GEOLOGQC CONTROLS ON RESERVOIR QUALITY OF THE HUNTON AND VIOLA
LIMESTONES IN THE LEACH FIELD, JACKSON COUNTY, KANSAS

by

JOSHUA JAY RENNAKER

B.S.,Kansas Statbniversity, 204

A THESIS

submitted in partial fulfillment of the requirements for the degree

MASTER OF SCIENCE

Department ofGeology
College of Artsand Sciences

KANSAS STATE UNIVERSITY
Manhattan, Kansas

2016

Approved by:

Major Professor
Dr. MatthewTotten



Copyright

JOSHUA JAY RENNAKER

2016



Abstract

The area of study for this project is the Leach Field, which is located in Jackson County,
Kansas. Production in the Leach Field has historically desppointingwith 388,787 barrels
of oi l being produc e dl9gBiKeS, 2015)Pmoduction ofthediélds di s c o
has been highly variable, with only 20,568 barrels of oil being produced in the last 20 years.
Economic and other concerns that have imgaptroduction and production rates of the field
include: low oil prices soon after its discovery, numerous changes of ownership, and lack of
significant production infrastructure in the area. Stroke of Luck Energy & Exploration, LLC. has
recently purchasetthe majority of the leases and wells in the Leach Fieldjsargkstablishing
the field as a productive dield. Plans include: washing down several plugged and abandoned
wells, and drill new wells to increase production in the field. The goal othywas to
determine the major geologic factors controlling reservoir quality in the Hunton and Viola
Limestone Formations in the Leach Fiedd that a future exploration model can be developed to
hel p increase and st abonThismalel wds ereafedy epplginggs over a
several testingnethodsncluding well logging analysis, microscope analysis, and subsurface
mapping.Based on these resultsnas determined that the quality of the reservoir rasks
controlled bythe degree of domitizaitonin both formations. Reservoir quality is as important

as structure in determining well productivity in the Leach Field.
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Chapterl-l nt roducti on

1.1 Introduction to the Leach Field

The Leach Field is located in west central Jackson County, Kansas in the Grant
Township, as seen Iigure 1.Jackson County is located in the northeast portion of the state and
is situated on the western edge of the Forest City Basin near where the basin meets the Nemaha
Anticline. The field falls inta northeast trendinigne of producing fields that run palellto the
trend of the Nemaha Uplift. Larger more developed fields along this trend include: Davis Ranch,
John Creek, McClain, Newbury, and Wilmington Field. Collectively these fields have produced
22.5 million cumulative barrels of oil to dai€GS, 2016. Through the sameend many
smaller less developed fields with limited production can be found, including the Leach Field.
The Leach Field is located in Sections, 14, 15, 21, and 22 of Township 7S and Ranfjeel3E
nearest surrounding production indés the Casey Field and the Soldier Field. The Casey Field
is located six miles to the west and has produced approximately 181,162 barrels cumulatively out
of the Viola Limestone. The Soldier Field is located four miles north, with historical production
of 21,833 barrels produced from the Hunton and Viola Formations. The Soldier field was
recently the focus of a research projith similar goalgJensik, 2013)and the resultBom this
studyare now being realizeavith the last three years productionaiing 18,817 barrels, which
equates to 86% of the field's total productidhe Leach fieldstudy area was selectedth the
suggestion oKansas State University Department of Geology alumni George Petersen, which he

believal was underdeveloped.



Figure 1 - Location of study area with respect to major oil fields and provinces of Eastern Kansa
Unnamed triangles represent Kimberlites. Jensik, 2013)
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1.2 Leach Field History

The Leach Field wadiscovered in late 1963 with a wildcat wdleachland t he f i el
production has been highly variable as a result of numerous changes of ownership, low oil
prices,andlack of infrastructure in the area. In the years following the success of thetwildca
well the approximatelgix hundredacre field was leased sporadically by three separate
companies, the Phillips Petroleum Company, the Anschutz Oil Company, and the Eureka
Drilling Company. The field was orderly developed on forty acre spacing by tivese t
companies, and by the end of the next year there were fifteen wells completed into the Hunton
Formation, four wells completed in the Viola Formatiand one disposal well drilled into the

Maquoketa Shale Formatioim 1966 Phillips Petroleum Compaswld its Leach Field assets to



G.L. Reasor, an independent prodyesd Anschutz Oil Company sold its assets to Union of
Texas. Soon after taking ownership of a portion of the,fdid Reasor fell ill and remained in a
coma for an extended period of @mntil his deaththis resulted in his portion of the field being
neglected and the wells were eventusdimporarily abandonedror this reason the field had
unusually low production numbers from 1968 through late 1970. Following the passing of Mr.
Reaso, his assets were purchased by Eureka Drilling. Eureka Drilling also purchased Union of
Texas assetfocusing on acquiring the remainder of the LeRid, which placed the field
under one management for the feansfforttdt i me i n th
reestablish some of the wells that had been shut in for years and an increase in annual field
production can be seen on the field production chlarts972 oil prices fell to a low price of

