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Presenter Notes
Presentation Notes
The purpose of this presentation is to add early examples to the S3DS (subsurface GIS standard) discussion and describe how subsurface mapping is being conducted in Kansas.
Map background is from KGS OFR 2025-49.



Topics

Current subsurface 
research in Kansas

Getting familiar with Petrel 
for subsurface modeling

Subsurface data 
distribution goals 
and challenges

S3DS is crucial in a 3-part 
data distribution plan

“All models are wrong, but some are useful.”
George E.P. Box, statistician
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Presenter Notes
Presentation Notes
Topics throughout this presentation include,
A quick review of how and why we’re modeling the subsurface in Kansas. 
The main software utilized at KGS for subsurface modeling is Petrel. Slides introducing Petrel and comparing it to GIS are included.
Goals and challenges related to distributing and publishing KGS subsurface data.
Then share the preliminary results of experimenting with S3DS with Kansas subsurface data.
And let us remember this apt statement about models from George E.P. Box. Kansas is striving to create models that allow us to predict and understand subsurface conditions and are working to accept that those models will not perfectly and faithfully capture every detail.



Why model the subsurface 
in Kansas?

Cool figure for well tops data?

Oil and Gas Fields in Kansas map, featured in KS GeoMaps, 2025

KGS Oil and Gas Interactive Mapper, https://maps.kgs.ku.edu/oilgas/ 

1. Kansas is data- and interpretation-rich
• KGS serves data for over 825,000 wells
• Over 500,000 oil and gas wells
• 2+ million well tops

2. Kansas is resource-rich
• Oil and gas production
• Hydrogen/helium development
• 7 aquifer systems
• Aggregates
• Critical minerals

3. Kansas has complex faults but is not as 
structurally challenging as other states.
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Presenter Notes
Presentation Notes
Beyond the national emphasis on subsurface mapping, why would we focus on mapping the subsurface in Kansas? First, we have a wealth of information that we can use for the exercise. And in interrogating that data, we can QC it, making it better for all users.

https://maps.kgs.ku.edu/oilgas/


View of Well Tops in Petrel4

Presenter Notes
Presentation Notes
Here’s a quick peek at well tops visualized in Petrel. This figure shows the locations of 6 key units along well tracks. One well log is added with lines leading to the well to illustrate how KGS scientists “pick” the tops of those units from log data. This figure also shows the ground surface, Arbuckle surface, and volumes of the basement, Arbuckle, and everything above (undifferentiated Phanerozoic) for Clark County, KS.



1. Kansas is data- and interpretation-rich
• KGS serves data for over 825,000 wells
• Over 500,000 oil and gas wells
• 2+ million well tops

2. Kansas is resource-rich
• Oil and gas production
• Hydrogen/helium development
• 7 aquifer systems
• Aggregates
• Critical minerals

3. Kansas has complex faults but is not as 
structurally challenging as other states.

Aquifer systems in KS, https://geokansas.ku.edu/aquifers 

Hydrogen potential in KS. Pink polygons represent salt thickness which has hydrogen storage 
potential; brown polygons represent natural hydrogen potential. Unpublished map, 2025.

High Plains

Dakota (unconf.)

Dakota (confined)

Flint Hills

Glacial Drift

Douglas

Alluvial

Ozark (freshwater)

Ozark (usable water)

Why model the subsurface 
in Kansas?
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Presenter Notes
Presentation Notes
The main purpose to model the subsurface in Kansas to better understand resources under our feet. Those include aquifer systems, helium derived from natural gas (fun fact: most of the helium for the Macy’s Thanksgiving parade floats comes from Kansas!), oil and gas, and critical minerals.

https://geokansas.ku.edu/aquifers


Why model the subsurface in Kansas?
1. Kansas is data- and interpretation-rich

• KGS serves data for over 825,000 wells
• Over 500,000 oil and gas wells
• 2+ million well tops

2. Kansas is resource-rich
• Oil and gas production
• Hydrogen/helium development
• 7 aquifer systems
• Aggregates
• Critical minerals

3. Kansas has complex faults but is not as 
structurally challenging as other states.

Precambrian basement and subsurface faults

unpublished map, 2025
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Presenter Notes
Presentation Notes
Finally, while there are complex faults in Kansas, it isn’t as complex as other structurally challenging states, so we are able to incorporate those structures into models. The key structures featured in current models (Precambrian basement and Arbuckle) are the Nemaha Ridge and Central Kansas Uplift.



