ARC HYDRO GROUNDWATER TUTORIALS

Subsurface Analyst — Adding borehole log plots to
Cross sections

Arc Hydro Groundwater (AHGW) is a geodatabase design for representing groundwater
datasets within ArcGIS. The data model helps to archive, display, and analyze
multidimensional groundwater data, and includes several components to represent
different types of datasets, including representations of aquifers and wells/boreholes, 3D
hydrogeologic models, temporal information, and data from simulation models. The Arc
Hydro Groundwater Tools help to import, edit, and manage groundwater data stored in
an AHGW geodatabase. Subsurface Analyst is a subset of the AHGW Tools that is used
to manage 2D and 3D hydrogeologic data, and create subsurface models including
generation of borehole representations, cross sections, surfaces, and volumes.

In this tutorial we will learn how to create plots of borehole logs (e.g. geophysical data)
data and add them to a 2D cross section map.

1.1 Background

Data used in this tutorial were made-up for demonstration in this tutorial. The
geophysical logs do not reflect real datasets. The background cross section data are
described in a separate tutorial: Creating 2D Cross Sections. Figure 1 shows the
background cross section and layout map to which geophysical logs will be added. The
green dots on the map represent wells that have related geophysical logs.

Page 1 of 18 © Aquaveo



Arc Hydro GW Tutorials Adding log plots to cross sections

40000 80000 120000
1 1 1 1 1 1 1 1 i . :
il | i
0 R =t ettt SN ]
| | e ; | I I
I ( ' | !
| I |
) _ I i i
- | | | !
-2000 : e
|
o | i
i | i
|
< J : ’ ! I T T T T - T T -
40000 80000 120000
Figure 1 Background map and cross section to which borehole logs will be added.
1.2 Outline

The objective of this tutorial is to introduce the basic workflow and tools for adding
borehole log plots to a cross section. The tutorial includes the following steps:

1. Understand the data structures used to store borehole logs.

2. Use the Create Geophysical Plot Wizard to add geophysical data onto an
existing cross section.

3. Visualize and symbolize the plots in ArcMap.
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1.3 Required Modules/Interfaces

You will need the following components enabled in order to complete this tutorial:

e Arc View license (or ArcEditor\Arcinfo)

e Arc Hydro Groundwater Tools

e AHGW Tutorial Files
The AHGW Tools require that you have a compatible ArcGIS service pack installed.
You may wish to check the AHGW Tools documentation to find the appropriate service

pack for your version of the tools. The tutorial files should be downloaded to your
computer and saved on a local drive.

2 Getting Started

Before opening the tutorial map, let’s ensure that the AHGW Tools are correctly
configured.

1. If necessary, launch ArcMap.

2. If necessary, open the ArcToolbox window by clicking on the ArcToolbox icon

>

3. Make sure the Arc Hydro Groundwater Toolbox is loaded. If it is not, add the
toolbox by right-clicking anywhere in the ArcToolbox window and selecting the
Add Toolbox... command. Browse to the top level of the Catalog and then
browse down to the Toolboxes|System Toolboxes directory. Select the toolbox
and select the Open button.

4. Expand the Arc Hydro Groundwater Tools item and then expand the Subsurface
Analyst toolset to expose the tools we will be using in this tutorial.

We will also be using the Arc Hydro Groundwater Toolbar. The toolbar contains
additional user interface components not available in the toolbox. If the toolbar is not
visible, do the following:

5. Right-click on any visible toolbar and select the Arc Hydro Groundwater
Toolbar item.

When using geoprocessing tools you can set the tools to overwrite outputs by default,
and automatically add results to the map/scene. To set these options:

6. Select the Geoprocessing | Options... command.
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7. Activate the option: “Overwrite the outputs of geoprocessing operations” as
shown in Figure 2.

8. Enable the option to “Add results of geoprocessing operations to the display” as
shown in Figure 2.

9. Select OK to exit the setup.

Geoprocessing Options

General

[w]i2verwrite the outputs of geoprocessing operations!

