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Abstract 

This work focuses on  the  use  of  advanced  seismically  driven technologies  to  estimate  

the  distribution  of  key  reservoir  properties  which mainly includes  porosity and hydrocarbon 

reservoir pay. These reservoir properties were estimated by using a multitude of seismic attributes 

derived from post-stack high resolution inversions, spectral imaging and volumetric curvature. 

A pay model of the reservoir in the Wierman field in Ness County, Kansas is proposed. 

The proposed geological model is validated based on comparison with findings of one blind well. 

The model will be useful in determining future drilling prospects, which should improve the 

drilling success over previous efforts, which resulted in only few of the 14 wells in the area being 

productive. The rock properties that were modeled were porosity and Gamma ray. Water saturation 

and permeability were considered, but the data needed were not available.  

Sequential geological modeling approach uses multiple seismic attributes as a building 

block to estimate in a sequential manner dependent petrophysical properties such as gamma ray, 

and porosity. The sequential modelling first determines the reservoir property that has the ability 

to be the primary property controlling most of the other subsequent reservoir properties. In this 

study, the gamma ray was chosen as the primary reservoir property. Hence, the first geologic model 

built using neural networks was a volume of gamma ray constrained by all the available seismic 

attributes. 

The geological modeling included post-stack seismic data and the five wells with 

available well logs. The post-stack seismic data was enhanced by spectral whitening to gain as 

much resolution as possible. Volumetric curvature was then calculated to determine where major 

faults were located. Several inversions for acoustic impedance were then applied to the post-stack 

seismic data to gain as much information as possible about the acoustic impedance. Spectral 

attributes were also extracted from the post-stack seismic data. 

After the most appropriate gamma ray and porosity models were chosen, pay zone maps 

were constructed, which were based on the overlap of a certain range of gamma ray values with a 

certain range of porosity values. These pay zone maps coupled with the porosity and gamma ray 

models explain the performance of previously drilled wells.  
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* The workflows discussed in this project are centered on SIGMA3's proprietary 

software, CRYSTAL 
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Chapter 1 - Introduction 

1.1  Study Area 

Ness County is located in the western half of Kansas, which places the eastern part of the 

county on the western flank of the central Kansas uplift, as shown in Figure 1-1. Hydrocarbon 

fields in Ness County are shown in Figure 1-2. Coral Coast Petroleum, LLC drilled the # 1 Keith 

in 2003, located in section 18, T16S, R22W as a wildcat well, based upon a 3D seismic survey. 

This well’s target area of production was the Cherokee sandstone, which is included in the 

Cherokee Group. Walters et al. (1979) identified the Cherokee Group as a single entity that 

contains channel sandstones as an oil reservoir. Keith #1 produced only 162 barrels of oil before 

it was plugged as a dry well and abandoned.  The operator concluded that not enough sand 

development was present for economic reserves, and that the well must be on the edge of a 

sandstone channel. Several subsequent wells were drilled in the Wierman field attempting to find 

the channel, and all failed to produce any oil.  

 

Figure 1.1 Kansas County map. Blue star indicates study area in Ness County (Adjusted 
from Kansas Geological Survey, 2011) 
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Figure 1.2 Map of oil and gas fields, Ness County, KS. Includes blue square indicating  
study area. Map obtained and modified from distribution of oil and gas fields of Ness 
County, Kansas (Kansas Geological Survey, 2011). 

 

1.2 The Wierman Field Puzzle 

The  use  of  seismic  attributes in  stratigraphic  characterization  of  hydrocarbon  

reservoirs  has  been  reported  by many authors, e.g. Chopra and Marfurt (2008); Lozano and 

Marfurt (2008); Chopra and Marfurt (2007);  Russell  et  al.  (2003). Seismic interpreters may have 

a difficult time in distinguishing shale-filled channels vs. sand-filled channels, without attribute-

assisted interpretation (Suarez et al., 2008). In areas with high drilling risk as a result of the lack 

of spatial continuity and lithological variation of potential prospects, analysis of relevant seismic 

attributes is essential to successful placement of wells. According to Suarez et al. (2008), the use 

of different seismic attributes may assist in defining channel fill zones in more detail. 

Coral Coast donated the seismic survey to Kansas State University for further research 

into why the original seismic interpretation was not successful in identifying productive well 

locations. This resulted in three previous thesis studies (Abbas, 2009; Philip, 2011; Meek, 2015) 
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that focused on establishing a suitable 3D seismic attribute analysis workflow for use in finding 

hydrocarbon production potential in areas of Ness County.  