$1.60 per barrelandthe demandwas very low fotheavy crude. As a result the Eureka Drilling
company reduced production and much of the original equipment was sold. |nHE#&ld

was acquired by D.W Barnesndwas granted stripper well classification frone tkansas
Corporation Commission.gPmission was given to infield drill the field on ten acre spacing.
After several years of operating the fieglW Barnes lost the field to his financier. In 1984 the
field was once again sold to a newly formed comp#rg/Leach Production Company. Field
ownership from 1985 to 2003 is somewhat of an unknown with little tlmpvoduction

occurring in those years. In 2003 Elk Oil Enterprises, La€Qyuiredpartial ownership of the

field and producg small amounts fromafew wells until 2014. In 2014 Kewalker and Stroke

of Luck Energy and Exploration, LLC began purchasing the field in hopes of restoring the Leach
Field production Field history prior to 1985 was documented in a proprietary report by the

Hodgden Oil CompanyHodgden, 1985).



1.3 Paleogeogaphy and Stratigraphy

The Forest City Basin is defined as batstructural and topographic bashatbegan
forming structurally in the lateniddle Ordovician time, contemporaneously with the fation
of its southern barriethe Chautauqua arch in southeastern KafWadls, 1987).After
depositiomear the end of the Mississippian peritiy basirwasuplifted and gentle folding
occurred Theprincipal fold being the Nemalamticline, which extends from southeast Nebraska
acros Kansas into central Oklahoma, FigurédRthe same time as basin uplift the exposed
rocks were subjected to exposure, which erodegkthasial unitsdown to nearly sea lelve
(Lee, 2005)Sedimentation resumed with the advancement of the Pennsylvanian sea, which
filled the entire basirresulting in thicker deposits acaulating inlower areas of thbasin than
on the higher elevations surrounding (Lee, 2088gr the seas receded, the Nemaha Uplift
became active, whickesulted in Mississippian rockisathad beemearly flat to become warped
downward, forming the Fosé City BasinFigure 3displays the nortmortheast trend of
convergence between the basin and anticimeshich many producing oil fields can be found
running paralleto the eastern flankf the anticline The trend can be traced south from the
northern Kansas border throutite counties of Nemaha, Jackson, Pottawatomie, Wabaunsee,
and Morris. In the Forest City Basin, echinoderms, brachiopods, and bryozoans in the upper part
of the Viola limestone formatiosuggest deposition on a shallow, opearine shelf in waters a
few meters to a few tens of meters deep (CaldaediBoeken 1985). Areas of planar and cress
stratified grainstones and packstones of the lower Viola suggest deposition in shallower, more
agitated, marine waters (CaldwahdBoeken 1985). These two factoveere important for this
study, because they carontributeto the amount of porosity found in a petroleum reservoir.

Allan and Wiggins, 1993) evaluated the quality and characteristics of dolomite and limestone



reservoirs around the world, and they foulmal tdolomite reservoirs also hold their original
porosity better at greater depths than limestdrigsire 4. For this study the Hunton and Viola
Limestone formations @reof geologic focus due to the formations historical, current, and

potential oil prodation.

Figure 2 - Areas of the Forest City and Cherokee Basin, with the Nemaha anticline, which
extends across Nebraska, Kansas into Oklahoma (Lee, 2005).
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Figure 4 - Trend of producing oilfields alongthe western elge of the Forest City Basin.
(KGS, 2019
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Hunton Group

The Hunton Group is a massive limestone and dolomitic formation of Silurian and Devonian
age, Figure 5. The Hunton in the Leach Fieldgproximately 485 feet thick and is found at a
drilling depth of 2654 feet to Z74 feet below the surface (Hodgden, 1985). After deposition,
the top of the Hunton was exposed and weathered before the deposition of overlying Kinderhook
Shale Formation cdd occur, this allowed for an increase in vuggy porosity near the top of the
formation. The fact that the top of the formation has greater porosity due to weatresurtig in
the Hunton being the main producing reservoir in which most producing wétis freld are
drilled. Additional porosity was added to the formation in the form of fractures that were a result
of anticlinal folding of the structure (Hodgden, 1985).