Why model using Petrel?

Static and dynamic resource evaluation
Bhattacharjee et al., in review

Oborny et al., 2025

Assessment of Gadolinium (Gd) 
(ppm) per vertical foot

Arbuckle carbon capture and storage 
potential chance of adequacy map

Groundwater Management
using airborne electromagnetic 

(AEM) survey data

Aquifer base

• 2,900 AEM line miles flown
• Average depth = 244m (800 ft)

50x vertical exaggeration

Groundwater 
Management 
District 1

Butler et al., 2025
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Presenter Notes
Presentation Notes
Why is KGS using Petrel for modeling? Petrel offers KGS scientists built in tools for static and dynamic resource evaluation. Some examples include exploration of water resources with groundwater modeling in one of the groundwater management districts in western Kansas; exploration of critical minerals like Gadolinium, and carbon sequestration evaluation within the Arbuckle unit.



KS Borders to Basement Project
• Phase 1 key resource surfaces planned between top of Precambrian basement and lower Pennsylvanian by 2028.
• Phase 2 develop key surfaces that intersect with outcrops in the state (lower Pennsylvanian to present Quaternary).

First surfaces: KGS OFRs 2025-49 and 2025-50

• Statewide coverage of key stratigraphic surfaces • Models will include rock properties like total porosity

Borders to Basement 
surfaces

Permian Mississippian

Cretaceous

Well tops 
updates

Carbon storage 
projects

Current StateMap 
and DOE projects

Data and 
interpretations 
from previous 

studies

Ongoing updates 
to the KGS 
database

Iteration and 
refinement 
as new data 
is available

Earth-MRI
Black shales

Evaporites

Coalbed 
methane 
projects

CORE-CM

Bhattacharjee and Bream, 2025a&b
8

Presenter Notes
Presentation Notes
The project KGS has used for testing S3DS and data distribution of subsurface data is the subsurface project led by Souvik and Brendan called Borders to Basement. This project uses current and previous research along with new analysis of well data to generate surfaces. We plan to iterate and refine the models with future publications as new data is available. The goal is to produce key surfaces in two phases: basement to lower Pennsylvanian by 2028, then lower Pennsylvanian up to the surface. The reason for the separation is because major outcrops in Kansas start in the Pennsylvanian so the phase 2 approach will need to account for those as inputs.
Where we currently are with releasing the models: The first two models have been released as OFR maps accompanied by larger reports that include methodology. The maps were also released as GeoTiffs in the KGS ArcGIS Online Hub. A journal article has been accepted by Nature Scientific Reports about the rock properties. The Precambrian basement has had 100 downloads and over 600 views so far. This surface is particularly important to natural hydrogen exploration underway in KS.



How should KGS distribute subsurface models?

Survey and 
external 

publications

S3DS
(largest user base, 

creates a standard)

Petrel
(smallest user base, 

not standardized)

3) Petrel and S3DS must have shared metadata, 
naming conventions, and standards.

1 2

3

1) Industry workers can 
utilize rock properties 
reported in publications 
from the Petrel project.

2) GIS workers and students 
can utilize digital data from 
publications via S3DS.
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Presenter Notes
Presentation Notes
Recall from the quote on the topics slide that models should be useful. To be useful, we consider it critical to ensure that KGS subsurface data is distributed so it can be understood (through publications) and used by others (Petrel and S3DS GIS). Ideally, all 3 distribution categories are in sync and presented in webpages that aggregate all information from each subsurface project. These are our systems of record.



