | | E|

Wire Color

I (|

Qutline Color

I |

2) [ Apply H Cloze I

The selected objects are shown in the list on the left. Select Fill, Wire or Outline color to change
FYR SAGKSNI aStSOG | O2t2NE 2NJ OK22aS a/e0ftS / 2f ¢
Organize Scene
As you get more objects and your file becomes increasingly complex, you may need help
keeping track of things. To this end, FracMan has a set of handy tools to aid object organization.
9 Insert Object Grougreates a new, empty category. Td@up appears as a child of
GKI G§SOHSNI 202800 GKS dzaSNJ KIR aSt SOGSR dzLl2y S
name can be changed in the attributes window.
9 Sort Children & puts all children of the selected parent object into alphabetical order
Sort CHdren ZA: puts all children of selected parent into reverse alphabetical order
f ReparentObject(¥) agA i OKSa aStSOGSR 2062S8S00Qa LI NByd 0
can also be reparented by dragging and dropping. Simply drag the object onto the
name d the desired parent and release it. Multiple objects can be reparented at the
same time.
1 Sanitize Model:

1 Set FracWorld (P32) Regi@et the FracWorld Region (same as in the Tools menu).

=

Select
This allows you to specifically select only objects ofrtaetype or fitting a certain geof

parameters.

Create Object Filter

This allows you to create objestibsetsor reference setbased orone or moredifferent

properties. You may also filter the selected set(s) to a certain percentage of the original
number.Available objects that can be filtered include Grids, Surfaces, Point Data, Tracemaps,
Stochastic Fractures, Tessellated Fractures, Intersefetaxggures, Connected Fractures and
Clusters.
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Object Filter [ Object Filter [

Objects | Elements Objects | Elements
Mame  Filter 2 [V Filter Elements (Verts/Fractures/etc) :J
Description Element Type [Generated Fractures v]

N

Filter Type @ Stochastic Fractures -

() All Objects of type
@ Selected Objects
() Children of Selected Objects

=[] Generated Fracture Sets
[V vertical_1

@lhorizontal_1 Mame |Aperture v | [FMn el » | [(F]Max led =

[ horizontal_2

(@) Property Range

(7)) Property String
Equal

() Region Test

Center Inside

D Selection Percent 100

sy [ o | ooy ] [ conn ]
\

In the Objects tah enter aNamefor the Filter if you wish to save it to use agdataved filters

will appear in theDefinitionswindow. Select one or more objects to include in your filter. Often,
you will use a filter to group several fracture sets together, e.g. all the natural fracture sets in
your model. In this case, just select the objects that you want included andA\pipticand
Referencdo create a reference set including just these sets. If you want to select a subset of
your objects using a Filter, then complete tBEments tatbefore clicking orsubsetor

Reference

You build your list of selection criteria in tB#ementstab. You may create a list of selection
criteria or simply choose Selection Percento apply to the objects selected in tl@bjects tab
Check the box next tBilter Elements (Verts/Fractures/etdp activate the fields on this tab.

Property Range Usefor filtering on numeric properties using minimum and/or maximum
values. For example, tHelementstatdi K2 6y 1 02 @3S FAf GSNER (GKS a&! LIS NI dzN
fractures having an aperture between-beand 1le4 are selected.

Property String Use for filering on string/text properties. For example, if a well log has the

LINR LISNII & GaCN)Y OGdzNB¢ellSe gAlK @1 fdzSa €A1S da. 95¢. r
/I hbs5gCw! / {1 9! wéx &2dz Oty dzaS | FAf{GSNI G2 ONBI {°
only contain particularvezS & 2 F G CNJ Ol dzZNB ¢ & LIS ¢ & ProgefiyA O1 2y (G KS
String Select the property that you want matched from the dropdown list nexti@gmne (this is

GCNI OlGidzNB¢ eS¢ Ay (KS SEIFYLX S aK2syod ¢KSy &St S¢
G2 R2X (GKS OK2AO0Sa FINB a9ljdz ¢z ab2dG 9ljdza t &3 alLy
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w»

G9ljdzr £ ¢ YR dab20 9ljdzZf €z 2dzad aSt SdawnksyS 27T
on the right. For the two list options, type in a comiseggarated list into that dropdown list
containing the values that should be included:

r B
Object Filter - - —
| [ obgects | Bemerts
|
| o Fiter Bamants (Verts Fracires i) L
|

| Siring Property FractureType” value: TOND FALLT COMD FR ' [add |

I [od ]

I
|
|
I
Il Prigger By L
I an 0] o
I
i @ Property Shing
|| Mame [FroctreType v) (iwst  »| NI )

EED_BOUMOARY

Regon Test COMD_FALT

PARTIAL FRAL
A = RE5_FALLT
RES_PRAC_SHEAR
RESESTIVE_FRAL
Sedection Percent
Ay Cancel

ClickApplyto add that filter criteria to the list shown in the text area on this tab.

ONRGSNARZFNIIRYy ABRSO (2 K0 &

RegionTest | 4aS | wS3Azy ¢Sé
GKS aStSOGSR NB3IA2Yy O

G/ SYGSNJ hdziaARS¢ 27
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r |
Object Filter [

Objects | Elements
Filter Elements (Verts/Fractures/etc) H?‘J
Property"Aperture™ »= 12-006 AND
Center inside region "Region_1"

Property Range

Min |0 » Max [0 3
Property String
Equal
(@ Region Test
Region_1 Center Inside
AND
|| selection Percent 100
[ Select ] [Reference ] [ Subset ][ Close ]

Applying Multiple Criteria To use more than one filter criteria, first create the first filter using

2yS 2F GKS GKNBS 2LJiA2yaszr at NPLISNIe& wlyaSés at NZ
G! b5¢ 2NJ AahwéR2BNB Y AEKS oBNRId awS3IAzy ¢Saide¢ yrR O
first criteria to the filter and will be displayed in the text area on this tab. Then click on the Add

button to the right of the text area to create a secofidh t 4G SNJ ONRAGSNR I & | 2dz gAf €
Ghwé | LILISENI FFOEGSNI GKS FANRBRG FALGSNI ONRUOSNREF @ / NEX
created.

Selection Percent Whether or not you have selected a property to filter on, you can choose a
smaller subset to select by checking Selection Percent and entering a number between 0 and
100. For example, you may want to create a subset of 10% of your fractures, randteotgde

For this case, you would select the fracture sets on@iects tal) check theFilter elements

box at the top of theElements taband checkhe Selection Percentheckbox entering the value

10 into the field on the right. Cligkpplyto save the definition and Subset to create a new
Fracture set containing only 10% of the original fracture set. If you have also applied a filter, the
filter will first be used, and then the selection percent will be applied to that selection. This
function works a bit differently for the Reference or Subset buttons. A Reference object will
have exactly the entered Selection Percent while the Subset will apply this Selection Percent as a
probability associated with each element, so will have a resultijgob that is close to having

the specified Selection Percent, but not necessarily the exact number.
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Changing the Criteria DefinitionTo edit or delete a criterion, select it from the text area box.
Once it is selected, you can change the values ackl @liApply, or click on thédelbutton to
remove it. CliclApplyto save the definition when you are done editing.

Apply: Click on this button to save the current definition. It will appear inDieénitions
windowdzy RSNJ a9t SYSy (i €haviing BhiBtype obobjécKt isldgfinedl for2 y

Select This will select the filtered objects in tkbjects window and change their display in the
Visualizationwindow. It does not create a new subset or reference set. This is very handy for
previewing yair filter.

Reference Click on this if you want to create a new Reference Set based on your filter. See the
Manual sectiorCreate Reference From Selection more information about characteristics of
Reference 3s. This will create a new tdpvel reference object, it is not a child of the original

set.

Subset This label is somewhat misleading as it also creates reference sets. This will create one
or more new reference sets that are children of the origingeots selected with the filter. It

will appear as a child of the original set (if only one was used). If multiple objects were included
in the filter, there will be a child object for each of them, each containing a subset of the parent
set. If you want taonvert this fracture reference set child object into an independent object,

use the FractureeConvert to Fracture Séunctionality.

CloseandCancel Close the Object Filter dialog without saving. This isdhgesas clicking on

the icon at the top right corner of the dialog.

Select Objects
Select Objects brings up a dialog allowing you to select in the Objects window only a certain
GeLlS 2F 202S00 2N 202S00a sAGK | ALISOAFASR

for objects with a specified string in the name with a placehofdeother characters. An
asterisk means any set of characters may fit into the space occupied therewith; a question mark
means any single character may occupy that slot.

VI YSc
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. <
Select Objects ﬁ
Type
[ |
[TIMame
Selection
@ Replace
() Add To Current
(") Deselect
| keep Open Select ] [ Close ]
(]

Select Element By Index
Select Element By Index brings up a dialog that allpew to select an element (vertex, face, cell

etc) by its numeric index and inspect its properties location etc in the attributes window.

- -
Select Element @
Object BasicGrid_1 2)
Type Cells -
Index 0 0-125
Selection
(@ Replace
() Add Ta Current
) Deselect
[ select More Select l [ Close
.

Copy Selected Object Names

Select Faces, Vertices, and Cells
Select Faces, Vertices, andl€ate the same mchanism as the ObjeEilter to select certain

portions of an object, thus allowing you to move or modify only the selected elements rather
than the entire object.

Select Lines
Select Lines is used to select traces from a traceofggct. These are also avalable from the

Tool Bar.

Area Select Mode
Select all objects within a usepecified area. Drag the mouse to choose the area. All objects

that partially or fully reside in that projected area in 3D space are selected.

S GOLDER
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Translate/Ro tate Selection Mode
Switch between translate and rotate modes to aid in object selection.

Create Reference From Selection
After selecting some objects in the scene, save them as a reference object in the project.
Draw Traces Mode J‘ &

It is often convenient tde able to draw traces onto a surface

This menu item will enter trace drawing mode on the
OdzZNNByife aStSOGSR adzaNFI OS
LINS&da wo{/Q G2 OIFyOSt GKS
you can click/drag on a surface to defitrace segments.
{StSOG W{I @S / dNNByild ¢NI OS
a new object.

Measure

Measure distances between points on a single surface or

between multiple surfaces.

{StSOG 2yS 2NJ Y2NBE adaNFI OS 2025004
click anywhere on any of the surfaces and drag, the

measurement will remain until you change modes or click.

t NBaa GKS WwWe¢! . Q (1S@ oAttt ali2NB (KS
model as a pair of poimharkers.

Attributes o =
You can change the way the Fill Colar -
measurement is displayed by Wireframe Color I
selecting the child point marker LS:';”E Color
. . . =
andsetting options in the Show Label
attributes bar. Label Faces Forward
Alignment Left i
Measure:Check this box to make Point Size 6
. , Label Offset X 0
thls point a measurement and to  2bel Offsat 1 0
display the distance to the parent Label Offsst 7 0
point marker. [| Draw Cffset Line =
Measure
Measure Position [a]: Use this to Measure Posiion [(-1] 0
. . Position X -3.68085
move the displayed distance from Postion Y 20,7651
one end of the line to the other Position Z 0
(or more likely somewhere in
between).
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Set Model Origin o o

CNI Oaly KIFa Fy AYUSNYyIlf &dY2RStf 2NRAIAYyEZ |Ef20AY:
were centered around (0,0,0). This is only an internal function and will not affect displayed or

exported model coordinates. If you wish to change the modegin, you may do so by

selectingg RA G B { S i omtBeRSriu ban. Nifis Ban Yexespecially useful when the

model is stored using UTM coordinates (see sectionl@andling UTM Coordinatder details).

You may change the origin to: [ set Model Origin S5
A custom point, whose Current Origin:

coordinates you must specify in || x o Y: 0 0

the X, Y, and Z boxes on the rigk

side of the dialog box, New Origin:

The point with coordinates ) Custom x: 0

OnInIindx ¢KAOK 90,0, 0 - (Defaul) v [

default origin, ") Current Madel Center - [0

The center point of all the ) Current Mode! Minimum

objects curratly contained in ") Object

your model, which FracMan will

automatically calculate and input S
for you,

The point in your model whose
coordinates are smallest, or
1 The coordinates of a given point marker object or well.

When you have chosen your desired relative origit OK There will be no visible changes;

K26SOSNE oKSy @2dz OSYUuSN) @2dzNJ aa0OSyS¢ Al gAafft O
particularly handy when translating objects great distances, as FracMan does not automatically

update the model origin to reitch the model center.

The set model origin operation moves the global origin and adjusts the position of all objects

accordingly. If you want to change the model position, you can move the model to a new global

origin by selecting th&ceneobjectinttS§ 262S0G& o6F NJ I yR aSt SOGAYy3 ac¢ N
DS2YSUGNEBE FTNRBY (GUKS G9RAGE YSydzo CKAA gAff | R2dz
position of objects relative to that point.

Rename Obijects o 3 o o

Select the objects that you wantto rename inthe bje 6 A Y R2 632 0KSY aSftSOu daw.
from the Edit menu.
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Search and Replace
The Search and Replace feature of the Rename Objects dialog can be used to replace part of the

name of an existing object with a new name.

Rename Objects =
well_1 Rename Type:
Well_10 i 2
W:IIZE i@ Search and Replace =
Well_3 ]
wel_4 () Prepend / Append
well_5 ]
Well_& () Regular Expression
wel_7
well_s
wel g ER
well -
Replace
Discover| -
[ Preview ] [ Apply ] [ Close
Prepend/Append

The Prepend/Append Wirename the object with a specified name in front of the original name
and a specified name at the end of the original name.

Rename Objects [E]
Discover_1 Rename Type:
Discover_10 . z
Discover 2 () Search and Replace </
Discover_3 _
Discover_4 (@ Prepend [ Append
Discover_5 )
Discover_a () Regular Expression
Discover_7
Discover_8
Discowver_9 Prepend
Gas —
Append
well| -
[ Preview ] [ Apply ] [ Close
Regular Expression

The Regular Expression box allows the User to use more complex naming conventions.
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View Menu
Thismenuallows you to select which panels and panescktan displays. Some of tbptions

showavailable panels for displayhile others affect details of what gets displayed in each
panel An orange outline around the icon or a check mark nextpamel name ignifies that it is
already being displayed. In order to show a panel that is hidden, just click on its name in this

list.

=

Objects panel thatlists all objects in your FracMan file.

Attributes: panel thatallows you to see and modify the propertieseo$elected object.
Definitions: panel thatlists all definitions you have generated in your file, including
fracture set definitions, critical stress analyses, stored views, and filters.

Properties panel that allows you to manage the selected object prtips not listed as
attributes.

Legend panel containing colored bar keyed to number values that allows you to
visualize properties graphically at a glance.

Model Scalea box with scale markers that appear in the Visualization window behind
the entire £ene to give a scal&ee Manual section driodel Scaldor more detail.

Notes panel thatallows yousave comments abouhe objectcurrently selected in the
Objectswindow.

Timeline panel that allows you to create an amtion for visualizing a series of
properties on an object (like well test results) or for visualizing a single property where
the values represent time (like hydraulic fracturing).

LogLJ- ySt GKFG GNFOla GKS dzaSNDa dteyiake2ya Ay CNJ
enacted in macrdanguage format.

Lock Dockingpanelscanbe lockedin placeto preventinadvertentmovingaround.
Toolbars

0 Toolbar:contains pictorial icons that serve as shortcuts for common commands;

usually shown at top of screen just belorenu bar.

o Random Seed Toolbar: allows easy access to view/set random seed.

o0 View Toolbar: allows easy access to change the Z scale shown in the scene.
Menu Bar:uncheck to hide the menu bar; to get the menu bar visible again, use the
shortcut CtrdShiftM or right-click on the top border of the application and select Menu
Bar.

Status Barbar at bottom of FracMan main window that gives a brief description of
what a command does when the user mouses over that command.

Colormap opens same options for colorswalization as from rightlicking on the

Legend panel.

Set Backgroundopens a dialog window to set the background color of the Visualization
window. See Manual section giet Backgrountor more detail.

Set Fracture Peent use tochoose what percentage of fracturesdisplay in the
visualization window. See Manual section®#t Fracture Percefor more detail.
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§ Store Current Viewsaves your current view of the Visizationg A Yy R2 6 Qa 02y G Sy i a
Definition. See Manual section dgiiore Current Vievior more detail.
9 Visibility Region
0 SetVisibility Region
o Clear Visibility Region
1 Show Full Screemuse this option to have the Visualization window fill the monitor
screen.
1 Show View Legendoggle this option on/off to show or hide the legend in the
Visualization window.
1 Show View Axistoggle this option on/off to show the orientation axis in the
Viaualization window.
9 High Resolution Screen Captutteke screen shots at higher than screen resolution. See
Manual sectiorHigh Resolution Screen Captfior more detail.
1 Zoom:The submenu options under Zoom manifate the view in the Visualization
window. These options are all available as Toolbar buttons.
0 Zoom To Scene Extents
Zoom To Selection
Align View
Perspective / Orthographic
Plan View
North View
South View
East View
West View
o Enable Spin
1 Enable Transitionsshow intermediate views in the object window when changing from
one view to another, thus allowing a smooth visual transition from one viewpoint to
another as when zooming in or out or rotating the model. Disable this option if the
rendering speed is sloto improve performance.
9 Draw Vectorsopens theVisualize Arroweialog so that vectors can be displayed.
91 Hide VectorsHides any currently visible vectors, this is the same as unchecking the
Visible property in thé/isualize Arrowsdialog.

O O O 0O 0O O O o

Model Scale
Parameters controlling the model scale can be accessed from the Attributes panelSx¢he

object in theView Scalesection.

1 Mark Spacing X, Y; Zontrol the grid spacing on the model &&ox in three directions.
The value entered is the space between grid marks in the project unit of length. A value
of -1 lets the program decide on an appropriate spacing.