Lo genprocessing operations to a log File

Background Processing

[ ]Enable
Matificakion j

Appear For how long (seconds)

Script Tool Editor/Debugger

Editor: B
Debugger: B

ModelBuilder

When connecting elements, display walid parameters when more than one is
available,

Resulks Managenment
Keep results vounger than: 2 Weeks L

Display [ Tempaorary Daka

add results of geoprocessing operations ko the display
[ ]Rresults are temporary by default

(0] 4 l [ Cancel

Figure 2 Setting Geoprocessing tools to overwrite outputs by default, and to add
results of geoproceesing tools to the display.
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3 Opening the Map
We will begin by opening a map containing some background data for the project.

1. Select the File] Open command and browse to the location on your local drive
where you have saved the AHGW tutorials. Browse to the xs2d_logplot folder
and open the file entitled Roseville_logplot.mxd.

Once the file has loaded you will see a map of the model boundary with well features
located within the model domain. You will also see a cross section in a separate data
frame. The process of creating cross sections is described in detail in a separate tutorial:
Creating 2D Cross Sections.

4 Data structure for storing borehole logs

Borehole information is stored in a Log table. Each row in the table represents a log
value observed along the borehole. Data in the Log table are referenced to Well features.
The WellID attribute in the Log table relates to the HydrolD of a Well feature. Figure 3
shows an example of a Log table. Records in the table are indexed with a WellID to
relate the vertical information with specific Wells. In addition, a Depth value defines the
length along the borehole, and the FType defines the type of log data. The WellID,
Depth, LogValue, and FType are recommended field names but can be modified.

To accommodate storing multiple logs of different types, we suggest three common
approaches:

1. A separate table is created for each type of log.

2. All logs are stored in the same table and are differentiated by a different FType
value.

3. Logs are stored in a single table but with a separate LogValue field for each log
type. This option requires that all logs are sampled at the same depths along the
well.
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=
ERERLTEEE
OBJECTID | WellID Depth Lng\falue FType | =
1663 E534 0.253585 3.166|Log
1664 E534| 10.507159 1.093|Log1
1665 E634| 15760754 1.386|Log1
1666 E634|  21.014338 0.68|Log1
1667 BG34| 25267923 0575 |Logl
1668 EG34| 31.521508 0.293|Log
1669 EG34|  35.775092 0.238|Log
1670 EE34| 42028677 0.911|Log1
1671 EG34| 47282262 1.575 |Log1
1672 EG34| 52.535846 1.213|Log1 ;|
T o r H E {0 out of 1662 Selected)
LogData
Figure 3 Log table containing geophysical logs along boreholes.

5 Adding Log Plots to a cross section

To create the log plots we use the Create Geophysical Plot Wizard:

1. Make sure that the Layers data frame is active (this data frame must be active
when creating plots because it contains the well features).

2. Select the four wells along section A-A’ highlighted in green as shown in Figure
4 (the wells may already be selected when you opened the map file).

Tip: You can use the Select By Attribute tool to select wells with the following
expression: HasLogData = 1.
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Figure 4 Map showing selected wells that have related log data.

3. Start the Create Geophysical Plot Wizard > available on the Arc Hydro
Groundwater Toolbar.

4. With the wizard enabled select section line A-A” (shown in red).
5. The Wizard should open in Step 1 which defines the cross section setup:

e  Make sure the wizard shows that 4 wells are selected.

e  Specify HydrolD as the Well unique ID field.

e  Select LandElev as the Well reference elevation field.

e  Select the LogData table as the Data table.

e  Specify the WellID, Depth, and LogValue fields as the input fields.

e Select FType as the Data type field. Then select Logl as the Data type
value.

e Enter Log 1 as the Data type name.

e  Make sure the Vertical exaggeration is set to 20.

e  Specify the XS2D_Catalog table for the XS2D Catalog Table input.
e  Make sure the GeoPlot feature datasets is the output workspace.

e  Select data frame Section A-A’ as the Output Data Frame.