This study uses the same dataset as the previous works of Abbas and Philip in the 

Wierman field, the SW of Ness County, but develops a different workflow, while Meek used a 

nearby York Field dataset. Figure 1.3 illustrates the location of Wierman field, relative to the 

nearby York field, and all of them applied a similar workflow in the analysis of additional 3D 

seismic and well log data acquired from a nearby area in Ness County, to test the hypothesis that 

seismic attribute analysis is an essential component in the delineation of heterogeneous reservoir 

stratigraphy in Kansas lithologies, 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 Approximate study area Wierman field (green box) relative to the York field (red 
box)  

Abbas (2009) main focus was to answer the question of “what went wrong” with this 

prospect. In his thesis, he stated that the well operator revealed that on the seismic cross section, a 

potential sandstone target was identified through tracking of doublet reflections seen at the base of 

the Cherokee formation, on top of the Mississippian (Figure 1.4). Based on this interpretation  

Keith #1 was positioned with the aim of targeting these doublets, under the  impression  that  they  
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may  reflect  a  greater  contrast  between  the  underlying  Mississippian surface and the lower 

Cherokee zone (Figure 1.5) 

 

Figure 1.4 Seismic doublet found at the top of the Mississippian formation (from Abbas, 
2009). 
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Figure 1.5  Location of Ness County within Kansas, and the location of the Wierman Field 
within Section 18 of Township 16 south, Range 22 west showing the well Keith#1 (from 
Abbas, 2009). Modified from (Kansas Geological Survey, 2009) 

 

In an attempt to understand the Keith #1 results, Abbas used the same 3D seismic 

reflection data, well logs, and drilling reports related to the Wierman field, and created a workflow 

integrating 3D seismic attributes to explain better the poor results of the Keith#1 well. Finally, 

even though this doublet event appeared on the seismic data, seismic attributes analysis of relative 

acoustic impedance, RMS amplitudes, average energy, and amplitude attenuation illustrated that 

Keith #1 and several surrounding dry holes all fell outside of favorable areas.  

  Philip (2011) tried to develop the use of post-stack 3D seismic attributes in the Wierman 

field and apply them as part of a workflow integrating well logs, modern depositional analogs, 

core data and production data. The attributes used for the Wierman field were: acoustic impedance, 

amplitude attenuation, RMS amplitude, spectral decomposition, curvature and coherence, she 

successfully outlined  a  fluvial  sandstone channel, extracting  acoustic  impedance,  amplitude  

attenuation  and root-mean-square,  guided  by  a  time  window  focused  on  the  top  of  the 

Mississippian  formation, correlating the calculated set of seismic attributes maps with each other 
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and compared them with available well information to map and understand reservoir facies 

heterogeneities. Her study resulted in an understanding of the key seismic channel-facies 

framework and further explained some of the disappointing drilling results at Wierman Field. 

Many of the attributes used by Philip have been similarly used by Raef et al. (2015) in a 

recent work in the area of Ness county, with emphasis on Cherokee sands. The York field in the 

NE of Ness County (Fig. 1), Kansas, has a poor success rate, five wells were dry holes that targeted 

the Cherokee sands. These sand lenses are very narrow, thin and highly spatially discontinuous, 

making proper well placement critical. Raef et al. (2015) presents a confirmatory finding, showing 

a meandering fluvial channel system incised on the Mississippian stratigraphic unconformity north 

east of the Wierman field, reporting the position of a palaeoshoreline and associated submarine 

channels. Figure 1.6 illustrates interpreted paleo-valleys, structural closure, and the interpreted 

paleoshoreline. 

 Raef et al.’s work presented a synergistic approach integrating post-stack seismic 

attributes (TWTT-Two Way Travel Time, amplitude, coherency, parallel-bedding indicator, and 

curvature) and well-log facies analysis to understand the depositional setting of the Cherokee sands 

of Wierman Field. The conclusion of their study is that the dimensions and spatial relationships of 

the interpreted geobodies are in line with the modern shoreline analogs of a barrier beach or strand-

plain adjoining an estuary. 

Raef et al. (2015), proposes that “higher rates of drilling success in the basal Cherokee 

sands are achievable by: 

a) Focusing on the proximity of thicker sands, as evidenced by amplitude brightening of  

seismic reflections close to the Cherokee basal reflections. 

b) [Considering] the proximity of identified amplitude anomalies to the interpreted    

paleo shoreline. 

c) Favoring locations of paleo-topographic highs on the Mississippian unconformity, 

when associated with brightening of seismic amplitudes in the basal Cherokee reflections 

and dimming amplitudes below the Cherokee bottom reflection, 

d) [Locating] structural closures, [which] in association with the above factors, are of  
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significant weight in reducing drilling risk.” 

Therefore, the focus of their study is three-fold: [1] apply methodologies guided by three 

previously mentioned studies to a seismic attribute analysis being conducted in a nearby area of 

Ness County and [2] validate results of interpreted palaeo-fluvial channel system based on 

sinuosity and aspects of post-confluence hydraulic geometry signatures, and [3] outline most 

prospective area(s) 

 

Figure 1.6  Seismic attributes; (a) time structural map of Mississippian-top seismic time 
horizon with interpreted paleovalley (arrows), (b) Cherokee-top time horizon with 
structural closures around the producer well Squier 1-18 and a lack of such closure around 
Keith 1, interpreted tidal channel branching off towards shoreline (c) isochron (time 
thickness) color map of Cherokee group and contours of the time structural map of 
Cherokee top seismic horizon, and (d) stratal amplitude time slice at 25 ms above the 
Missippian horizon (flattened), an interpreted paleoshoreline at the time of Cherokee sand 
deposition is marked by a dashed line (from Raef et al., 2016). 
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Many of these attributes have been similarly used in Meek’s  2015 work, amplitude 

attenuation, RMS amplitude, and acoustic impedance were selected primarily to emphasize 

lithology. Event continuity and similarity variance were picked to portray the emergence of 

structural patterns. Time-structure maps, along with time slices of several 3D seismic attributes 

including amplitude attenuation, acoustic impedance, and event continuity all seem to pinpoint 

that within the study area, previous drilling of five dry wells were off the boundary of a meandering 

fluvial channel, Cherokee sandstone body of potential reservoir quality. 

