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Abstract

Late Devonian and Early Mississippian Bakken Formation consists of three distinct
members: the upper shale, middle, and lower shale. The upper and lower shales are excellent
source rocks, rich in organic content. The organic material in the shales was derived from
planktonic algae. Both the upper and lower shales were deposited during a transgressive event in
hypoxic to anoxic conditions. The original total organic carbon content in the Bakken shales
ranges from 20 to 22 weight percent, however; the content decreases to 10 to 17 weight percent
as a result of maturation of hydrocarbons and primary expelling of oil. High contents of total
organic carbon are also responsible for high resistivity response on the logs due to oil saturation
during organic matter maturation.

In order to characterize organic rich source rocks in the Bakken Formation, total organic
carbon content can be calculated from the density logs using an empirical equation and resistivity
values obtained from the resistivity logs. The objectives of the study was to create a database of
well logs and import it into a mapping software and produce a manual that will guide users to

obtain and utilize well information from various sources.



Dedication

For my husband Lorin Jones. Thank you for your unconditional love and support.



Acknowledgements

I would like to acknowledge Geological Engineering department for financial support that made
this master’s project possible, my advisor Dr. Larry Smith for his continual guidance and
support, Dr. Mary MacLaughlin and David Reichhardt for being members of my committee. In
addition, I would like to thank IHS Inc. for providing Accumap software and extensive technical
support.



Table of Contents

Y 2 3 Y N 1
DEDICATION ..cuiiiiiiniiiiinniiiieaniiiieasiiimessismesssssesssstesssssssssssssessssssssssssssssssssssssssssnssssssnssssssnsssssssssssssnssssssnne ]|
ACKNOWLEDGEMENTS ....uuuuuutriiiiiiiisssnneeeiisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss v
TABLE OF CONTENTS....cteiiiiteiiiitniiiiensiiiiensiiimessiostesssssesssssesssssssssssssssssssssssssssnsssssenssssssnssssssnssssssnsssssanes \)
LIST OF FIGURES.....cuuiiitiuiiiiieniiiieniiiieniiiiessiitiessssisessssssessssssessssssessssssesssssssnssssssssssssssssssssnssssssnssssssnssssans Vil
LIST OF EQUATIONS ....ccettiiiiiiiiiinneeeiinisisssseeesiisssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnans X
L. INTRODUCTION .uettiuteeuteenueeenuteesuseesuseesuseessseesuseessseessseessseesuseesuseesssessssessnsesssseessessnseessseesnsessnseessseesas 1

2. IVIETHODOLOGY ..uuuuuttteeeeeeaauutetteeeseaaausetteeeesaaaunseeeeeeesasaaseeteeeeaesaassebeeeeeesaannsbeeeeeesaannsbeaeaeesasannreneeas 5

2.1. 20T 4 (=1 TP PP RPNt 5

2.2. TOC ettt ettt ettt ettt sttt e et st e ettt s bt e e te e s e e et e s beenate e s teenares 8

2.3. RESISTIVITY eevvveveveeeeeeeieieieieieieeeeeeeteeeteteteeeteteteeeeeteeeteeaeeeeteeesesssessessssessssessssssssssssasssssssnearanees 11

2.4. [ [ R o (ol 0T =T 4 1 =3O UUPN 14

3. CONCLUSIONS . etttteeee e e ettt e e e e e s ettt et e e e s e unb e et e e e e e e s anbeeteeeeaesansbseeeeeeesannnbbeeeaeesaaannseeaeaeeeasannes 17
REFERENCES CITED.....uuutttiiiiiiinisnneeeiiiisisssssnsessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssssnnans 18
APPENDIX A: IMANUAL....ccuitttiiitiiiuiitiiiieitteiiieittesiresiteeiresiteeitssitrssstssisrssstsssstassssssstasstssssrssssssssrassssnssns 22
L. INTRODUCTION ..uuttttteeeeeautitteeeeee e ettt e e e e e auabeeeeeeeaaaunbeeteeeeeeaaaabeeaeeeeeesansseaeeeeeesaansnsbeaeeeesannnreeaeas 22

2. LOGSLEUTH teuutteiuteesuteesteesteesteesuteesabeesateesabeesabeesabeeeabeesabeeeabeesabeesabeesabeeebeesabaessseesabaesnseesabaeenseesases 22

2.1. Getting started in LOGSIEULR .............ooeeeeeeeeeeee ettt s e et e e e e e saea e 22

2.2. Creating pProjects in LOGSIEULR ...........cco..eeeeeeeeieeeeeeeeeeee et eee st e e e e e sesaraaaaeeeas 23

2.3. Batch EXPOIrting Well OGS ...........uuueeeeieeeeeeeee ettt ettt e e e ettt e e e e e e sssaaaaaaa e e e 25

2.4. Correlating 10Gs iN LOGSIULR ...........ooeeeeieeeeeeee ettt e e e sttt e e e e e e saeaaesnaaaeas 27

B0 ACCUMARP. ...ttt e e bbb a e s 30



4.

3.1. Getting StArted iN ACCUMUGD .......ccoc.veeeeeieeeecee e cee et e et tee ettt e e e st e e e e stteaeesseaaesseeaeas
3.2. Creating and managing well lists in ACCUMOP ...........ceeeeeeeececeeeieeeeeecciiieeeeeeeescsireaaa e,
3.3. EXPOIEING WEII LISES ........eeveeeeeeeeeeeee ettt ettt e e e ettt e e e e e et a e e e e s setsaranaaeeaas

NORTH DAKOTA INDUSTRIAL COMMISSION (NDIC) WEBSITE ...c.uveeuveeueerieenieenreereereeereseeesieesreesneesneeneseees
4.1. Exporting Well Data from NDIC Vial AICGIS .......co.eeeeeeeieeeeecieeeeeieeeesteeeeesieaeesveaaesvanaens

PETRA L.ttt ettt ettt st h e h ettt a b e h e e bt e bt e b e et e et e e a et eae e eheeehe e bt et e eateehteebeenbe e be e beeatesaeas
5.1. GELLING STAITEA iN PELIQ ..veeeeeeeeeeeee ettt e e ettt e e e e e ettt a e e e e e sestssraaaaeeaas
5.2 Importing wells and well data from databases into Petra.............ccccoeeeeccvveeeccveeeesrennnn.
5.3. Correlating formation tops from well 10gs in Petra..............cccceecveeeeecveeeesiieseesiieeasirenann,

Vi



Vil
List of Figures

Figure 1: Location of the Williston basin and structure contour map of the Bakken Formation
(modified from WeDSter, 1984). ......cccciueieeiieie e 2
Figure 2: Generalized stratigraphic chart and associated total petroleum systems for the Williston
Basin (from Anna and others, 2013)........cccceiiieieiiieiieere e 2
Figure 3: Organic-carbon content (wt. %) of upper and lower members of the Bakken Formation
(Schmoker and Hester, 1983). ......ocoiiiiiieieeie e 9
Figure 4: TOC map of the lower and upper Bakken shales. The key shows calculated values of
TOC in weight percent from red (< 4 percent) to dark blue (>20 percent) in one percent
gradations (from Jin and Sonnenberg, 2013).......cccccveieiiieieeiieseese e 9
Figure 5: Upper (left) and Lower (right) Bakken shale resistivity. Grey shaded areas indicates
resistivity greater than 1000 ohm-m (Sperr, 1990). .....ccccovveviviievieerece e 12

Figure 6: Upper (left) and Lower (right) Bakken shale sonic transit times (Sperr, 1990).13

Figure 7: Map of density values in the Upper Bakken shale (Sperr, 1990)..........cccceneee. 13
FIgure 8: Project LISt SCIEEN. .....ccieiieiecie ettt sne e 22
Figure 9: Loading MJ Definitions in LOgSIEUth...........cccoeiiiiieii e 23
Figure 10: Defining Well SEArCh..........ccooieiiiiicce e 24
Figure 11: Batch EXPOrt LOGS OPLION........ccviieiieieeiesiesie e se et eee e ee e ae e 26
Figure 12: Batch EXPOrt WINAOW. .......c.ccieiieiieiieie e 27
Figure 13: Selecting 10gs 10 COITEIAtE. .......cocveiieiee e 28
Figure 14: Default start window in ACCUMAP. ........ccuevverieeiieiiese e 30
Figure 15: Settings window with EXPOrt OpPtioNS. ........cccccveveiiieiicieceese e 31