9 Scale Fillcolor of scale box

Scale Linecolor of grid lines and axis labels
1 Draw Scale X,Y,Z Labelsggle display of scale labels

=
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1 XY Scale Localse local coordinates (especially useful when data is in UTM)
1 X Scale TVDSE6se total vertical depth instead of Z values

Objects B X Attributes

LY

% model scalefrd x

%% objedts / .2 Definitions

Set Background
tKAA O2YYl

Rl ] scenc| = Attributes =
:-[T3 Regions Name Scene
753 Grids
1705 Fracture Sets =
i SetDefinition_1 [+ Filed
-G8 Analysis ™ Wirframe
[~ Outine
Fill Color
Wireframe Color | 0
Outine Color |
#pply to Chidren Fpply
Model Origin fit]
X 0
Y 0
4 0
FracWorid Region Scene Bounding Box
FracWorid Volume 7] 5000
View Exag.
X 1
Y 1
z 1
= View Scale
Mark Spacing X 1
Mark Spacing Y
Mark Spacing Z q
Scale Fil 1
Scale Line |
[+ Draw Scale X Labels
[+ Draw Scale ¥ Labels
[+ XY Scale Local
[ Draw Scale Z Labels 2
[~ ZScale TVDSS
Background1
BackgroundZ
T rroperties | | Notes ' T Attributes

YR Fft206a

¥ (N
% (E)

10

g2dz (2

15 20

20 15 49 5

7.5
2.5

2.5
-7.5

-12.5

aSt SO0 CliossBataph a dz € AT | (

and bottom color or select one of the presets from the list on the left.

Set Background Color

[S5CS)

Presets:
- Top Colar:
- D Gradient
I
- | ook

] [ Cancel

Set Fracture Percent

When you generate an extremely large fracture set, FracMan hascatime displaying every
single fracture. Instead, it will show only a percentage of the fractures. When less than 100% of
fractures are displayed, a notification will appear at the bottom of the Visualization window:

12% of Fractures Displayed

You can choose what percentagefi@ctures FracMan shows. Enter any integer value from 0 to

AY

Mnn

iKS

otlyl ySEd

02

Gt SNOSyulr3IS 2F CNI O dzNX
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@2dz KI @S RA&LX I & Sdraphics KilSbe Fble o r&vNthe@ Mg yQuardtage Qra

translate the fracture set.

Store Current Vjeyv 3 o L o A )
¢tKAA al gSa €e2dzNJ OdzNNByu @GAS¢g 2F UKS AadzZ £t Al UA:z
Definitions pane. When you wish to return to the saved view, right click on the name of your

saved view inthe Defingiy & LI yS FyR a8t SO0 a9ESOdziSé o ¢ KA&
GAYR26Qa RAALIIE G2 GKS &l SR LISNRLISOGA GBSO . 2dz
2y Al FyR &a4StSOGAYy3 awSylyYSé 2N é&2dz Y& O2LkR Al
updates the saved view to the current view. Once you have saved a view, you may return to it

at any time.

Note: the stored view only saves the angle, zoom, and perspective of your current Visualization
view. It does not save the current state of the@tip in the window. A restored view will not
restore objects that have since undergone change to the state they were in when you saved the
view.

Visibility Region o o o A

e ¢KAAa asta 0KS aStSOUSR NB3IAZY |
hiding everything outside ohat region so that only

= ek the contents of the chosen region are displayed. For

[[]slab_1 instance, if a fracture intersects the visibility region,

only the portion of the fracture inside the region will

be shown. Set Visibility Regiomllows you to select

which regon you wish to be the visibility region from a

list of all available regions. Simply check the box next

to the region you wish to be your visibility region and

hit OK

B ' Select Visibility Region

¢KS a{Si CNIO22NIR wS3IAz2y (2 al
[¥] set FracWarld Region to same that fracture intensities arealculated based on the

] selected region as well. (The FracWorld Region is

discussed in greateretiail below under thelools

Menu.) Clear Visibility Regionesets the visibility

region to the entire scene so that all diayed objects are again visible, no matter their location.

[ OK ] ’ Cancel

s

High Resolution Screen Capture
You can now take screen shots at higher than screen resolution.
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High Resolution Rendering ﬁ

These images are useful for publication where hig
RLIA AYIF3IS& I NB NPBdpldibrNB

{ SNEB 8 y /b LJG dzNB ¢ I Qf“é S y Screen Scale Factor: 3 [1..n] NJ
resulting image will be captured at this many times Image Size: 2208 x 1343
the size of the current window. You can save the
image to the clipboard or save it directly to file in a|| [¥|Copy to dipboard
number of different image formats. Fbest results || [#Isave toFie
82dz aK2dzZ R Ffa2 aSt SO0 || csstom L] Lt Ay3e T
0KS da5AaLX e hLGA2yaté Va RALFf 27

[ Ok H Cancel ]

Fracture Menu §
Fracture allows you to create and etfiacture objects within your project

Insert Single Fracture
This allows you to placesingle fracture of a specific size and orientation at a specific spot in the

scene. When you select this command, FracMan brings up a dialog box asking you to define
certain properties for the fracture.

Create Single Fracture @

Fracture Set:
Mame  Mew Fracture_Set - 2
Posgition
@ ¥ 200 ft

v 220 ft

z 3o ft

0

Size/Shape
Equivalent radius 100 ft E]
Mumber of Sides 4

2 Tessellated  [C] Max Element Size 100

Orientation

ot =
Plunge 50

Properties

Mame Walue

Aperture » 00107639 [fl]| »

[ Ingert Anather After Ingert ] [ Close ]
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Fracture SetYoucan select an existing fraatiset to add this fracture to or enter a new name
and a new set will be created.

Position:You can either specify X, and Zcoordinates for the fracture center, or you can
locate your fracture along a given well at a certain measured depth. TheaviNéfitersect the
FNFOGdzNBE 4G GKS FNI OldzNBEQa OSyid SN

Size/ShapeHere you must specify the equivalent radius of the fracture and the number of sides
you wish it to have. Because the fracture is not circular, the radius specified is that of a circle
with the same area and center as the fractufressinghe W Bufzonsnextto radiusor Trend

will computearandomsizeor orientation valuefor quicklycreatinga numberof fractures.

If you click theElongationbutton, you are given another dialog:

Elongation For Single Fracture P

Elongation

Elangation Axiz
Azpect Ratio Trend Plunge

1 a0 1]

| ok | | Cancel |

TheAspect Ratispecifies how much longer you wish the fracture to be than its width. For
instance, a fracture twice as long as it is wide has an aspect ratio of twdEldrgation Axiss
the axis along which you wish the fracture to be stretched.

Choosinghe Tessellatedbption will createa singlefracture composedf triangularelements
whosesizeis definedby the Max ElementSizeoption box. Eachtessellatedfractureis a
separateSurfaceobjectchild of the parentfracture set and canbe interactedwith. Un-checking
the Tessellateaption will createa singleplanarpolygonfracture, similarto thosecreatedby
Geocellulaor Geometricfracture setgenerationoptions. Thefracture child objectsgenerated
by this method cannotbe interactedwith directly, thoughthey canbe selectedand copiedto
subsetsusingfracturefilters. Tessellatedracturesoccupysignificantlymore memorythan
planarpolygonfractures.Theyshouldonly be usedin the situationwhenthe fracture generated
needsto be able to be selected moved,or edited.

Orientation: You can specify either a pole trend and plunge or a dip and strike for your fracture,
which will determine its tilt respective to horizontal. To toggle between pole trend and plunge
and dip and strike, @k the button in the left center of the dialog box. When the button is
raised, it say®ole indicating that orientation is to be given in pole trend and plunge format.

(3 GOLDER



When the button is depressed, it reaB#p, indicating orientation is tée given indip trend, or
strike, and dip plunge, or dip, format. f A 01 2y GKS a®é¢ . dzid2y G2 3ISYySN

Properties:FracMan allows you to sgify the Aperture, lansmissivity, and Storativity of your

fracture. Click the drogown menuunded b YSé G2 &St SO0 6KAOK LINE LISNI
OKI y3aSo ¢tKSYy SyiGSNI GKS RSAANBR GFtdzS Ay (GKS o02t¢
does not reset their assigned values.

hyOS @2dz KIS RSTAYSR @& Ardat ThiblwilybedatdBr@ftactu@ek | NI OG S NJ
It will appear in the Visualization window and in the Objects panel under the parent group

GCNJI OlGdzNB {Siaé¢>x dzyRSNI a{Ay3afS CNI OlGdzNBaé¢ o { Ay*
The heory Behind Fracture Generatisection of this manual.

Define New Set
This allows you to create a set of one or more stochastic fractures based on a given suite of

parameters. There are six different methods of defining your set:

Geometricg generated within a region

Geocellulag generated based on a grid

Geologic; generated based on a foldadel grid or a fault model grid

Tracenap ¢ generated along traces on a tracemap

Stratigraphia generated between surfaces

Layered Fracture Spacing Modaenerated based on layers of a grid

Stres generated based on stress properties of a grid

Lava Flow Field

Insert Single Fracturesame as Fracture> Insert Single Fracture

Create Fom Point Datag generated from point data sets

Fracture Set Definition Summagyisplays a summary screen of all fracture set definitidisa
glance, this allows the user to look at all input parameters for all fracture set definitions that are
being used. If the user clicks on one of the fracture set names in the report, the actual fracture
set definition will be brought up so it can d@ectly edited.

Condition To Traces

Create Pseudo Matrix Fracture

TheDefine New SefunctionsareRA 8 Odza a SR Ay VY dzOKraduNB4nd SNI RSGF AT A
Fracture Ses aSOGA 2y 2F GKAAa Yl ydzZ o hy OS @Kzadz KI S R
ySé SYOiNR Attt FLIISFNIAY GKS 5STAYAGA2Ya LI ySt
sets will actually be created tihyou generate a fracture set based on the definition.

Edit Selected Set

This allows you to edit a given fracture definition. Select the set definition in the Definitions

panel; then hit this command and FracMan will reopen the definition specifitaimlog,

allowing you to alter it. You may also reopen fracture definitions by-atitking on the set

name and selectingdit Definition
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Generate Selected Set
This generates a fracture set based off of a given definition. Select the set defjaitianish to

generate in the Definitions panel; then choose this command from the file menu and a new
fracture set will be generated stochastically, matching your specifications. A new object will
FLIISEFNI AY GKS hoaSOla LI ¥FSE Hzy RSHK 8§ KB NILID BB
the Visualization window. You can also create a new set byclighing on the definition name

and selectingsenerate Set If you select an existing fracture set in the Objects panel and

execute this command, aew fracture set will be generated to the same specifications as the
existing set.

P

ast

GeAneraAtevl\/I,uItipIe Sets o ) . . - A o
{ St SOG aDSYSNI GS adzZ GALX S éclick MaandiyScanfgblderaigl dzNBE & S (
multiple iterations / multiple definitions in a sitgpass.

- B
¥ Generate Multiple Fracture Slé]
Mumber to Generate: 1
Sets to Generate:
/| SetDefinition
[ ok || cance |
L

Just specify the number of sets you wish to generate and specify which definition(s) you wish to
use.

Edit

Scale Fractures

You can quickly make fractures bigger or smaller with the scale fractures operation. Select the
fracture sets or create facture filter, then specify the amount you want to scale by. The scale
operation does not change the location of the fractures so it should not be used for converting
between units (feet to meters for instance). This function also does not affeaifahg

FNF OG0 dzNBEQ&a LINPLISNI & O fdSaod
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Fault Movement

p
Scale Fractures

Scale Factor:

211 Fractures Selected

New... . Edit...

1

-
Fault Movement

Select Fault:

[ Traceplane_1

Select Fractures:
() Select by Set

[#]SetDefinition_1

Percent of Spedific

Shear Movement:

Fractures to Select:

100 %

Apply to fractures on

Offset Direction: Trend 0 Plunge 0

Offset Distance: 0

@) Footwall () Hangingwall

[7] Apply shear along fault only

ok | [ conce

|.> GOLDER
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The Fault Movement operation provides the ability to simulate discontinuous deformation of a
fractured rock mass by introducing a linear shear displacement across the fault surface. The
fractureslying on the moving side of the fault are displaced.

In order to use the function you must have a surface in your file that will be used to simulate
the fault plane. You may access the feature by sele&ingture > Fault Movemerifrom the
file menu. A dialog box will appear asking you to define some parameters for the simulation.

¢tKS RNRBLIR26Y YSydz oSySIiK a{StSOG CldZ GYé fAala
wish to use as the fault along which movement is towc If you wish to offset all fractures that
AYGiSNBSOG GKS FldzZ 6 OKSO]l a{StSOG 'tfté&T 20KSNB)
you wish to offset from the list provided. You may also offset only a select percentage of the

given fractue set(s) by entering the desired percentage in the appropriate box.

Then specify the shear direction, that is, the trend and plunge you wish to offset the fractures
Ff2y3s gAGK NBaLISOG (2 GKS Frdz G ayab#FfarOS @ Ly G°F
you wish to shift your fractures.

Choose which side of thfault you wish to show offset. &t SOlG aC22i g6t ¢ (2 aK26
the portion of the fractures below the fault surface, or if you wish the portion of the fractures
overhanging the wrface to show movemensSt SOG al F yIAyIgl t €

Apply shear along fault only if checked, only the intersection of the fracture with the fault gets
moved.
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Fault

Fracture

‘\_\\

Apply shear along fault only

L. T

J_JI\:I
L]

Hide Fractures
You can hide/unhide fractures from visualization. Select the fracture setthandick/untick

| ARS CNJ} OQlidz2NBad ¢KAA FdzyOliAzy R2Sa y20 F¥FS

C“)..

a
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File Edit View | Fracture | Insert Data Analysis  Static Analysis  Dynamic Analysis  Tools  Window  Hel|

O H| X % | Insert Single Fracture.., ctri+F | S& ‘i | p g’f@ 5 Al
Seed 1417807530 Define New Set ¥
WView ScaleZ 1.0 Edit M40E_2...
Objects Ed | Generate - NaoE_2 7 X % Flow Simulation Hydro
L——_In_.i Fracturd £ | Generate Multiple Sets.., &
ee- 1 [
E@ 40 Edit L Scale Fractures...
I )
| Compare Fracture Sets.., Fault Movement...
m-CJE HF_
Dl_.i HF 1 Hide Fractures
@28 HF ] Termination Matrix... Apply Fracture Thickness...
m-CIE HF
&5 HF | Condition to Well Log... Merge Fracture Sets
DI__] HF | Intersect Reference Sets

: Condition to Intersections...
--|_.i HF_|

" Mat Extract Fractures In Regions...
-T2 Regions
=1 TIET Surface
2 objects £, [ Def

Tessellate / Untessellate Fractures...

@ Create Fracture Reference Set -

Merge /,Cracz‘ure :S‘ez‘s - A o 5 A A L o

adzf UALIX S FTNI OUdzNBE asida OlFYy 0S YSNHSR U23SUKSNJ 0E¢
{Siaé¢ FTNRY (KS thediddiutes fomNihe selacy sdrdwill be dombined into a

single set.

Intersect Reference Sets

It can be useful to know which fractures from one set intersect another set. FracMan provides

the Intersect Reference Sets function available from the Funiidit menu to create just such

Odzaii2YAT SR NBFSNByOS aSiao ¢KS &/ 2YLWziS CNI O dazt
select the fracture sets of interest and the intersection criteria.

Name Enter the definition name, a default will be provided.
Description Optional comment field.
Fractures AandFractures BSelect one or more fracture sets. These can be already present in
the model or newly created as subsets using a Filter. If selecting fracture sets already present in
the model, you can sebt the type of fracture set from the categories:
9 Fracture Sets
Stochastic Fracture Sets
Tessellated Fracture Sets
Intersecting Fracture Sets
Connected Fracture Sets
Clusters
Search Fieldébelow Fractures A and Fractures B): Use these fields to help locate
fracture sets when there are a lot present in the model. Enter a search string and click

=A =4 =4 =4 -8 4
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on the magnifying glass icon. Any matches will be highlighted in the list, but not
checked. You must check the fracture set to select it for use in the comparison.
Operation: four different comparisons are available

i Fracturesin A AND in B
Fracturesin AORINB

1
9 Fractures in A or B but not both (XOR)
9 Fractures in A but not in B (NOT)

-

,
“# Compute Fracture Boolean Cperaticn Iﬂ
Mame FractureBool _1 )

Description
<
Fractures A Fractures B
() Filter dew || Ed () Filter lew || Ed
@) Objects [@ Fracture Sets "] @ Objects [@ Fracture Sets hd
(7 Selected i@ Al (7 Selected i@ all
EI|:| Fracture Sets EI--|:_|F|'a-:t'u|'E Sets
E----D'-.-'Erﬁu:al E----D'-.-'Erﬁu:al
[ horizontal [ horizontal
N ot
Operation |Fracturesin A AND in B «|| ok || compute | | close |
-

L

Note: the Intersecting-ractures setare not independent objed; if any of the frature sets

from which it was derived are deleted, tieNB T S NB willhs deketSdias wellntersecting
Fractures are stored as references to the original objects rather than objects themselves. This
uses less memory than full fracture sets and allows you to modify property values of subsets of
the original fractures easily. If you want to edte results as a distinct object, use thenvert

to Fracture Sefunction from the Fracture menu bar.

7essellate / Untessellate Fractures

To Tessellate a Stochastic Fracture Set, select the object either lgyauBitier or the Object
selection pane, enter an approximate maximétement Sizend click on theConvertbutton.
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% Select Fractures P
o | 7)o ()
() Objects ’ ,l

() Selected Al
Element Size 10 [m] =
["|Keep Cpen [ Convert ] [ Close ]

To untesselate a Tessellated Fracture set, select the object either by using a Filter or the Object
selection pane and click on ti@&onwert button. TheElement Sizdield is not used. This function
can be useful in reducing the complexity of a mostly flat, but highly tessellated fracture.