Also, comparing Meek’s results to previous studies conducted in Ness County have 

potentially contributed to paleodepositional interpretations made using a similar workflow (Raef 

et al., 2016), supporting a broadly NE-SW trend meandering channel system, which is in accord 

with the interpretations made by Raef et al., and that of Ramaker (2009). 

This thesis describes a workflow using seismically driven technologies for basal sand 

analysis of the Cherokee group of the Wierman field, Ness County, Kansas. Using this workflow 

an estimation of porosity, gamma ray, and various pay zones were constructed. These estimations 

were based on several different seismic attributes from high resolution post-stack inversions, 

spectral imaging, and volumetric curvature.  
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Chapter 2 - Geological Setting and stratigraphic framework 

2.1  Stratigraphy of Cherokee group 

The area of interest is the Cherokee Group, which was deposited during the Desmoinesian 

Stage of the Pennsylvanian System that occurred after the Mississippian unconformity. This group 

is composed mostly of shales and sandstones, with small amounts of limestone. Stoneburner, 

(1982) noted that the Cherokee group in Ness County has a thickness that ranges from 5-200 feet.  

The Cherokee Group was deposited in an environment that was transitioning from a 

continental to marginal marine environment. The Cherokee group was deposited during the 

Desmoinesian stage as the sea transgressed over the Mississippian unconformity out of the 

Hugoton Embayment and onto the central Kansas Uplift (Cuzella, 1991). The stratigraphic 

relationships of the Cherokee group can be seen in Figure 2-1. The study area is highlighted by the 

red box drawn on the cross section. The Cherokee group appears to become thinner as it 

approaches the Central Kansas uplift. The Cherokee sandstones are mostly deposited along the 

Mississippian unconformity, which controls trend and distribution of the sandstones, and 

ultimately produces a series of escarpments and valleys. The less resistant strata are then cut by 

streams and redeposited to form channel sands (Stoneburner, 1982). 

Analysis of gamma ray logs shows areas of low gamma ray values in the clean sands. 

Figure 2-2 shows a relationship between SP/Neutron, where our zone of interest is highlighted in 

yellow on top of the Mississippian formation, and based on both DT and gamma ray logs the top 

of the Mississippian formation has been updated, because some of the tops were originally reported 

in the wrong place (Figure 2-3).  

The sandstone shows an upward increase in radioactivity which points to the lower 

portion of the sand having a cleaner and coarser sand at the base, which fines upward. Based on 

Walter’s Law, this fining up sequence corresponds to the lateral sequence across a channel, from 

shales and siltstones of the flood plain facies, to fine grained sandstones in the point-bar facies, to 

coarser grained sandstones and conglomerates in the channel facies (Stoneburner, 1982). 
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Figure 2.1 Cross section through Ness County highlight our area of interest (Adjusted from 
Marriam, 1963). 
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Figure 2.2 Exhibits the relationship between SP/Neutron log and a stratigraphic section in 
the study area; the yellow box marks a channel sandstone facies (Adjusted from 
Stoneburner, 1982).  
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Figure 2.3 Updated tops from gamma ray and DT logs for the Mississippian System. 
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2.2  Upper Mississippian 

 

Part of a stratigraphic column published by the Kansas Geological survey, Figure 2-5, 

shows rock classification in Kansas. The Mississippian System exists and wholly covers the 

subsurface of the state of Kansas, except for the crests of the Central Kansas uplift, Cambridge 

arch and Nemaha anticline. The Upper Mississippian series is a group that represents a major 

formation in this study. The Upper Mississippian series in Kansas is mostly represented by 

limestone and dolomite, and scattered beds of shales and sandstones, along with fewer quantities 

of chert (Goebel, 1968). 

 

2.3  Cherokee Group 

 

The Pennsylvanian System outcrops in the eastern part of Kansas; in the state’s western 

area the Pennsylvanian rocks, which includes the Cherokee Group, lie underneath the surface. The 

Cherokee Group rocks had been deposited during the Desmoinesian Stage of the Middle 

Pennsylvanian series (Figure 2-5). These particular rocks are important stratigraphic indicators of 

widespread unconformities. The Cherokee Group consists of both marine and non-marine rocks 

and is mainly sandstone and sandy shales. The sandstone portion of the Cherokee is an elongated 

“shoestring” intercalated with Cherokee shales (Van Dyke, 1976). Stratigraphically, fluvial origin 

sandstone coupled with channel and overbank facies. Van Dyke (1976) classifies the Cherokee 

sandstones as litharenites, with 70% quartz, 20% metamorphic rock fragments, and 10% of 

accessory minerals. The Desmoinesian (Middle Pennsylvanian) rocks were deposited in a cyclic 

manner, alternating between non-marine shales and sands with marine limestones. The Cherokee 

Group varies greatly from the overlying Marmaton Group and the underlying Mississippian rocks. 