Viola Limestone
The Viola Limestone is of Ordovician age and is composed of finedrsegrained limestones
and dolomites that can contain variable quantities of chert, but in this northern Kansas region it is
composed mostly of dolomite (Bornemann, 1982). In the Solider, fald miles to the north of
the Leach Field, the Viola issbeved to be composed of approximately 95% crystalline dolomite
(Jensik, 2013). Porosity types vary acrossfonmation but intergranular, vigg, moldic, and
fracture porosity are common throughout (Newell et al, 1987). In the LeachtReMiola
Formation is typically found with a thickness of approximately 100 feet (Figure 5), and can be
encountered at a drilling depth g231 feet to B22 feet belovthe surfacéHodgden, 1985).
Much like the Hunton Formation, historical production from this uniypically found near the
top of the formatiorwhere dolomitizations greatestThis dolomitization is thought toave
occurredn afreshwatermmarine phreatic mixing zongigure 6. The result of this alteration is

significant increase ithe originalporosity and permeability of tHenestonedolomite. The



formation is overlain by the Maquoketa Shale with an angular unconformity between the two as
a result of the erosion. Major fields in the Forest City basin are almostualiusal traps that
produce from the Violdimestoneg(Newell et al, 1987).

Figure 5 - Stratigraphy of the Forest City Basin, with Hunton and Viola highlighted
(Modified from Lee, 2005)
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Figure 6 - Idealized shallowsubsurface digenetic environments, not to scale. Dolomitization
takes place in the freshwatemmarine mixing zones (Caldwell and Boeken, 1985).
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marine phreatic

1.4 Importance and Previous Studies

The Hunton and Viola Limestone formaticam®proven hydrocarbon producers in
Kansas ovethe lastl00 years. It is estimated that 11% of all oil production will come from
Ordovician and Devonian age formations (Adler, 1971). In 20@4Kansas Geologit&urvey
published a report that estimated the cumulative Kansas oil production from the Viola Formation
to be 275 million barrels (Lee, 2009he Hunton and Viola Limestone formations are very
important reservoir formations due to the fact that theylal@mitized, the most important
consequence of replacement dolomitization is an accompanying increase in porosity.
Dolomitizedof formations typically make better oil and gas reservoirs than limestame are
important in oil and gas exploration becatlsgy make up some of the largest reservoirs in the
world (Mishari,2009). Exploratiorefforts targeting specifically dolomitized reservoirs have
been successful, and it is estimated that 50%

nature (Waren, 2000). A previous reservoir study on the Soldier F{é&hsik, 2013yvhich is



located four mileso the north of the Leach Field, had similar research aims as this study. Jensik,
(2013)concluded that production in the area is controlled by a cortndsnaf both structural

position and dolomite crystal size, which was caused by secoddgrnesisn freshwater

marine mixing zones. Results of the research are now beaifigedwith the last three years
production of the Soldier Field totalirig3,817 barrels, which equates to 86% of the field's total

production since its discovery in 1964.
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Chapter2-Dol omi ti zati on and Poros

2.1 Dolomitization

An estimated 80% of all the oil and gas that will be recovered from carbonate reservoirs
will be produ@d from dolomite or dolomitic limestones (Blatt, et al, 1972). Dolamite
CaMg(CQs). is found in sedimentary basins anafitenformed by postlepositional alteration
of calcite by magnesiusrich groundwaterin this process magnesium ginom the wate
replace calcium ions in the calcite and teailability of magnesium (Mg) fluid facilitates the
conversion of calcite (CaGto dolomite (CaMg(COs)2) (Mishari, 2009). Dolomitization can
completely alter a limestone into a dolomite partially alter the rock to form a dolomitic
limestoneThe most important result of dolomitization is the increase in porosity of the rock.
Dolomite has a more compact crystal structure than calcite, so total dolomitization of a limestone
rock shouldresult in a porosity increase of 13%, barring any subsequent compaction or
cementation (Nurmi and Standen, 1997). Study results have shown that planar grains of dolomite
create polyhedral pores (Nurmi and Standen, 1997). Consequently, as the dolomite rhomb
develop they produce sheet pores and throats rather than tubular pores throats that characterize
limestonegFigure?). These sheet pores and throats allow for greater fluidd&tween the
rhombohedral crystaknd increase the effective porosity loé trock.For thisreasondolomite

formations make ideal petroleum reservoirs (Blettal,1972.

11



Figure 7 - SEM image of dolomite replacement. Dolomite rhombs (green) growing
replacing original calcite (blue) that was high in magnesium (Nurmi and Standen, 1997).