Figure 16: Zoomed in area of NOrth DaKota. ............ccccivereiiieiieeie e 32



Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:

Figure 39:

Selecting wells in Billings County, North Dakota. .............cccoeevinieiinncnnnen. 34
Wells selected using "Select Wells™ BULtON. ..........ccoveriiiiiiie e 35
Selecting wells using "Polygon™ BULtON. .........ccccoviiiiieniie e 36
QUETY WINTOW. ...ttt ettt bbb s 37
QUETY FESUITS WINAOW. ....c.eeiiiiiiiiie ittt e 37
Selected wells using "Map SCreen” QUENY. ......coceveriereeriiie e 39
"ALACH LISt WINAOW. ..o 40
LiSt EAITOr WINCOW. ......oiviiiiiiieieeiesee s 41
Adding well to the Well TiSt. ........ooviiiiie e 42
DataCard WINGOW. ........ccouiiiiiieiieie ettt ne s 43
Export Manager window for EXCel. ... 44
Export Manager Window fOr PEtra. ........ccccoiveiiiieiieneeie e 45
NDIC well search WINAOW. ..........cooviiiiiiiiiece e 47
Wl [OCATION MAP. ..o e 49
ArcGIS map screen showing the location of wells in North Dakota. .............. 50
Table to EXCEl WINAOW. .......couiiiiiiiiec e 51
Petra Main WINAOW. .......ccciiiiiiiiieiesiiereeie et 52
Importing AccuMap well list int0 Petra. ........ccoocveiiiiiiiiiiineeee e 53
Import PETRA AccuMap File WINAOW........ccccooieiiiiiiiiieeeeee e 54
Petra Main window after well list from AccuMap is imported..........c..ccccueeee. 55
Petra MAP view of the wells in Billings County, North Dakota. .................... 56
Importing well log rasters from MJ Systems into Petra...........ccccccooevveriennnnne 57
Importing ".REG" File INt0 Petra. .........ccceveiiiiieiee e 58

viii



Figure 40: Importing well log rasters from NDIC into Petra.........ccccccovereninnnninnnnnnnn 59
Figure 41: Selecting well by data Criteria. .........ccooveeiieneiie e 60
Figure 42: Select wells by data WINAOW. ..........ccooiiiiiiiiiiiee e 61

Figure 43: Select wells with raster log images Window. ..........cccceorveneninninnnnie e 62



List of Equations
Equation 3: Empirical equation to calculate TOC values from formation density logs, where

TOC = total organic carbon and p = bulk density (g/cm?®) (Schmoker and Hester 1983).

Equation 1: Young's Modulus and Poisson's Ratio calculated from dipole sonic logs
(Ostadhassan and 0thers, 2012). .......ccccviiiiieiiiie e 15
Equation 2: Unconfined compressive stress in relation to compressional wave (Sayers and others,

7001012 TS 15



1. Introduction

The Bakken Formation of the Williston basin is one of the biggest unconventional
onshore reservoirs in the United States. According to the latest U.S. Geological Survey
assessment, the Bakken Formation contains 3.65 billion barrels of undiscovered technically
recoverable oil (Pollastro and others, 2010). The formation, deposited during Late Devonian and
Early Mississippian epochs, is a world-class petroleum source rock with low porosity and
extremely low permeability characteristics. The Bakken Formation contains three uniformly
recognized units: upper shale member, middle siltstone member, and lower shale member. The
unit was originally described from the subsurface of North Dakota during early oil exploration of
that state (Nordquist, 1953).

The Williston Basin is a bowl-shaped intracratonic basin with a history of petroleum
production from anticlinal structural features like the Nesson, Billings, and Cedar Creek
anticlines (LeFever, 1991; Figure 1). More than a dozen geologic units in the basin have proven
productive, from the Pennsylvannian to the Cambrian (Anna and others, 2013), leading to 34,294
wells being drilled in the basin from mid-1950s through 12-08-2015 (IHS-Accumap database).
The great number of publically available petrophysical logs from oil and gas wells in the

Williston Basin, and throughout the continent, are a great resource for geologic studies.
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Figure 1: Location of the Williston basin and structure contour map of the Bakken Formation (modified from
Webster, 1984).
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(from Anna and others, 2013).




Some regional mapping of the Bakken members from petrophysical logs of oil and gas
wells and from cores has been done at small scales. These maps include structure contour maps,
maps of the TOC content, hydrogen index maps, source potential rating index map, resistivity
maps, density maps, and sonic transit times (Meissner, 1978; LeFever and others, 1991;
Schmoker and Hester, 1983; Krystinik and Charpentier, 1987; Jin and Sonnenberg, 2013;
Dembicki and Pirkle, 1985; Sperr, 1990). Most mapping has been done by private firms and have
not been released except in presentations (e.g. Smith and others, 1992) or are for sale

commercially (http://bakkenshale.com/buy-maps/).

Use of petrophysical logs is extremely valuable and cost effective in mapping unit
thicknesses and rock properties across the basin. Some useful rock properties include bulk
density, resistivity, and sonic velocity. The Bakken shales have distinct characteristics, such as
high gamma-ray response, low sonic velocity, and high resistivity response (Meissner, 1978).
The ability to map rock properties, TOC content, maturation data, and other Bakken shale
characteristics and combine the maps with existing production data will give researchers, and
petroleum companies an opportunity to integrate that data with other geologic features (such as
sedimentary facies, depositional trends, etc.), proving a better petrophysical evaluation of the
Bakken Formation. Regional petrophysical evaluation can help with estimating the oil reserves,
target zones, and bounding layers, as well as helping with designing appropriate completion and
stimulation designs (Parker and others, 2009).

Good understanding of the Bakken Formation will optimize the recovery of the reserves
and benefit other unconventional reservoirs. In-depth analysis and evaluation of the Bakken
shales though petrophysical logs will provide information that can enhance the hydraulic fracture

stimulation design, increase productivity through improved field development, and give a better


http://bakkenshale.com/buy-maps/

description of the formation, which in turn will optimize oil recovery. The non-thesis project
focuses on characterization of organic-rich source rocks, upper and lower shales, in the Bakken
Formation. The scope of the study will focus on several objectives.

The first objective is to introduce the data sources in the order one would use them to
gather relevant data for subsurface mapping. The available data sources in Montana and North
Dakota are:

e IHS-Accumap (V25.02, December, 2015)

e Well logs from MJ Systems (V2.11.7.4, December, 2015)

e The North Dakota Industrial Commission (NDIC) (December, 2015)
e Montana Board of Oil and Gas (MBOG) (December, 2015)

Getting subsurface or well data from each of these resources into mapping software
(ArcGIS or IHS-Petra) is important for analysis of those data and for updating the maps. All data
and maps resulting from this work are stored in digital formats (spreadsheets and ArcGIS
shapefiles) so they can be used by others in the future. Examples of the data that will be obtained
from above mentioned sources are density logs, resistivity logs, and dipole sonic logs.

The second objective of the study is to create a user manual for obtaining and mapping
data from the various databases mentioned above. In this manual, I will outline the steps
necessary to integrate well data into a database. This will be useful to other students and
professors to retrieve well data to produce their own maps or retrieve well logs for correlation.
The manual will be created that will guide future users on the process of retrieving well data and

incorporating it into ArcGIS and IHS-Petra projects.



2. Methodology

In order to map the thickness, structure, and petrophysical properties of the Bakken lower
and upper shales, density, resistivity, and dipole sonic velocity logs need to be obtained and a
proper database constructed. Such objective can be achieved by creating a “Batch Export” of
well logs and well data from the MJ Logs database and downloading individual well logs in
TIFF format from North Dakota Industrial Commission website. Then the logs will be imported
to Petra software for correlations. Available top data from Hanley (2012) will be imported into
Petra software and correlation of the Bakken units can be done.