If you want to keep the Select Fractures dialog box open to run this function multiple times,
checkthe Keep Operbox before clicking on the Convert button.

Compare Fracture Sets
This function is available from the Fracture Menu. Select one or more fracture sets to use as a

reference set on the first screen and one or more fracture sets to compareeosettond tab.

Click Apply to save the Comparison definition (this will appear on the Definitions panel under
GLYGSNESOGAY3I CNIYOUGdz2NBas¢ 0O /f A0l wdzy G2 NXzy
the properties in a sidéy-side comparison of thiesum (Total), min, max, mean, and deviation
when appropriate. This report is saved as an analysis object and can be viewed at a later time or
saved to file.

iKS
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7 5
Fracture Set Comparison [é]
Reference | Compare

MName CompareFracs_2 3')
Description l
- f
() Filter Mew || Edit
(@) Objects [@ Fracture Sets vl
@ Selected ) Al
[SBM Fracture Sets

é.---GeoceIIuIar_l_l
|| Geocellular_2_1

(X

([ ] [Cooon

Clip Fractures
This feature allows you to trim a fracture set so that it does not extend beyond the boundaries

of a given grid or region. Select which grid you wish to clip your fractures to in the Objects
panel. You may access this command as well by right clickiting elesired grid and selecting
Clip Fractures This will bring up dialog box:

@ Clip Fractures 22
Clip Object Smaller Region :::J
Fractures

() Filter New || Edit
@) Objects [@ Fracture Sets v]
() Selected @ al
E|--|:_|Fracture Sets
i fractures
!
Clip away fractures on positive (blue) side? ’ oK ] ’ Cancel ]

e r

If you do not want all fractures in the file tdggbed, you may create a Objee€ilter to

discriminate between fracture sets or to establish subsets to be clipped bassohos prgerty

of the fracture. Object Filterare explained in greater detail the Edit Menwsection. Select

theo dzii 1 2y GASEIIS NIY2é o YR SAGKSNI 4St SOG || LINBSEA&GAY:
right, or clickNew. This will open an ObijeEilter creation dialog box, allowing you to specify

which fractures you wish to clip.
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Termination Matrix

This function will terminate one fracture set to onemore other fracture sets. The

Fracture Terminationdialog box will appear:

i B
@ Fracture Terminations ﬁ
Definition FractureTermination_1 ‘_?.)
Description
Fractures To Terminate Terminate Against
() Filter Mew || Edit () Filter New || Edit
@ Objects [@ Fracture Sets - (@ Cbjects ’@ Fracture Sets -
() Selected @ al () Selected @ Al
B--I:_|Fracture Sets EI|:| Fracture Sets
i[O fractures i[O fractures
N LY
I% 0 T% 0 [ Apply J [ Close ]
e
9YUSNI I LISNOSyulr3Is @grftdzS F2NJ aLe | yR

ac¢e

so that the resulting fracture set will match intersection percentagdse definition will be
saved under the Definitions window by the name that you specify here. You may also apply the

matrix to a filtered set.
Condition to Well Log

-
Condition Fractures to Well Log

|

Fractures | Well Logs

MName  FractureConditioning

Description

Fractures to Condition
© Filter

@ Objects [@ Fracture Sets

@ Selected Al

[SE Fracture Sets

["|carbonate Bench Grid Surfaces

L[CTerm_EW_3
i a1

Fracture Set Definition

Cancel | [ Apply |

Ay i SNE
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This function requires one or more Wells with associated Fracture Logs, and a F&atture

which intersects the Wl to proceed.The Fracture Set should also have a saved Definition in

the project file. The functioosompares the intersecting fractures in the set to the FMI fractures

in the well log(sand alters the intersecting fractures tnatch the orientations and depths of

the well log fractureskracture size generally remains unchanged (can be modified if new

fractures need to be generated, see algorithm below)y G KA & 61 & GKS ¥FNI Ol dzNB
to the well will match thoseseen in the original datawarning: It is not usually desirable in a

modelling project to force this type of perfect match between a stochastic model and measured

data, so use this functionality with caution.

In order to run the analysis, first selecetifracture set whose well intersection you wish to

condition under the Objects window. Then selEcacture > Condition to Well Ldgom the top

menu. Select the Fracture Set that you want to use and its associated Fracture Set Definition on

the first tah On the second tab, select the Wells and/or Intervals and the Well Logs that should

0S YIGOKSR® t SNF2NXIyOS 2F GKAA FdzyOlA2y RSIANI R
the number of wells used to three or less.

Clicking Apply savesthedefinh 2y Ay GKS OFGS32NE aGaLYGSNESOGAY3I
generate the new conditioned sethe analysis will create a new fracture set whose well

intersections match the FMI logs of those wells. Wells without well log data will have

intersectingfractures removedassumes a well log with zero fracture intersectioi$le

selected Fracture Set Definition is used if more fractures need to be created in order to match

the number of fractures in the well log(s). If this occurs, you will be warnedtidtmessage:

€ CNI Ol dzNB ydzYoSNJ Ay (GKS Y2RSt Aa avYlffSNI GKIyYy §¢
ISYSNI GSRPE LT @2dzNJ ¢Sttt €23 A& y2d Ay alyYS NB3J
FNF OlGdzNE aSG RSTAYAGAZ2YI2 A8y20dz AgaA fyE2 (3 SAlly (DKSR2 { SONNNKRRN\E]
fracture in the well log.

Algorithm used to create this new, conditioned fracture set
Copy the original fracture set to use as the new set and modify it as follows:
For each well log fracture,

a) Pick the nearest unselealéntersecting fracture from the working set or the
nearest nonintersecting fracture (if no intersecting fractures are available) and
delete it from the working set.

b) Create a new fracture using the selected fracture set definition, locating it at the
well log point with the associated orientation from the well log (if available) and add
it to this working copy.

Finally, delete any intersecting fractures from the working set that were not matched and
already deleted.
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Condition to Intersections

.
Condition To Intersections @
Condition Fracs | Target Fracs
MName ConditionIsct_Test] 3)
Description _J
() Filter Mew || Edit
(@ Objects [@ Fracture Sets ']
@ Selected @Al
=-[CIFracture Sets -
§----|:|Carb0nate Bench Grid Surfaces
[ Term_Ew
b Term_Ew_1
- [CJTerm_Ew_2
T Term_EW_3 A
[ =
Intersection Object | Top_WFMP_F -]
’ Cancel ] [ Apply ]
L.

In addition to being able to condition a fracture set to a well log as described in the previous
section, you can also condition a fracture set to a tracemap, that is, the intersection of a fracture
set with a surfaceThe analysis will create a new framset whoséntersections with the

selected Intersection Objeabatch theintersections of that Intersecting Object with the
conditioning fracture setThis functionality is available from the Fracture meds. with the
Condition to Well Lofunctionality, is not usually desirable in a modelling project to force this
type of perfect match between a stochastic model and measured data, so use this feature with
caution.

To make the tracemap that you will condition atgsj select the fracture set(s) and Intersection
Object (usually a surface or region) from the first tab. On the second tab, choose the fracture set
that you want to alter to match the tracemap. Clicking Apply saves the definition in the

OFr G SA2NDIAYAIGENEOGdZzNE A€ © I tAO1TAY3 wdzy oAt ¢
Extract Fractures in Regions

One way to quickly gather the fractures in one or more regions is to use the Extract Fractures in
Regions feature. This operation works similarly to thge€itF-ilter, except that it runs in a more
efficient manner better suited to large fracture sets.

Select a filter if desired, then select the regions you want to use and whether you want the
output to a FAB file on disk or a reference set in the modkeeé r&sulting fractures can then be
used in various analyses more efficiently than extracting the fractures repeatedly for multiple
analyses.

ISy
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You can extract sets of fractures that are inside or outside of regions. This operation works
similarly to the sandard fracture filter operation but is optimized for large numbers of fractures
and regions. Sele&racture > Extract Fractures in Regitrosn the menu bar.

i R’

%@ Fractures in Regions Z

Fractures:

@) Al Fractures

i

(7 Use Filter:

Regions:

[[]regionBox_1

Region Test: [Fradure Center Inside v]

@) Use All Regions: [AND (fracture in all regions) v]
() Each Region Separately

Qutput:
Export to FAB file E

Create Reference Set

[ oK ][ Cancel l

Here you can select which fractures for the analysis to select and check all the regiavistyou

to use. Then specify whether you wish to gather only the fractures within or those outside the
NEIA2yaod LF¥ alasS !'ff wS3aazyaé Aa OKSO|ISR:zI (K
FNI OGdzNBAaT AF a9l OK wSmkte fyactyreSsetwiNappesr foeeichA & a St
region in the analysis. You may also export the resulting fracture sets to a FAB file. If neither
GOELRNI GKS C!. FAESé¢ y2NI a4/ NBIGS wSTSNByOS { St
must be selectedhoth may be as well.

)
L

S
SOl

Create Fracture Reference Set
Fracture Reference Sets are stored as references to the original objects rather than objects

themselves. This uses less memory than full fracture sets and allows you to modify property
values of subsetsf the original fractures easily. To create a fracture reference set, select one or
Y2NBE FNI OlGdzNBE aSia Ay GKS ho2SOd ¢AyR2¢ | YR
the Fracture menu. The new reference set will be added to the Objects windder frracture

[t

ey

(V)
[

Sets with the[ icon (notice the small arrow in the bottom right corner). Intersecting and
connected fractures are automatically created as reference sets. This functionality is also
available from other functions such Bstract Fractures in Regigi@&urface/Region Intersecting
Fracturesand Cluster Analysis
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Convert to Fracture Set
When you run an analysis on a fra set that results in the creation of a fracture subset, the

subset will appear as a child object but will not be an independent object from the original
fracture set. That is, if you delete the original fracture set, even if you have reparented the
subset, it will still be deleted as well. Additionally, some analyses can only be performed on
fracture sets not reference sets In order to work around these restrictions, you must select the
object you wish to alter and convert it to a fracture set sfdtvn. This command makes that

change. The icon next to the set will change fr“H to 8. please note that henceforth any
changes applied to the original set will not transfer to the liberated set.

This operation is similar to exporting the reference agta FAB file and then-nmporting. Once
done, the original objects may be modified or deleted without affecting the subsets. Just click
on the subset you wish to convert and cliefacture > Convert to Fracture &eim the menu

bar.

Insert Menu
Insat allows you to create new nefracture objects within your file. Objects will appear in both
the Objects panel and the Visualization window.

Insert Well
This creates a new well object in the sceredialog will pop up showing some options for

creating a Vertical, Inclined, or Deviated Wellee\Vellsfor more information on using well
objects.

Insert Well Interval Set
If you have a well selected in your Objects window, you can add a well interval set using the

Insert Wel Interval Set function from the Insert menu. This will bring upkéne \Well

Interval Sedialog.
Define Well Interval Set [

Mame: Wel_1_Intervals_1

wel: Well_1

[T] Edit Intervals

[ oK ] [ Cancel

Region Object
Allows finer control over creation of region objects.
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Insert Regicn ﬁ

Mame Region_1 Type ’@ Box "] )

@ Define Region Manually
(71 Define Region to Selection Bounds

(71 Use Centerline / Size

0 ¥ |0 Fi -100

Size 5K 60.96 3Y 60,96 5L 60.96

Update From Selection [] Insert Another

L%

Define Region Manually
The DefineRegion Manually option may be used to define Box, Cylinder, Horseshoe Tunnel and

Slab regions. This interface allows the user to specify at the outset the basic region parameters
such as region center and size (for the Box region) without using the A#sinindow. The
checkboxUpdate From Selectionan be used to populate the parameter values using the object
selected in the Object window. If the checkdasert Anotheris checked the dialog will remain
open afterlnsertis clicked.

Define Region to Sele ction Bounds
Works the same was as selecting one or more objects and chdosieig Box RegiorCylinder

Region,Slab Regiomr Horseshoe TunnelCreates an object that encloses all the selected
objects. Dimensions may be modified using &t&ibutes window.

Use Centerline / Size

This can be a very useful function for creating complex tunnel regions when you have a trace
with the tunnel centerline.
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-
Insert Regicn ﬂ

Mame Regon_1 Type ’ﬁﬂ Horseshoe Tunnel v] -..':J

i7) Define Region Manually

(71 Define Region to Selection Bounds

(@ Use Centerline f Size Centerline [ ']

Arch -] width - | Height | -

Sides f

[ Update From Selection [ Insert Another

L F

Box Region
This creates a new region shaped like a rectangular prism. The default region encompasses al

objects in the scene. In order to change the size, aspect, and position of the box, you must go
into the Attributes panelRegion attributes are:

1 Center:X,Y,Z

1 Size: SX, SY, SZ

SZ

kﬁ’m
X(E)
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Cylinder Region
This generates eylindricalregion. The default iS)ssided; in order to change this, as well as
GKS &AT S YR LRaAGAZ2Y 2F (GKS NBIA2yI &2dz Ydzaid St
Region Attributes are:
1 Origin: X, Y, Z
9 Axis: Trend, Plunge, Length, Radius, Sides

X (E)

Prism Region
This creates prism region which is similar to a cylinder except that you can define the shape of
the cross section. To create a prism region, sdlesrt > Prism Regidrom the menu bar.
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0 NBYR

Define Prism Region

RegionPrism 1

Prism Qrigin

Marne

X 0 -
¥ -3,42355377324733¢

£ 100.000000007569 m

Prism Axis
Trend 0
Plunge 90

m
Length  200.00000000°

Cross Section Points (x, v)

E)x)(2](s]

-100.000000, 100.000000
-100.000000, -100.000000
100, 000000, -100.000000
100, 000000, 100.000000

(@) |

Insert ] [

Close ]

w

F& GKS O22NRAYI

IS
YR LX dzy3S 2F (K

27

f2y3

(i BoSes.NTBeh ApRoyfyQhie

a
S NB3IA2Y Q& I E

OSyi
Aa |

Finally, specify the vertices of your prism, as if you were looking along the long axis. You may

specify as many points as you kisHit OK. The result will be a prismatic region with a eross
section whose vertices match your specified points and whose long axis is of the given

orientation and length, centered on your specified (X, Y, Z).

<
O Z
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k\'w)

X (B)

Slab Region
A slab is a prismatiegion defined by its dimensions, a point at one end of the slab axis, and the

orientations of the prism sides, expressed as trend and plunge.
By default:

Scan =X

Transverse =y

Height = z

)‘\‘(N)
(E)
Horseshoe Tunnel

This generates a horseshebhaped prism regn, like a tunnel that has been filled in. The
Attributes panel allows you to change its size and orientation, the coordinates of one endpoint
2F¥ GKS f2y3 EAAa 2F GKS NB3IA2yQa o6F&asSs |yR
the tunnel.

iKS
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‘<'((N)

X (E)

Tunnel objects can also be defined using one or more polylines (loaded as a tracemap) via the
Create Tunnel From Centerline / Height feature.

Traceplane

This creates a simple plane. Its orientation, size, and location can be altered in the Attributes
pand.

Point Marker

Point marker object are useful for locating important features in your model. Each marker can
include a label which will be displayed in the visualization window.

You can define a point marker by specifying an x, y, z location in yaiel moby making the

point relative to some object, measured depth (along a well) or off of an object element (vertex,
cell etc.).

This is an object type intended for labeling objects or points of interest in your model. The

object has a name as well agabel that can be drawn in the scene. You can specify an absolute
location of the point marker or select it to be relative to another objeeither as a measured
RSLIIK ft2y3 | ¢Sttt 2NJ 0G0 GKS t20FGA2g. 2F (KS

20 c
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d It P‘umt Chje

Mame:  Point

[¥] Label:

Labels are great for pointing things out

[¥] Front Fading

i@ Align Left
~1 Align Right
~1 Align Center

| Position - (specify an exact position)
n 1]
(@ Relative To Chject:
Traceplane
~ Object Crigin
Measured Depth

(@ Object Element Type:

Index:

‘You can set the label to be offset from the indicated position:
[ offset: 0 0

Draw offset line

2dz Oy Ifaz2 &aLISOATe G2 RNI GKS L2 Ay
get it out of the way of other objects in the scene.

Slope
Simplifiescreationof openpit benchslopes.

Y N] SND &

S GOLDER

69



i R’

% Insert Slope 2
Mame  Slope_1 _3,1
Qrigin

X0 Y 0 Z 0
Slope

Crest Trend 0 Crest Length 100

Crest Plunge i Toe Length 10

Slope Direction 0 Crest Width

Slopelength 0 Base Width
Benches

Face Angle a0 Width 10

Count 5 Height 10

[] tndude Ramps

20
Crest
1
2
Total Slope Angle:  45* £
Inter Ramp Angle: 45° 4
Slope Dip Direction: 90
Total Slope Height: 50 [m] Base
[] Insert Another [ Insert ] [ Close ]
L A

Theoriginisthe XY Zoordinatesof the top of the crest(left sidewhenfacingthe slope).
Theslopeitselfis definedby the directionandlengthof the crest(top), the length of the toe

(bottom) aswell asthe width of both the crestand base.Benchesare definedby the angleof

their facefrom horizontal(avalueof 90 would be vertical),their width, heightandthe total
numberof benchesRampsare treated asa specialcaseof benchwith a different width. Specify

the positionsof the rampsby a list of their locations(1, 3, 5) would replace the 1%, 3 and 5"
bencheswith ramps.