". . " ,i

2.2 Carbonate Porosity Types

Porosity controls the availabilityf space within dormation tostore hydrocarbons,
which is obviouslymportantto the petroleum industry. Porosity is essentially the volume of
void space within a rogland in a petroleum system directly reflects the potential volume of
hydrocarbons the rock can retain. @eystemglay an important role in determining the quality
of a reservoir, therefore the ability to identify different types of por@sgymportant for
reservoirstudes Porosity types used in this study will be based on definition defihed
Choquetteand Pray(1970. They outlinel 15 different types of possible carbonate porosities

(Figure8);

12



Figure 8 - Carbonate porosity types (Scholle and UlmeGcholle,
2003, modified from Choquette and Pray, 1970)
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Fracture por osity is formed by fracturing. fAFractu

occurring along breaks in a sediment or rock body where there has been little mutual
displacement of opposinglockso Carbonateocks fractures may originate énseveral different
ways. The most common origination is due to tectonic deformation, but may also result from
collapse or slumping due to dissolution (Choquette and Pray, 1970). Fractures are important in
reservoir rocks because they connect pores,iogepérmeability that may not have been present

originally.

Intercrystalline porosity occurs between crystals of similar or equal size, which have formed by
mineral recrystallization or dolomitization. This occurs as fluid chemistry changes within the

rock, the chemistry can change as layers are deposited. Fluid chemistry can begin changing early
in deposition if the limestone is influenced by meteoric wdtean also beaused by an

unconformity, as welhsundergochange late in burial due to hydroean maturation (Blatt, et

al, 1972).

Vuggy porosity can be described as irregular holes that can cut across grains and cement
boundaries within theock. Vugs and vggy porosity are the most commeorositytype

descriptionsused by geologist when refarg to carbonates. Choquette and P¢a970 define a

13



vug as a pore that (1) is somewhat equant, or not markedly elongated, (2) has a diameter greater
than 1/16 mm (and visible to the unaided eye), and (3) is not fabric selective. Vuggy porosity is
dominartly a secondary porosity and most often occurs because of dissolution.

Moldic: porosity is a secondary process in which grains are removed by dissolution. In order for
this process to occur there needs to be a distinct difference in solubility beteegaitts and

the framework (Choquette and Pray, 1970). Moldic porosity can create good permeability if

pores are interconnected.
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Chapter3-Met hods and Anal ysi s

Analytical methods employed for this study included: well log analysis, petrographic
analysis using a eobination of binocular microscopgolarizing microscopanalysisof well
cuttings scanning electron microscoped subsurface mapping using IHS Retsaftware.
These methods were used to determine the reservoir properties controlling oil production in the

Leach Field.

3.1Well Log Analysis

An assembly of well logs for the Leach Field were collected from the Kansas Geological
Survey, Stroke of Luck Emeg vy LLC, and the Walterds Digital
Society.In order to correctly predict the sample depth that contains samples of interest the lag
time was estimated from the logtd and drill time dat&he formation tops of interest were
picked from well logs based on interpretations of log signatsteh as the gamma ray curve,
neutron curve, density curve, and induction cuBerauselackson County lacks an established
type log theidentificationof formationtops was challengind hetopswerepicked based on
available completion reports, geoisigreports, ana fewwell logsidentified with the assistance
of Mr. Petersa. Analysisof well logs for selected wells in the field each allowed for the creation

of subsurface maps via IHS P@&réor both the Hunton and Viola Formations.
3.2Binocular Microscope

Due to an absence of drill core through the Hunton and Viola Limestone formations in
the field, drill cuttings were examined in this study. W#llsinvestigationvere selected using
three keycriteria 1) the well had to have cuttings avaigld) the wells needed to have
additionaldata available (well logs, scout cards, completion caaag}3) the well needed to

havea recordof historicalproductionto serve as aimdication of how the reservoir formation
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produced in that location. Nine boxes of drill cuttings from separate wells were collected from

the Kansas Geological Survey Well Sample in Wichita, Kansas. All well cuttings were first
examined using a binocular microscope and handpickddifosectiorwork. Viewing the

cuttings with a binocular microscope gave a sahsghich pieces to mount based:

confirmingthe presence dimestone/dolomite rock, size of cuttirayailability of aflat
mountingsurface, porosityype present, as well as if any oil staining is present. Using the

estimated sample lag time that was determined during well log analysis, samples were accurately
selected to represent theoducingformations.There is a distinctive dark sleadlirectly above

both of the target formation@;lunton and Viola Limestongs~vhich made pickinghe correct

samples easier.
3.3Creating Thin Sections

A total of 70 samples were collected at five foot interfram the nine wellsand thin
sections we¥ created for each. Drill cuttings that were selected via well log analysis and
handpicked under the binocular microscope were mounted on glass slides using P@tropoxy
The Petropox® was impregnated with blue dye so that images of the cuttings coulkidre ta
and processed through the ImageJ software to calculate approximate porosity. The porosity in the
cuttings was filled with epoxy by submerging samples in epoxy and using a vacuum pump to
remove airwhichforces the impregnated epoxy into the void spaxfehe cuttings. The
samples were then placed @glassslide, aligned to have most surface area glued directly to
slide and once agaplaced under gacuum to remove possible air bubbles from the epoxy. The
slide was then placed on a hot plate towalthe epoxy resin to harden. Once the hardened slide
was cooled it was sanded to a thickness of approximately 30 microns on a water cooled brass