In order to create a user manual for obtaining and mapping data, all the steps used to
create a database will be outlined in detail and accompanied with figures and screenshots. The

manual is provided in Appendix A.

2.1. Bakken

The Williston Basin is a large sedimentary basin that developed on the North American
craton and along the western edge of the Canadian Shield (LeFever and others, 1991; Pollastro
and others, 2010). It spans across 300,000 mi? occupying parts of North Dakota, Montana, South
Dakota, Manitoba, and Saskatchewan (Pollastro and others, 2010).

The Bakken Formation was deposited during active subsidence in the Late Devonian and
Early Mississippian Epochs. The deposition of carbonate and clastic sediments occurred during
cyclical transgressions and regressions (LeFever and others, 1991). The Bakken Formation
conformably overlies the Three Forks Formation in the deeper portions of the basin and
unconformably along the basin flanks (Figure 2) (Webster, 1984; Meissner, 1978). The three
units (upper shale member, middle member, and lower shale member) of the Bakken Formation

exhibit onlapping relationship, where each younger member has a successively higher areal



distribution (LeFever and others, 1991). The overlapping relationship originated during Late
Devonian to Early Mississippian time, where the basin margins were uplifted, exposed and
eroded, and deposition of sediments continued in the deeper parts of the basin (LeFever and
others, 1991).

The depositional environments were similar for the upper and lower shales; however it is
complex and wide array of the ideas exist regarding the conditions of the deposition of the
Bakken shales. Previous studies concerning the deposition environment of the Bakken Formation
range from shallow water, coastal marine to deeper water (>200 m), and anaerobic water bottom
conditions (Smith and Bustin, 1996). More recent studies propose that deposition of the black
shales could have occurred in more active environment with significant current activity and at
least dysoxic conditions (Egenhoff and Fishman, 2013). This work suggested that bedload
transport process supplied the sediment that formed the upper shale member. Bioturbation and
presence of fossils in the upper shale member suggests dysoxic conditions as opposed to anoxic
(Egenhoff and Fishman, 2013).

The depositional environment of the middle member differs from that of the upper and
lower Bakken shales. The middle member was deposited in the shallow, moderately well
oxygenated water environments. The transgressive deposits prevail in the middle member;
however the absence of the onlapping relationship with the lower shale member suggests that the
lowest unit of the middle member was deposited during a regressive event (LeFever and others,
1991).

In the Late Cretaceous, during Laramide orogenic uplift of the Cedar Creek Anticline and
subsidence in the Williston Basin, the Bakken Formation was buried to the point of heating to

entering the “oil window”. Structural deformation along the anticlines and synclines in the basin



(Figure 1) and regional compression produced tectonic fractures. Oil and gas was generated
causing overpressuring and hydrofracturing along with smectites collapsing with illite, forming
type Il kerogen (Webster, 1978; Shepard, 1990).

The lithology of the upper shale member has been categorized into three distinctive facies
associations: (1) siliceous mudstones, (2) quartz and carbonate bearing laminated mudstones, and
(3) macrofossil-debris-bearing massive mudstones (Egenhoff and Fishman, 2013). The upper
shale member is more fossiliferous than the lower shale member. The fossils include
brachiopods, conodonts, fish scales and teeth, crinoid ossicles, echinoderms, arthropod remains,
and terrestrial plant fragments (Smith and Bustin, 1996; LeFever and others, 1991). Calcite and
pyrite minerals fill or partially fill existing microfractures in the layer. Pyrite is dispersed
throughout both upper and lower shales but can also occur in form of lenses, nodules, and
laminations (LeFever and others, 1991). The organic content is generally higher in the upper
shale member as opposed to the lower shale (LeFever and others, 1991).

The middle member is made up of seven distinct lithofacies and generally consists of
light grey to medium dark grey interbedded siltstones and sandstones. Shales, dolostones, and
limestones might be present in lesser quantities (LeFever and others, 1991).

The lithology of the lower member is fairly uniform and consist of a dark grey to
brownish-black to black, non-calcareous, fissile, slightly to highly (in the deeper portion of the
basin) organic rich shale (LeFever and others, 1991). Traces of siltstone, limestone, and
sandstone can be found in the lower shale member, but is non-existing in the upper shale

member (LeFever and others, 1991).



2.2. TOC

Total organic carbon (TOC) is measured as the weight percent of organic material in the
rock. TOC values in the Bakken Formation shales range widely across the basin. Compared to
petroleum source rocks worldwide, original TOC values are high ranging from 20 to greater than
22 percent (Jin and Sonnenberg, 2013). These values are extreme compared to required 1 percent
minimum TOC value for a possible source rock (Webster, 1984). Reduction in TOC values can
be explained by maturation of the shales. As the source rock matures it generates hydrocarbons
that are being expelled from the rock, which in turn lowers the TOC. Along the basin margins, in
areas near the depositional edge, algal kerogen was not well preserved and was diluted by
inorganic material. This resulted in the low TOC near the edges of the basin. After maturation
TOC values ranges between 10-17 weight percent (Schmoker and Hester, 1983; Jin and
Sonnenberg, 2013). Petrophysical logs have been used to estimate total organic carbon content in
the Bakken source rocks by an empirical relation between formation density and TOC, as
calibrated by core analyses. This relationship has been used to map average organic-carbon
content of the upper and lower shales in North Dakota (Figure 3; Schmoker and Hester, 1983).
Maps were recently updated by Jin and Sonnenberg (2013), by incorporating over three thousand
TOC and pyrolysis results obtained from the Colorado School of Mines SRA lab and USGS

Energy Geochemistry Database (Figure 4).
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Figure 3: Organic-carbon content (wt. %) of upper and lower members of the Bakken Formation (Schmoker
and Hester, 1983).
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Figure 4: TOC map of the lower and upper Bakken shales. The key shows calculated values of TOC in weight
percent from red (< 4 percent) to dark blue (>20 percent) in one percent gradations (from Jin and
Sonnenberg, 2013).
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Constructing a map of the TOC values for the Bakken shales may help identify
hydrocarbon accumulations, and optimize the recovery of the Bakken oil.
TOC values can be calculated from formation density logs using an empirical equation

derived by Schmoker and Hester (1983) from core and log data from the Bakken Formation:



10

—57.261

154.497
TOoC = (—)

Equation 1: Empirical equation to calculate TOC values from formation density logs, where TOC = total
organic carbon and p = bulk density (g/cm®) (Schmoker and Hester 1983).

These techniques have been used by Krystinik and others (1987) to create a statistical
model for source rock maturity and organic richness of the Bakken Formation. The purpose of
creating above mentioned statistical model was to validate thermal and organic-faced models that
used data derived from the well logs and use it as a supplement to geochemical methods
(Krystinik and others, 1987).

The average density values across upper and lower Bakken shales were derived from

formation — density logs and used in the empirical equation.
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2.3. Resistivity

Electrical resistivity logs measure how well the fluids and solids in the formation can
conduct electric current. Oil does not conduct electricity which results in high resistivity
response, whereas salty formation water is highly conductive, which lowers the resistivity
response (Ellis and Singer, 2008). For these reasons, most fine-grained sedimentary rocks with
high clay contents (shales) have very low resistivities, on the order of 2 to 10 ohm-m (Ellis and
Singer, 2008).

Resistivities in petroleum source rock shales, such as the Bakken upper and lower shales,
is typically high due to the retention of generated hydrocarbons in the pore spaces and absence of
formation water (Meissner, 1978). In Bakken shales where the kerogen has not been converted to
petroleum, resistivities are on the order of 35 ohm-m or lower (Schmoker and Hester, 1989). As
kerogen converts to fluid hydrocarbons during source rock maturation, the formation water is
expelled from the formation. The volume of oil increases by being stored in fractures and pore
spaces, subsequently decreasing water saturation and significantly increasing resistivity
(Schmoker and Hester, 1990). This process makes the resistivity well logs useful in mapping the
formation of oil in source rocks. Bakken shales can reach resistivities exceeding 10,000 ohm-m.