Basic Grid

This creates a simple grid without any properties except cell volume. You may specify a box
region from which the grid will be mapped; regions of other shapes do not work here. If you do
not specifya region, you must give an origin, dimensions, and skew by which to define the grid.
A grid need not be rectangular.
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Create Simple Grid
Mame  BasicGrid_2 2)
Define Position:
Copy from: v‘
X Y &
Origin ~ -100 -100 100
@ Trend/Plunge/Length
D xfvfz
Trend Flunge Length
Scan ) 90 a 200
Transverse (J) O 0 200
Height ()K) 0 a0 200
Scan (I)  Transverse (J)  Height (K)
MNumber: 5 5 5
[ 1nsert Anather Insert J [ Close

If you wish touse an existing box region to define the grid boundassetgct the desired region

TNRY

GKS RNERLIRZ2 AP YIererwigeSpedfy the2X, g @n@ Z coordinates

where you wish the grid corner where i, j, and k = 0 to be in the appropriate boxes next to

GhNRAIAYE D

¢ KS

the gridboundaries.

ALSOATASR {Olyx

¢NF YADSNASS

When you havdinished defining your grid, clidksert A new object will appear in the Objects

G6AYR2 6

dzy RSNJ GDNARa¢ @

Grid From Surfaces
When defining a grid from one or more surface objects you can define the grid based on the

surfacenormal, a specified direction or a second surfdEgou are defining a grid between two
surfaces, yomust have at least two distinct surfaces defined in your file before you may
proceed. The surfaces can touch or intersect, but if their positionglargical FracMan will
reject them. Note: Because the grid is mapped between the surface points along-the Z
direction, surfaces orientegerpendicularto the Zaxis will result in empty grids.

Speciy the grid name in the box next t&ridb | Y S ¢ @ note thiaBiflyéu $hoose the same
name as some prexisting grid in your file, the existing grid will be overwritten when this new

grid is created.

Iy R
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Generate Grid From Surfaces =]
Grid Mame  Surface Region Grid_1 2
Surfaces Grid Layers

Surface 1 ) Uniform Z (K) layers 4
ICIeatTesUSrid_Kl YJ | Variable Layers i}
_ Stochastic
@) Surface 2 @ Surfaces
ICIeatTestGrld_Kl? - J e @
_) Direction 0 Top Surface: CleatTestGrid_K1 -
20 5 layers "Zonel”
- Layer Surface; CleatTestGrid_K2 |
_) Use Mormals 1layer "Zonel™ -nactive- 3
Layer Surface; CleatTestGrid_K3
Cell Shape 5[m] layers
I@ Hexahedron - Layer Surface; CleatTestGrid_K4
layers - Uniform distribution (5, 3)
Layer Surface; CleatTestGrid_K5
Grid Cell Size / Count 1 laver
I Axis (X) 1 Axis (Y) Y )
Layer Surface; CleatTestGrid_K&
@ Mumber of Cells 10 10 1layer
T 4727.44 1776.13 Layer Surface; CleatTestGrid_K7 -
Use Surface Verts
Trend for T' Axis 0
|:| Insert Anather [ Insert J I Close I

TS RNRBLIRZ2 Y Y Sy dzAl ViR RES{NdehBadddeadtBnpramsive list of

all availablesurfaces inyour file{ LISOA ¥& & { dzNFI OS mé FyR GKSy OK22a
SAGKSNI 48t 80GAY3 I &a4502yR AdNFI O8s LINBAONROGAY3I |
b2N¥Ifaé¢ G2 oFasS GKS INARR 2y GKS y2NXIta 2F a{ dz

Specify the shape @f KS 3INA R OSf f & F NdWh mérii &s Hexaledrdnor{ KI LJIS¢ RN.
Triangular Prism.

The Grid Cell size can be determined from cell number, cell dimensions, or by using the surface

normals.¢ KS G¢NBERAE2NIZEL Qf fHdwthe fidaPgdd isioflentadLréfatve F &
tothexaxis.L G A& AYLRNIFIydG G2 y20S GKFIG GKS ¢NBYR F2N
cells/cell size.

148 (GKS GDNRAR [FeSNBE aS00A2Yy YouanspaSidunie (KS (K7
z layers or variable by specifying their thickness based on a fraction of the total &idltls &1 2 F
f-8SNBERE 062E aLISOATASAE K2 gthatisyhdw n@S/fedlisishokild @K (KS 31
mapped between the surfacedt you are defining the gt using one surface and either a

RANBOUGUAZ2Y 2NJ GKS adaNFI OS y2NXIfax &2dz gAff | faz
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When generating a grid between two surfaces you can specifyundorm layer thicknesses.

{StSOG a! ySOS¥ flly&RS NULIBIOMGERY SIKSS&F NI OgA)2y I £ £ & SN
The total must add up to 1.0.

{StSOG a{dNFIOSa¢ G2 RSTAYS AYUGSNNYSRALGSPr&NAR I & SNA
the insert buttonl=4) to select a new layer surface. Dogbl Ot A O1 2y GKS at+F&@SNE tAyS

layers between the surfaces. Use the paste buléll to enter multiple layers at once with text in the
form:

SurfacelName NN
Surface2Name NN

NN is the number of layers to be inserted between the surfaces.

When you have completed the wizard, hisert. The new grid will appear in the Objects
GAYR26 dzy RSNJ aDNAR&E @

Fault Model Grid
FracMandescribes faults as grids that consist of one or more triangular or quadrilateral

elements of specified thicknesshdintensity of fracturing in each element is then controlled by
a quantity termed the fracture potential. This fracture potential is a function of slip magnitude,
distance from the fault tip, distance from the fault midplane, and up to two sgecifiedscalar
intensity parameters.

The fracture orientation is controlled by local fault plane orientation, the slip direction, and the
inclination of principal stresses to the slip plane.

The Thickness Vectors section allows you to choose the directioe ¢dybr thickness.
 UseAverageNorma A f f ONBIFGS (GKS Cldz G DNRAR LJI NI ff St
FASER 002 @AradzZtAl S GKS adaNFIFOSQa y2N¥If OKS
Attributes window).
1 Parallel to Vectorfunction will create the Gd parallel to the vector designated.

ThelLayer Definitionssection allows you to choose the amount, starting distance from the
surface, and thickness of the grid layers. In order to enter multiple layers, press Enter after each
Start Distance and Thickseentry.

TheDefault Parameterssection is used to define the slip direction and magnitude of the grid
due to the fault.
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Fault Definition

Mame: | [FEUINEIDE

Surface: [Traceplane_'l -

Thickness Vectars

@ Use Average Maormals

1 Parallel to Wectar Trend: |-90 Flunge: 180
Layer Defintions
[Start Distance, Thickness)
05,10 -
Drefault Parameters
Slip Direction Trend: 45 Plunge: 30

Slip Magnitude: 1 [ Project Slip Yectar
Stress Angle: 45

Intersity Factor: 1

0k l [ Cancel

Note: Slip Magnitudeunder theDefault Parametersection is used in th&eologic Fracture

Generation Definitiomas a parameter to define fracture intensity.

Fold Model Grid

Using the Fold model, fracture geometry can be related to the local orientation of the bedding

or to the axial surface of the fold. If the fractures in a stratigraphic formation arose from
bending of the rock, then they should show certain orientations and intensity patterns that

NBtIFdsS G2

iKS

{201t GSRRAYS

2NASYiGFGA2YyS

FracManuses a control surface and a plane representing the fold axial plane to define the
geometry of folds. A fold is described by first defining a control surface (usually a bedding
surface) and then specifying how adjacent rock layers conform to or devaatethis surface.
In general, the control surface will be nplanar. Thereforel-racManuses imported surfaces

to describe its geometry.

Each fold is comprised of one or more layers. Each layer, in turn, consists of one or more

triangular or quadrilagral elements of specified thickness. The location of these elements is

defined by the projection of the elements on the control surface along layering vectors.

GKAOLY ¢
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Layering
Vectors

Y

dy = Distance to layer starting point
t; = Layer thickness

Fold Element

Master Surface
Element

The axial surface of a fold is a surface that divides the fold as symmetrically as poBhible
intersection between the axial surface and the bedding surface defines the fold axis.-In non
cylindrical folds or in refolded rock, this surface may not be perfectly planar. Therefore, the
axial plane is also specified as a surfaderatMan
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Fold Definition e

I ame

Fald Surfaces

Control Surface [ Traceplane_1 - ]

Agial Surface [ Traceplane_1 A ]

Thickness Wectars
@ Usze Average Mormals

(71 Parallel bo Yector iy | 0 Wy |0 Wz |1

(71 Yectars From File Select Yector File

Layer Definitions

@ Define Layers [Start Dist, Thickness] 0.0.1.0 i

(71 Layers From File Select Layer File ]

[ Ok ][ Cancel ]

TheThickness Vectorsection allows you to choose three different ways of defining the

direction of the layer definitions. THeayer Definitionsallows you to define the thickness of the
grid cells per layer. In order to enter multiple layers, presgr in the dialog box after each

entry. You can select a layer from a previously created data file.

Boundary Region from Surface Extent

A surface boundary region is composed of a surface object with an irregular edge. This type of
region object is genetly used only for dynamic flow simulations.

First you need to define the outline. You can import this from a file or compute it based on a
surface in your model.

Once the outline is defined, specify the location and direction of the top and bottorreof th
region.
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i ' External Boundary from Surface Extent

MName:

Points:

Traceplane_smp_boundary

| Compute From Surface...

Impaort Points...

+f|-100, -40, 0

+f|-85.1005, -49. 1766, 0
o|-72.2823, -55.0186, 0

|60, 60, 0

+|-45.1972, 69,1355, 0

W |-20, 60, 0
|-20, 80, 0
V|0, 80,0
|0, -100,0
|20, -100, 0
|40, -100, 0
|60, -100, 0
|80, -100, 0
| 100, -100, 0
| 100, 30, 0
| 100, 560, 0
+[100, 40, 0

+100, -20, 0
Flinn n o

m

Top:

Axis:

aceplane Traceplane

Bottom:
@ Z Value ] @ 7 Value -100

Tr

Trend: 0O Plunge: S0

Map

Object

If you have a surface map available for your model, you can display it within FracMan by
inserting a Map Object. This object will be a specially formatted rectangular surface that has
your image applied as a texture map across it.

Select the image file you want to use. The file will be automatically resized when loaded to be

able to fit in video memory.

Provide the coordinates of the top left corner of the map.

Specify either the coordinates of the top right and bottom left af tmage, or specify the
width, height and direction of the map (in world coordinates).
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Insert Map [iE-J

Object Mame: RegionMap_1

Map Image File:
Select the image file containing the map:

| )

Resolution: | Low - |

Top Left Corner:
X: 0 y: O 0

(this is generally the northwest corner of the map - X being the E-W and ¥ being M-5)
Size:

@ Corner Points:

Top Right ¥: 100 ¥= | O = |0
BotlLeftX: 0o ¥ 100 Fi= ¥
Size:
50 100
30

[ oK ] | Cancel

L

The resulting map can be seen in the visualization window:

wd_10 .
uv ”twn Q 3 t\‘dl P ;’

1000

1500
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Convex Region Around Objects
If you select an object in the Objects window and choose the fun@mmvexRegion Around

Objectsin the Insertmenu, a new Polyhedretype Region object will be created that surrounds
the selected object.

Insert Object Group

Thelnsert Object Groupg$unction in thelnsertmenu allows the user to create custom folders
for more or@nization of objects. Select the parent level for the Object Group in the Objects
window and the new Object Group folder will be created with the tsgmcified name as a child
of that object. Other objects can then be added to this group.

Region from clos ed surface

If you have a closed surface object selected in your project, you can Belgitin from closed
surfacefrom the Insertmenu to create a new region object which will be automatically added
to your model based on the selected surface object.

Data Analysis Menu
The functions available under the Data Analysis menu manipulate data that has been imported

into the project in order to define the parameters that can be used to generate a discrete
fracture model. Detailed description of each function t@nfound in the Manual section on

oData Analysé @

1 Spatial
0 Set Spatial Parameters

0 Run Spatial Analysis
9 Orientation
0 Set Identification
0 Terzaghi/MauldorCorrection
1 Intensity
0 Cumulative Fracture Intensity Plot

0 OxFilet Flow Capacity Analysis
o Compute P10
0 Intensity Conversion (C31) Calculation
o Compute P21/ P31
M1 Size

0 Trace Length Fracture Size
1 Spatial Patterns

o Power Law Plot
1 Well Log Report
1 Obiject Statistics

Static Analysis Menu
The Static Analysis menu includes unigue tools to answer practical flow, transport and

geomechanical questions by determining fracture network connectivity, pathways, stress and
rock blocks. These tools provide geometric answers targgoc questions such as where the
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oil is going or how big are the rock blocks. A full description of each operation is included in the
al ydz £ B‘E&OdEMogelnadysis d

1 Fracture

o Cluster

Pathway
CriticalStress
Fracture / Fracture Traces
Compute Height / Width

o O O ©O

M1 Grid

Export Cell Info

Fracture Upscaling

Layered Upscaling
Intersecting Grid Layers
Grid Layer Property Report
Create Stress Properties
Compute Grid Cell Volume
Compute Grid Cell Height
Compute GridCell 13 Dimension
Compute Grid Cell XY Area

O O O 0O OO0 0O o oo

0 Intersecting / Connected Fractures
o Conditioning Statistics
0 Intersecting Grid Cells
0 Correlate P10 To Grid Property
1 Surface
o0 Intersecting Fractures
1 Volumetric
0 Tributary Drainage Volume
o0 Estimated Ultimate Recowe
91 Geomechanics
Rock Wedge Analysis
Block Size
Subsidence
Hydraulic Fracture
FracStress Geomechanics
Grouting
0 See My Frac
Statistics
Stereonet
Property Stereonet
Property Correlation Graph

O O O O O O

=A =4 =4 =9
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9 Basic Geostatistics Mpmg

Dynamic Analysis Menu
The Dynamic Analysis menu houses the functions available for flow and transport simulation.

{SS GKS al ydzniic FaSGRA28s B2NI I RSGFAT SR RSAONRLIIA?2
operation.
1 Well Test
T Mafic
o Define Mafic Simulation
o Define Boundary Conditions
o Define Mafic EPM/DFN Model
1 Grid Upscaling
1 Dynamic Upscaling
1 HydroMech

Tools Menu

Select FracWorld Region
This allows you to choose which region in your file the program usesddolate fracture

intensities. When you click on it, FracMan brings up a list of all available regions. The default
FracWorld region is the entire scegéhat is, the total area covered by your file. To change this,
just click on the name of the regigiou prefer. The name will be highlighted. Click OK. Your
base region is now the one you have chosen.

Options

This brings up a set ttiree tabs containingptions for how FracMan runs which may be turned
on and off. If there is a check mark in thexbeext to the option, the option is on. Clicking in

the box will remove the check and turn the option off. Likewise, clicking in an empty thox wil
activate the adjacent option.
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System Options

r -
Options ﬁ
System | Display | File

Control Options
Use Virtual Trackball
[~ Enable spin

Multi-Processor

Available Processors: 4
[~ Disable Multi-Threading
[]Enable Process Manager

Language Fracture Memory:
3 Reserve Memory For This Many
English b ] Fractures:
1
[ 0K ] [ Cancel ]

1 Language&lect which language you wish the Ekéan menus andialogs to appear in.
Currently, FracMan supports three languages: Endlieimeseand RussianThis option
can also be changed directly from the Tools menu opti@anguage

1 Use Virtual Trackballhere aregwo standard ways of handling rotating the scene on is
the more common mechanism.

1 Enable SpinWhen this is selected, the user can make the image in the Visualization
window rotate continually without using the mouse to maintain rotation. To do this,
simply hold down the left mouse button and rotate the image normally. Then, with the
mouse still moving, release the button. The faster the mouse is moving on release, the
faster the image will spin. To stop spin, click anywhere in the Visualization wiaddw
the image will freeze.

9 Disable MultiThreadingMany FracMan operations will use multiple processors in order
to improve performance, however this can cause slight differences in results between
machines and even between runs. Checking this wikféiracMan to use a single
thread to produce exactly reproducible results.

1 Enable Process Managé&iunction currently available for internal Golder use only.

1 Reserve Memory For This Many Fractuvélsen you generate very large fracture sets,
FracMan searches for and reserves the memory for the fractures as it generates them.
This causes memory fragmentation, which means that the program uses more memory
that it should. This number prallocates stoage for the specified number of fractures
when generation starts.
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Display Options
Cptions

Display Options

Enable Lighting
Disable these options to
Display Lists

Maximum Size:

50000

System Options | Display Options | Startup Options

Enable Multisampling

Enable Transparency

improve display performance

Appearance
Tabbed Documents
Style
| Microsoft Office 2007 v
[Sil'uer - ]

[ reverse Scroll Wheel Zoom

[] Reverse Right/Middle Mouse
|:| Legacy Stereonet

[| Legacy File Open Save Dialog

oK ][ Cancel ]

1 Enable MultisamplingSome video cards support a feature called Full Screen
Antialiasing, which can improve the appearance of the visualization display. If

supported, ths feature can be enabled by checking Beable Multisamplinglisplay

option in the options dialog.

1 Enable LightingThis changes how certain objects are shaded so that it appears a light is
shining on them from a certain direction, adding depth and ssalio the image. Older
video cards can see improved performance by turning lighting off.

f Enable Transparency: 2 Y' S

which will make them appear sertransparent in the visualization window. Thistion
only works when no property is being visualized and wherBhable Transparency

202S00a tA1S &adaNFI OSa

FyYyR 3INARR

display option is enabled in the options dialog. When enabled, this will allow you to see
through the transparent object to the objects behind or inside.
1 Maximum SizeRendering performance can be increased by setting a number here that
corresponds to the amount of video memory your card has. Experiment with various
settings to between 1000 and 500000 for the best performance.
1 Appearance You can select between amber of different appearance styles as well as

choosing whether to use tabbed documents or traditional document subwindows.