disk rock grinder. The samples were then polished on a thin section polishing machine using
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silicon carbide sadpaper to buff out small scratches and imperfections so that the thin sections
would have near perfect finish for microscope work. Reféppendix Afor more complete
instructions for thin sample preparation.
3.4 Petrographic Analysis
Each thin section wasxaminedunder a petrographic microscopedtmcument porosity
types presenthanges in crystal shape and size, and oil staining. The crystal size and shape
descriptions were based 8cholle and Ulme6cholle, (2003)Photomicrographk were taken of

each slide to be used in porogiigterminatiorwith ImageJ software.

Figure 9 - Defining crystal size (Scholle and UlmeiScholle, 2003)

Transported Authigenic
Constituents Constituents
Very coarse calcirudite
64 mm
Coarse calcirudite Extremely coarsely
16 mm - — crystalline
Medium calcirudite
4 mm g | Vi I P 4 mm
1 mm JFine ca cirudite ‘ery coarsely crystalline i
Coarse calcarenite .
0.5 mm Coarsely crystalline
Medium calcarenite
0.25 mm P calca 0.25 mm
I
0.125 mm T elm 9 . Medium crystalline
ery fine ca
I Y " cecarente 0.062 mm
Coarse calcilutite X £
0.031 mm Finely crystalline
Medium calcilutite
0.016 mm - 0.016 mm
0.008 mm Fine calcilutite Very finely crystalline
Very fine calcilutite Aphanocrystalin 0.004 mm

3.5 Scanning Electron Microscope Imaging

Upon completion of binocular microscope, petrographic analysis, and selected thin
sections were sent to the University of Kansas for Scanning Electron Microscope work. The
SEM produces images of a sample by scanning it with a focused beam of electreas. The
electrons interact with atoms within the sample, which reflect back to the detector to produces
various signals. These signals allow the machine to createdsglution optical images of the
samples surfac&igure 7is an image of Nurmi and Stand€h997) in which they are examining

the dolomite replacement in limestones. This analytical method will aid this study in determining
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the amount or degree of dolomitization that has occurred in these cuttings, which greatly

influences porosity of the rocks.
3.6 Porosity Determination using ImageJ Software

Photomicrographs were processed to determine the average porosity of cisitiggs
ImageJd Imagel is a fast and efficient method developed to measure the total optical porosity of
thin sections that haveebn impregnated with blue epoxgroveand Jerram2011) What made
the ImageJ approach attractive wlaatthe entire ImageJ process requires no specialized
equipment anthe software idree to download. Adobe Photosi®mas used tprepare the
digital images irthe correct format, an-Bit paletted.bmp file. Qce images were formatted
correctly they were analyzed in the ImageJ software and porosity was calculated. Refer to
AppendixB for step by step instructions on using ImageJ software to calcalaisity from
photomicrographs.

3.7 Petra® Mapping Software

A database of well information was constructed from all data collected from the Kansas
Geological Survey, well logs, and scientific testing methods. The data batieewasported
into Petr® Mapping software, which is made available on an academic license to Kansas State
University from IHS, Inc. This software was used to construct a current base map of the field
with oil wells, injection wellsand abandoned wellsearly marked. Structure maps of the
Hunton and Viola Limestones were generated in an effort to illustrate the structure of the
subsurface. It was anticipated that structure maapgdd displayhow structural highs control oil
and gas productioim the Leacltield. Additional maps were constructed to show the
distribution of reservoir properties across the field, including porosity estimates for well cuttings

of selected wells.
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Chapter4-Resul t s

4.1 Subsurface MappingResults

The following maps were created to daetere how different attributes control
production.FigurelOis a current base map of the field with oil wells, injection wells, and
abandoned wells clearly markdéiguresll & 12 are structure maps of both the Hunton and
Viola Limestones. Figur&3 shows the location of wells examinigcthin section. Figuré4
displays the overall formation porosity estimates for the wells examined using the ImageJ

software.
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Figure 10- Leach Field base map.