High resistivities in shales is not governed by porosity, instead the high response directly
correlated to the oil generation during organic matter maturation (Lu and others, 2015). Because
porosity of the Bakken shales is low and fairly uniform, the porosity variations have very
minimal effect on formation resistivity. Moreover, extremely low permeability of the shales
prevents the presence of formation water, which minimizes the effect of formation water on

resistivity readings (Schmoker and Hester, 1989).
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In a study performed in the Upper Cretaceous Tuscaloosa marine shale shows that the
high contents of TOC and type Il kerogen are responsible for oil generation and in turn higher
resistivity response in the logs (Lu and others, 2015). Fourteen samples were analyzed using
Rock-Eval pyrolysis and LECO total organic carbon analysis (Lu and others, 2015). TOC
content and S1 (free hydrocarbon) values increase with depth in the Tuscaloosa shales which
coincides with the increase in the log resistivity (Lu and others, 2015). It was noted that
increasing of S1 values during the onset of oil generation in Bakken shales samples (measured
by Rock-Eval thermal analysis) occurs at a resistivity between approximately 15 and 35 ohm-m
(Schmoker and Hester, 1989).

Sperr (1990) published low resolution maps of resistivity (Figure 5) and sonic transit time
(Figure 6) for upper and lower members of the Bakken shale; as well as a density map (Figure 7)
for the upper shale. The study area was the depositional edge of the Bakken play (south-eastern
part of Montana and north-western part of North Dakota); the area was chosen to compare log
responses to the existing production area. The resistivity maps show the areas of the study area

where resistivity values exceed 1000 ohm-m.
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Figure 5: Upper (left) and Lower (right) Bakken shale resistivity. Grey shaded areas indicates resistivity
greater than 1000 ohm-m (Sperr, 1990).



52E R3SE RASIERIOIW R10ow LITL . & F_' 2E RISE ASIERTOIW .———.n.'“:“ O ). S
S e o
28N/ 1 Y -Q Tndian > Hills | T158M " = } (n (" Indian ﬁyhlr—‘-.-\,\_ risan
o . [ E ré iz S > e L : s| | Y
.8 % (| 3
'S N o ‘( By, WAL Al
T25N C}\ | A T \ L& . 5 \Y " /\’|
SETN, TS T 1T 0 Y s
- (S | Tes W risom o N [ } Fraow
s ) | \\ S A J = /
2 q v = ]
o L bl fa
A 11 ] rioM | L [ ‘ | /
T20N g 7:’\_' i T 3
A o %_" — [ r1asn = ENY Y TI45M
] - } [ 1y T ql‘ = |
T | ? i 3 ;
1} ; 2 Yo, P | ; I
714 | WILLISTON BASIN N T1an] ; WILLISTON Basin T 715 I
- UPPER BAKKEN SHALE ofd | % |° 1 | SO TRANSIT TME. =y
SONIC TRANSIT TIME £ ~ 140N in ma/ft L) 1408
- Inms/it] | | e i 1
"“nu R3SE e RB0E R105W R10OW RISW RSIE  RISE FEOE RI0SW Rosw
packenProoucion P oTHER PRODUCTION @ OTHER PRODUCTION

Figure 6: Upper (left) and Lower (right) Bakken shale sonic transit times (Sperr, 1990).
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The resistivity values for upper and lower Bakken shales are averaged from resistivity
logs. After the values for TOC are calculated and resistivity values are estimated from the logs;

both values can be mapped and compared.
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2.4. Elastic Properties

A dipole sonic log generates an electric pulse at sonic frequencies, producing
compressional (P-waves) and shear (S-waves) waves that travel from the transmitter to the
formation and back to a receiver (Schlumberger Oilfield Glossary, 2015). Resulting well log
displays the travel time of P- and S-waves versus depth along the XY ft increments in rocks
around a wellbore. Elastic properties and bulk density of the rocks govern the travel time of the
P- and S-waves; hence dipole sonic logs can be used to calculate elastic parameters in the
Bakken shales. In addition, dipole sonic logs (as well as other advanced acoustic well logging
tools) can be used to measure the degree of shear anisotropy in a formation. Anisotropy in shales
is caused by the alignment of the grains, fractures, and stress. Shear anisotropy can be evaluated
through slow and fast shear slowness (the reciprocal of the shear wave) obtained by the dipole
sonic logs. In addition, shear slowness can be used to calculate rock stiffness and
compressibility, important characteristics for stimulation design and avoiding sanding problems
during production (Schlumberger, 1990). Characterization of the shear anisotropy can help with
evaluation of the in-situ stresses in the formation, stress distribution around the wellbore, and
natural fractures (Ostadhassan and others, 2011).

Elastic constants define the properties of material that undergoes stress, deforms, and
then recovers and returns to its original shape after the stress ceases. Young’s Modulus, shear
modulus, Poisson’s ratio, and bulk compressibility can be calculated from the data acquired from
the dipole sonic logs (Parker and others, 2009). Young’s modulus is the ratio of longitudinal
stress to longitudinal strain. Shear modulus is the ratio of shear stress to shear strain. Poisson’s

ratio is a measure of the compressibility of material perpendicular to applied stress.



15

Elastic parameters (Young’s Modulus and Poisson’s ratio) can be derived from the dipole

sonic velocity logs using the following equations (Ostadhassan and others, 2012):

3 pus?(3v,° — 4v,°)

E
(Upz - USZ)
v = (Upz - 2“52)
- Z(Upz - Usz)

where p is the formation density, U is shear wave velocity, and v}, is compressional wave velocity.

Equation 2: Young's Modulus and Poisson’s Ratio calculated from dipole sonic logs (Ostadhassan and others,
2012).

In addition, unconfined compressive stress can be calculated using the correlation
developed by Horsrud in 2001 (Sayers and others, 2009):

Co = 0.77 X 1,>%

where C, is the unconfined compressive stress in MPa and vy, is compressional wave velocity in km/s.

Equation 3: Unconfined compressive stress in relation to compressional wave (Sayers and others, 2009).

Vertical stress can be calculated using values for pore pressure and total vertical stress at
a certain depth in the formation (Ostadhassan and others, 2012). Minimum and maximum
horizontal stresses in the formation can be calculated using Young’s modulus, Poisson’s ratio,
overburden stress, Biot’s constant, and minimum and maximum horizontal strains. Conversion of
type 11 kerogen to hydrocarbons in the upper and lower shales causes abnormal overpressure
characteristics (decrease in the effective stress acting on the rock frame) (Ostadhassan and
others, 2012). Change in the stress regime can also be mapped and compared to TOC and

resistivity values, to see if there is any correlation between stress distribution and oil generation.
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Data obtained from dipole sonic logs can be used to estimate stress state around wellbore
and in the formation along with natural fracture characteristics. Therefore, determining elastic
properties and shear anisotropy in the Bakken shales is crucial for understanding the horizontal
drilling and hydraulic fracturing stimulation design.

Due to the limited number of dipole sonic logs available through North Dakota Industrial
Commission database (only 27 raster logs), the stress data can be modeled across the basin using

FLAC 7.0 finite-element geomechanical modeling software (Sayers and others, 2009).
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3. Conclusions

Oil and gas well logs provide a wealth of information on the structure, stratigraphy, and
rock and fluid properties of the subsurface environment. Usage of these databases is enhanced in
the incorporation of digital databases. This overview and manual provides a valuable tool in
learning how to navigate and collect data from the digital databases, and incorporating obtained

well data into mapping software.
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Appendix A: Manual
1. Introduction

The following manual was created in order to help students and professors to navigate
through databases such as MJ Systems (LogSleuth), AccuMap, NDIC, and MBOG. The manual
will also provide information on how to import the gathered well data into a mapping software,

in this case Petra.

2. LogSleuth

2.1. Getting started in LogSleuth

LogSleuth software operates in three main screens: Project List screen, Well List screen, and
Log View screen. Project List screen is displayed when the LogSleuth program is first opened
(Figure 8). Project List screen displays current projects located within a given folder. Projects
can be created, edited, and deleted from the Project List screen. Well List Screen displays the
wells contained in any given project. In Log View Screen one can correlate, annotate, export or

print well logs.