The formations within the Cherokee Group include Krebs Formation, which consists mainly of 

shales, limestones, underclay and coal, and its members Warner Sandstone Member, Bluejacket 

Sandstone Member, and Seville Limestone Member. The other formation included in this group is 

the Cabaniss Formation, which consists mostly of shales, some sandstone, limestone and coal; and 
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its members are the following: Chelsea Sandstone Member, Verdigris Limestone Member, and the 

Breezy Hill Limestone Member. 

 

Figure 2.4  Map of Wierman Field wells and surrounding areas (Kansas Geological Survey, 
2011). 
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Figure 2.5 Kansas Stratigraphic Column showing the Cherokee Group (Adjusted from 
Kansas Geological Survey, 2011). 
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Chapter 3 - Methodology 

3.1  Data Loading  

 

3.1.1  Field data 

        Seismic data and well logs: 

Coral Coast Petroleum conducted the seismic acquisition survey in 2002, in the Wierman 

Field, Ness County, Kansas. The seismic data has a bin size of 82 feet in the x and y direction and 

has an inline count of 136 (west to east) and a crossline count of 61 (south to north) with a sampling 

rate of 2.0 milliseconds. The survey boundaries (Figure 3-1) are located 0.9 miles from the west 

side of section 18-T16S-R22W, and about 2.1 miles from the northern edge of 18-T16S-R22W. 

Seismic data was uploaded (SEGY-file Post-Stack Migrated Volume) into CRYSTAL software 

using a Seismic Reference Datum of 2700 feet and a replacement velocity of 9000 feet per second. 

The survey was projected to a specific location using parameters for the projection system of NAD 

27, Southern Zone, US Feet.  

Seismic data was enhanced using SMT Kingdom’s Spectral Whitening, as every software 

has its own algorithm to increase the resolution of the seismic data and attempt to correct 

for frequency attenuation, and equalize the amplitude spectrum without overly boosting 

noise. The resulting spectrally whitened seismic data was re-sampled to 0.5ms to use in 

all following processes. 

Table 1-Seismic volume perimeter coordinates: 

X              Y 

1626652.02 721250.009 

1631599.02 721090.009 

1631959.02 732222.009 

 

Most of the 14 wells in the area covered by seismic data had well logs, although several 

lacked LAS format.  For the remaining wells with logs in TIF format, SMT Kingdom software 
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was used to digitize the well logs. For example, Keith#2 needed a digital format to extract DT and 

Gamma ray curves from the original TIF file. Only 5 wells had been used to develop porosity data, 

these wells are displayed in green color in Figure 3-1.  

Well logs listed below were used within the limits of the survey boundaries. 

Table 2-Project's well coordinates: 

Well X  Y KB TD Operator 

Keith_1 1628475.943 726761.145 2455 4520 Coral Coast Petroleum LC 

Keith_2 1627806.495 726887.051 2456 4510 Coral Coast Petroleum LC 

Squier_1_18 1630602.596 727305.409 2446 4578 Mull Drilling Co., Inc. 

Squier_A_1_18 1630747.299 730526.645 2455 4520 Mull Drilling Co., Inc. 

Wierman_1_19 1631185.249 722341.727 2429 4550 Mull Drilling Co., Inc. 
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Figure 3.1 Wierman Field seismic data and the corresponding wells. The wells with well 
logs used in our survey are displayed in green. 
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3.2  Geophysical Modelling  

 

3.2.1  Summary 

Spectral whitening was applied to the post-stack data to improve seismic resolution by 

expanding the amplitude spectrum. A number of horizons were picked on the post-stack seismic 

sections using available well markers (tops). This includes the Mississippian and the Cherokee 

group with two other horizons, thus dividing the Cherokee group into three different interpreted 

seismic horizons to describe the structural framework of the reservoir.  

Volumetric curvature and spectral attributes (Spectral decomposition) were then 

performed on the spectrally whitened data set to generate useful attributes, including most positive 

curvature, total energy, and max amplitude above average attributes. Several types of inversions 

were applied to the spectrally whitened data set to estimate acoustic impedance. The  post-stack  

inversion  process  derives  acoustic  impedance  values  from  seismic amplitude  values.  Acoustic 

impedance is computed by multiplying compressional velocity by density, which gives a rock 

property. In sandstones reservoirs, acoustic impedance is usually related to lithology and porosity, 

and may provide very useful information about the reservoir. 

These include the stochastic inversion, Generalized Linear Inversion (GLI), sparse spike, 

deterministic, and colored inversion. Increasing the resolution of our seismic data is a crucial step 

in this process.  