Thesis Final - Leach Field M.A. Beightel
958 1,916 Beightel
" 1
FEET
POSTED WELL DATA
®
Well Name
Well Number
| WELL SYMBOLS
L Abandoned Water Injector
Injection Well
® Oil Well
-+— Plugged and Abandoned Gilliland
i)
March 30, 2016
Tank LO
1
ful
Bennett
2
Bennett
3
e o o ®
Leach'A' Bennett Bennett Ben1nen
° 1 1 2
Leach'A' ®
2 Bennett ‘A’
4
L
Bennett ‘A’
Leach ]
® 74
Leach ’
8
r'Y Legch L]
Hodgden
Leach p
3 o ® ?
o * Leach o
Leach Leach 1 Hodgden
6 7 1
Lea%ack ° H:’is
- adky Hiadky 1
Hiadki .
. 2 o Clinton Harris
Beightel 'A" H'adfy '8 Hiadky ‘A" 1
1 1
°
Hladky Hiadky
T 6
L]
L 2 Hladky
Bei%hlel Beightel 1
1
o i n
Beightel Beightel 'B
2 1
L]
Wykert
1
PETRA 31302016 11:11:18 AM

20



Figure 11 - Hunton Limestone Top, mapped on 20 foot intervals.
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Figure 12 - Viola Limestone Top, mapped on 10 foot intervals.
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Figure 13- Thin Section base map.

Josh Rennaker - Leach Field Thin Section

0 796
FEELI.

POSTED WELL DATA

Lease
Well Name
uwi

WELL SYMBOLS
® OilWwell

—¢- Plugged and Abandoned

March 30, 2016

L!x"\ A
+5085-15004
Leach A
1508815008
Secen A
1508520034
Leach
1508512008
Hacky
73
“sgesa0n
e ®
lﬁ}‘/ Hagky A
“302E5010 508580
0851
sk
508515012

PETRA 3/30/2018 12:30:04 PM

23




Figure 14 - Overall formation porosity estimates for the wells examined using the ImageJ

software.
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microscope. Throughout thpetrographic analysis process photomicrographs were taken of each

slide. Table 2 displays these images under 10x magnification in both plain polarized light, which

4.2 Petrographic Analysis Results

Table 1lists theresults of drill cutting examination thin sections under a petrographic

will be used in porosity calculation with ImageJ software, and in cross polarized light.

Table 1 - Petrographic Analysis Results

19004

19004

19004

19004

19004

19004

19008

19008
19008
19008

19008
19008

19008

19008

19008

19008

32603265
32653270

32603265
(1/3)

32603265
(2/3)
3270 (1/3)

3270 (2/3)

26702675

26752680
26802685
26852690

26902695
2691.25

2691.5
32253230
32303235

32403245

Intercrystalling
fracture

Intercrystalling
fracture

Intercrystalling
fracture

Intercrystalling
fracture

Intercrystalling
fracture

Fracture

Fracture,
Intercrystalline

Fracture
Fracture

fracture

Fracture,
Intercrystalling
moldic

Fracture

Fracture,
Intercrystalline

Intercrystalling
fracture

Intercrystalling
fracture

Intercrystalling
fracture

planere, coarsely crystalline, euhedral to subhedral
planere, coarsely crystalline, euhedral to subhedral, oil staining
planere, very coarsely crystalline, euhedral to subhedral
planere, coarsely crystallinesuhedral to subhedral, oil staining along
fractures
planere, coarsely crystalline, euhedral to subhedral

planere, coarsely crustalline, euhedral to subhedral, oil staining alc
fractures

planers, coarse crystalline, euhedral to subhedral, good porosity,
staining, calcite present in some dolomite samples

planers, coarse crystalline, subhedral, ggadosity, one piece of oolitic
oil staining present, small amounts of calcite present in some dolor

coarse crystalline, euhedral to subhedral, oil staining

planere, medium crystalline, euhedral,

planere, medium crystalline, euhedral oolitic, 4mm across oolites

planare, fine crystalline, euhedral to subhedral
planere, fine coarserystalline, euhedral
planere, medium coarse crystalline, euhedral
planere, medium coarse crystalline, euhedralto subhedral

planere, coarse crystalline, euhedral to subhedral
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19008

19008

19009

19009

19009

19009

19009
19009

19009
19009

19010

19010

19010

19011

19011

19011

19012

19012

19012

19033
19033

3246.25

3246.5

27202730
27302734
27342740
27402750

27502760
32703280

3284 (1/2)
3284 (1hr)

32403250
3253 (1/4)

3253 (1/2)

32903299

3299 (1/4)

3299 (1hr)

2707 (1/4)
2707 (1/2)

2707 (3/4)

26802690
26902700

Intercrystalling
fracture

Fracture

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture

Fracture

Fracture

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture,
Intercrystalline

fracture

fracture ,
Intercrystalline

fracture,
Intercrystalling
moldic

Fracture

Fracture

Fracture,
Intercrystalline

Fracture

Fracture

planers, medium crystalline, subhedral to anhedral, possible little
fragments of chert

planers, medium crystalline, subhedralanhedral, possible little
fragments of chert

planere, medium crystalline, euhedral to subhedral, lots of pyrite me
alittle chert