1 Reverse Scroll Wheel Zodbauses zoom to work in opposite direction during scrolling.
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1 Reverse Right/Middle MousBan when the lefand middle mouse buttonare pressed
at the same time instead of zoom.

1 Legacy Stereonetise FracMan v 7.4 stereonet options.

1 Legacy File Open Save dialdge older version of the file open/save dialog. Setting this
option can prevent crashes occurring with some specific combinations of the Windows
operating system and MS Office software.
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Clockwise from top left: Filled box region, ¥fiame box region, Transparent box regidn.
order to make an object Transparent, you must check that option irDilsplay Optionpanel.
Some objects, such as fracture sets, and some graphics drivers do not support transparency.
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Startup Options

' -
Cptions Iﬁ
System | Display | File

Load File at Startup:

@ None

() Last Used File

() File

[ Make Backup on Save

[ OK H Cancel l

Load File at Startup This option allows you to tell FracMan to automatically open the specified

FracMan file when you open the program. This is especially helpful when you are working

consistently on the same file. Clickthecirclenexitsf S 2 LJiA 2y &2 dz LINB TSN L¥
@2dz Ydzad aLISOATe GKS FAES o0& OfAOlAy3d 2y GKS daX¢
@2dz 12 oNRBgasS FT2NJ FyR asSt SOl GKS T xduSab /| £t A01 at
override this ature at startup by holding the Shift key while the application starts.

Make Backup on Sav&Vhen you click on Save, the previously saved project file (if any) will get
O2LIASR (G2 | 01 01dzld FAES KIGAy3 | Gaspedibeé SEGSYy&A:
more than 1 backup, the backup filename extension names will all be shifted so that the

ydzYo SNE 2y (KS SEGSyairzy AYyRAOFIGS K26 FINI ok O
OdzNNBy G FAESET (GKS aFNDbméE TRKS WRNI H €0 ST NIKS A INBID AG
saved two iterations back, etc.

Set Random Seed
This allows you to specify what number to base your random number generation off of. Since

Y240 2F CNIOalyQa OFLIoAftAle fASatlydssd. 8G2O0KIF&adAO
regenerates randomly every time you open the program.
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Enter Seed Mumber : 1350450736

If you wish to use a different seed than that supplied, simply enter your preferred number in the
02E YySEG (2 &9y iS K {¥&Seedbadnow Bebidchanged/ R KA (

Set Well Display
This controls how wells are shown in the Visualization window. To display a particular feature,

make sure the box next to the feature name is checked. Click on a box to check or uncheck it.

Digzplay Scale

Dizplay Demick

]9 ] [ Cancel ]

f DisplayName{ K2 ga (GKS ¢St twelhhed®dzZ t yIYS i GKS

9 Display ScaleShows scale markers along the length of the well. Scale interval can be
changed in the Attributes panel.

1 Display DerrickShows a simple schematic well rig at the head of the well.

Monte Carlo / Optimization

Define Monte Carl o Analysis
This allows you to generate and analyze multiple fracture sets in order to create a large sample

size.
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i N
Monte Carlo Analysis ﬁ
Monte Carlo Analysis | Fracture Sets | Select Analysis
Mame MW Set, P32 Estimate 3-)
Description
=
Mumber Of Realizations 20
Random Seed 123
|| sawe Workspace After Each Realization
Browse.
[ Cancel l [ Apply l
= -

TheMonte Carlo Analysigab allows you to specify the basics of your analysis: how it will be
saved and where, how many times it will run, and so on. The analysis will be saved under the
definitions window by the specified nam&n optional description may be added.SHve
Workspace After Each Realizatias checked, a FracMan file corresponding to each iteration of
the Monte Carlo analysis will be saved to the sedddlirectory (in the box undd?ath). The

saved files will have the same name as the definition, with a nurodeesponding to which
iteration resulted in each. The test will be run for as maenations as you enter next to

Number of Realizations The option to specify Random Seedk so that an existing Monte

Carlo analysis can be reproduced exactly, as#esl controls the results of stochastic fracture
generation.
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Monte Carlo Analysis @
Monte Carlo Analysis | Fracture Sets | Select Analysis

[CIHE Set
[ZINW Set

[]1mport FAB file
Path\file_%:d.fab Browse...

[] Export FAB file

Clear Generated Fractures after
realization (Conserves Memary)

[ output Each Sets Stats

o] (oy ]

TheFracture Setgab is where you define which fracture sets the analysis will run on and

whether they will be saved or not. From the list down the left side of the dialog box, select

whichfracture set definitions you wish each iteration of the test to create. If you wish instead

to use preexisting fracture sets, chdakport FAB fileand specify the directory where the

desired .fab files for the analysis may be found. In order for thigoid, your fracture sets

Ydza G KIF @S AAYAT NI YylIYSazr a2 0GKFaG | aéAft ROFNRE OF
them.

If you checlExport FABfilE S OK AGSNI GA2y Q& ¥FNIdnedaddorya Sd oAf f
specified in thePathtextboxon the preceding tab. Even if you do not save the FracMan

workspace file resulting from each iteration, you must specify a directory in that box if you wish

to save the FAB files from each iteration. The files will be saved using the same filename

structdzZNBE & GKS CNI Oaly FTAfSas 6A0GK GCNI OlGdzNBag | LI

If Clear Generated Fractures after each realizatisthecked, the fracture set created for each
step of the Monte Carlo simulation will be deleted once it has been analyzeuatebisie next
fracture set is generatednless the fracture set is needed in order to save the results (see
Retain Objectoption on following tab) Otherwise (if the option is not checked) you will end
up with a fracture set corresponding to each iteratiof the Monte Carlo analysis in your file.
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Output Each Set Statsill cause FracMan to output a set of statistics for each generated set at
every iteration, otherwise only the aggregate statistics will be computed.

il -
Monte Carlo Analysis ﬁ
Monte Carlo Analysis | Fracture Sets | Select Analysis |
Stored Analyses:
= Cluster Analysiz
[Meluster_1000 Retain Analysis
= well Fracture Intersections gl;r]:;;snafber
[|Golder_1a, connect
[|Golder_1a, connect, 20 mD-m
Intersected MW Fractures
l Cancel ] [ Apply ]
L

TheSelect Analysigab is where ya specify which malyses you wish to run on the selected
fracturesets for each iteration of the simulationalyses which may be used include:

T

=A =4 =4 =4 -4 4 - 4

1

Rock Wedge

Well Fracture Intersection
Cluster

Pathway

Surface Fracture Intersection
Fragmentation

Subsidence

DV

HydroFrac

Well Conditioning Statistics

Check whichever analyses you wish to run from the list of saved analysis definitions on the left
side of the dialog box. If you cheRktain Analysis Objects after iteratigrany objects resulting
from the selected analyses, such as rock wedges or pathways, will be saved in the file for every

S GOLDER
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realization of the Monte Carlo simulation, leaving you with as many of these objects as there are
iterations of the simulation. Othense, the objects will be deleted after each run.

Note that the Retain Analysis Objects after interactiavption is saved foeachl y' I f @ 8 A a X FA NE&
check the analysis so that it is selected, and then checR#iain Analysis Objects after

iteration checkbox if desired for that particular analysis. You may have this option checked for
none/some/all of the selected analyseheClear Generated Fracturesettingon the previous

tab will be overridden if anmalysis has been selected witie Retain Aralysis Objects after

iteration that needs the fractures (such as the intersecting fractures result object which is a

reference set). If it needs the generated fractures in oridemaintain the results, th€lear

Generatedsetting is ignored and the fraateis are kept.

Once you have finished definiggur Monte Carlo simulation, cligkpply. A new definition will

FLILISEFNI AY (GKS 5STFAYAGA2Y A 6AYR26 dzyRSNJ daz2ydS /|
simulation, righiclick on the definition name and seldetin Monte Carlo When the simulation

is complete a data printout will appear on the screen listing the statistics for the generated

fracture sets and the results of the analyses run on these sets for every iteration of the

simulation, as well as a meandstandard deviation for these values considering all iteration

NEadz Ga 02ttt SOGABSted [ A1S Fff CNIYOalyQa RIGF F
or copy and paste it into another application, such as Excel, bydiigking in the seadsheet

and selecting the appropriate option. You can also create a histogram for any row in the

spreadsheet in by rightlicking on that row and hittinglistogram

Define Named Parameters
Named parameters are global variables for your project. Theyanally a constant value

(Simple Valug. Once defined using this dialog, they appear in the Definitions window under

GKSANI 26y OFGS3A2NE 2F abl YSR t-dickihgrbtie NB ¢ @ ¢t KS®a
RSFAYAGAZ2Y | yR OKZ22 & AlyicH wiltibsirg plthe Defireda@med NI YS G SNE ¢
Parameter dialog.
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¥ Define Named Parameter

Mame MyFavariteParameter 2
Description
|
@ Simple Value 0,023
Type  [P32 v
Units [L’m ']
[ Apply ] [ Close

Named Parameters may be used to populate many fields in FracMan dialogs. Fields having the

|}}

list of NamedParameters having the appropriate units. You can also define a new Named

t I NI YS{SNJI

—

o8 OfAOlAY3 2V

KA &

used in the Monte Carlo moduleefine Paramier Sweep/ Optimization

A02y

Iy R

v

a

.icon button on the far right can use the Named Parameters (just click on the icon to see a

St SOUAY
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Geocellular Set Definition ot S
| Defintion
| Name  Geocelular 1 2)
Daaciii
[ (]
Gnd
(Baac(‘md_I v] Generation: Surface Points
© Centers
) Cell Centers
Giobal Fracture Intensty
Measure Type P32 w)| [Set P10 intervals
total fracture area / region volume
Adpust Intensity for Truncation sv
Target Intensity MyFavorteP32V. [1t]] > |
Create New...
Edit...
i § SO

Named Parameters > MyFavoriteP32Value
Units S
Cancel
X (E)

Define Parameter Sweep / Optimization
The Define Parameter Sweep / Optimization function allows you to tdnrée Carlo Analysis

multiple times using different values for one or more Named Parameters. For optimization
purposes, you can then look at the results to choose what value(s) to use in your project for the
Named Parameter(s).
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Multiple Named Parameters may be selected tog Analysis. To set their values, select them
one-by-one in the Named Parameters box and for each, select either Constant Value, Range or
Value List to assign their values for use in each iteration.

il h
Monte Carlo Analysis ﬁ

| Monte Carlo Analysis | Parameters |Fracthe Sets | Select Analysis|

Mamed Parameters

Param1 - Range (0 - 1), 10 steps

|:| Sweep parameters together Iterations: 10
Parameter Mame: Param 1

(7 Constant Value 0

@ Range min 0 max 1

Num Steps: | 10] [ logarithmic steps

(7 Value List

L
L

[ Cancel H Apply ]

1 Sweep parametertogether:If you are using more thame parameter, the default
behavior is to provide one iteration for every possible combination of parameter values;
for instance, three parameters each having three values would result in nine iterations.
| 26 SOSNE AT &2dz OKSO1 dptn, théndBySHrde LI NI YS G SNI (-
iterations will be run using 1) the first value for each parameter, 2) the second value for
each parameter and 3) the third value for each parameter. If the number of values for
each parameter is not the same, then the number efations will match the smallest
number of values.

 lterations;,L ¥ GKS a{6SSLIJ LI NI YSGSNER G(G23SGKSNE ¥t 3
combination of how many different values are run for each Named Parameter. One
parameter with 10 values will result in it@rations while two parameters, each having
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checked, it should equal the size of the smallest value list of all the Parameters. If you
are selecting Range for tharameter values, then the Iterations will be set
automatically from the combination of min, max and Num Steps.

1 Constant Valuefor convenience, if you want to include a Parameter but not vary its
value across iterations, you can set its value here andlitemporarily override what is
saved in its Definition.

1 RangeUse min, max and Num Steps to define what values to use (and optionally the
logarithmic steps checkbox).

1 Logarithmic stepslUsed for calculating values defined by Range.

9 Value ListClickon the Add/Insert icor— to directly enter values, one per line. Click
once to get an input box and then, after entering your number, click it again to insert it.
Values may also be loaded into the list from a file having the values saved one per line

or saved to a file using thﬂ icon located on the far right.

Macros
A macro is a simple program that does the same or a very similar operation several times in a
row. FracMan allows you to record and edit macros of all program functions, thus enabling you
to run large numbers of simulations without having to actually be there while they run. Macros
and macro control are discussed in greater detail inthe 2 A V 3 sectiofd of this.manual.
The menu items include five MiacFunctions as well as a list of the most recently created
Macro files.

f Run Macro

M1 Edit Macro

9 Record Macro

9 Stop Recording

1 Ignore Macro Errors

Language

Thisgallgws you to select which language you wish the FracMan menulicdogs to appear in.
Currently, FracMan supports three languages: Endliesineseand RussianIn order to toggle
between languages, just mouse over the language button and click on the language you prefer.
You may change this at any time.

Project Setup

This allows you tgetproject options such as unitgvhile you can use different units

throughout the project, it is very helpful to set these as appropriately as possible before
beginning your model. Also be sure to set your fluid properties appropriately whether you are
working with water, oil or gas.
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Reserved Properties

il B’
Project Setup Properties Iﬁ
General | Units
Reserved Properties:
@ Permeability, Compressibility and Aperture 2)
() Transmissivity, Storativity, Aperture
Options:
FracWorld: [5r_ene Bounding Box -
|:| Display Program Version :J
[ Display System Date
["] Prompt for History on Save [7] show History on Open
lUse these settings for new projects
Show this box on project creation

alyd 2F CN}XOalyQa lylLfteasSa NBIdANBE 2yS 2N Y2ZNB :
thus these properties will always be available on any fracture set. Depending on your situation,

you may prefeto work inPermeability/Compressibility/Aperture(PCA) which is more common

in the oil and gas industry dransmissivity/Storativity/Aperture(TSA) which is more common

for hydrological projects. In either case, if FracMan needs to convert from oihe twiher it

will use the Fluid Density, Compressibility and Viscosity specifi¢hdefdtluid Propertiesn the

Units tab.

Conversion btween PCA and TSA
Fracture Transmissivity/Permeability:

§ 0 "R
Y 1
FractureStorativity/Compressibility:
Y 0 0 S V)
Matrix Transmissivity/Permeability:
Ny B0
Y ;
Matrix Storativity/Compressibility:
Y 0 0 7 Qe

Where,
Tiac = fracture transmissivity [Afs]
Tm = matrix transmissivity [m/s]
Srac = fracture storativity [unitless]
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Sn = matrix storativity [1/m]

Axac = fracture aperture [m]
Prac = fracture permeability [rf]
Giac = fracture compressibility [1/Pa]
Giuig = fluid compressibility [1/Pa]
Gn = matrixcompressibility [1/Pa]
' FfdzZARJRSyaAi
g = acceleration of gravity [nf]s
AT FtdAR @Aradzairite wl3IkovYaovs
' YILGNRE LRNRaAAGE odzyAldt Saas
Project Options 5 o 5 3 o o
| SNE e2dz Oy aLISOA T &ebkt Fract/Ndd Rgignhidd spécifyavbeZh8rOl 60 a S S
the program version and/or system dates are shown on the Visualization window. If you check
Prompt for History on Savieyou will be shown th@&roject Historydialog when savinthe
project where you can enter a note. Press the Save icon button after entering a note to continue
saving the project. If you che@how History on Opethen you will be presented with the
Project History dialog each time the project file is opened.

c
(4

wl IKY

Usethese settings for new project, check this box to make the values entered the defaults for
new projects

Show this box on project creatiog check this box to show this dialog every time you start a
new file
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Project Units

-

Project Setup Properties

General | Units

Length Compressibility
Measured Depth Permeability
Area m2 - Aperture
Volume m3 - Transmissivity
Mass Storativity
Time Viscosity
Density Porasity
Flow Rate Pressure

Head

Fluid Parameters
Dens: 998[kg/m3], Comp: 1e-006[1/psi], Visc: 1.31[cP]

kP

mD

4

D

4

m2/s

fraction -

» WIHIL

dif

| ok

] [ Cancel

)

L

r

Units are displayed in eastindow and dialog. There is great flexibility in setting the units
appropriately throughout the program. Specification of units is an important step as part of data

import and export. Below is a table of supported units.

Length cm, ft, m, km

MeasuredDepth | ft, m

Area ft2, m?

Volume ft3, m, usgal

Mass kg,lbs,mt

Time sec, min, hrs, day

Density glcm®, kg/m?, Ibs/ft3, ppg

Flow Rate bbl/d, bpm, fpd, fpsgpm, lpm, n¥/s, m%d
Compressibility 1/psi, 1/atm, 1/bar, 1/kPa, 1/Pa
Permeability mD, Dm?

Aperture mm, cm, in, ft, m

Transmissivity ft¥/s, m3s

Storativity unitless

Viscosity cP, Pas

Porosity fraction, %

Pressure psi, kpsiMpsi, atm, bar,Pa kPa, MR, GPa, mHg
Head ft, m
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Note that if you change the units of your model after you have added objects or definitions,
FracMan will not automatically convert valuegou will need to check through all the objects of

your model and make conversions usingnslate/Scale Geomet(pbject coordinates) or

Converting Well Log Units

Fluid Parameters, Enter average values for the density, compressibility and dynamic fluid

viscosity of the fluid in your model by clicking on the button located on the right of the text box.

You may select default values for Water, Light Oil, Heavy Oil and Gas orantemn values.
These parameters are used to convert properties between the PCA and TSA systems as

requested by the user or required by the FracMan functions utilized in the project. The default

units are those specified in the Units tab but can be charigéd Of A Ol Ay 3 2y
the right side of the text boxes and selecting from the Units options.

