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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.
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“All models are wrong, but some are useful.”

George E.P. Box, statistician


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?

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

3.
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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/

Ground surface —

=2 "

= 10 L =0

- i -
1._ i . H in i B v . o ¥ -
" W . - I = -— -] e = ]
i E i e - T = s . e 4R
.. JHE L . T g Shp -
U0 0 A A A AL
| (] NI | b B o
.|'.1 i Bl y P '-‘ R 5ol -‘- e AgVItNe it Sl T e ®
. By s - -
- [ . a N . J "
.. — 1 1= L . .
. . = - . . e
. . - g

——

u
- Undifferentiated Phanerozoic Areuckle Group

surface
Arbuckle Group

- Undifferentiated Basement

View of Well Tops in Petrel



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.


Why model the subsurface
In Kansas?

Kansas is data- and interpretation-rich
e KGS serves data for over 825,000 wells

* Over 500,000 oil and gas wells
e 2+ million well tops
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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?
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3. Kansas has complex faults but is not as
structurally challenging as other states.

Precambrian basement and subsurface faults


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.
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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).

» Statewide coverage of key stratigraphic surfaces
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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?

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.

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


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.
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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

All points and volumetric modeling are

honored in multi-z surfaces Surfaces resampled to single-z nodes create
* Topographically smooth unit surface * Bumpy artifacts along unit surface and
* Crisp vertical fault surface * Rough approximations of fault surfaces

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

11


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
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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.
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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.


KGS Subsurface Data Layers

Inputs + Reference
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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.



Resides within
the project.

Petrel

Accessed from
files outside of
the project file.

ArcGIS

Software comparison

Geologic applications

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)

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

Training

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

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

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

4 [ PrecambrianArbuckle_s3ds2.gdb

4 [ ] Subsurface Map Series_2025 datasources
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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

B descri ptionofmodelelernents

Field: Add B2 Calculate  Selection: PE Select By Attributes

4 modelelement name

112 pC Precambrian
basement

2 3 faults Basement
faults

3 4|/COa Arbuckle
Group

= Bl 0of 3 selected

FH datasources X

Zoom To QEE‘ Switch Clear Delete Copy  Rows: Iﬁ Insert Rows «
age description hierarchykey  datasourceid descriptionofmodelelements_id
Precambrian The Precambrian basement in Kansas includes the following lithologies: metasedimentary rocks, mostly quartzite and associated muscovite schist, 1-0 7

Precambrian-Ordovician

Cambrian-Ordovician

but including other schistose rocks and amphibolite, metamorphic grade vairable; granitic to quartz-monzonitic intrusive rocks, typically mesozonal,
cataclastic to extensively sheared textures are common, 1.45 to 1.7 billion years in age; ryhelitic to dacitic volcanic rocks, many are ash—flow tuffb...

The faults in the model are built based on a minimum vertical separation of greater than 200 ft between top Arbuckle and/or Precambrian basement 2-0 2
well tops from the KGS database. The horizontal distance between well tops that define a fault varies depending on the magnitude of the fault offset

but is generally less than 10,000 feet laterally.

The Arbuckle Group consists of Upper Cambrian and Lower Ordovician deposits. The lithology mostly consists of white, buff, light-gray, cream, and 3-0 8

brown crystalline dolomite; chert is commen in the upper part.

Field: 5] Add =2 Calculate Selection: PE Select By Attributes 1-? Zoom Te .tgé Switch & Clear [Z= Delete E Copy Rows: lﬁ Insert Rows «

4 s0ource

1 2 Bhattacharjee and Bream, 2025a

2 3 Bhattacharjee and Bream, 2025b

3|4 KGS, 2025

4 5 Bhattacharjee et al., in review

5 © Baars, 1995

6 7 | Cole, 1976

7 | 8 Bickford et al., 1979

8 9 Zeller (ed.), 1968

url
https:/faww.kgs.ku.edu/

https:/fwww.kgs.ku.edu/

https:/faww.kgs.ku.edu/

<Null>

https:/faww.kgs.ku.edu/

https:/hwww kgs_ku.edu/

https:/faww.kgs.ku.edu/

https:/hwww kgs_ku.edu/

methoddescription

Precambrian basement well tops from the KGS Oil and Gas Wells database imported in Petrel as point
data with X, Y, and Z coordinates (n= about 5,000). Precambrian basement well tops (a subset of the
KGS database) associated with about 400 wells with wireline logs were selected. The geocellular mo...

Arbuckle well tops from the KGS Oil and Gas Wells database imported in Petrel as point data with X, Y,
and Z coordinates (n= about 62,000). Arbuckle well tops (a subset of the KGS database) associated
with about 400 wells with wireline logs were selected. The geocellular model horizons are tied to thes. ..

Kansas oil and gas well repository database.

The carbon capture and storage potential chance of adequacy map (CCS_COA. img raster)
methodology is described in this paper.

Previous study of the Kansas Precambrian basement. Referenced in construction of faults for this
report.

Previous study of wells and construction of the top of the Kansas Precambrian basement.

Previous study of the Kansas Precambrian basement. Used in DescriptionOfModelElements for
lithologic description of pC unit.

Accepted handbook of Kansas stratigraphic nomenclature. Used in DescriptionOfModelElements for
lithologic description of COa unit.

notes

Suggested citation: Bhattacharjee, S., and Bream, B. R., 2025, Top Precambrian Basement,
Kansas — Depth Structure Map: Kansas Geological Survey OFR 2025-49, 3 p.