planere, medium crystallineguhedral to subhedral, less pyrite than
previous

planere, medium crystalline, euhedral to subhedral, hardley any py

planere, medium crystalline, euhedral to seldhal, no pyrite
planere, fine to medium crystalline, euhedral to subhedral, good shc
porosity
planers, medium to coarse crystalline, euhedral to subhedral,
planere, medium to coarse crystalline, euhedral to subhedral, poss
ooilitic, large piece of calcite

planere, medium to coarse crystalline, euhedral to subhedral

planere, medium crystalline, euhedral
planere, medium crystalline, euhedral to subhedral

planere, medium crystalline, euhedral to subhedral

planers, very coarsley crystalline, subhedral, oil staining in fracture

planers, coarsley crystalline, oil stanined micrite, subhedral, oil staini
fratures

planere, very coarsely crystalline to coarsely crystalline, euhedral
subhedral, partial trilobite

planers, fine to medium crystalline, subhedral to anhedral, large amc
of pyrite, somdimestone

planers, fine to medium crystalline, subhedral to anhedral, large amc
of pyrite, large piece of pyrite

planere, fine to medium crystalline, hedral to subhedral, Vamye piece
of pyrite

planere, very coarsely crystalline, euhedral, oil staining, large piece
pyrite

planers, subhedral, medium crystalline
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19033
19033

20032

20032

20032
20032

20032
20032
20032

20032

20032

20032

20032

20032

20032

20034

20034

20034

20034
20034
20034
20034
20034

27002710
27102720

2706
(5min)

2706
(20min)

2707
(15min)
27102720

2717
32403250
32503260

32603270

3260
(20min)

3260
(40min)
32703280
32803290

32903300

26702680
26802690
26902700

32003210
32103220
32203230
32303240
324050

Fracture

Fracture

Fracture

Fracture

Fracture,
Intercrystalling
moldic

Fracture

Fracture
Fracture

Fracture
Fracture
Fracture
Fracture
Fracture

Fracture

Fracture,
Intercrystalline

Fracture

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture,
Intercrystalline

Fracture
Fracture,
Fracture

Fracture

planers, subhedral, mediugrystalline, possible piece of chert

planers, subhedral, medium crystalline

planers, coarsely crystalline, subhedral to anhedral, possible spon
filled with dolomite or calcite

planers, very fine crystalline, subhedral to anhedral possible calcite
edges, small piece of pyrite

planers, medium crystalline, subhedral to anhedral, oolitic, calcite pre
possible sponge

planers, coarse crystalline, subhedral to anhedral, good prososit

planers, very coarse crystallline, subhedral to anhedral, equaint cry
present

planers, coarse crystalline, euhedral to subhedral

planers, very coarse crystallline, subhedral, oil staining on fracture

planers, very coarse crystalline, hedral to subhedral, possible cher
edges

planers, very coarse crystalline, hedral to subhedral

planers, very coarse crystalline, hedral to subhedral

planers, subhedral, very coararse to coarse crystalline, good poris
showing

planers, subhedral to anhedral, very coararse to coarse crystalline,
fractured

planers, subhedralery coarse crystalline, increasing crystal size do
formation

planers, euhedral, finely crystalline; limestone present is very coars
crystalline

planers, euhedral tgubuhedral, finely crystalline, small pieces of pyr
present

planers, euhedral to subuhedral, finely crystalline,

planers, euhedral to subuhedral, finely crystadlin
planers, subhedral, finely crystalline, oil staining present
planere, subhedral to anhedral, finely crystalline, good porosity
planers, euhedral to subhedral, finelgystalline

planers, euhedral to subhedral, finely crystalline
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Table 2 - Petrographic Images at 10x magnification; Plain Polarized Light (PPL) and Cross
Polarized Light (CPL).

S

19004 32603265
19004 32653270
19004 32603265 (1/3)
19004 32603265 (2/3)
19004 3270 (1/3)
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19004

19008

19008

19008

19008

3270 (2/3)

26702675

26752680

26802685

26852690
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19008

19008

19008

19008

19008

26902695

2691.25

2691.5

32253230

32303235
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19008

19008

19008

19009

19009

32403245

3246.25

3246.5

27202730

27302734
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19009

19009

19009

19009

19009

27342740

274062750

27502760

32703280

3284 (1/2)
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19009

19010

19010

19010

19011

3284 (1hr)

32403250

3253 (1/4)

3253 (1/2)

32903299

33



19011

19011

19012

19012

19012

3299 (1/4)

3299 (1hr)

2707 (1/4)

2707 (1/2)

2707 (3/4)
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19033

19033

19033

19033

20032

26802690

269062700

27002710

27102720

2706 (5min)
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20032

20032

20032

20032

20032

2706 (10min)

2706 (15min)

27102720

2717

32403250
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20032

20032

20032

20032

20032

32503260

32603270

3260 (20min)

3260 (40min)