 

3.2.2  Spectral whitening and resolution enhancement 

It is important to note that the seismic data provided to us already enhanced. The lowest 

frequency we were able to enhance was 20 Hz. The criteria for acceptable enhancement are the 

ability to whiten (flatten) the original amplitude spectrum, and to resolve thin bedding while 

avoiding ringing artifacts in the section. 

The type of resolution enhancement ( Yilmaz, O., 2001) chosen was the trapezoidal 

spectral whitening feature used in Kingdom SMT software (aka. Spectral Balancing). The 

trapezoid was defined using four frequencies: 20, 25, 110, and 115Hz. The input sampling rate of 
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the stack section was 1 msec. The amplitude spectra for the original seismic data and the spectrally 

whitened data are depicted in Figure 3.2. The application of the trapezoidal spectral whitening 

operator helped in flattening the amplitude spectrum of the data and boosting attenuated 

frequencies due to absorption effects during wave propagation and processing effects. This is 

especially visible for frequencies above 50 Hz where the original data suffer a clear reduction of 

the amplitude spectrum above this limit. 

The comparison between the original and enhanced seismic data can be seen in Figure 

3.3 where the seismic is plotted for the time interval 700-1000 msec. The enhanced section shows 

better event continuity, higher resolution and signal strength than in input section. To improve the 

results of the trapezoidal spectral whitening, the high-frequency filter parameters have been tested 

using several values to avoid creation of artificial events and boosting noise at the high frequency 

end. 

  

 Figure 3.2 Amplitude spectrum for original data (left) and enhanced data using trapezoidal 
spectral whitening 20-25-110-115Hz (right). 
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Figure 3.3  The original seismic (left) versus the spectrally whitened seismic (right) 

  

     Line 76, Original Data                                         Line 76, Spectrally Whitened Data 
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3.2.3  Acquisition Footprint Suppression 

Any amplitude or phase anomaly seen on our seismic data that doesn’t correlate with the 

subsurface geology, but correlates to surface data-acquisition geometry, is defined as acquisition 

footprint. This results in spatial periodicity in enhanced seismic signal, and in noise rejection 

caused by spatial periodic changes in stacking fold, source-receiver azimuths and source-receiver 

offsets, creating artifacts that imitate the source-receiver geometry, where most seismic attributes 

react to these periodic changes in seismic data. To suppress these data-acquisition footprints we 

applied a filter on seismic amplitude time slices. The figures below show an example of noise 

suppression around our area of interest on Figure 3.4 , on original seismic data and enhanced data, 

where most of the vertical striping seen on the amplitude data shown on the left picture is removed 

on the right one, followed by most positive curvature attribute calculated from seismic data at 

different time slices 710 and 850 ms, (Figures 3.5 and 3.6) where attributes that are not affected 

by acquisition footprints do not show acquisition geometry artifacts and provide us with more 

accurate interpretation. 

 

 

 

 

 

 

 

 

 

 

Figure 3.4  Acquisition Footprint in around area of interest Trace 9 Time 700-1000 ms, 
Original (left) and Enhanced (right). 

 

Original EnhancedOriginal Enhanced

http://www.searchanddiscovery.com/documents/2011/40719chopra/images/fig01.htm
http://www.searchanddiscovery.com/documents/2011/40719chopra/images/fig01.htm
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Figure 3.5 Most Positive Curvature, Exp 0.5, Time 710 ms, Original (left) and Enhanced 
(right). 

 

 

Figure 3.6 Most Positive Curvature, Exp 0.5, Time 850 ms, original (left) and enhanced 
(right). 

710ms
Original Enhanced

Original Enhanced
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3.2.4  Well Ties 

The aim of the well ties is to correlate the seismic data at well locations with synthetic 

seismograms generated at wells to estimate time differences due to processing. Prior to creating 

the synthetic seismograms, the density and compressional wave sonic log were edited to remove 

spiky and bad peaks from the logs. A wavelet was derived to better approximate the seismic 

wavelet in the data. Several types of wavelets were tested including Ricker, band-pass wavelet, 

and Klauder wavelet. The band-pass wavelet with corner frequencies 20-30-100-120 Hz was used 

to simulate the seismic wavelet in the data. To account for the right polarity in the seismic data, a 

phase rotation of 180º (polarity reversal) was applied to the designed wavelet to match the seismic. 

The amplitude and phase spectra of the wavelet used for the generation of the synthetic 

seismograms are shown in Figure 3.7. The synthetic seismograms were created only for zero-offset 

as no shear wave logs were available to use in the modeling. The resulting synthetic seismograms 

are displayed side by side with seismic data at well locations and velocity and density curves. 

These are depicted in Figure 3.8 and 3.9 for the five wells: Keith-1, Keith-2, Squier 1-18, Squier 

A 1-18, and Wierman 1-19. 

The obtained results show overall good match between the modeled synthetic traces and 

the reflection seismic at various well location. This is the case in particular for the Mississippian 

top. 
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Figure 3.7  The amplitude (red) and phase (blue) spectra of the generated wavelet for the 
synthetic seismograms. 
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 Figure 3.8 Seismic well ties for Keith 1 (left), Keith 2 (center), Squier 1_18 (right). 