Building on Alberta’s example

Alberta Geological Survey, 2025, 3D Geological Framework Project ArcGIS Hub

…but with faults
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Presenter Notes
Presentation Notes
We’re amazed by Alberta’s subsurface data distribution. Our goal is to serve subsurface data in a similar way with GIS and Petrel downloads.
But KGS is including faulted frameworks in models which has presented some data formatting challenges.

https://geology-ags-aer.opendata.arcgis.com/


A complex faulted framework is best shown in multi-z

A) Multi-z model surface B) Single-z model surface

All points and volumetric modeling are 
honored in multi-z surfaces
• Topographically smooth unit surface
• Crisp vertical fault surface

Surfaces resampled to single-z nodes create
• Bumpy artifacts along unit surface and
• Rough approximations of fault surfaces
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Presenter Notes
Presentation Notes
The Precambrian basement and first unit up, the Arbuckle, is vertically faulted and best represented by a multi-z framework (in Petrel). This slide compares the advantages of representing faulted surfaces in a multi-z model (left) versus resampled to single-z (right).



KGS Subsurface Data Layers
=      Model outputs+     ReferenceInputs

All three point data sets for Arbuckle, together.KGS Oil and Gas Database 
Well Top Interpretations

Isochore points

Filtered unit well tops

Well log analysis

Model control tops

Red circle – grid nodes
Yellow circle – well tops 
backed by well logs
Pink circle – well tops 
from KGS database

B and C are views of the inputs 
with the final Arbuckle top 
surface model. Both views 
include vertical faults, Arbuckle 
wells extending from the ground 
surface to the unit top elevation, 
and the points marking the top 
unit elevations. 

A

B

C

12

Presenter Notes
Presentation Notes
The following 3 slides will illustrate the data layers we want to distribute in Petrel and GIS, and we’ll start with the model inputs. Most inputs come from well top interpretations in the KGS Oil and Gas Database. Then a subset is generated using well logs to re-investigate the tops picks and build rock properties like porosity into the model. These become what we call model control well tops that are anchored to the model. Other isochore (thickness) points are input to the model to ensure consistent thickness between the Precambrian and Arbuckle.



Inputs =    Model outputs

Surface elevation
 derived from lidar

Structural modeling grid 
(parallel to subsurface fault trend)

KGS Subsurface Data Layers
+    Reference
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Presenter Notes
Presentation Notes
Next input to the model is some reference data. This provides scaffolding to the model. Surface elevation points provide the top of the model, and the structural modeling grid is the skeleton of the model. The model resolution is 2000x2000 feet.



 Vector surfaces
(depth wrt MSL)  

• Top/Base faulted framework grid points
• Top/Base 200-ft contour lines
• Isochore contour lines or grid points
• Fault horizon lines
• Polygons where unit is absent

 Raster surfaces
• Depth below topo surface
• Dip angle/azimuth
• Gamma ray thickness
• Thickness between unit surfaces
• Rock properties (porosity, etc.) 
• Resource potential

 Optional/derivatives

KGS Subsurface Data Layers
Inputs +     Reference =      Model outputs  Standard
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Presenter Notes
Presentation Notes
Finally, we have two (GIS) classifications for the model outputs – those expressed as vectors like contour lines, faults, and grid nodes will be standard outputs of any model and then we can add more understanding through optional raster surfaces that we can output as single-z like rock properties, depth, dip angle and azimuth. We’re only a couple of slides from S3DS, I promise, but our first look is shown here.




Software comparison

Data Geologic applications Training

Resides within 
the project.

Accessed from 
files outside of 
the project file.

Serves the subsurface energy industry
Natively 3D for subsurface work
Geologic resource simulation built in
Can rotate the model grid parallel to 
most of the faults (w/ structural grain)

Steep learning curve; 
difficult to obtain 
product support.
Can get a costly 
consultation for org.

Resources for learning 
are readily available 
and are often free.

Customization

Processes can be 
scripted in no-
code, low-code, 
and application 
programming 
methods.

Can create no-
code workflows. 
Must coordinate 
with SLB to 
create plug-ins.

Geology is one of many industries. 
Data display, interpolation, and 
volumetric processing is possible 
but requires more user problem 
solving for complex geology.