-

Fluid Parameters

=2

Fluid Density

Fluid Viscosity

|Light o

-]

a0o

Fluid Compressibility = 2.96475e-005  [1/psi] ==

0.5

[kg/m3] =

[cF] =

Ok

] [ Cancel

L

Export Project Notes / History
Creates a text file containing the project file pathname, project notes, object names in a tree

structure as well aany object notes.

Project History

iKS

You can enter notes about your project at any time using the Tools MeRuoject History. This

window can also be set to show up when you load or save your project by setting the

appropriate checkboxes in the Projectt@edialog on the General Tab. Project notes along with

any object notes can be exported to a report using the Tools Meritxport Notes / History

function.

4BFE
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% Project History 23

Project History:

{:—.

Tue Aug 19 13:54:18 2014
Mew note #1. Just trying out Project History dialog.

You can enter new notes here...then dick on Add.

[ Show this bax on save [ show this box on load

The Window Menu
This tab has commands to help you control how Flag/ Q& A y (i S NJy/displayelA Yy R2 4 &
There are five commands:

1
1

1
1
T

New Window This creates a duplicate of the window you currently have open.

Close All Report WindowsThis closes out all open windows except for the Visualization
window.

Close All DialogsThis closes out all openalog windows.

Tabbed Windows This will toggle between tabbed window mode and classic mode.
High Resolution Screen Captu®ame function as listed in théew Menu

Beneath these commands will be a list ofogen windows. A check marks the one currently
displayed. To display a hidden window, just click on its name in this list, and it will appear on
top of the other windows. If multiple windows are visible, the check marks the active wigdow
the one curretly selected.

The Help Menu
This offers resources to aid you in better using and understanding FracMan.

Contentsopens the FracMan lhual, allowing you to search for and find information on
a specific command.

About FracMangives program information: veion, installation date, user name and
company, license expiration date, and video card information. It also gives links to
contact the FracMan group directly.

FracMan on the Welbtakes you directly to the FracMan website. This will only work if
you havean active internet connection.

9y i SN wS3IA & dNdsyou Pyegidte? WB soKware. This is discussed in

grek G SNJ RSGHAT CNE ObR § ¢ 6 1800 iadgh @Fe G KA & Y I ydz

Activation
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1 Checkor Updateshecks for updates to FracMan online. See description uridezion
Check

Building Your Model

Distributions
FracMan has two different kinds of distributions whose parameters you can set: Vector and

Scalar. Téhsamedialogboxes for these two distributions will appear frequently in fracture
generation and elsewhere.

Vector Distribution

The vector distribution allows you to define some distribution with multiple related parameters,
such as orientation (which ihaes both a trend and plunge).

Vector Distnbution ﬁ

Digtribution Parameters

Mean Pole gg d 15 d
Trend/FPlunge leea] »g leea] »g

Distiibution | Bivariate Fisher - @

Pararneters 8 a 12 = 0 ”

Enter K1, K2

b ajor Axiz:
Trend Plunge 265 [deq] = 75 [deq] ==

[ Local Coordinate Frame:

The parameters you must enter here depend on what distribution you choose from the drop

R2g¢y YSydzo ¢CKS daYé F2NI I CAAKSNI RAAUNAROdzIA2Y S 7
how wide or narrow the range oalues is in the distribution. The smaller the K, the more
RAALISNAS (GKS @FftdzSa FNBX ¢gAGK | Y 2F T SNB NBadz

parameter for a Bootstrap distribution behaves in a similar same way except the dispersion acts
aNPdzy R SIF OK AYRAGARdzZFf 0220a0NF LI SFfdzS NI} GKSNI (K

For the Fisher and Bingham distributions, provide values of the Fisher/Bingham concentration
coefficients k (and k if bivariate). Specify k between 1 and 5 for high orientationalality, and
between 20 and 50 for low orientation variability. Use one or two negative values in the
Bingham distribution for unimodal or bimodal distributions, and positive values for girdle
distributions. For the Bivariate normal, provide standardidtion values for trend and plunge,
and the correlation coefficient, which can be either 1 (perfect correlation) or O (no correlation).
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For the Bootstrap distribution, enter the Fisher distribution concentration coefficient to be
applied around each poirirom the bootstrap data. A stereo plot is generated in the dialog box
based on the chosen distribution and parameters.

SeeOrientationfor a detailed description of these distributions.

Local Coordinate Frangeallows you to provide a local coordinate systamdefined by a grid,
so that vectors ar distributed relative to grid orientations will then be generated relative to
this local reference frame.

Scalar Distribution
Ascalar distribution creates a distribution of single values, for something such as fracture length

(which has only one value unrelated to other properties).

The parameters you must enter here depend on what distribution you choose from the drop
down menu. SeeProbability Distributions for Scalar Valifes a detailed description of the
available probability distributions.

Scalar Distribution for Length ﬁ

Diigtribution [Llnih:urm v] m
Parameters 30 [m] =, 2
15 »g

kMean, Maximurn Dewviation

[ Truncate
kdirirniim 1] (] =
S E 1000 [m] ==

[ O ] [ Cancel ]

LT &2dz OKSO1 da¢NHzyOF GS¢€35 CNI Oa lvaluesbohtiet FAE G SNI 2 dz
RAAGNROdzIAZ2Y S RSLIYRAYI 2y (KS dASNDRA ALIBOATAOL
the given maximum will be discounted and replaced with numbers more amenable to the

OFf QdA F A2y ® . 2dz Ydzad OKS O entaniwkfichfuméaton | Yy Rk 2 NJ & &
bounds you wish to define. Then enter the bounds in the given boxes.
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distribution parameters to set your bootstrap optians

Scalar Bootst rapping ) o ) o

,2dz OFYy dzaS RIFEUOF AY e2dzNJ Y2RSt 02 3JdzA RS & 2 dzNJ ¥ N&
distribution. Bootstrapping draws its values from existing data rather than from a random

distribution.

& scoiir Opeor: [ =

Select the Ohject(s) to
Bootstrap From:

| [|Bootstrap Objects Object Properties: I

DPmntDaE Property Area v]
[well Fracture Logs

L[Twel_1 Log
DFracthE Sets

----- MyFractures

Select the distribution type for dispersion around
the bootstrap values:

Type: |Mormal -

Spatial Bootstrap:
(7 Select random point

(7 Select nearest point

(") Select random point within: | -1

i@ Select point by inverse distance;

\,k (7 Select point by inverse distance squared

Link all bootstrap property selection indices: [

[ OK ] [ Cancel ]

First check all of the objects you wish to bdwdp this property from.

1 Object Properties:Select the property containing the values you want to choose from.

1 Type:This allows the user to specify which distribution is used for bootstrap@etect
G/ 2yadlydé G2 dzasS (KS pldd déeleddascata®a FNBY (KS
distribution and enter the corresponding parameter on the Scalar Distribution dialog to
3SG o1 fdzSa ySINI 282dzNJ 6220adGN L) It dzSaod C2 NJ
deviation parameter of 10, each bootstrap value willused as the mean of a normal
distribution with deviation of 10, so you will get values normally distributed within 10 of
your boostrap values. This option is quite useful when boostrapping to sparse data.
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9 Spatial Bootstrap: This allows you to specify (for objects that support it) whether to
pick a point at random, select the nearest point, select a point at random within a
radius, or to select a point at random weighted by either inverse distance or inverse
distance squared.

9 Link all bootstrap property selection indice¥/hen this is checked, FracMan links all
bootstrapped properties for the same fracture, such that each individual fracture takes
all of its bootstrapped properties from the same source.(another individu&
fracture).

Clickthe OKbutton to complete the Bodattrap definition and returrio the Scalar Distribution
dialog

Interacting with Objects
Selecting Objects
FracMan operations are generally performed on one or more selected objects. The attributes
bar shows the aggregate attributes of all selected objects. If all selected objects are of the same
type you will have access to edit all of these objects at oia can select one or more objects
by clicking on them in the object bar. You can also drag select to select multiple objects at one
time.
s il
El-- Scene
El Surfaces
tunnelpart?.ts

Traceplane

El Regions

Another way to select objects is to click on them in the visualization window.
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RegionBox_1
Regions

Scene
SetDefinition_1
Fracture Sets
SetDefinition_1:11
SetDefinition_1:37

%'I' {N)
X {E)

When you do, you will get astiof all the objects under the cursor. Note that in addition to
objects you will also get any stochastic fractures in the list. Selecting an item from the list will
cause that object to be selected in the Objects window.

Selecting Object Elements

Objecs in FracMan often are made up of elements such as Faces, Vertices and Cells. You can
select one or more sub elements of an object by selecting the object and then selecting either

----------

the vertex .4 or face i#i selection mode buttons in the toolbar. Now you adick on the
visualization window to select the desired element(s). Once in face or vertex selection mode,

you can select multiple elements using the drag select mode bL in Selected elements will
appear highlighted in the visualization window ane tittributes of that element will appear in
the Attributes bar.

éGOLDER 10&



%'I' (M)
X (E)

If two vertex elements are selected, the attributes window will display the distance between
them.

Mouse Translate / Rotate

To translate an object, select the object / objects and pressititeNI y a t I G S f8 SOt acs
in the toolbar. The translate axes will appear in the center of the selected object. Click and drag
any of the colored arrow points to drag the object along that axis.

|.> GOLDER
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X (E)

A small black number will appear next to the axis ahgh you are translating your object
telling you by how many units you are moving it.
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The rotate object function works similarly. Select * D button from the toolbar. Then click
on the circular axis indicators and drag to rotate the object about #xé.

/\

Z
{N) Y -~
. |
L‘ ¥ (E) N III /
\\ '| /
A number will appear next to the axis about which you are rotating your object, telling you by

precisely how many degrees the object has been rotated.
Rotation and translation operations can be undone by seleditiy> Unddrom the menu bar.

Translate Object Elements

Some object elements can be moved directly in the visualization window. Surface, well, grid and
tracemap vertices, well log entries, and well intervals can all be moved in the scene.

Delete Object Elements

Some object element&Surface faces, tracemap segments, well log entries, fractures) can be

RSt SGSR o0& aStSOGAYy3 GUKSY FyR aStSOGAy3a a5StSas
Delete Key. Element deletion can not be undone.
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Object Properties
Many Fracman objectsush as fracture sets, surfaces and grids can have element properties.

These properties assign discrete values to each face, vertex or cell in the object.

Visualize Properties

You can visualize property values by right clicking on the object(s) andrsgliée property

VIEYS FNRBY (KS & +ThaldzleidBiobndore nldnhatidn abo{it SiSializing
properties. You can do the same thing by selecting the property in the Property bar and clicking
2y GKS S&+ MBIt X120 GSR 2y (KS NAIKTmdiARS 27T
visualize how properties are changing over time.

Edit Property Values

Properties can be manipulated with many functions that are available €itbar active buttons

on the right side of the Properties window once the property is selected, or from the menu
available by rightlicking on the property itself.

Add / Edit Property

To make a newcalamproperty, hitAdd Property This will open a new aiog asking you to

define the property.Edit Propertyopens the samelialogbox. If you want to create a new

vector property, use th@efine Orientation Propertiefunctionality.

%@ Define Property ﬁ
Marme | 2
Description =

Type I--None-- vJ
Units:
Invalid Value  -3333
Storage Isingle precision flaating point vI
Element Type ICeII Froperty VI

Property values

@ Constant value Walue 1

1 Scalar Distribution

1 Read from file

1 Function

) Copy From Object(z)

Dist, To Object
1 Distance To Object(s) [ oK l l - I
2 KSy FRRAY3I | LINE LIS NI &NameTDb hdhichange tié wneriyouans S

editing the property, instead, use tHieename Propertyunction. A description of the property
can be added. Click on the note icon on the right side ofibsciption input box to enter a
longer comment. The Description field can be reached directly from the Properties bar by
selecting the property and clicking on the Property Notes icon located on the right side of the
Properties bar.

Optionally, you can speygithe parameteiType Available types include:
1 Angle

idKS

LINE LIS !
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T

Aperture

Area
Compressibility
Custom

Density

Depth

FlowRate

Force

Head

Length

Mass
MatrixStorativity
MatrixTransmissivity
--None- (default)
P10

P32
Permeability
Porosity
Pressure
Stiffness
Storage
Storativity
Temperature
Time
Transmissivity
UnitStrength
Velocity
Viscosity
Volume

Once you specify the parameter type, the units for that type will be displayed. The units are set
according those specified in th&ojectSetupProperties. If you want to use different units, you
can convert using the Define Function dialog (see figure below) or usésthéroperty Units
function.
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8 FracMan 7.50 Beta (2014.09.23) 64bit - Exercise 9a

=@ %

File Edit View Fracture Insert DataAnalysis Static Analysis Dynamic Analysis Tools Window Help

D X|[&E 3010 6% % s H& 6

Seed 1411680274 > | B|F
View ScaleZ 1.0 -

Objects
=- V] @ Scene
@-ITJEa Surfaces
=-VIE3 Grids
sreion 0 535

w-[JE Fracture Sets

Properties

Object: Permian A1 A3 AS

£ [ Cell Properties
§ celx
§“ cely
F celz
Distance from Base
Thickness
[ Vertex Properties
§ vertx
§ verty
§ vertz

""" P R

s W Exerdise9a x

% Define Property

Name

Description

% Define Function [ ”2
Objects  Permian A1A3 AS :l/ J
[Functions v |[Bookean ~ ]{Geometry v |[Random [ Tnes”~1] :

Area

Distance from Base * Thickness
Feet To Meters

Meters To Feet

Length

Available Properties
[cemx add ][]
)
]

|celz Subtract ()
:

Viscosity

Volume

»
»
»
Pressure »
»
»
»

Temperature

|Distance from Base
Divide (/) |
=D &

Property vall
Constal
Scalar
Read fre

© Functiol

Test | Cancel

Copy Pl
Distance To Object(s)

TTET

)

X (E)

2 Attributes . ] Properties i Definitions

You must also specify whhatvalid Valudo use forthe property. An invalid value is a flag that
signifies that the property value is out of boundndicating to FracMan thatshould ignore

these values during analysis. Be sure that you pick an invalid value appropriate to the property

type and defirtion ¢ that is, choose a number that would never occur for this property unless
something were very wrong. For instaneg99 would be a good invalid value for a length
property, but a poor invalid value for a property defined by a normal distributioh winean of
-900. The value9999 is provided as a default. Boolean property types do not use an invalid

value.

Next, you must choose th8toragetype for your property. The value for each cell is stored on
your computer as a specific type of data, ahi allows you to specify exactly what type you

want this property to be. There are four options. These are, in order from smallest disk space

occupied to largest:

91 1-bit Booleang either a 1 or Qessentially specifying true or false

1 32-bit signedintegerc integral values used primarily for flags

1 Single precision floating poigt(default) standard values

91 Double precision floating poirgused for higher precision values but requires double
the amount of memory

Be sure that you choose an apprayg type for your property. A Boolean, for instance, may be
322R F2NJ 0KS 3INRR

! OGA@Se OSt ¢

LINR LISNI & =

o dzi
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apertures. If used properly, this specification can radically decrease the amount ofyspace
objecttakes up in memory.

Next you must tell FracMan what values to use to define the property. Thesxat#ferent
ways to do this.

1 Constant value:select this if the property is the same at every point in the object

1 Scalar Distributiona probabilistic distribution.e. Normal, Log Normal etc See
Probability Distributions for Scalar Vallfesthe details of the different distributions
available.

1 Read from file:You can import propertyalues from a number of different data file
formats. The values will be interpolated and applied to the current objgez.
extended discussion in section below.

1 Function This allows you to base the property on a function using other properties as
variables, thus correlating this property to anothéll properties defined using a
function are forced to be of type double precision floating point.

1 Copy from ®@ject(s). Allows you to interpolate property values for this object from
Fy23KSN) 2ot@esSOGQa LINE LISNJ

1 Distance to Objeds) This will compute the distance of elements of this object to
elements of anotherThe objects are resolved into points (generally using vertices) and
you can select from the min/max/mean distance vallibis function operatesmo
object elements only (faces, vertices etc) it does not compute object intersections.

When you are done, hibKand your property or the changes you have made to it will be saved
and applied to the object.

A few of the ways to define a property desevenore in depth treatment. They are detailed
below.
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Grid Property from Data File [&J

File type: [rwalid [mizzing)
I Colurnn data v] -9933

|nterpolate property

. ] |nterpalation type:
@ Mo interpolation
kean [average]

' From 20 [w.y] data
Meareszt Points

) From 30 [#p.2] data 0
) From 1D (2 data bl amirnuim B adivg:
100
Large File Mode All pointz within cell
[ ] ] l Cancel I
LT &2dz FNB RRAY3 | ySg LINPLISNI& FTNRBY |y SEGSNYL

file on your computer using theroperty Data Filalialog. Specify whether the type is a generic
Property Data File (*.*) or a SEGY Seismic file (*.segy) Qplecko get the import dialog

specific to the object type. For instance, when loading a grid cell propert@titeProperty

from Data Filedialog will appear. Here you specify again the file type. Various options are
available for the different file types:

1 Column Data: this is a generic file type where you need to specify which columns
contain the property value and, if interpolating, what whiblumns contain the point
coordinates. Simple poiftb-point interpolation is available from 2D, 3D or 1D data sets
where the interpolation type can be by Mean, Median, Min, Max, Sum or Count using
Nearest Pointspoints within aMaximum Radiusor All Ponts within cell. Checking the
Large File Modevill maximize the interpolation performance for large file sizes
(recommended for file sizes larger than 1GB).