 

Displays from left to right: seismic section at well location, synthetic seismogram at well, seismic 

at well, P-wave velocity (from sonic) and density logs. 

 

Figure 3.9  Seismic well ties for Squier A 1_18 (left) and Wierman 1_19 (right). Displays 
from left to right: seismic section at well location, synthetic seismogram at well, seismic at 
well, P-wave velocity (from sonic) and density logs. 
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3.2.5  Fault Imaging 

Volumetric curvature (Al-Dossary and Marfurt, 2006) is easy to run and an efficient 

process that helps in mapping small fault networks in detail not easily seen by interpreters. This is 

achieved by transforming seismic data into dip vectors that enables the identification of small 

faults associated with changes in the computed dip vectors, to run volumetric curvature we only 

need the seismic data (no horizons, no well ties). 

There are a number of volumetric curvature attributes provided by CYRSTAL for 

imaging faults and fractures that can be identified from seismic data. The most positive curvature 

was run on both original seismic and spectrally whitened dataset. The results are illustrated in 

Figure 3.10 for a time slice at 850 msec (Pawnee Limestone formation) and show a dramatic 

improvement in highlighting  channels when the spectrally enhanced seismic was used as input. A 

total of 8 faults were identified on the seismic volume in addition to the delineation of a feature in 

the North part of the section that may be the result of processing or signal-to-noise artifact (Figure 

3.11). These results prove again the benefit of the conditioning applied to the input dataset where 

the enhancement of the high frequencies through the whitening process helped in better defining 

faults in the area of study.  
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 Figure 3.10 Most Positive Curvature at time slice 850ms of the original seismic (left) 
versus the spectrally whitened seismic (right) (Pawnee Limestone formation). Structural 
features (Faults and fractured zones) and delineation of a feature in the North part of the 
section that may be the result of processing or signal-to-noise artifact 
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Figure 3.11 A seismic line going from East to West showing a feature that may be the result 
of processing or signal-to-noise artifact. 

  

feature that may be 

the result of 

processing or signal-

to-noise artifact 
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3.2.6  Spectral Attributes  

Spectral attributes generate a great number of attributes. The two most important are total 

energy and max amplitude above average. These attributes best reflect the geologic features in the 

seismic data.  

Spectral decomposition is a technique that decomposes seismic data into the time-

frequency domain, which contains useful information for layer thickness estimation (Partyka et 

al., 1999; Puryear and Castagna, 2008), stratigraphic interpretation (Marfurt and Kirlin, 2001; 

F2005). We can generate many spectral decomposition algorithms and frequency attributes from 

spectral decomposition volumes. Spectral decomposition uses the wavelet transform to decompose 

the broad-band seismic signal into discreet sub-bands. CRYSTAL uses two types of spectral 

attributes one of them is narrow frequency sub-band attributes derived from Spectral 

Decomposition. The spectral attributes represent information derived from the analysis of the 

power spectrum at individual samples. For example, Total Energy is the sum of the energy 

(amplitude squared) in all of the sub-bands, performed on a sample-by-sample basis. 
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In Figure 3.12, the max amplitude above average and total energy maps in the Cherokee 

group point out a feature that may be the result of processing or signal-to-noise artifact, highlighted 

by the yellow box, that was also seen with the curvature attribute discussed previously. Similarly, 

a broken up channel highlighted by the red box can be seen. 

 

Figure 3.12 Total energy map (left) and maximum amplitude above average map (right) in 
the Cherokee group of the spectrally whitened seismic. The yellow box points out a feature 
that may be the result of processing or signal-to-noise artifact, and the red box points out a 
broken up channel. 
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3.2.7  Structural framework 

Using the horizons and the 8 interpreted faults a structural framework (Figure 3.13) was 

built for the inversion and geologic modeling. 

Structural Framework Model is a Polygon defined by horizons and faults in the time or 

depth domain. This polygon defines boundaries which are honored during inversions and in the 

creation of geologic grids, hence creating inversions and grids that are more geologically accurate 

than would otherwise be possible. 8 faults from the Geophysical model are included. Viewed from 

the West of the survey. This is in TIME! Times 10 exaggeration. 

 

 

Figure 3.13 Framework Model 

 

Faults 

Faults 
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3.2.8  Post-Stack Inversions 

Seismic inversion is done through inverting seismic data into elastic properties of the 

reservoir, which helps in the generation of more a precise rock property model, and to do inversion 

in CRYSTAL software a minimum amount of input data is needed. 

The aim of post-stack acoustic inversion is to estimate a model for acoustic impedance 

from seismic data that will help in better understanding rock properties, and providing laterally 

continuous information that cannot be obtained from well locations, which is an important input 

for reservoir characterization. There are several inversion methods for acoustic impedance which 

vary in resolution and computing time. Five inversion methods were run to produce acoustic 

impedance volumes in the area, which were checked against an acoustic impedance log computed 

at the five well locations. 

Before running any of the post-stack inversions, a background framework model was 

built using seismic data and information from well logs in the area, except for the colored 

inversion, which can be done without a background model, with the result of relative, not absolute, 

impedance. 