File Admin  Window Help
=) A=
"@ Log Purchases Froject Mame Owner wiels Created Last Usze

@ LogUpdates
@ Project Folders

LagSteuth

Version 2.11.7.4

? Getting Started

Figure 8: Project List screen.
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2.2. Creating projects in LogSleuth

Step 1: Log images from MJ Systems for Montana, North Dakota, and Wyoming states have
been purchased by the Geological Engineering department. Full log library can be accessed
through the campus network services. In order to obtain the shared files, it is required to connect

to \\mtsmefs\geoe457. To map a network drive on your computer, follow these instructions:

e Open “File Explorer”
e Right click on “This PC” in the left corner of the window. Choose “Map network drive”.

e When the pop-up window appears, type \\mtsmefs\geoe457 and click “Finish”.

Step 2: Open LogSleuth program. The first screen that opens is the Project List screen. To create
a project containing desired well logs, numerous steps have to be taken in the following order:
e Select “Admin” tab on the upper panel. From the pull down menu choose “Load MJ Well
Definitions” (red box in Figure 9). Navigate to the geoe457 drive and open the folder

corresponding to the well logs you wish to add.

"l | ngSleuth2 - Project List

File = Admin Window Help
=l Administrator > l
- Global Settings ... Owuner wells Created Last Use
@  |Load M) Well Deinitions... |
Load Leg Registration Data...
Downlead Logs over the internet..,
Import LogSleuth Project...
Catalog Volumes ...
Manage Volumes...
Utility *
Database...
< >
Version 2.11.7.4
? Getting Started

Figure 9: Loading MJ Definitions in LogSleuth.
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Select .LS4 file and click “Open”. Continue this process until all the .LS4 files from all
desired volumes are added to the project.

Next select “File” tab and choose “New Project” from the pull down menu. Fill in
“Name”, “Owner”, and “Description” fields under “Description” tab.

Select “Area Definition” tab. Click next to “Country (US)” under “Area Definition
Type”. Click “New” and using “State” pull down menu select desired state. From the
“County” pull down menu select “All”. Close the window.

To populate your project with well logs double click on the created project in the Project
List Screen. Select “Search” from the new window. When the next window appears,
select “US” from the upper tabs and “County” from the lower tabs. From the pull down
menus select the desired state and “All” under county name. Click “Search” in the lower
left part of the window. After search is complete and desired amount of “Wells Found” is

reached, hit “OK” button (Figure 10).

LegSleuth - Well Search

Canadian Lat / Long ] Other ] ™ Search for
Tanenz Texas ] AP /UDI ] J releasze dates between
11/29/2016 =
State IND - Morth D akota LJ O
11/29/2016
County : |.~'-‘-.II _:J !
Include anly wells with 'I'og -t_l,lpe
AII Log Types -
Mo Logs
Well/Lease Name:] Directional Survey
Murmber: Mo Logs Awvailable
Mo Lags: Run
Orniginal Operator; | Other
Re-Entry - See onginal well
Saric W
Wiells Found: 1778
Wells selected thus far; 1778 x o | ? Hen

Figure 10: Defining well search.
After well list is populated, you can either “Batch Export” well logs to be used in other

programs (like Petra) or continue working with logs in LogSleuth.
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2.3. Batch Exporting well logs

Batch Export command allows you to select numerous wells from the Well List screen and
export them with minimal effort. To select and export well logs follow instructions below.
¢ In the main Project List screen, select “Window” on the upper panel and choose “Well
List” or use shortcut Ctrl+W.
e Inthe Well List screen highlight the wells you wish to export. To select all wells in the
list press Ctrl+A.
e After all the desired well logs are selected, click on “File” on the upper panel and choose
“Batch Export Logs” (Figure 11). Note: if the “Batch Export Logs” option is greyed out
(not highlighted) authentication have to be performed. To do so return to the Project List
screen. Click on “File”, then “Online Services” and “Authentication”. The window will
open and in the required fields (marked with *) enter Larry Smith under name, Montana

Tech under Company, and USA under Country.



gSleuth2 - Well List - Bakken Wells

File Project Window Help

Import Well Data Ctrl+| 778 of 1778 Wells Hide Logs | |
I Batch Export Logs I Registered intervals for the current well
Batch Print Logs M ame IT_I,Ipe ISu:aIe IDesc I Start ft End ftI A
Export Tops cion Depth | Small Marmal 160.0 59,9300
ti Depth | Detail ] | 20700 9.990.0

Export Well-Log list 2l o il i Sl

ction / De Depth | Detail Bulk. 2.070.0 9,330.0
Online Services » ction / De|Depth | Detal Limestone 20700 33300,
Preferences ... Operator % Murnber % MName ~
Metric Measurements F9 COLUMEBI, 14%5EEL
LogSleuth Transfer »

Location Changes Report...
Print Project Report

Figure 11: Batch Export Logs option.

e When the “Batch Export” window appears, click through all the tabs to verify that all
desired logs are loaded. Under “Export” tab, check the box marked “Include Headers”
and then navigate export file to the desired folder through “Save to directory” field

(Figure 12).
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Batch Export, 1778 Wells Selected x

File Vetificatian] Log Selectiun] Fange Selection  Export l

Image Options

v Ewport Reqistration Data W Log Titles v Include Annotations

¥ ScaleBlocks E’Include Headers [v Honzortal Scales

The export file name will be automatically compozed uzing one of the following identifiers ;

* Lic /AP " Location " UDI
ISa\-'e to directary: I JC:'\LDgSIeuth2 E
jEL Cloze I ? Help

Figure 12: Batch Export window.

e Click “Export”. The “Batch Export” usually takes some time, depending on the number
of well logs you wish to export. After “Batch Export” is complete, the resulting file will
have “.REG” file extension. How to import the “.REG” file into Petra is discussed in the

“Petra” section of the manual.

2.4. Correlating logs in LogSleuth
Start log correlation by defining formations you wish to correlate using LogSleuth. In the Project
List Screen right click on the Project Name and select “Edit”. In the Project Setting window
choose the second tab labeled “Formations”. Here you can create numerous marker names and
change the color of the marker under the color pull down button. After you created the formation
markers, click “Close” button to exit the menu.
Log correlation is performed in Log View Screen. To access Log View Screen, from the main

Project List screen click on “Window” on the upper panel and select Log View or use Ctrl+L
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shortcut. In the Log View Screen you can click on the desired well and then click on the specific
log (e.g. Laterolog, Density/Neutron, Sonic, Gamma Ray, Induction) under the “Logs for the
current well” section in the upper left corner. If you wish to view a single log for a particular
well, click “Ok”. If you wish to correlate logs for numerous wells, click on every desired well
and highlight the proper log, after which hit “Ok” (wells with selected logs will turn red as can

be seen in Figure 13).

Logs for the current well Registered intervalz for the current well |

#  [Mame |T'\-‘ |H ~ | % |LogMame |T_l,lpe |Scale [Desc Start ft End ft | ~
2 | Sonic Mo 1 Induction Depth | Small Marmal 29800 9565.0
3 |Cement MY 1 Induction Drepth | Detail Marmal 29780 9,56E.0
4 |Denzity Mo 2 Sonic Depth | Small MHarmal 7.6R0.0 9570.0
5 Denzity/Meutron oY |2 |Sonic Depth  Detal Mormmal 7.646.0 35660,
Lic / API# Location Operator % Number % Mame ~
33-053-01851-0000 |5 HD - NwWSE 10-152K-107% SUPERIOR % 10-33 % ANDERSON
33-053-01854-0000 |5 MD - SWwSw 15-152M-10Tw SUFERIOR % 1514 % LIMDWIG
33-053-01855-0000 |5 WD - NWSE B-15TH-107%W Ex=0M 4 1 W WISER
33-053-01856-0000 |5 MD - SWwSw 21-152M-107w SUFPERIOR % 21-14 % KIIHM
33-053-01863-0000 |5 MO - NEME 3-151M-1030 DEFCO % 41-3 4 JOHNSOM
33-053-01864-0000 |5 MO - NEMW 315TH-10300 DEPCO % 21-3 % JOHHSOM
33-053-01865-0000 |5 MO - SESE 34-152M-103wf SUM EXPLOR % 3 % ERICESON
33-053-01865-0000 |5 HD - ShwMws 341520103 SUM EXPLOR %1 % LASSEY-ERICKSON
33-053-01867-0000 5 MO - MESE 33-152M-103w SUM EXPLOR 41 % MEYERS v
TR T s i e 4 e e s s

Wwiell 1229 of 1773 y Ok | | i D-Sectian| X Cancel | ? Selecting Logs

Figure 13: Selecting logs to correlate.