At this point your inputs should be similar to the ones shown in Figure 5.
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Create Geophysical Plot Wizard &|

Create Geophysical Plot Wizard

Thiz wizard will help you create geophyzical data plots for the zelected zection line.

Step 1: Cross Section Setup

Sechan Ling Fropertes

Layer.  SectionLine Length: 171432 [Foot_US)
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Wiell: and Geophypsical Data Table
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Depth field: Depth w
Wil unigue |0 field:
FhunguE e HydrolD b Data value fighd: Loghalue ~
Well reference Data type figld: FType w
elevation field: LandEley .
Drata tppe walue: Laog] W
[rata bype name: Logl
Crozs Section Setup
Wertical exaggeration 20 #5320 Catalog Table: | %520_Catalog w
Default output wark space
D:hAquaveohzubsurface analyst=520_logplot'F ozeville_logplot. mdb'GeaPlot [:]
[ata Frame
Output Data Frame for Geophysical D ata: Section &-4' A
[ Mewxt » ] [ Cancel
Figure 5 Inputs for Step 1 in the Create Geophysical Plot Wizard

6. Select Next to continue to step 2 of the wizard.
In Step 2 of the wizard we define the plot and scale properties:
7. In Step 2 specify the following inputs:
e 10,000 for the Plot width.
e 1,000 for the Plot offset.
e 0 asthe Background vertical buffer.
e  For the Plot position select Right.
For the Scale Properties specify the following:
e Logl for the Scale label.

e 300 for the Scale vertical offset.
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e 8and 0 for the Maximum and Minimum scale values.
e 5and 1 for the Number of major and minor ticks.
e  Top for the Scale location.

At this point your inputs should be similar to the ones shown in Figure 6.

Create Geophysical Plot Wizard E|
Step 2. Scale
Flot Froperties Sample FPlot and Scale
Flat width [map units]: 10000 A
Plat offzet [map units]: 1000 .
I a 0 20
B ackground vertical 0 ¢ c
buffer [map urits]; - e
" |
Plot position: (7 Left ) Center (32 Right {i |
- "= |
B _,_r"'_f |
Scale Properties T |
L-__‘_\_\_\_ |
Scale label: Log 1 B
Scale 'v'l?.'l’tll:a| offzet =00 ]
[map units]: |
M axinnum zcale value: a Lzggeid
Line at left represents well and borehole lozation
Minirmurm scale value: 1] & = Plat width
Murmber of major ticks: 5 8= 7 el .
C = Background wvertical buffer
Mumber of minor ticks 0 Plat pogition iz ta the nght of the well
between major ticks:
. [ = Scale vertical offset
Soale location: (2 Top O Bottom Scale location iz to the top
[ < Back " MHest > ] [ Cancel
Figure 6 Inputs for Step 2 in the Create Geophysical Plot Wizard

8. Select Next to continue to Step 3
In Step 3 of the wizard we define the output feature classes:

9. Make sure the output feature classes are created in your target workspace (in this
case in the GeoPlot feature dataset).

10. Select the Overwrite exiting feature with same data type option.

At this point your inputs should be similar to the ones shown in Figure 7.
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Create Geophysical Plot Wizard g‘
Step 3: Output Feature Classes
Log Feature Claszes
DOutput log point feature class:
1A guaveotsubzuface analyst=<520_logplotA ozeville_logplot. mdbhGeoFlot<520_GEOPLOT_POIMT_EB475 [:]
Output log line feature class:
D:hquaveohsubsurface analyst =520 _logplot\Rozeville_logplat. mdbhGeoPlott =520 _GEOPLOT_LIME_B475 [:]
Output log polygon feature class:
gquaveotsubsurface analysty5 20 _logploty R oseville_logplat. mdbsGeoPloth=520_GEOPLOT_POLYGOM_E475 E]
Scale Feature Clazzes
QOutput scale bar feature class:
juaveohsubsuface analyst'=520_logplothR ozevile_logplot mdbhGeoPloth=520_GEOPLOT_SCALEBAR_E475 E]
Output scale majar ticks feature clazs:
iubsurface analysth<5 20_logplothRozeville_logplot mdbhGeoPlotv<5 20 _GEOPLOT_SCALEMAJDRTICK_E475 E]
Output scale minar ticks feature clazs:
wubszurface analysth<S20_logplotRosevile_logplot mdbhGeoPlot <520 _GEOPLOT_SCALEMINORTICK_E475 [:]
Output scale vertical ines feature clazs:
surface analpst3520_logplottRozevile_logplot. mdb\GeoPlot <520 _GEOPLOT_SCALEVERTICALLINE_B475 [:]
Output gcale background polygon feature class:
surface analpst 3520 logplotiRozevile_logplot.mdbh\GeoPlot <520 _GEOPLOT_SCALEBACKGROUMD_E475 [:]
tiscelaneous Options
Append new feature or ovenwrite; ) Append (50 Ovenwite existing feature with same data type
[ < Back " Fimizh ] [ Cahcel