SLB
Petrel

Esri
ArcGIS
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Presenter Notes
Presentation Notes
A comparison of SLB Petrel and Esri ArcGIS software based on how data is stored, how each handles geologic applications/workflows, how to receive software training, and how to customize the program to automate processes. I won’t specifically address cost in this slide since KGS receives both pieces of software through academic licenses. Other 3D users in KS use GeoGraphix and Petra software – we plan to work with our Kansas stakeholders to ensure they can use our data.
Petrel Data comment: the map residing within the project is sort of like an ArcGIS Map Package experience, but except that the data is edited within the project, not just bundled for sharing.
Petrel Training comment: We do not recommend embarking on using Petrel without in-house experience. KGS has an academic license from Schlumberger (SLB) which does not include training.



A peek inside a Petrel project…
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Presenter Notes
Presentation Notes
Finally, here’s a look at a Petrel project. Similar user interface set up to ArcGIS Pro but as we saw on the last slide, has several differences.



Moving data from Petrel to the S3DS database
Top/base of unit

Top of unit elevation points (2,000 x 2,000 feet)
Along the model grid “skeleton” 17

Presenter Notes
Presentation Notes
The next slides will show how KGS is experimenting with data distribution in Petrel (left) and S3DS geodatabase (right). This slide shows how top/base of unit model outputs, which are represented in a couple of ways, are organized in Petrel and moved to S3DS. First, information about each surface is recorded in the Description of Model Elements table (like the DMU). Then contours are put in the model element value lines feature class, followed by grid nodes (top of unit points which represent the geocellular model) into the model element value points feature class. The grid nodes are created along the model grid “skeleton” that is 2000x2000 feet and parallel to the main fault structure. Brief note: the “Extended model” won’t be included in final distribution but is important since they run models will a buffer around the state as we would with most gridding exercises in GIS.



Moving data from Petrel to the S3DS database
Top/base of unit
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Presenter Notes
Presentation Notes
This slide shows the “DMU” (Description of Map Units in GeMS) of S3DS and Data Sources tables. We included two surfaces, Precambrian basement and Arbuckle, in one S3DS database because these two surfaces were modeled to be consistent with each other since the Arbuckle unit is directly above the Precambrian basement and the two surfaces share the same vertical fault system. The data sources table includes both current and previous studies of these two surfaces.



Multi-z poses a challenge when distributing to other software

Petrel output file formats for single-z

Petrel output file formats for multi-z

Moving data from Petrel to the S3DS database

Can modify in text editor to 
import to ArcGIS Pro via ASCII 
3D To Feature Class tool

Hello, old friend...

Needs further testing…

Can import Zmap to ArcGIS 
with Exprodat Data Assistant
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Presenter Notes
Presentation Notes
When we move data out of Petrel, we mostly rely on our somewhat trusted friend, the shapefile as the export format. There can be some “junk” fields to deal with when opening the shapefile in ArcGIS and other quirky things Petrel does to that shapefile, but it works. I’ve also experimented with the EarthVision ASCII files and had fairly good results with single-z, time will tell if we can make multi-z work meaningfully in GIS. Added after DMT: We plan to test the Exprodat Data Assistant tool to import Zmap format files into ArcGIS. 



Moving data from Petrel 
to the S3DS database

Top/base of unit
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Presenter Notes
Presentation Notes
Those shapefile exports get us contour lines for the top of each unit that can be represented in the model element value lines. Model elements are classified according to this dictionary table.



Moving data from Petrel 
to the S3DS database

Top/base of unit
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Presenter Notes
Presentation Notes
The shapefile exports also give us each grid node of the geocellular model… over 600,000 just for the Precambrian! Those are the most accurate representation of the model we can export and serves as a record of the model (if not for S3DS we would probably save this as a CSV type file).



Moving data from Petrel to the S3DS database
Faults

Value = z (elevation), but faults are lens shaped
novaluelines would tie fault lens to model element (unit)
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Presenter Notes
Presentation Notes
Since the model faults are shaped like lenses and technically polygons in Petrel, we’re still considering the best place to put them in S3DS. Suggestions include the modelelementvaluelines or novaluelines feature classes. The main thing to convey in the GIS is that fault geometry should be associated with each surface it passes through.