1 Eclipse Keyword Property: the property file must match the grid exactly with the same
number of poperty values as grid cells. The only available option is to enter the (Invalid
missing) value. The property name will be taken from the first line of the data file. See
Appendix Aor details on the input file forrat.

1 SEGY Seismic Data: selecting this format will possibly load your seismic data without
any further input. Due to wide variations in industry interpretations of this standard, if
you are trying to import a SEGY file and this option does not work fgrtgothe more
versatile file import tooFile Format Assistaraccessible from the Fielmport menu. If
that fails, contact FracMan support and we will assist you.

(LY GOLDER 112



A number of functions have been added to #mguation processor. The
mean/min/max/stddev/sum/random/random inverse distance/rand inverse distance squared of

any property can be referenced. There are predefined functions for converting between dip and

pole as well as for computing dotandcrosstsd G & @ a ¢ NBYy Rkt f dzy 3Sé¢ Ay (i SNLI2
available.

I !

%@ Define Function | &2 |

Objects  BasicGrid_1

{.:-.

Functions v][ Boolean v][Genmetr'_.r v][ Random v][ Units v]

Available Properties

BritHeness_Goodway -
Britleness_Lame
Britteness_Mullin Subtract ()
Briteness_Rickman
Britheness_Strength . 3
Celly, Mutiply (7)
Celly

Cellz
Pore_Pressure
Sigmal
Sigmal_Plunge
Sigmal_Trend
Sigma2

Sigma3 i

Samos Trend -| et J| ok J[ concel |

I
=
o
—
o

LS

Divide (/)

m

Pow ()

Property values can be copied from one object to another, with interpolation options for
matching objects having different data resolution. Simple ptoApoint interpolation is

available from 2D, 3D or 1D data sets where the interpolation type can be by Mean, Median,
Min, Max, Sum, Count, Random, Random (Inv Dist), or Random (Inv Dist Styeasasj

Points, points within aMaximum Radiusr All Points within cell
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[ - § = = —— i
%@ Copy Property From Object lé]
() Filter New || Ed (@ Standard Properties
> Cb [@ ] () Orientation Tr/Pl
(@) Objects Grids -
[Tlcel
@ Selected [@F] [Flcely
= Cerids [Ccelz
|:| Coarse Grid ?orua_Fne
.[J]Fine Grid [[]Temp_Fine
[Fvertx
[Cverty
[[vertz
Options
. Interpolation Mearest Points
@
> From 3D Geya) S22 0
() From 2D (x,y) data
) From 1D (2) data [T Interpolate in 13K Maximum Radius
a
All points within cell
y

Random:Select a random point.
Random (Inv DistBelect a random point weighted by distance.
Random (Inv Dist Sgelect a random point weighted by distance squared.

Interpolate in 1JKIf you are copying properties to a Grid object from another Object contained

in that Grid, then you can check the interpolate in IJK to use the grid coordinates instead of the

XYZ coordinated during the interpolation. For example, you may have a grid based on inclined

bedding surfaces and a well contained within that grid that yee to calculate P10 values for

each formation. You may want to assign P10 values to planes in the grid corresponding to the

well/K-layer grid intersection depths.

Delete Property ; A o o o ) |
LT é€2dz g6AaK 02 NBY2US | LINRLISNU € ZDdlegt SOU AU AYy [
Property® LF¥ @2dz sA&K (2 OKIy3S I|EditPxpetiSINGE Q3 RSTFAYA
only wish to alter its name, howevdRenamePropertyopens a srall dialog asking you to

specify a new name for the selected property, nothing else.

Duplicate Property
Access the Duplicate Property functionality by rightking on the Property you wish to

duplicate. A new property will be createl DA y3 G KS &k yYS yIYS gAGK GKS &
to the end.
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Rename Property
Use this function to rename the property, it will not be done correctly if you try to do this using

Edit Property.

Set Invalid Value
Change Invalid Valuwill only allow you to mdify what value serves as a flag to FracMan that

the selected property has gone out of bounds and should be discouedlean property
types do not use an invalid value.

FRAC_COUMT invalid value

-9999

Ok { [ Cancel

Offset/Scale Property Values
Offset/Scale Valuesllows you to change the selected property at every location by the same

AAYLE S (NI YyaF2NXYIGA2Y D C2NJ AyaildlyOST &2dz YI & &°¢
down menu; or if you found an error in your original calculations, you might add some
2YLISyal i2NE Y2ZRAFTASNIAY (KS ahTFasSilivYé o02E®

Offset; O

Replace Property Values
The user has the option to replace any property value in most objects in FracMan. The Replace

Property Values dialog can be opened by rgitking on any property in the property wiow
02N) dzaAy3d (GKS NBALISOUGAGS odziti2zy Ay GKS LINRLISNIe@

The user has the option of not only replacing Invalid Values but Values matching any statement
GKS dzaSNJ aLISOAFTASEA dzaAy3d . 2R BO yFCIUyRIR2ya 6AGK
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%% Replace Property Values I&

Object  BasicGrid_1 2

Property | MewUserProperty - ]

Values to Replace

() Invalid Values

() value 0

i@ Values Matching eg (prop == &)
MewlUserProperty < 10 * =i

Replace With
() Invalid Flag -9999.000000

(7 Mearest Valid Value

(7 Nearest Value Matching

i@ Scalar Constant distribution {2} ]

L

Replace ] [ Close ]

(7 Computed Value

Values to Replace

1 Invalid Valuesg, the property will be scanned for invalid flagged values and replaced.

1 Valuec Look for an exact match (appropriate for Integer values).

1 Values Matching The entered Boolean function will be evaluated atle@lement and
non-zero values of the expression will be replaced.

Replace With

1 Invalid Flag; Replace with the Invalid Value.

1 Nearest Valid Value Flagged values will be replaced with the nearest-imosalid value
from the object.

1 Nearest Value Matching The entered function will be evaluated at each element and
flagged values will be replaced by the nearest value where the evaluated function is
non-zero.

1 Scalar; Flagged values will be replaced either by a constant or a random number as
specified by thescalar Distribution selected.

1 Computed Valug Flagged values will be replaced by the value of the entered

expression.

(LY GOLDER 117



Visualize
Show the object in the Model View with this property colored according to the Legend. This is

the same function as selectinge object, rightclicking, selecting Visualize and selecting this
property.

Define Orientation Properties

There may be times when you want to define vector properties (i.e. those having an
orientation). This could occur for instance with a variable stfieéd that you would like to
correlate with a grid property including some type of random angular dispersion. Or perhaps
you want to fit some microseismic data to a complex stress orientation model. This is an
alternative way of creating a new propertyymnd what is available using the Add or Edit
Property functionality. There is in fact not one new vector property created, but a set of scalar
properties which together define the vector property, two angular properties for trend/plunge
or three xyz diredbn cosine properties.

First create a new property using the Add Property icon which contains the vector property
magnitude. Then in the Properties window, select this new property and-cigtk to select the
Define Orientation Properties to create assign the angular properties needed to define the
orientation of the vector.

O GOLDER
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“#@ Define Orientation Properties

Qutput
@ Trend / Plunge

Trend

Plunge

(71 X¥Z (direction cosines) 2

Type [CE" Property

Distribution

Distribution | Fisher

Trend
Plunge

Concentration

[Local Coordinate Frame

Output

1 Select either Trend/Plunge or XYZ (direction cosines) to specify the output desired.

1 Enter new names or select existing property names for the resulting Trend/Plunge or
XYZ (direction cosines). The names should reflect a common origin, say StressTrend and
StressPlunge to remind you of their association.

9 Ifthis is a grid property, select the Type: Cell Property or Vertex Property.

Distribution

Select the type of orientatn distribution desired. The required parameters for the selected
distribution will appear as input fields below. You can use constants or functions (which can be
correlated to other parameters). See the Manual sectiorCointation for details about the

different distributions available.

Local Coordinate Frame
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Checking this box allows you to provide a local coordinate syatedefined by a grid, so that
vectors ae distributed relative to the grid orientations will thenbe generated relative to this

local reference frame.

Set Property Units

Property units can be assigned to a property in the Add or Edit Property dialogs, or directly using
the Project Units icon from the Properties bar. While udefined properties are niarequired to

have a unit associated with them, it is strongly recommended that one be assigned in order to
allow FracMan to make unit conversions when necessary, and warn you if you try to use an
inappropriate property for an input.

Warning If you wantto convert your property from one unit to another, do so using a function
call in the Edit Property dialog, not the Set Property Units interface. Setting the property unit
tells FacMan what the units are of the current values. Changing the units herstatiligger

any conversions to the current values.
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Obgect: Sethefinition_1
[ |y Fracture Propertes ] a
& Aperhure —
< wes =
B Compressbiicy !
- o - |
Fracturel
1° FrachaeY = Length k miehers
I~ Fracture? l Tieme " feet
"“'w oo " 1
newPropd .ﬁ Permeability
K Pemesbity | Compressability ¥
=k Plunge : Transmissity ¥
S Storatraty - o
S Strie o Starativity '
T Trardrmssnaty — Aperture v
. Trend £ Angle r
Depth b
Density b
Vizcosity ¥
FlowPRate b
Parosity v
Pressure "
Ares b
Valurme v
Mass ¥
d Hezd ]
Froperty: newProp
Min: 1, Max: me: 1, Size: 20 Ternperature [
precision . ;
el thrynie il Mtk Tracemishit
Coretant detristion (1) MatrinStorativity »
{Fracture Property) Custom \
Acceleration v
I attribates ' Proparties || Motes UniaStrength '
1 Force K
Stitfness b
Velocity |
PO ]
paz [
Starsge [
i L . P ¥
2 | e i
Pl b

Set Property Time

Property Time is used for visualizations using the VieNimeline menu option. These
visualizations can be used to create an animation of a series of properties on an object (like wel
test results) or for visualizing a single property where the values represent time (like hydraulic
fracturing). Generally the Time property is automatically generated within FracMan.

i Set Time u

MewlserProperty

ﬂ S2C

| ok || cancl
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Set Property Notes L ) o
Click on this icon to access the selected pro@edy 5 SAONA LW AZY FASEROD

field can also be modified from the Define Properties dialog using Edit Property.

Property Groups

Properties can be organized into groups using$e¢ Property Groupslialog. Rightlick on the
property andselect Property Groups Add Property Group to add the selected property to a
new group.

%@ Set Property Groups [ﬂj
Type [CEII v] 2
Active -
Cellx =
Celly
Cellz

E

nu
Sig_1_Plunge
Sig_1_Trend
Sig_2
Sig_2_Plunge
Sig_2_Trend

Group
)

[Stress

m

[ Ok J[ Cancel ]

-_—

The new group will have a default name which can be modified using the Rename Property
function. To add another property to this group, just drag it to the nesugrin the Properties
window.
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% Set Property Groups x

Type [CE" v] 2J

Active -
Cellx
Celly
CellZ
E

nu

Sig_1 " )
Sig_1_Plunge | ——— Rename Iﬁ
Sig_1_Trend B
—{| [sig_2 =
Sig_2_Plunge
Sig_2_Trend

Group
]

[Stress

m

Attributes
Some objects when selected will display their properties in the Attributes Bar. The values

displayed are the mean of the selected object(s) properties. Changing the values in the
attributes bar sets thealues of all selected objects or object elements to the entered value.
Properties drawn with a gray background cannot be edited.

Attributes x
= Properties [mean) -

Aperture 1e-008
Permeability 1000
Compreszibility 1e-006
Size 9 30577
Trend 222695
Plunge ¥6.8485 )
Area 449 485 3
Strike 148347

Export Property Values

All object properties can be exported to an ascii file. Right click on one or more objects and

seledii G9ELRNIE¢ F2f{t26SR 0& (KS LINRPLISNI& &2dz 6!l yi
Gl tdz8a 08 aSESOUAYI GhBHEeBIANI NRYBNIEPS2€EKFARYS OKEK
export multiple properties into a single tab delimited file.
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% Export Properties @

Objects  Object: Permian A1 A3 AS

=

Type [CE” Properties -

Available Columns Cutput
= BO0D
Cellz

Distance from Base
Thickness

I >

[ aK ] [ Cancel

Several formatare supported depending on the object type:
9 Generic Property, Property values are listed in a single column.
1 Cell Indexed (Regular Grids OngyProperty values are listed along with the cell index
(1, J, K).
9 Cell Centered (Grids OnlgProperty valuesre listed along with the X, Y, Z values of
the cell center.
Histogram
Property values can be displayed as a histogram. See the skictionranfor details on how
to use histogram charts
Timeline
The Timeline panel is uséadl display an animation of a series of properties on an object (like
well test results) or for visualizing a single property where the values represent time (like
hydraulic fracturing).

To define a new Timeline, make sure that the Timeline panel is antthe View menu.Resize
your FracMan panels if necessary to ensure that the Timeline panel is large enough to show the
checkbox forAuto save framest the bottom and thd_.oopcheckbox at the far right.

H AcCaaemic; L'emo version Sequence

7% Objects " [z Definitions 7 Attributes /. ] Properties | - | Notes

Time o x

[Timelne_Test = it | [1vew] [ LI W
[7] Auto save frames  C:\temp\Tmeline_Test E

Ready PCA |CAP |NUM |SCRL
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From theObjectspanel, select one or more objects to display in the timeline sequence. It can be
helpful toHideany objects that are not of interest in the timeline.

Creating a New Timeline Definition
SelectNew from the Timelingoanel to display the Timeline Definition dialog.

il .y
Timeline Definition ﬁ
Objects | Properties |
T =Ml Timeline Test 2
Description
&l
) Filter New || Edit
@) Chjects [@ Fracture Sets v]
@ Selected Al
--[#]16H_StagedHFracset_7 -
-[]15H_StagedHFracset_7 M

-[]16H_StageSHFracset_g =
-["]15H_StageSHFracset_g
-[]16H_StageeHFracset_g
-["]15H_StageeHFracset_g
-[]16H_Stage 7HFracset_5 Al

Al

[ Close H Select ]

L

The objects that were selected in the Objects panel should besg@ected on theéDbjectstab. If
not, you can also choose them here by using the Object checkboxes or Filter. The search field at
the bottom of the tab can be used to find your object if there are a large number.

On thePropertiestab, usually you will just want to check one pesty to visualize through

time, either a Time Display Property or a Color Display Property. If you select more than one,
they will be cycled through one at a time. For example, to show the changes to an induced
fracture during hydrofracturing, select tfiéme Display Propert@w { S1j dzZSy OS Q ®
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' N
Timeline Definition ﬁ
Objects | Properties

Time Display Property [] color Display Property Series
[TMormalStressMagnitude [C|Permeability b

[C]inflated [F] Compressibility
[inflated_Time [F]Transmissivity
[inflated_wel_Stage ol

[[inflated_Pump_Stage

m

[T]FracFluid T g
[T]FracFluid_HasProppant [ElFractur

[CArea

[FlEquivR.adius

[F]Trend

D:' Lunge

[[]5trike -

| |

[] save Frames R

[ Cancel ] [ Apply ]

L

If you want to save a picture of each time step, chBake Frameand choose a directory and
enter a new filename prefix in thigile namefield for the exported pictures using tHexport
Frames Talialog opened by cligdky 3 2X0 OK& (P Yy ®

Click omApplyto save your definition an&electto get it ready to display. Click @loseto close
the dialog.

Playing a Property Timeline

Once you have a timeline defined, select it from the ddmovn menu on the Timeline panel
Double check that your object is visible and correctly oriented in the Visualization panel. Use the
Play Animation Stop Animation Rewindand Endicons at the top right corner of the Timeline
panel to control the Visualization. If you want the animationmestart from the beginning once

it has reached the end, check theopcheckbox. If you want to grab a picture of one of the
timeline steps, click on the Snapshot button while the time step of interest is showing (you can
click onStop Animationto make sure you get the view you want). The picture will be saved in
the directory specified in the definition with a flename created from the entdfide name The
directory and file name prefix may alternatively be specified directly in the Timeline atia i
field next toAuto save framesCheckinghuto save framewill save a picture of each time step

in the Visualization into the directory specified with a file name created using the enféieed
name.This is the same field as the one belSave Framgin the Timeline Definitiondialog.

S GOLDER
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Regions
Regions in FracMan are usually convex polyhedron and are used to define where fractures

should be generated and also provide borders where surfaces and fractures should be clipped.

They define volumes for calating B fracture intensities and £2porosities. They can be used
to define the visible areas of a project and can be transformed into surfaces.

Regions can be created using tinsertmenu optionskegion ObjeiBox RegioyCylinder
Region Prism RegiofSlab RegioandHorseshoe TunneSee those Maual sections for details
on region creation. Once created, regions can be modified by selecting them@bthets
window and then adjusting values in tid¢tributes panel. Individual vertices can be relocated
by selecting them in th¥isualizationwindow using tools such asrea Selecand Translate
Objects Care should be taken with this latter approach as customizedregular polyhedron
may not give the desired results.

Operations available to regions may be accessed by-cigiking on a regionlgect. The

following menu options appear:

Zoom to Selectionsame agoom Extents Selectdn the Toolbar.

Clip Fractures

Interseding Fractures

Move to Object(s) Bounding Box

Convert Region to Surface

Convert Region to Panels

Set FracWorld Regiorets theFrac Worldregion to the selectedagionobject. Use the

Tools->Select Frac World Regiaialog to undo the change.

1 Set Visibility Regioronly appears as an option if it will cause the visibility region to
change.

1 Export

=A =4 =4 4 -4 -4 4

Move to Object(s) Bounding Box

Convert Region to Panels
This function creates ne®urfaceobjects for each of the polygons comprising tRegionobject

polyhedron. The origindegionobject is retained.

Export Region

Surfaces
Surfaces are used FracMarto help define model regions and to create nplanar fractures.