The Log Viewer window will appear. To start correlating click on the “Display Annotations

editor” button L# or use Ctrl+A shortcut. To pick the interval, select the designated formation
marker and click on “Action” button on the upper panel and select “Quick Pick” from the menu.
Navigate through the log and find the interval you wish to place the formation marker upon, then
simply click on the interval and the marker will be automatically placed. Repeat the process for

every remaining formation marker. If you wish to replace a certain log with a log from a
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different well, select the log by clicking on the well header and click “Select a well log for
viewing” button (or press F4 button). The Select Wells and Logs to View screen will appear
from which you can select a different well log. After selecting a well log click on “Replace”
button instead of “Ok” button. You can also save current well log selection by choosing “File”
button on the upper pane and selecting “Save Quick Section” option from the menu.

Note: You can print a certain interval from the raster log by selecting “Clip interval from log

images for export or print” button “5 or Ctrl+I shortcut. The function is similar to “Snipping

Tool” however you can add a page title and annotations when printing.
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3. AccuMap

3.1. Getting started in AccuMap

Step 1: Start by opening IHS AccuMap IPL program. The start screen in AccuMap is shown in
figure below with outline of the states in United States and provinces in Canada. The states
include Montana, North Dakota, and Wyoming. The provinces in Canada are British Columbia,

Alberta, Saskatchewan, Manitoba, and Northern Territories.
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Navigation Data Lists Annotations Cross Sections Print View @ a_
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ﬁ —o % % Py * > @ ruven M W i
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Pan & Zoom View Favorite Views
Layer Legend n x
= o2t M B @
Layer
Annotations V!
Background v
Cross Sections V!
» Culture =
> Facilties A
Fieldls [
> Grid =
> THS Layers
> Land &
Land Text N
My Layers Fi
> Ppeines &
Pools [ R
> Transportation Infrastructure ...
units |
> wels i &
WMS Layers
Layer Properties ~

| C:\AccuMap INADZT I 51.874641, -108.305303 | Scale L 15,000,000 -

Figure 14: Default start window in AccuMap.
Step 2: Before starting the process of selecting wells, make sure that the map is projected in

NAD27. You can find the projection in the lower right corner (red box in the Figure 14). After



the right projection is confirmed, follow the instruction to set the export process in the same
projection:

e Click on “File” tab in the right upper corner.

e Select “Settings” on the left side of the window.

e In “Application Settings” click on “Export” option on the left side of the window.

e Under “Datum” select “NAD27 (ATS 2.6 Grid)” (first option).

Application Settings Iil-g—hj
Map Datum
| Expart |

I @) MADZT (ATS 2.6 Grid) I

Units Of Measure
() MADS3 (ATS 4.1 Grid)

Inspect Mouse Actions
() MADSB3 (NTw2 - ATS 2.6 Grid)
Motifications
Printing
Tops

Mouse Location Display

oK Cancel Apply

Figure 15: Settings window with Export options.

e Click “OK”
This step is very important because if map projection and export projection are different, you
will not be able to export well data from AccuMap.
Step 3: Next step is to navigate to your area of interest. This manual uses North Dakota as an
example.

e Select “Navigation” tab on the upper panel.
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You can locate the area by using “Zoom In” and “Zoom Out” buttons. If you click on the
down arrow below the button you can choose to zoom in or zoom out by 4x, 6x, or 10x.
Other option is to choose “Zoom To Area” button. With “Zoom To Area” button you can

draw a rectangle to choose a more precise area you wish to focus on.
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Figure 16: Zoomed in area of North Dakota.

To return back and forth to the previous map extends, use “Back” and “Forward” buttons.
To navigate throughout the map, press and hold the left click of the mouse.
You can also use blue arrows in the center of the “Navigation” tab to pan the map

upwards, downwards, to the right and to the left.
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e To set the desired map view as a default home view, use “Set Map Home” button. This
option only works if the map is saved. To return to the default home view at any time,
press “Map Home” button.

e Save the map project by going to the “File” tab, then “Save” button or use “Save” icon on
the uppermost left corner. The map saves into a default location: “Local Disk (C:) —

AccuMap”.

3.2. Creating and managing well lists in AccuMap

In order to use the extensive database in Accumap software, one must create well list that
includes desired well data. The well list can be created by manually selecting the wells, or

automatically by creating a query. Both processes are outlined below.

3.2.1. Creating well list by using “ Select Wells” option
¢ Navigate to the area you wish to select wells from. In this manual we will use Billings

County in North Dakota as an example. The county boundary is outlined in lime green.
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Figure 17: Selecting wells in Billings County, North Dakota.
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e To select the wells, click on the “Select Wells” button in the upper left corner under the

“Lists” tab (red box in Figure 17). Note: when you click “Select Wells” button, you can

no longer navigate throughout the map using left click of the mouse. If you need to zoom

in on a particular area (usually on the densely populated wells) use “Zoom In” or “Zoom

To Area” buttons under the “Navigation” tab.

e After the wells are selected, the well symbols will turn blue.
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Figure 18: Wells selected using "*Select Wells' button.

o After selecting wells, use “Save to List” button (red box in Figure 18), to save your well

list. The “Enter Description” window will appear, enter the name you wish to assign to

the well list. The well list will be saved in “Local Disk (C:) — AccuMap” directory with

LWELL File extension. Click “Save”

e The well list will appear under the “Lists” layer in the “Layer Legend” on the right side

of the map. The wells will turn red when the well list is saved.

3.2.2. Creating well list by using “Query” option

You can create well lists by two different methods using “Query” button. First method involves

creating map annotations and the second involves using current map screen.
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First method:

Click on “Annotations” tab. Under the “Annotations” tab select “Polygon”. Draw a

desired shape that includes all the wells, you want to save in the well list.
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Figure 19: Selecting wells using **Polygon®* button.

Next, under “Data” tab, choose “Query” button. Query window will appear. Under
“Region” pull down menu on the left side, choose “Map Annotation”. Click “Add”. After
the query term “Region = Map Annotation” appears on the lower half of the window,

click “Run Query” on the lower right corner.
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Figure 20: Query window.

The query results will appear. Choose “Save to list” button, to save the well list, or

choose “Save to list & attach” for well list to appear on the map screen.

| -
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Query Time: 00:00.0 Number Found: 2,162
Query Status: Completed Number Searched: 2,162

Preview ## Show results on map

Set map symbaol ¥* IEIJ'I Save to list & attach I
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#5 Add to DataCard

=1 Add to new DataCard

r Close II

Figure 21: Query results window.
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e After choosing “Save to list & attach” option, the selected wells will appear in red on the
map screen. If you do not need the polygon, you can choose “Select” button from the
“Annotations” tab menu, select the polygon on the map screen and press “Delete” button.

e Close the query window. Save the query if you wish to use it again.

Second method:

e Click on the “Data” tab. Choose “Query” button. Query window will appear. Under
“Region” pull down menu on the left side, choose “Map Screen”, then click “Add”. After
the query term “Region = Map Screen” appears on the lower half of the window, click
“Run Query” on the lower right corner.

e The “Query results for Wells” window will appear. Apply the same options as you would

do in the first method.
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Figure 22: Selected wells using ""Map Screen' query.

e WARNING: using “Map Screen” query ALL wells that are visible on the map screen
will be selected.
Lists containing fewer than 5,000 wells are preferred, in order to decrease the chance of Petra

crashing during importing process.

