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Where is the Pinon gas field?
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» Project AOI of 42,764 Acres (66.8 mi?)
» Contains ~ 900 wells

Pifion Field Study Area




A cleared, level site
used for oil and gas
operations,
production, storage or
processing.

Usually has a
wellhead, some
production tanks, and
some processing
facilities.




What features are on a wellpad?
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Wellpad Development cycle

» Site constructed. Might require some cut and fill.

» Adrilling rig is set up on the wellpad and a well is drilled.

» Production facilities and storage tanks are placed on the pad, or it is connected to
a pipeline gathering system to bring the hydrocarbons to a central processing
facility.

» The well might be dry (no hyrdocarbons in economic amounts) or might produce
hydrocarbons for many years.

» Eventually the production will drop, and the well will become uneconomic. When
this happens, the well is plugged, and the facilities are removed from the pad.

» The wellpad is eventually reclaimed and restored to it’s original land cover.

Wellpad Constructed Hydrocarbons Produced Wellpad Reclaimed

A well mig

Well Drilled Well becomes Uneconomic



Wellpad Reclamation - Before and After




Why use OBIA to identify wellpads and
the features on the pad?

» Alarge area can be classified in a short amount of time.

» The process is repeatable and can be used to track changes.

» The well operator is responsible to eventually reclaim the location, the OBIA
can be used to estimate the liability to reclaim the wellsite.

» This analysis could be replicated on other oil and gas fields.

» Reclamation liability is a major issue for the oil and gas industry, this analysis
could improve the quality and speed to assess the cost of reclamation.

» This analysis could be done as part of the divestment or acquisition of oil and
gas assets, adding a level of business intelligence to the process.




Figure 4. A comparison of
a2011 helicopter-collected image
(A), WorldView-2 (WV2) imagery
from 2011 (B; © 2011 Digital-
Globe, Inc.), and land-cover re-
sults from the WV2 image (C) for
well pad 12-24-93-7 within the
Aspen area of interest (Figure 1).
Legend is for land cover provided
in panel C.

Literature Review

» Dacre et al, High-resolution satellite
imagery applied to monitoring revegetation
of oil-sands exploration well pads.

» This is a very detailed article about using
OBIA to track the reclamation of oil sands
well sites in Alberta. It has good methods
for ground truthing the findings and tracking
reclamation, which my analysis could be

Legend -Man-made DGrass
used for.
D Barren E Scrub/Shrub
» Brodrick et al, Application of machine |
learning techniques for well pad o PN N
i oo SV b)

identification in the Bakken oil field. . |

» The paper tries to identify wellpads in North
Dakota for purpose of estimating volume of
emissions from the oilfield. It has useful
information about the parameters for the
multi-resolution segmentation algorithm.
Also has information about errors in the

analyS]s' d) ent NDVI mean Brig Area (pi Roundness GLCM En
1 010 15101 51652 116 691
. . 2 008 19697 31473 205 667
» A wide variety of OBIA papers that can T B uE YR B =B
] nflu e n Ce t h e a n a lyS] S . Figure 1: Schematic for input data: a) project study area within the context of the Bakken region and North Dakota,

b) Close up image of study area, c¢) example of segmented image, d) example of data exported from segmentation



Project Goals

>

The primary goal is to identify all wellpads and access roads in the field along
their sizes. This will provide a GIS based inventory of all wellpads and roads in
order to track reclamation.

The secondary goal is to identify the features on the wellpad. The storage
tanks, heater/treaters, separators and potentially the wellheads.
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Data requirements

» Multi-spectral imagery
» Air Photo Mosaic
» Satellite
» Elevation data
» Lidar
» Satellite Radar
» [HS well data

Road networks

Parcel data




Multi-Spectral Imagery

» 2016 4-band NAIP (National Agriculture Imagery Program) at 50 cm resolution.
» Free
» 3 years old.
» 50 cm is not high enough resolution to identify small objects on the wellpads.

» 4 bands are Red, Green, Blue and Infra-Red.

» Newer Satellite data.
» There will be a cost associated but could work out a partnership will the vendor.
» Better vintage, the more recent the better.
» Can be a higher resolution, up to 15 cm.
>

Can have more than 4 bands increasing the quality of the segmentation. Potentially
have thermal, NIR, FIR, UV.

» New air photo acquisition.

» Likely the most expensive.

» Lidar data could be acquired at the same time.
» 10 cm resolution is possible.
>

Could potentially be acquired through drone flights.




Elevation Data

» Lidar is ideal but could be cost-prohibitive for a
large AOI (66.8 mi?).

» It can be processed to provide a digital surface
model. (DSM)

» The DSM can be used to identify features on the
wellpad.

» Wellpads are flat. Slope would be calculated and
incorporated into the multi-resolution
segmentation to help in the classification of
wellpad objects.

» Potentially use a satellite-based elevation product,
such as radar.

Digital Surface Model (DSM)
ﬂ ——— Digital Terrain Model (DTM)

Tanks H/T  Separator
Wellpad




Thematic Data Sources

» |HS well database.