32703280
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20032

20032

20034

20034

20034

32803290

329063300

26702680

26802690

26902700
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20034

20034

20034

20034

20034

32003210

321063220

32203230

32303240

32403250
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4.3 Dolomitization

One of the benefits of examining well cuttings under petrographic microscope is that it
shows the wide range of dolomite crystal size encoedthrough a formation, which could be a
controlling factor in reservoir quality. Figule displays a base map of the wells examined by
thin section. Througpetrographic analysis, angingthe Scholle and Ulme6 ¢ h 0,1(20@8Y s
classification, it wasletermined that dolomite crystal sszengedrom 0.125mm (medium
crystalline) to 3.5 mm (very coarsely crystalline). Crystal shape was also examined in the
petrographic analysis, and samples displayed a large variety of simghegingboth planer
types euhedral and subhedral. The upper section of both Hunton and Viola Limestones, where
production is mogprominent in this area appeaosbe composed of almosntirelydolomite. In
the Hunton Formation it was not uncommon to see amounts of pyrite plesaatong with very
small amounts of chert and calcite. In the Viola Formation it was not uncommon to see little
fragments of chert and some oolitic limestone features. Both formations had samples that had oil
staining present.

4.4 Scanning Electron Micrscope Results

Table 3shows the results sklectedlrill cuttings examination undes scanning electron
microscopeTwo specificwells of interest were further examined and images were &tk&50
times magnificatiorio better understand the porogigsent. Two images were taken of each
location, the first was a standard image (EDT) and the second was a higher performance

secondary image (ICE).
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Table 3 - Scanning Electron Microscope Results

API Depth (ft)

19011

3299 (20min)

Scanning ElectroMicroscopelmages

7j2016 W WW - det magEl WD
6:58:43PM 20.00KY 319um ETD 650 1LSmm

e 100 1) et
CAPO-1 273une2016 E:58:43PM | 000KV 319m | [ICE 650X 1L5mm C4PO-1 273une2016

19011

3299 (20min)

7172016 H
6:59:23PM 2000k 319pm ETD | 650x | 11.5mm

F) 4 i
72016 W | W [det [moE W

e (T
C4P0-1 271une2016 6:59:23PM 20.00kV 319pm IKCE 650x 1LSmm (C4PO-1 27June2016

19011

3299 (20min)

4
MR0t6 || W

7:01:22PM 2000V 319pm ETD 650x 1L6mm

C4P0-1 273une2016
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20032| 3260 (20min)

W\ s P 3
2016 HY W det mgE WD s 100) [T} st
6:4203PM 2000k 319pm ETD 650x 114mm C4PO-1 27une2016.

20032| 3260 (20min)

npoe H HAN det moEH WD e 1) M) et
6:43:01PM 2000k 319pm ETD 650x 1L3mm (CAPO-1 27June2016

20032| 3260 (20min)

k>
YIS W (g weg T wWo BT 1Y Y —
6:39:52PM 20.00kv. 319 um ETD. 650x 114mm CHPO-1 2730022016

45 ImageJ Analysis Results

Table 4shows photomicrographs that were taken duringpéteographicanalysis The
third column shows the images in plain polarized layd the fourth is the result of the ImageJ
software manipulatiorAll images were taken with 10x magnification and a scale bar has been
added.The last column of the table shows the pdyosalculations for each image with the

average well porosity being found in the blue highlighted row.
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Table 4 - ImageJ Analysis Results

_ . , Porosity
Depth (ft) Photomicrograph at 10x ImageJ Result porosity shown in red) Calculation

A Total pixels=
. ' : 157500
Pixels forming
porosity=
6842
Porosity=
4.3441

19004 3270 (1/3)

Total pixels=
158025
Pixels forming
porosity=
14505
Porosity=
9.1789

19004 3270 (2/3)

Average Porosity 6.7615

Total pixels=
156975
Pixels forming
porosity=
26233
Porosity=
16.7116

19008 32403245

Total pixels=
156975
Pixels forming
porosity=
17459
Porosity=
11.1222

19008 3246.25

Total pixels=
157500
Pixels forming
porosity=
12442
Porosity=
7.8997

19008 3246.5

Average Porosity 11.9111
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Total pixels=
157500
Pixels forming
porosity=
25567
Porosity=
16.233

19009 32703280

Total pixels=
157500
Pixels forming
porosity=
22290
Porosity=
14.1524

19009 3284 (1/2)

Total pixels=
157500
Pixels forming
porosity=
22471
Porosity=
14.2673

19009 3284 (1hr)

Average Porosity 14.8842

Total pixels=
156975
Pixels forming
porosity=
7600
Porosity=
4.8415

19010 32403250

Total pixels=
157500
Pixels forming
porosity=
15664
Porosity=
9.9454

19010 3253 (1/4)
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