3.2.3. Managing existing well lists

After well lists are created, you can display and edit saved well lists. You can also view well lists

in DataCard. To manage existing well lists proceed with following steps:
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Attach to Map:
e To display existing well lists on the screen, choose “Attach to Map” button under the
“Lists” tab menu (second red box in Figure 18).
e “Attach List” window will appear. Choose well list you wish to attach to the map screen.

Click “Attach”.

—
RN B il TP . ok )
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Figure 23: ""Attach List" window.

e Wells from the well list will appear in red on the map screen.
Edit Well List:
e To edit well list choose “Edit” button under the “Lists” tab.
e “List Editor” window will appear. Use “Open File” icon on the uppermost menu or right

click on the highlighted line to open existing well lists.
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Figure 24: List Editor window.

You can add a well to the list using “Plus” icon on the uppermost menu (red box in figure
24). “Add Well” window will appear. Under the “Area” menu choose the state or
province. Enter the wells API number and click “Search”, after the well AP1 is found,

click “OK” and the well will be added to the well list.
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Figure 25: Adding well to the well list.

e To delete well from the well list, click on the well API in the “List Editor”, and choose
the “Delete” icon from the uppermost menu.

e You can add additional lists to the well list, save well list, edit the description of the well
list, and sort the well list using the icons on the uppermost menu of the “List Editor”.

View Well List in DataCard:

e To view the well list in DataCard choose “Open in DataCard” button under the “Lists”
tab.

e In “Open Lists” window, select desired well list and click “Open”. The “DataCard”

window will appear.
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Figure 26: DataCard window.

3.3. Exporting well lists

In DataCard window you can view and print detailed information from each well in the

To export well lists into the mapping software like IHS-Petra or into Excel spreadsheet, the

“Export Manager” option will be used.

will appear. Choose the program you wish to export your well list into from the

uppermost row of tabs.
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Under the “Data” tab menu, click “Export Manager” button. “Export Manager” window
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To export well list into Excel spreadsheet, select “Excel”” on the uppermost tab menu.
Select “Well” category in Step 1. Select desired well list by clicking “Open” button in
Step 2. Select one or several templates in Step 3. The most often selected templates are

“Well Header” or “Production”. Click “Export” button on the lower right corner.

- T _|
(i Exp?rt Manager-—‘ L] > ‘l - ‘|%

Excel |Land WI% I Land Report I Well Report I Petra I GeoGraphix I Shapefile

Step 1. Select a category

Category: IWE" vl

Step 2. Select a list

List: C:‘\AccuMap\Billings County. lwell
Step 3. Select a template(s)

Templates: | System - Fluid Analysis - Gas - Editor. ..
System - Fluid Analysis - Qil
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WSLEM - Progucton - FIrst 3 Prod Monts
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System - Production - Last 3 Prod Months
System - Production - Last Prod Month
System - Production Summary
System - Sour Gas Analysis
System - System Tops

m

1| il | 3

Production Years...

Step 4. Select options
[ 1nsert blank row between items
|I || Disable spreadsheet formatting

Last Step. Select unit system

Units: Production Units:
(oo | (conen | [ b

Figure 27: Export Manager window for Excel.

Well list data will be exported into Excel spreadsheet.
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To export well list into Petra, select “Petra” on the uppermost tab menu. Select desired
well list by clicking “Open” in “Select a list” step. Check the box next to “Launch Petra”.
Uncheck “Active User Tops” and “Additional User Tops” boxes in the “Well data”
portion. Also uncheck “Grid data”, “Culture data”, and “Open Layers / Shapefiles” boxes

in the “Production data” portion. Click “Launch”.

1 2 1 = —
@ Exp-c_lri Manager‘;‘-‘ ﬁ ‘. ‘l — ug_‘

| Excel I Land WI% I Land Report I well Report | Petra | GeoGraphix I 5ha|:|eﬁ|e| l
i
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| List: C:\AccuMap'\Bilings County.lwell |
N
Launch Petra
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UTM Zone: [13 v] l More Info...
Well data

Tops Source:

i System Tops
I D Active User Tops User
‘! [ additional User Tops || select Files. ..
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| Formation Mames
I @ International Petro-data Limited
| () IHSData Momendature hl

Production data

[ Grid data

[ culture data |

[] Open Layers [ Shapefiles || select Files...
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2 files will be exported {only in metric)

Metric Metric
| |

Lo ] (o) s

— = 4
e =

Figure 28: Export Manager window for Petra.
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After the “Launch” button is pressed, Petra will attempt to open the project containing the
well list. However, an “Application Error” message will appear. The reason Petra cannot
open a project containing the well list is the fact that AccuMap 25.02 version is not
compatible with Petra 4.1.1 version, but is with version 3.9. Despite this fact, you should
still proceed with exporting well list into Petra, because AccuMap still creates PXP file

that can be later imported into Petra.
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4. North Dakota Industrial Commission (NDIC) website

Well data can also be obtained from NDIC website. To navigate through the website and
download required data use the following steps.

e Go to North Dakota Industrial Commission website: https://www.dmr.nd.gov/oilgas/.

Click on “Premium Services”. Click on “Well Search”. When “Authentication Required”
window appears, enter “MTech” as a login, and “Black8Gold” as a password. In the new

window click on “Digital & Image Logs”.

North Dakota ™90V ot S covernment Vi e

Related Links ===\
remiu i Search For Digital Logs | E“-

Code Definitians
Operator: Select Company
Scout Ticket Data

Field: Select Field v

well Files

T Section: 0 ~ Township: 0 ~ Range:0 =~

Downloads

Log Type: ALL v File Extension: ALL +

Please Select From One or More of Operator, Field, or Location values and click on [Submit]

[DMR Home] [Disclaimer] [Privacy] [Secusify] [Eeedback] [My Account Information]

Figure 29: NDIC well search window.

e Search for wells by either selecting an Operator, Field or Section, Township, Range.
Once you selected the criteria mentioned above, select the type of well logs you want to
download in the “Log Type” drop line. Click “Submit”.

e The list of digital logs will appear. Click on the file under the “Digital log” column (it
will be blue and highlighted). The file will open as TIFF file. Save the file in the
designated folder. Note: make sure you rename the raster TIFF file using well API
number (it will be crucial when importing rasters into Petra). APl number can be found

by clicking “File No”. Moreover, APl numbers can be cross referenced with File No in


https://www.dmr.nd.gov/oilgas/
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the “Welllndex” excel file downloaded from the “Well Index & Downloads”. To obtain
the excel file, click on “Well Index & Downloads” located under “Well Data” section in

the Premium Services and download “well_index.zip” file.

4.1. Exporting Well Data from NDIC via ArcGIS

Well data (such as API number, well name, TD, location coordinates, field name, operator, etc.)

can be exported from NDIC in Excel spreadsheet through ArcGIS. Resulting spreadsheet will

contain extensive data for every well in North Dakota.

e Go to North Dakota Industrial Commission website: https://www.dmr.nd.gov/oilgas/

e From the menu on the left side choose GIS Map Server. A new window will appear that
shows the map of North Dakota and the location of the wells using ArcIMS Viewer.

Zoom in on any particular part of the map to view individual well location.


https://www.dmr.nd.gov/oilgas/
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Figure 30: Well location map.

e On the upper right side of the screen choose “Download Shape Files”. When downloads
appear, select “Wells” file at the bottom. Save file in designated location. The well data
will be projected in NAD 1927.

.

Open ArcMap program. Click on “Catalog” and click the button to connect to folder.

Choose the “Wells” file from designated location and click ok. Drag “wells.shp” in the

“Layers” window and well locations will appear.
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Figure 31: ArcGIS map screen showing the location of wells in North Dakota.

e Open the ArcToolbox window. Expand Conversion Tools option, then Excel option.
Choose Table to Excel. When window appears, choose “Wells” for Input Table and

choose designated location for Output Excel File.
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5
Input Table
[Wells ~|
Output Excel File
Z:\student_work\AMS\Bakken_arcGIS_files\Well_List_Bakken_MD_from_ArcGIS. xls

Use field alias as column header {optional)

["] Use domain and subtype description {optional)

l oK ] l Cancel ] lEnvironments... ] l Show Help ==

Figure 32: Table to Excel window.

e Resulting Excel file will contain the same information as in attribute table for “Wells”

layer.