While box and prism regions work well for local models, most reservoirs cannot be modeled
adequately using simple geometrieBracManprovides three ways to ussurfaces to define a
fracture generation region:
1 Generate fractures between two surfaces (sgeating a Fracture Set using the
Geometric Modél
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1 Create a geologic region from surfaces and create fractures within this resgien
Geologically Conditioned Fracture Models
91 Create fractures in a geometric or geocellular region and use surfaces to clip fracture
networks (see-racture Set Clippirg
SeeAppendix A FracMan Supported File Fornfersa complete list of the file formats
supported for surfaces. FracMaloes not interpret all the information contained in any
particular file format; only the necessary geometric infation is read.

Surface Creation

Edit Surface Normals
Some surface when imported from other software will have irregularities in their surface

orientation which can cause problems in analysis. You can correct these issues by reversing the
normals of indivdual faces so that all faces have a uniform normal direction

Bad normalgan cause problems wittlipping, ékcimation, fracture generatiobetween
surfacesandrock wedgeanalysis, among other things. Thus it is important that your surface
normalsmatch up.

Normal vectors appear as rods sticking out perpendicular to a face, in a region, or a triangle
GSNISEZ 2y | &dzNFI OSo CKS y2NXIf LRAYyGEA aGAyd?2
surface, triangles whose normals point away from tiever are shown in brown; triangles

whose normals point towards the viewer are shown in blue. In order to flip a normal, you must

first select the face/triangle whose normal you wish to change. You can select a single

face/triangle by clicking that fada the image. Highlighted surface triangles appear yellow;

selected region surfaces will appear another shade of the region color.
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Edit Surface  Select Surface  Yiew

You may highlight multiple faces/triangles at once by holding the ctrl key while clicking, or by
selectingView > SeleRectanglesF N2 Y (GKS gAYyR26Qa FA{S YSydz yR RN

the triangles you wish to highlight.
-1

Edit Surface  Select Surface  Wisw
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Once you have selected all the faces/triangles whose normals you wish to change, click Edit

Surface > Reverse Selected Faces.
_laix]

Edit Surface  Select Surface  View

You can als#iip a surface or invert a tunnel by selecting Edit Surface > Reverse All Normals.
o x|

Edi Surface  Select Surface  View

When you have set up the normal vectors to your satisfaction, seléittSurface > Save

Changes and Returrf you do not wish to save your normal changes, sédatSurface >

Revert Changeand selecNowhen FracMan asks you if you wish to save changes (closes

dialog).

Appl){ Texture Map A o A o A 5 ‘
2AUK CNXOalyQa yS¢ USEUdZNB YI LI ¥SIudzZNB e2dz OFy F
applications. These consist of specibliyit surfaces that have U and V coordinates as vertex

LINR LISNII A S& o {AYLX & f2FR (GKS &ada2NFI OS> GKSy &St S
containing the texture and specify the U and V property names.
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Define Surface Texture

Texture File:
C:\sersinjosephson\Documents\CrazyHorse

Texture LI: |U

Texture V: |‘!'

[ FracMan 730 Beta (2010.04.21) - Frachian] C=1o" ]

File Edit View Fracture Insert DataAnalysis StaticAnalysis Dynamic Analysis Tools Window Help

D X|[$hEE TOL % % Ll OELE 80
Object Control 3 X % FracMant x v log 7 x
571 @ Scene Tran = 0.000000000000000, 200.00000000000003 P8

=-[¥IE3 Surfaces
E

31065690, -100.000000000(
= 200.000000131065690, 0.0000000000000(|
Tran = 0.000000000000000, 200.00000000000003

TRACEPLANE
Name = "Traceplar
Origin = -100.0000! 31065690, -100.000000000(
Scan 90, 0.0000000000000(|

200.000000 3
Tran = 0.000000000000000, 200.00000000000003|

WellIntersectingFractures
WellInterval Well = "well_1

ComputePerInterval = 0

SetBackgroundColor

Color1 = 0, 0, 0

Color2 = 0, 0, 0
ImportFile

Path =

Definitions q x - TypeName = "FRED

ImportFile
Path = "C:\Use

TypeName = "GOCAD

SetSurfaceTexture
Object = "p
Texture =
Property.
Property_V = "V

DeleteObjects

ImportFile
Path =

TypeName = 'G

SetSurfaceTexture 3
Object = 3
Texture Documents\Craz
Property.

Property_V = "V

Ready

Decimate Surfaces
In many cases swtes are too large to be useful for significant calculations. Decimating the

surface will reduce the number of points in the surface while retaining the basic shape and
features, making it small enough to be used for calculations. This function simalsiaface

by dividing into triangles. You must first select the surface you wish to decimate.

Surfaces with extreme irregularities may not decimate well. It is important to carefully examine
the output of surface decimation in order to verify thatétains necessary features.
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First select the surface you wish to decimate. You may eitherclgtt on the surface object
YIEYS Ay (KS hoaS0Oia é6AYyR26 | YyR KAG a5SOAYIFGS { da
the Edit tab on the file menu. You msglect more than one surface to decimate at a time.
Adialoghbox will open, giving you a set of options by which to define the decimation. The

options are:
91 Projection Plane:Specifies which directional plane FracMan uses for decimabiori,
Y-Z, orX-Z.

1 Surface SizeDisplays the X, Y, and Z dimensions of a hypothetical bounding box
enclosing the surface.

1 Number of Points:Allows the user to specify how many points to use for decimation in
the given directions. The available directions are deiaed by which projection plane
has been selected.

1 Interval Size:Allows the user to specify what spacing between points the program uses
for decimation in the given directions. Again, the available directions are determined by
which projection plane theser selects.
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Surface Decimation

Surface:
Frojection Plane: b v e
b b z
Surface Size:
@ Murmber of Points: 11 10 10
Interval Size: 110 10 10
surface Boundany:
Use PLY file to define boundary:
Use 20D Hull far outline
aelect Faoint: |First
S Use Four Corners (simplifies complex boundaries)
Fetain Criginal Surface Ohject
Keep Open [ Ay Close

9 Surface BoundaryYou can specify a EarthVision format (PLY) file which defines the
outline of the surface. Decimation of complex surfaces can be dramatically improved by
providing a PLY file. If a file is not specified, FracManasilpate the surface outline

itself.

1 Use PLY file to define boundar PLY file is an ASCII formatted text file that defines the
vertices of a surface boundary. An example PLY file for a simple surface outline looks

like:
POLYGON
0 0
6000 0
6000 4000
0 4000
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1 Use Four CornerSelecting this option instructs the decimation routine to pick four
points within the boundary (either computed or from the PLY file) to define the new
surface, rather than using the entire surface outline.

1 Retain Original Surfac®bject:If you do not select this, the decimated surface will
overwrite the original surface, replacing it, and the surface from which the decimation
was extrapolated will be deleted.

f Closed Surfaces:f 28 SR adzNFI 0Sa R2y Qi Kdusi$he 2 dzi SNJ SR3IS:
ddzNF I OS RSOAYIGA2yd [/ KSOQlAYy3I (GKS da! asS w5 | dz
convex hull of the object (projected in the selected direction) to enable surface
RSOAYIGA2Yy 2F (GKSasS 202S00ad ¢KSfirst { St SOG t 24
point, minimum distance, maximum distance or mean distance in resolving multiple
decimation intersections.

2

‘J/xm § SX©

Weld Fracture Faces
The Weld Fracture Faces operation can be used to clean up tessellated fractures or surfaces by

combining nearly cdanar faces into singular elements. This reduces the number of elements
necessary to specify the object irsBace (which in turn increases performance and redtices
memory footprint) while still maintaining geometrical accuracy. In other words,glaEit like
reverse decimation.
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Fracture Welding Parameters @

Glue Tesselated Fracture

Coplanar Threshold Values
Angle 2 [deq] =
Panel Height 0.01 m] =

Colinear Threshold Value

Angle 7] m] =

| ok || Cancel |

L

Coplanar Threshold Valuege used to combine adjacent faces. Adjacent faces having angular
differences less than the specifiéehgleandshifted center distances which are less than the
Panel Heightvill be combined.

Colnear Threshold Valués used to remove nodes between adjacent edges having similar
orientations. Edges sharing a node having a difference in trend less than the sp&nijieavill

be combined and their adjacent faces will be combined.

Clip Surface
Ahandy feature not found in earlier versions of FracMan, surfaces can now be clipped to

surfaces directly, rather than having to convert them to fractures first.
To clip a surface (or surfaces) selgdit > Surface > Clip Surfdicam the menu bar.
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‘% Clip Surface |

Clipping Surface:

[top_F‘ermian - ]

Retain Criginal Surface
Retain Positive Side
Retain Megative Side

Clip Surface(s):

Clip ] [ Close

L

Seled GKS &dz2NFIFOS (KI{G 82dz gAaK G2 OfALI G2 FNRY (i
¢tKSy OKSOl Ittt GKS adzaNFIl OSa &2dz gAakK (2 Of ALI FNI
GwSGFAY hNRARIAYIFE {dzNFIF OS¢ 3 e@Nde dadel slongviiththe { SSLI { K¢
NEBadzZ Ga 2F GKS Of ALIWMAY3IOD GwSGFAYy t2aA0AD0S { ARS¢
of the clipped surface you clip away and which half remains in the model. If both are checked

the surface will be split into twbalves. When you are ready to clip your surfaceQiit The

new surfaces will appear in the Objects window, with the same name as the original surface plus

GKS adzZFFAE aulLl2aé 2N apyS3¢ésx RSLISYRAYy3a 2y 6KAOK
Convert To Fracture

You can convert a surface object to a fracture. The object can be added to an existing fracture

set or created as a hew deterministic fracture set by leaving the-&@g%y o02E W!I RR (2 {§
blank. Triangle/face properties of the sureabecome face properties of the fracture.

If the reserved fracture properties of Permeability, Compressibility, Aperture (PCA) or
Transmissivity, Storativity and Aperture (TSA) were defined as vertex properties of the surface,
theywill be translated to face propertief the fracture. While the reserved properties PCA/TSA
can be edited to have constant values, these will only be used in the new Fracture object if these
property values are not already defined on the Surface object.
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r© -
Convert Surface to Fracture @

Add To Set T
() Filter New JLEt
@ Objects [-- Surfaces i

(7 Selected © Al

El--|:_|5urfaces
i....|:|t.;.p_|:'ermian
%

Fracture Fropeties

Aperure Constant distribution (0.0071) o
Fermeakility Constant distribution (1000}
Compressibility Constant distribution (0.007)

[ Persistence

[|kKeep Open Caonwvert l | Close

L

Compute Coordinate Fr ame
This will create a set of coordinate reference frame properties from surface face or grid cell

orientations. It was designed to simplify the use of coordinate reference frames by allowing you
to quickly compute the necessary properties based onrtbienal vectors of a controlling

surface. You can then interpolate these property values to a grid in order to have the necessary
coordinate reference frame. A simple smoothing factor is also included which averages the
normals of neighboring trianglescélls.

Thisalgorithm is designed along standard structural geology conventions and assumes a right
handed coordinate system. The algorithm will not return the correct results for a completely
horizontal surface or fracture, because in this case the fveled and/or fracture strike are not
uniquely defined. The algorithm can be used to initialize the correct properties on the fracture
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or surface, but the end user is expected to manually input correct values for the coordinate
reference frame based on theneeds.

Compute Surface Curvature

This will compute the curvature of the surface. Gaussian and mean curvature is calculated as
well as the K1 and K2 principal curvature vectors.

Simplify Surface

Convertto Quad this will replacethe selectedsurface(swith a planarrectangle.

Merge Nodes this will mergeverticesthat are closerthan the indicateddistance removingtiny
or degeneratetrianglesandimprovingconnectivity.

Apply Smoothing this will adjustverticesto smoothout sharppointsin the surface.

Convertto manifold: this will adjustthe triangulationsothat no triangleedgesintersecta
vertex.L (a@abdideato run Delete UnreferencedVertsafter this function.

RemoveTiny Triangle this will removesmalltrianglesand adjustthe meshto eliminate holes.
DeleteUnreferencedVerts. Somefile formatsallow unusedverticesg selectingthis option will
eliminatethem from the object.

ReduceTriangleCount Thiswill simplifythe surfaceby reducingthe numberof trianglesin the
surface.
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P

& Simplify Surfaces [==]

) Filter New || Edit

@) Ohjects [,..... Surfaces v]
@ Selected i Al

Method

i@ Convert to Quad

(") Merge Modes 0.01

(71 Apply Smoathing 1

() Convert to manifold

() Remaove Tiny Triangle 0.1
" Delete Unreferenced Verts

() Reduce Triangle Count

Keep Original Apply ] [ Close

Merge Surfaces
In some cases multiple surfaces will in fact make up a single surface @bgett the surfaces

you want to merge together and a new object will be created that is the union of both originals.

Trim Surface Outline
Trimstrianglesfrom a surfacethat are outsideof atracelinedefinedin afile or storedasa

tracemap.
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¥ Trim Surface to Outhne I&

Surface to Trim | top_Permian v] iﬁJ

Outline

(7 Outline From File

i@ Outline From Object [ -

Projection Axes

Retain Original
o [ %z |[ vz | [¥] Trim Qutzide
[ Trim ] [ Close
Extract Surface From Selection
TrignguAIatve ,Sele'ctionA o ’ o o 3 ) A ‘
{StSOU UKS OSNUAOSa 2F | adzNFIF OS INRdzyR- UKS K2f ¢

>Surface menu. Allowsser to fill holes in a surface.

//
//

/]

%

2%
/

N
N
SN
AN
RN
>

Convert Region To Surface

There is some functionality in FracMan that is only available to operate on surface objects. The
Convert Region To Surfaéenction creates a new singfeurfaceobject out of the outer surface

of the region polyhedron. The origindegionobject is retained and a new surface object is

added to theSurfacedolder in the Objects window.

Convert Fracture To Surface

There is some functionality in FracMan that isyoeailable to operate on surface objects. It is
sometimes desirable to run this functionality on fractures as well. A simple way to achieve this is
to convert the fracture to a surface using thelit-> Surface> Convert Fracture To Surface
function. Setct the fracture in the Objects window and then run the operation using the top
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Editmenu. All the fracture properties are maintained as surface properties. The inverse
functionality is Edit> Surface> Convert Td-racture

Split Object By Property Values
Surfaces, point data and well logs objects can be split into subsets by property if the property is

stored as a string or integer. For example, if you have a surface that has a face property

GhNARSY G O FFBNBHFNG R yii SRS NI Bplit GtgScis ByRioperty \ralyieR ¢ H £ 0 =
will create two surface subsets, each set containing only those surface faces having the same
Orientation value. Th&plit Objects By Propertglialog is reached from the Edit Sufaces

menu.

% Split Objects By Property ﬁ
() Filter Mew || Edit
@ Objects [,... Surfaces "]

@ Selected () Al
=-[|Surfaces

&

Property

Orientation - ]

oK ][ Cancel ]

Grids

Some fracture generation models use irregular grids to control fracture generation. These grids
are either created insidéracMan(fold model) or imported (fault and stress field models).
Together with predefined and uselefined relationship functions, the grid cell properties
determine the resulting fracture properties such as orientation, intensity, size, etc.

Stratigraphic ad lithological information is routinely stored in geocellular modéisacMancan

generate discrete fracture models based on attributes in grids exported from a geocellular
modeling package. Fracture parameters, such as fracture orientations, intesiaiyand fluid

flow properties can be conditioned based upon the parameter values in each grid cell.

The reverse procedure allows you to sample fracture system properties and to return the results
as grid valuesThe program will determine the locati@f each element and assign the element
a value based on the underlying fracture netwoRkoperties that can be sampled this way may
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include fracture density, fracture system porosity, connected fracture volume. The results can
then be read back into thgeo-cellular modeling package for further analysis.

Discrete fracture models can be used to calculate equivalent continuum parameters (equivalent

porosity, equivalent directional permeabilities, and mafriacture interaction factor). For
example FracMancan be used to import an ECLIP®Eervoir simulator grid and calculate the
respective continuum parameters for each grid cell.

SeeAppendix A FracMan Supported File Fornfersa complete list of the file fonats

supported for grid objects.
Grid Creation

You can create a simple grid from the Insert menu.

”
Create Simple Grid

Trend
Scan {I) 90

Transverse (1) O

Height ()} @
Scan (1)
MNumber: 5

["1Insert Another

Name | EEET=cHTNR] .:J
Define Position:
Copy from: [ v]
X Y z
QOrigin -100 -100 100

@) Trend/Plunge/Lenath

Ciuffz
Flunge Length
o 200
o 200
a0 200

Transverse (1)  Height (K)
5 5

[ Insert ” Close ]

You can also create a grid defined by two

surfaces using in€&eit from SurfacesVhen

defining a grid from one or more surface objects you can defieegtid based on the surface
normal, a specified direction or a second surface.

The user can also specify the shape of the grid cells as Hexahedron or Triangular Prism
The Grid Cell size can be determined from cell number, cell dimensions, or by ussugftoe
Y2NX¥I fao LG Aa AYLRNIIYyd G2 y24S GKI G

cells/cell size.
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You can define uniform z layers, specify their thickness based on a fraction of the total width,
specify their relative thicknesses basen a random distribution or by selecting the layer
surfaces directly.

Compute
A number of grid calculations are available including:

1 GridComputeCellHeight

1 GridComputeCellVolume

1 GridComputeCelllJsize

1 GridComputeXYArea

1 ConvertTensorto PrincipaNVector

Thesecanbe accesseeither from the Analysidunctionalityavailableafter right-clickingon the
grid object,from the Edit-> Grid-> Computemenuoption, or from the StaticAnalysis> Grid
menuoption.
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