Moving data from Petrel to the S3DS database
Inputs: well tops
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Presenter Notes
Presentation Notes
So far all input wells for the project have come from vertical wells, so we haven’t used the deviated wells tables but they’re coming in future surfaces [crossing out deviated borehole picks and deviated borehole tracks tables in the S3DS database]. 



Moving data from Petrel 
to the S3DS database

Inputs: well tops
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Presenter Notes
Presentation Notes
This view shows just the model control wells loaded to the borehole points table. (note the appearance of the familiar Type field for GeMS users!) Associated well top picks are stored in a separate table since there may be multiple relevant picks per well as shown in the tables. I’ve added a few extra fields to each table to better identify and understand each well input. Most notably the KGS Well Tops Confidence table, which will be described in slide 27.



Moving data from Petrel to the S3DS database
Extras

+ rasters
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Presenter Notes
Presentation Notes
There are great containers in S3DS for the optional rasters (modelelementsurfaces) that are single-z surfaces and any model polygons (novaluepolygons). The Model Element Surfaces table is like a catalog and metadata for any extra raster files included in the S3DS data package.



Moving data from Petrel to the S3DS database
Notable standalone differences

Multi-z surfaces

References and 
descriptions from 
OFR and Petrel 
layer comments

26

Presenter Notes
Presentation Notes
Finally, some differences between the Petrel file and S3DS data package, at least for now. The multi-z surfaces will be accessible only through a Petrel download. However, S3DS will offer organized metadata tables (datasources, descriptionofmodelelements, glossary, and kgswelltopconfidencedict) which users might find helpful.



Moving data to the S3DS database – KS additions
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Presenter Notes
Presentation Notes
We also added a dictionary table for how KGS oil and gas well top interpretation confidences are classified. This 1-5 ranking was established for the Oil and Gas database by the KGS data manager, Katy Bream, and we’re working to establish generalized public definitions (draft above in table) to include as a dictionary table in Kansas S3DS data packages. 



Undifferentiated Phanerozoic

Arbuckle Group

Undifferentiated Basement

What we’ll continue to explore…
• Export options between Petrel and ArcGIS

• Want to minimize the amount of re-interpolation we 
do in ArcGIS

• Looking at an ArcGIS Pro add-in (Exprodat) that helps 
port between Petrel and ArcGIS

• Not giving up completely on GIS and single-z 
representation of the model. 

• Discussions about what derivative outputs we 
want to provide in S3DS and Petrel

• How we’ll distribute data layers in ArcGIS Online
• Can we build voxels with faulted framework points?

• Format of peer-reviewed survey publications for 
subsurface layers
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Presenter Notes
Presentation Notes
We’ve reached the end of this part of the journey but know we have future standardization work ahead that will accompany more modeling.
Not giving up on GIS comment: We want to test if we can could convert the grid node points to a multi-z-like raster in GIS by interpolating separately on each side of the fault system. That might produce a more faithful raster representation of the faulted framework than if we supplied a single-z surface exported from Petrel.
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For more information on… modeling in Petrel and complex faulted frameworks

Souvik Bhattacharjee
sbhattacharjee@ku.edu
Associate Researcher Senior

Brendan Bream
bbream@ku.edu
Associate Director and Senior Scientist

Combined 25 years of geomodelling experience in the oil and gas industry.

Presenter Notes
Presentation Notes
If you want to chat about Petrel and modeling complex faulted frameworks, Souvik and Brendan can help. 



For more information on… using S3DS and organizing subsurface datasets

Emily Bunse
ebunse@ku.edu
Senior Cartographic Services Specialist

NOT MY FAULT
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Presenter Notes
Presentation Notes
If you want to know more about S3DS and organizing datasets between Petrel and GIS you can reach out to Emily. Since Emily is not the structure modeling expert, please either be patient or direct questions about the complex faulting framework to Souvik and Brendan 



Previous KGS subsurface presentation
DMT 2024

https://ngmdb.usgs.gov/Info/dmt/docs/DMT24_Bhattacharjee.pdf
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Presenter Notes
Presentation Notes
Another relevant presentation on subsurface work in Kansas was given at DMT a couple of years ago.
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