Background Impedance Model:  

• Seismic  

– Spectrally Whitened  

• Wavelet used for well ties 

– Bandpass, 20-30-100-120 Hz,  

– 180 deg phase 

– 300 ms length 

• Wells Used 

– Keith 1, Keith 2, Squier_1_18, Squier_A_1_18, Wierman_1_19 

• Extend Mode: SSI 

• Power For Inverse Distance Interpolation 

– 2 
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3.2.9  Inversions theories: 

1. Sparse spike (SSI) & Deterministic inversion (DI)         

The parameters for deterministic inversion (DI) are nearly identical to that of sparse spike 

inversion (SSI). In sparse spike and deterministic inversion, using an impedance model allows 

inversion to use frequencies above and below the seismic bandwidth. Lower frequencies that range 

from (0 - 10HZ) are needed to scale the inversion result to absolute impedance, higher frequencies 

are used to increase the frequency content of the resulting impedance. Without an impedance 

model, the inversion process is limited to the seismic bandwidth, resulting in relative impedance 

values. 

2. Generalized linear inversion (GLI) 

In the generalized linear inversion (GLI), (Cooke and Schneider, 1983), a background 

model is required in addition and the process is implemented iteratively until convergence is 

reached. GLI method is a model-based approach, which is sometimes known as model 

perturbation, it perturbs the background impedance model until a suitable match with the seismic 

is found. The background model is updated gradually and steadily. After a perturbation is made to 

the background model the reflectivity is convolved with the wavelet and compared to the seismic 

trace. If the resulting synthetic trace matches the seismic trace to within a user-determined 

threshold, the process stops and acoustic impedance is computed from the reflectivity series, 

operating parameters used are shown on Figure 3.14. 
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Figure 3.14 Operating parameters low pass cut off and high pass cut off 

 

3. Colored inversion    

Colored inversion (Lancaster and Whitcombe, 2000) converts seismic amplitude traces 

to seismic impedance traces (relative colored impedance traces if no frequency component 

(Background or impedance model) is added; absolute colored impedance traces if a frequency 

component is added), the latter colored inversion has been used. Absolute colored inversion is 

accomplished by convolving the input amplitude data with a filter that converts the amplitude data 

to impedance data. This inversion process does not require a wavelet (no wavelet extraction is 

needed). As the inversion is accomplished by convolving a filter with the data, the process is very 

quick. The inversion result provides the geophysicist with an impedance section with a minimum 

of effort, but before calculating a colored inversion, we must derive a “colored inversion operator”, 

which is a deconvolutional operator derived by comparing the seismic and log data that will 

transform the seismic amplitude to relative impedance values. 

 The colored inversion operator (convolution operator): 

After testing the Colored Inversion Operators, the 150ms length was chosen as a 

convolution operator because it creates the best match between the synthetic response and the 
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approximated log response within the seismic bandwidth. (See the figures below, the screen shots 

of the colored inversion operator, parameters and results, as seen on Figures 3.15, 3.16, 3.17, 3.18 

respectively). 

   - Colored Inversion Operator Parameters: 

• Operator Length: 150ms 

– Avoid low freq. noise below 7.5 Hz from being used in the inversion process. 

• Polarity: 180 degrees 

– The phase used for well ties. 

• Noise Related Coefficient: 1.0 

– To preserve the seismic bandwidth and not force an artificial frequency response. 

• Wells Used: Keith 1, Keith 2, Squier 1-18, Squier A 1-18, Wierman 1-19 

– These wells have well ties. 
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Figure 3.15 Colored Inversion Operator Parameters: Length: 150ms , NRC: 1.0 
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Figure 3.16  Absolute Colored Inversion Parameters @ Time 850ms 
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Figure 3.17 Colored Inversion Result @ Time 850ms 
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Figure 3.18 Picked Absolute Colored Inversion Low Pass 22Hz, High Pass 113 Hz, Model 
High Frequency 123Hz @ Line 76 700-1000ms / Length 150ms, NRC 1.0 
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4. Stochastic inversion 

              Stochastic inversion (SI) (Haas and Dubrule, 1994) does not require a background model 

since it uses geostatistics, and it takes into account both seismic and well logs ( Sonic and density) 

, it generates a large number of possibilities (predictions) of impedance traces at each seismic trace 

location. The impedance trace which produces the best correlation between the synthetic trace 

(generated from the impedance trace and an input wavelet) and the actual seismic trace is retained. 

As these equally probable impedance traces are generated from the impedance log data, the 

resulting inversion has the resolution of the logs at the output time sample rate, and therefore 

produces a very high resolution inversion. I used Absolute Colored Inversion (CI) as soft data with 

0.4 correlation coefficient to further constrain the possibilities of the output impedance, as seen on 

Figure 3.19.  

 

Figure 3.19 Stochastic Inversion Parameters @ Time 850ms using Absolute colored 
inversion as Soft Data 
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3.2.10  Inversions results: 

Figures 3.20 through 3.24 depict inversion results at Squier 1-18 well using sparse 

spiking, deterministic inversion, colored inversion, GLI, and stochastic inversion, respectively. 