Figure 7 Inputs for Step 3 in the Create Geophysical Plot Wizard
11. Select Finish to run the wizard.
Upon completion a new set of feature classes is added to the map. If you look at the cross
section A-A’ data frame you should see the log plots added to the cross section adjacent
to the wells. You can change the symbology of the features and activate labels.
12. Add labels to the scale bar features based on the ScaleName attribute by right-
clicking on the XS2D_GEOPLOT_SCALEBAR_6475 layer and selecting the
Label Features option.

At this point your cross section should be similar to the one shown in Figure 8.
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Figure 8 Log plots added to cross section A-A’

6 Understanding log plots

Log plots are constructed by a set of eight feature classes, three defining the scale bar,
three for the plot, and two for the plot background. You can modify the symbology for
each of the feature classes individually and use the regular labeling options in ArcMap to
show labels on the scale bar and tick marks, as shown in Figure 9. You may want to
experiment with the plots by toggling on and off the different features in the plot.
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Structure of a log plot.

7 Adding multiple log plots to a cross section

It is possible to add multiple log plots and display them together in one cross section.
The process of adding an additional log plot is the same as adding the first one (as
described in section 5). The differences are that you can select a different source table
and/or fields and specify an offset such that both plots can be displayed together. To add
an additional log plot:

1.

2.

Make sure that the Layers data frame is active.

If not already selected, select the 4 wells along section A-A’ highlighted in green
as shown in Figure 4.

Start the Create Geophysical Plot Wizard > available on the Arc Hydro
Groundwater Toolbar.

With the wizard enabled select section line A-A’ (shown in red).
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5. The Wizard should open in Step 1 which defines the cross section setup:

Make sure the wizard shows that 4 wells are selected.

Specify HydrolD as the Well unique ID field, and select LandElev as the
Well reference elevation field.

Select the LogData table as the Data table.
Specify the WellID, Depth, and LogValue fields as the input fields.

Select FType as the Data type field. Then select Log2 as the Data type
value.

Enter Log 2 as the Data type name.

Make sure the Vertical exaggeration is set to 20.

Specify the XS2D_Catalog table for the XS2D Catalog Table input.
Make sure the GeoPlot feature datasets is the output workspace.

Select data frame Section A-A’ as the Output Data Frame.

At this point your inputs should be similar to the ones shown in Figure 10.

Create Geophysical Plot Wizard E|
Thiz wizard will help you create geophyzical data plots for the selected zection line.
Step 1: Cross Section Setup
sechon Line F[DDBIUBS
Layer, SectionLine Length: 171492 [Foot_LIS]
D E475 Mame:  Ab
wiell: and Geophysical Data Table
whell laper | el w Data table: LogD ata hd
Mumber of wells zelected: 4 il Dttt WellD b
Drepth field: Depth W
el unique 1D field:
B uniaue e HydiolD b D ata wvalue field: Loghalue v
el refererce Data type field: FTvpe v
elevation figld; LandElev "’
Data type walue: Log2 w
Diata type narme: Log2
Crosz Section Setup
Wertical exaggeration 20 #520 Catalog Table: | %520 _Catalog w
Default output work zpace
D:vAquavenhsubsurface analystS20_logplat'Foszevile_logplat. mdbhG eoPlot B
[1ata Frame
COutput Data Frame for Geophysical Data: Section A0 W
[ Mest = ] l Cahcel ]
Figure 10 Inputs for Step 1 in the Create Geophysical Plot Wizard for adding an

additional log plot to the cross section
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6. Select Next to continue to step 2 of the wizard.
In Step 2 of the wizard we define the plot and scale properties:

7. In Step 2 specify the following inputs:
e 10,000 for the Plot width.
e 12,000 for the Plot offset.
e 0 asthe Background vertical buffer.
e  For the Plot position select Right.

For the Scale Properties specify the following:

e Log2 for the Scale label.
e 300 for the Scale vertical offset.
e 60 and 0 for the Maximum and Minimum scale values.
e 4and 1 for the Number of major and minor ticks.
e  Top for the Scale location.

At this point your inputs should be similar to the ones shown in Figure 11.
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Create Geophysical Plot Wizard E|
Step 2: Scale
Flot Properties Sample Plot and Scale
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Backaround vertical 0 ¢ C
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Figure 11 Inputs for Step 2 in the Create Geophysical Plot Wizard for adding an
additional log plot to the cross section

8. Select Next to continue to Step 3
In Step 3 of the wizard we define the output feature classes:

9. Make sure the output feature classes are created in your target workspace (in this
case in the GeoPlot feature dataset).

10. Select the Append option. This ensures that the original plots are preserved and
are not overwritten.

At this point your inputs should be similar to the ones shown in Figure 11.
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Create Geophysical Plot Wizard El

Step 3: Output Feature Classes

Log Feature Claszes

Output log point feature clazs;

Ivquaveohsubsuface analyst'>{S20_logplothRozevile_logplot. mdbsGeoPlot <520 _GEOPLOT_POIMT_6475
Output log line feature clazs:
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]

Scale Feature Clazzes

Output scale bar feature class:

juavenssubsuface analpsth=520_logplotyRoszeville_logplat. mdb\GeoPloth=<520_GEOPLOT_SCALEBAR_E47R
Output scale major ticks feature class:

swbsurface analpsti520_logplothR ozevile_logplot mdbhGeoPlaty<520_GEOPLOT_SCALEMAJORTICK _B475
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subsurface analyzth=520_logplatsR ozevile_logplot mdbhGeoPlat<520_GEOPLOT_SCALERMIMORTICK_B475
DOutput scale vertical lines feature clazs:

surface analyst =520 _logplotsR ozeville_logplat. mdb\GeoPloth-<520_GEOPLOT_SCALEVERTICALLIME _B475

Output szale backaground polpgon feature clazs:
surface analyst =520 _logplotsR ozeville_logplat. mdb\GeoPloth-<520_GEOPLOT_SCALEBACKGROUMD_E475

U U 800U

izzelaneous Dptions

Append news feature or overwrite: (3 Append () Ovenwiite existing feature with same data type

[ < Back " Finizh ] [ Cancel

Figure 12 Inputs for Step 3 in the Create Geophysical Plot Wizard
11. Select Finish to run the wizard.

Upon completion a new set of features is appended to the existing feature classes. If you
look at the cross section A-A’ data frame you should see the additional log plots added to
the cross section adjacent to the first set of plots as shown in Figure 13.
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By changing the plot parameters you have the flexibility to customize the display of the
plots on the cross section. Another common option is to display the plots stacked
together as shown in Figure 14.
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Figure 14 A display of two sacked logs added to a cross section
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8 Conclusion

This concludes the tutorial. Here are some of the key concepts in this tutorial:

o Borehole log data are stored in tabular format and can be added as log plots to
cross sections in ArcMap.

e The Create Geophysical Plot Wizard is used to automate the process of creating
log plots.

e Log plots are created from a set of feature classes defining the plot, the scale,
and the plot background.

e Multiple log plots can be added to a cross section and custom layouts can be
created.
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