» This contains the location and detail of all the wells in the area. It would be used
to provide attribute data to the well pads and facilities.

» The location of this data will need to be QC’ed to remove positional errors.

» Road data.

» This would be used to limit the area of the of the access road segmentation and
classification.

» Texas land survey grid
» This data was used to generate the AOI.




Existing Well Data

>

IHS well data has issues. It needs to be spatially corrected before it can be used.

» The location of many of the wells is incorrect. These locations will need to be
corrected prior to them being used in a spatial join to the wellpad features.

» It will most likely be a manual revision.

O Location (Permit)
@ Drilling in Progress
o Oil Well

% Gas Well

# Oil_Gas Well

@ Dry w/Qil Shows

< Dry w/Gas Shows

< Dry w/0il Gas Shows
< Dry Hole

‘;_( Injection
¢ Suspended

#f Plugged Gas Well
& Plugged Oil Well
# Plugged Oil_Gas Well
X Abandoned Location

& Unclassified, Co2, etc.




Road Data

» Can use existing
road network data
to constrain the
road segmentation.

» This will allow for
a better
classification of
the road objects.

» Detailed road layer
is shown on the
ESRI World Street
Map basemap. This
source data could
be found or

extracted from the /
basemap.
N\

&ri Japan, METI, Esri China (Hong Kong), Esri Korea, Esri (Thailand), NGCC, ©

Soul eé{sri.HERE. Garmin, JUSGS, Intermap, INGR%MENT P, NRCan,
;i OpensStreetMap contributors, And the GIS Us!m'ommu:}ny




Software Requirements

% Final_Project_2 - Developer - [Pinon_Change_Detection.v4.dpr - New Level of 1: Classification]
% FILE VIEW IMAGEOBJECTS ANALYSIS LIBRARY CLASSIFICATION PROCESS TOOLS EXPORT WINDOW HELP
FEE S PR ik @ AT 3N

% - onV1, v.0%) roces R X
% Jﬂi =~ = Well Pad and Road Extraction

06:23.297 30 [shape:0.2 compct:0,5] creating New | = 0 lE‘ IE‘ \z‘ III EI

Classification Setting | Value

» Trimble eCognition
Developer

o . ]
» This software is used for 1o e ot
M 0.063 at New Level: remove classification 4 i
DL 0344 unclassified with 2012 Brightness > 197 at N} Scope image object level
t h e O B I A .M 01,031 2c unclassified with Rel. border to Bright Ot fj  Level New Level
° 2L <0.001s Adjacent Bright Object at New Level: Brigt Class fitter Bright Object, Overgrown ...

2L 0234 unclassified with Rel. border to Bright Object Condition =
ML <0.001s Well Pad Hole at New Level: Bright Object | Map From Parent
ML 0015 Bright Object with Rel. border to Bright Objecfj ~ Region From Parent

» Uses the powerful multi-

%L 0031 2 Bright Object with Rel. border to Bright O[] Max number of objects i
ML, 01.078 Bright Object with Length/Width > 4 at Nef * Algorithm parameters

. . —
reso l u t'l on Seg men t a t'l on 2L 0032 3x Bright Object with Rel. border to Roads > | x: ;"::‘:‘m g:e‘cde::p"e:““
L <0001 Roads add on at New Levek: Roads :
: e o Export path DA\Data\School\Final_Pr...
. -3k 0.016 Roads with Rel. border to Bright Object > 0.9! Export series Yes

algo r"lth m to generate ML 0016 isolated at New Level: unclassified = Ermeriibais

=~ = 2016 Classification and Export Use feature fist No &

3 .8, ido Attributes Class_name
(o) J ecC tS . ML 0031 Bright Object with NDVI 2016-2012 » 0.05 at S Tooe Dol
XL 0015 Roads with NDVI 2016-2012 > 0.1 at New Le: Export Type Smosthed

> Export format Shapefile (*shp)

» ArcGIS Loes A gl %, < -

Image Object Information Class Hierarchy

v B X FeatureView w 3 X

| = deasses 1] Position &

I D Adjacent Bright Obj
@ Bright Object

" Feature

features
No Feature or Object selected

» Used to pre-process data
prior to loading to
eCognition and analyze
data created by the OBIA.

» ArcGlIS Spatial and 3D
Analyst

&, Hierarchy
Thematic at
Overgrown in 2016 = Object met:
@ Roads add on = Point cloud
Roads (- ® Class-related fe
Roads Overgrown Relations tc
@ Well Pad Hole = Existenc
Number
Border{
Rel. bor
Crez
@ Brig
@ Roa
Rel. arei
em Cree
@ Roa
Distanc
Mean d
Overlap
& Relations tc
3 Relations tc
-7 Relations tc
)= Member
Crez

»
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» Required to generate R L Wi O i i , !
datasets from the ez e — : Lo u
elevation data.




What is OBIA?

» The raster data sources are analyzed and
segmented into objects.

These objects are then classified into
unique classes.