Suggested citation: Bhattacharjee, S., and Bream, B. R_, 2025, Top Arbuckle, Kansas — Depth
Structure Map: Kansas Geological Survey OFR 2025-50, 3 p.

<Null>

Bhattacharjee, 5., Bream, B. R., White, M., and Gumble, J., in review, Importance of regional
evaluations in support of Class V1 well applications: An example from the Arbuckle Group of
Kansas.

Baars, D. L., 1995, Basement tectonic configuration in Kansas: Kansas Geological Survey
Bulletin, v. 237, p. 7-9.

Cole, V. B., 1976, Configuration of the top of the Precambrian rocks in Kansas: Kansas
Geological Survey, Map M-7, scale 1:500,000.

Bickford, M.E., Harrower, K.L., Nusbaum, R.L., Thomas, J.J., and Melson, G.E., 1979,
Preliminary geologic map of the Precambrian basement rocks of Kansas: Kansas Geological
Survey, Map Series, no. M-9, 1 sheet, scale 1:500,000.

Ordovician System, in, Zeller, D_E._. (ed.), The stratigraphic succession in Kansas: Kansas

Geological Survey, Bulletin, no. 189, pp. 14-15. and Cambrian System, in, Zeller, D.E., (ed.), The

stratigraphic succession in Kansas: Kansas Geological Survey, Bulletin, no. 189, pp. 11-13.

datasources_id
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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.


Moving data from Petrel to the S3DS database

Multi-z poses a challenge when distributing to other software

Petrel output file formats for single-z

Can modify in text editor to | _ =
import to ArcGIS Pro via ASCIl e
3D To Feature Class tool

< E.arth‘-.-"su:un gnd IJ’-".SCII} ("
Irap EiFesicg :

Irap classic gnd IBIN}-‘-.HY} (")

QFM Data (".ano)

Petrel format (BIMARY) (* ptd;"* dat)

| Shapefile {*.shp)

| Zmap+ grid (ASCI) *%)

Hello, old friend...

Can import Zmap to ArcGIS -

with Exprodat Data Assistant
Petrel output file formats for multi-z

C Earth‘u"smn und H.J:III 4|

Petrelfommat (EARTI [ ptd;" dat)

Needs further testing...
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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. 
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Moving data from Petrel
to the S3DS database

Top/base of unit

4 [3 PrecambrianArbuckle_s3ds2.gdb

datasources

descriptionofmodelelements

deviatedborehclepicks
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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.
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: Moving data from Petrel

“ tothe S3DS database

Top/base of unit
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Measurements of geologic bodies.
Top: the uppermost bounding surface of a geologic entity.
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The top of a geclogic entity measured as elevation above sea level.

The top of a geologic entity measured as distance below land surface.


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
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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]. 
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Moving data from Petrel

to the S3DS database
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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
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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
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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

4 3 PrecambrianArbuckle_s3ds2.gdb
Score Description

Tops sourced from paper/historical reference documents. This data source is accepted as
entered and involves very little scientific interpretation.

datasources
descriptionofmodelelermnents 1

deviatedboreholepicks ) :
; Tops sourced from either manual or batch upload to Oracle but the data source is unknown to current

e 2  KGS personnel. This data source is assumed to be verified by someone who took the time to upload
glossary the tops data but we can’t pinpoint the actual source responsible for the data.

kgswelltopconfidencedict Tops source is science based but data creator varies so process of interpretation may vary
measurementunits 3 (elog, geological report). This includes qualified internal source with oversight such as MS
modelelementsurfaces candidate research. Post-2025 this value may have been assigned by a KGS scientist to their
R s own picked tops due to fewer resources available for evaluating the well.

Tops source is from a “highly respected” outside source or from a KGS source with known
4  dataloader but unknown data creator. Post-2025 this value may have been assigned by a KGS
scientist to their own picked tops due to fewer resources available for evaluating the well.

modelelementvaluepoints
nowvaluelines

novaluepolys
Tops source is from a KGS scientist or project that we feel is/was solid in their technical

5 approach to picking tops. Post-2025 this value may have been assigned by a KGS scientist to
their own picked tops where they have high confidence.

A Y O

valueclassdict

verticalboreholepicks

() wverticalboreholepoints
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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. 


What we’ll continue to explore...

* Export options between Petrel and ArcGIS = gjt

e Want to minimize the amount of re-interpolation we IR

do in ArcGIS Ll P T

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

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

T

us
|

* 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?

- Undifferentiated Phanerozoic

Arbuckle Group

* Format of peer-reviewed survey publications for = M undiflerentiatea Basement
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.



For more information on... modeling in Petrel and complex faulted frameworks
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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

4 3 PrecambrianArbuckle s3ds2.gdb

u datasources
Emily Bunse .
descriptionofmodelelements

ebunse@kuedu : . o deviatedboreholepicks
Senior Cartographic Services Specialist deviatedboreholetracks

glossary
kgswelltopconfidencedict
measurementunits
modelelementsurfaces
modelelermnentvaluelines
] modelelementvaluepoints
NOT MY FA LT novaluelines

U novaluepolys
valueclassdict

verticalboreholepicks
(] verticalboreholepoints



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

An Integrated Approach to Subsurface Mapping at the Kansas Geological Survey:
The Precambrian Basement

Souvik Bhattacharjee, Alan Peterson, Kolbe Andrzejewski

KANSAS
GEOLOGICAL
SURVEY

The University of Kansas Digital Mapping Techniques (DMT) 2024, Bloomington-Normal, IL
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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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