5. Petra

5.1. Getting started in Petra
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Start by opening IHS Petra program. In the “Petra Main” window select “Start Petra in Private

Mode”. Select “Create a NEW Project”, click “OK”. Enter the project NAME and

DESCRIPTION, then save the project in the desired directory. “Petra Main” window will open.

1 Petra Main [v4.1.1) - BILUNGS COUNTY - BILLINGS COUNTY
Project Wells Zones Logs Compute Tools Units View Help Last

(=EEN

Project ]

Project Description:
[BILLINGS COUNTY

Parameters Dir: G-\geoplus1\Projects\BILLINGS COUNTY
Project Data Dir: C:\geoplus1'\Projects\BILLINGS COUNTY
Server: PetraPrivateModeServer (127.0.0.1:12020)

| 0 = Total Number of Wells In Project |

0 = Number of Currently Selected Wells

To add wells to the project select the
*Projectimport® menu or the
"Wells-Add A New Well* menu.

L=

View As @ Impenial 7 Metric " Raw  System Units=Imperial

Datum=MNAD27 [vd.1.1] Private Mode
=L —

Figure 33: Petra Main window.

5.2. Importing wells and well data from databases into Petra

Petra does not contain any well data as you can see in Figure 33. To be able to correlate and map

formation tops, the well data needs to be imported from the databases like AccuMap, MJ

Systems, and NDIC.
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5.2.1. Importing well lists into Petra
5.2.1.1. From Accumap

e In “Petra Main” window, select “Project” in the uppermost tab menu. Under “Project”

choose “Import”, then “Accumap PETRA Well File”.

& Petra Main [v4.11] - BILLINGS COUNTY - BILLINGS COU
Project| Wells Zones Logs Compute Tools Units View Help Last

Remarks File.. TR ] AE A1 =] t) [

Import |> PETRA Project File (*.ppf)...

Export > PETRA Template File {".ptf)...

Summary Report... PETRA Ascii Well Data File...

Direct Connect » IHS 207 Well Data (Fixed or Comma) GS COUNTY
Close Project IHS 298 Production (Comma) GS COUNTY
ReOpen . IHS 298 EZ Loader... 7.0.0.1:12020)

Fovorite Projects Generic ASCI (Spreadsheet)...

N —— Accumap PETRA Well File... |

Accumap PETRA Production File...

Settings.. b
Prospect " General Well Data From.
Exit.. Digital Logs From...

Raster Logs From

Monthly Production From...
Top Definitions..

Import Velocity Data LAS Files...
Import Tabular Repeat Tops..

Protect Data Fields...

Viewds = Impeial (" Meic (" Raw System Units=Imperial

Datum=NAD27 [v4.1.1] Private Mode

Figure 34: Importing AccuMap well list into Petra.

e The “Import PETRA AccuMap File” will appear. Accept the default settings by pressing

“OK”.
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@ Import PETRA AccuMap File = | C

Options | Fm Substitute | Accuap | Misc | Elev Trans | Dir Survey
Well Options
vV Add New'Wells v Update Selected Wells

Data To Load

¥ General WellHeaderData ™ Cum Praduction

v Locations

v Directional Sursey vV All Other Data,

v Daturn Elewation

W Gross Perfs from IFTests I Update Historical Operator
- I Use Altld Far U] ||
v Production Tests (IPs) W Load ALT-ID inta Well Label
v Formation Tests (DSTs)

v Cored Intervals

v Formation Tops
-
[ Ignore Source Codes

Select None

X Cancel

Figure 35: Import PETRA AccuMap File window.

e The default folder that Petra will open, does not contain the well lists. Instead go to:
“Computer — Local Disk (C:) — AccuMap”. In AccuMap folder, find desired well list
that is in PXP File format. Select that well list.

e When the import is complete, the resulting “Petra Main” window will be similar to
Figure 35. Now Petra contains the exact same amount of wells as does your well list file

in AccuMap.
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Figure 36: Petra Main window after well list from AccuMap is imported.
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By clicking the map icon in the “Petra Main” window (red box in Figure 36, icon row in

the upper left corner), you can view wells in map window (Figure 37).
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Figure 37: Petra MAP view of the wells in Billings County, North Dakota.

e From the “Petra MAP” window, the wells can be selected, and cross-sections can be

created for future formation tops correlation.

5.2.1.2. Importing well files from spreadsheets (NDIC, MBOGC, etc.)

e Spreadsheets containing well data, downloaded from either NDIC or MBOGC, can be
imported into Petra by selecting “Project” in the uppermost tab menu in “Petra Main”
window. Under “Project” choose “Import”, then “Generic ASCII (Spreadsheet)...”.

e When the “Import Well Data From Tabular File Format” window appears, follow each

tab to populate Petra with data from the spreadsheet.
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5.2.2. Importing well logs into Petra

The well list imported from AccuMap only contains the well header data, and serves as an empty
vessel designed to be filled with data from different sources. The well data that this project is
focused on is well log rasters. Well log rasters can be obtained from NDIC for North Dakota and
from Montana Board of Oil and Gas for Montana. Well log rasters can also be obtained for both

states from the MJ Systems.

5.2.2.1. Importing well logs from MJ Systems:
e To import well log rasters from MJ Systems, select “Project” in the uppermost tab menu
in “Petra Main” window. Under “Project” choose “Import”, then “Raster Logs From”,

and finally “MJ Logs Exported From LogSleuth”.
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Figure 38: Importing well log rasters from MJ Systems into Petra.
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The “Batch Import MJ Systems Calibrated Raster Log” window will appear and ask you
to “select one or more “.REG” files to load”. Click “Select Files...” button.
When the “Select MJ Logs to Import (“REG” Files)” window appears, navigate to the

folder in which you saved the export file form the “Batch Export” in LogSleugh.

#7 Batch Import M) Systems Calibrated Raster Log I. EY dz-l

Impart ane ar mare depth-calibrated raster () fles exparted fron B Systerns's
LogSleuth program,. Select one or more "REG" filez to load,
Files may be either werzion 1 or werzion 2 format,

Files To Impart l General ] Dptinns]
ZMMD_LogespiLogSleuth_Esport.reg I

ESelect Files...é

Explorer...

Clear
Dirop

Wiew File. ..

Select Files or
Drag-Drop "REG"
Files Uzing Explarer.

X Corce

Figure 39: Importing "".REG" File into Petra.

After the “.REG” file is loaded, click “Import”. Note: only the well log rasters matching

the wells in the project (from the AccuMap well list) will be loaded.

5.2.2.2. Importing well logs from NDIC (or other TIF files — e.g. from
Colorado or Wyoming):

To import well log rasters from NDIC, select “Project” in the uppermost tab menu in
“Petra Main” window. Under “Project” choose “Import”, then “Raster Logs From”, and

“Uncalibrated TIF Files”.
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Figure 40: Importing well log rasters from NDIC into Petra.

e Note: Make sure that the API of the raster you wish to import from NDIC matches the

API of the well in Petra project.

5.3. Correlating formation tops from well logs in Petra

After the well logs have been imported into Petra, you can start correlating formation tops in
Petra.
e Select “Wells” tab on the uppermost tab menu. Choose “Select” on the top of the list.

Select “Wells By Data Criteria”.
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Figure 41: Selecting well by data criteria.

After “Select Wells By Data” window appears, click on the “plus” button next to the

“Logs”. When the “Logs” option expands, click on the “plus” button next to “Raster

Logs”, when it expands, choose “Calibrated Rasters”, and press “Accept” on the right

upper corner.
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Figure 42: Select wells by data window.

e Next, the “Select Wells With Raster Log Images” window will appear. Under “Raster
Logs” tab in the “Search Method”, accept the default option “Find Wells With ANY

Rasters”. Click “Search”.
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Figure 43: Select wells with raster log images window.

If you have any questions you can contact me at 661-444-5852 or asherimkulova@mtech.edu.
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