The classes are then exported as GIS data
to be used in further analysis.

(a) Segmented (b) Classified (c) Region merged
Q© Grass O Tree @ Buildings @ water O Road O Soil




OBIA Methodology

>

Assuming all data sources have been acquired, the first step is to generate derived la
normalized difference vegetation index (NDVI), slope, normalized difference surface

These derived layers, along with the bands from the high-resolution imagery and eleva
loaded into eCognition for the multi-resolution segmentation.

The multi-resolution segmentation create objects from all the raster data sources.
The objects are then classified into features: roads, wellpads and other.

The features on the wellpad are then classified into production tanks, separators, and heate
Wellheads, chemical tanks and other facilites will be attempted to be identified if the data a

All features are then exported for spatial joining and report generation in ArcGIS.

o Create derived Create objects using Classify and merge . Create maps and
Perform initial . . —] . : L »| Perform spatial
. || layers (NDVI, —| multi- resolution objects to isolate C reports to
data processing . [+ join with well data .
slope, etc.) segmentation features to extract summarize results

ArcGIS & Extensions Spatially /

correct well

eCognition data




Data Processing

>

If new high resolution imagery is acquired,
it will need to be orthorectified and
possibly have the reflectance values
converted into absolute scale to remove any
atmospheric effects.

The thermal imagery, if acquired, will likely
require processing prior to loading into the
multi-resolution segmentation.

Lidar data, if acquired, will need to be

processed by the vendor into return classes.
These classes can then be converted into
surfaces. These surfaces could then be
analyzed to generate slope and nDSM
models.

IHS well data will need to be spatially
corrected to the orthorectified high
resolution imagery. If it’s possible to extract
the wellhead features from the wellpad
features, the IHS well data could be
snapped to these features.




Accuracy Assessment

» After the analysis has been performed an accuracy assessment will be completed.
» Errors of omission (a wellpad was not identified as a wellpad) and errors of
commission (an area was incorrectly identified as a wellpad) with be evaluated
by the creation of random sample points within each class. These sample points
are analyzed to determine if the classification was correct.
» There will be two assessments.
» The assessment of wellpads, access roads and other for the primary objective.
» The assessment of the wellpad features for the secondary objective.
» Could potentially have a ground truthing field visit.
Overgrown Area of Overgrown Area of
ClassValue Well Pads Well Pad Roads Road Other Total User Accuracy
Well Pads 8 2 3 0 2 15 53.33%
Overgrown Wellpad 0 7 2 1 2 12 58.33%
Roads 4 1 3 0 2 10 30.00%
Overgrown Road 0 1 0 7 2 10 70.00%
Other 8 29 5 3 418 463 90.28%
Total 20 40 13 11 426 510 0.00%

Producer Accuracy 40.00% 17.50% 23.08% 63.64% 98.12% 0 86.86%




Challenges

» Properly identifying the wellpads and roads.

» Often roads will cross over wellpads. This could lead to confusion if it should be a road or pad.

» Partially overgrown wellpads that are not reclaimed. The flora can encroach on the pad makin
identification difficult.

» Partially reclaimed pads. Often the wellpads will be constructed larger for the drilling and
completions operations then partially reclaimed and reduced in size for the production phase. The
analysis might include the reclaimed part of the pad.

» There are other features such as gas plants or storage yards in the AOI. These will be classified a
other but could be mistakenly included as a wellpad.

» Pipeline right of way could be mistaken for an access road.
» Proper identification of the wellpad features.

» The resolution of the data might be insufficient to properly identify the smaller features, such as
the wellhead or chemical tanks.

» Well database spatial correction.

» Some of the pads and wells a very dense. So the correcting of the well location might not be
obvious and could be incorrect.



Logistics and Timeline

» Project Planning (4-6 weeks)
» Collect prices for data sources and secure software licenses. (2-3 weeks)

» Decide on data sources then build the project budget and execution plan. (2-3 weeks)

» Project Execution (7-15 weeks)

» Do any required pre-processing of the data. (1-3 weeks)

» Perform the segmentation and classification of the wellpads, roads and wellpad features.
(2-4 weeks)

» Improve the positional accuracy of the IHS well data. (2-4 weeks)

» Perform the spatial join and quantify all the features into a usable report. (2-4 weeks)
» Analyze the results (3-7 weeks)

» Perform the accuracy assessment. (1-3 weeks)

» Write up the report and create presentation materials. (2-4 weeks)

» Present the results of the analysis at a conference.

» Total time to complete project (14-28 weeks or 3-7 months)




Potential Presentation Venues

ESRI Petroleum User Group (PUG) Conference - Houston May 2020

ESRI User Conference - San Diego July 2020

URISA GIS-Pro - Baltimore September 2020

URISA GIS/Valuation Technologies Conference - Louisville March 2020
URISA Caribbean GIS Conference - Port of Spain, Trinidad November 2019
ASPRS Pecora Conference - 2020 Date and Venue TBD

GIS in the Rockies - Denver September 2019
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