The latter method has produced the highest resolution power in retrieving detailed information on 

the acoustic log (shown in black color) at the well position. Local impedance peaks were 

successfully identified via stochastic inversion where the other methods fail to produce similar 

resolution. The inversion results have the advantage of producing acoustic impedance values down 

to the maximum recording time while the log values are limited by the maximum logging depth. 

This also applies to the Cherokee group, located in the time range between 870 and 900 msec, 

which is our area of interest. 

 

 

Figure 3.20 Post-stack inversion of acoustic impedance via sparse spike inversion at Squier 
1-18 well. 
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Figure 3.21 Post-stack inversion of acoustic impedance via deterministic inversion at 
Squier 1-18 well. 

 

 Figure 3.22 Post-stack inversion of acoustic impedance via colored inversion at Squier 1-
18 well. 
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Figure 3.23  Post-stack inversion of acoustic impedance via GLI at Squier 1-18 well. 

 

 

 Figure 3.24 Post-stack inversion of acoustic impedance via stochastic inversion at       
Squier 1-18 well 
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Figure 3.25 illustrates extracted acoustic impedance traces at Squier 1-18 well location. 

The comparison of the various inversion techniques favor the stochastic inversion method which 

were able to reveal the impedance variations beyond the resolution limits of the other algorithms 

being tested. 

 

Figure 3.25 Post-stack inversions of acoustic impedance at Squier 1-18 well using the 
various inversion methods. From left to right: acoustic impedance computed at well, 
stochastic inversion, GLI, deterministic inversion, colored inversion, and sparse spiking 
inversion 
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The five inversion algorithms have been implemented on the full stack volume and 

produced acoustic impedance attribute volume which covers the full seismic volume. For brevity, 

only the inversion results using the stochastic inversion on the four remaining wells are shown  

due to its resolution power compared to the other inversion methods being tested on Squier 1-18. 

 

Figures 3.26 through 3.28 show the inversion results using the stochastic inversion 

method for acoustic impedance around wells Squier A 1-18, Keith-1, Keith-2, and Wierman 1-19, 

respectively. The obtained results on these wells confirm the conclusions made on Squier 1-18 

well, where the stochastic inversion shows a great resolving power of impedance variations details 

observed on the original computed logs. This gives the method more confidence away from well 

locations when it compares to other existing algorithms.  

 

Figure 3.26 Post-stack inversion of acoustic impedance via stochastic inversion at Squier A 
1-18 
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Figure 3.27 Post-stack inversion of acoustic impedance via stochastic inversion at Keith-1 
and Keith-2 wells. 

 

Figure 3.28 Post-stack inversion of acoustic impedance via stochastic inversion at Wierman 
1-19 
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3.3  Geological Modeling 

 

3.3.1  Summary 

The geological modeling has been prepared using a plethora of seismic attributes, these 

attributes have been used quantitatively to model reservoir properties where each tells something 

different about the reservoir. The 3D geocellular grid in the time domain is converted to depth and 

all post stack attributes are snapped and used simultaneously for the geologic modeling. Sequential 

geologic modeling approach (Ouenes et al.  2007) is used to generate various geological 3D models 

and the models constructed were: 

 1. Gamma ray model 

 2. Porosity model 

 3. Pay model (Sweet Spot Model) 

For each model, all the seismic attributes (Curvature, spectral attributes and inversions) 

and the previously derived geologic models are used simultaneously in a neural network process. 

These models were constructed by CRYSTAL's neural network, which attempts to find a 

relationship between rock property logs at all the wells, except for one blind well, and the multitude 

of seismic attributes, in other words, Neural Network looks for a relationship between the seismic 

attributes and well logs and once it finds an equation it propagates it in the whole grid (Upscaling). 

Several realizations were developed for each model and were tested against the blind well for 

model’s accuracy. 
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3.3.2  3D Geocellular Grid 

To create our rock property models, a structural framework is needed. This includes the 

faults and horizons that were picked in previous steps. This framework is then used to build a 3D 

grid. The 3D grid in this project is the volume represented by the Cherokee group. Originally this 

grid is in time, but it is later converted to depth before any modeling occurs. The final depth grid 

ended up having the following parameters: 

Number of cells in the X direction NX = 60  

Number of cells in the Y direction NY = 135 

Number of layers in the Z direction NZ = 60 

A Cells DX and DY = 82ft 

A Cells Thickness DZ = 2ft 

 

Figure 3.29 3D Geocellular Grid 
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The resulting number of cells is 486,000 cells. It is important to note that all the layers 

are conformable and that the total number of layers was divided into three zones based on analysis 

of the well logs. 

Figure 3.30 displays the bounding horizons of the three zones and notes that the first zone 

has 28 layers, the second zone has 18 layers, and the third zone has 14 layers. The top horizon is 

the Cherokee group top in blue and the bottom horizon is the Mississippian horizon in yellow. It 

is important to note the grid displayed has a vertical exaggeration of 10 times. 

 

 Figure 3. 30 The geologic grid used for modeling. This grid is divided into three zones 
where the first zone has 28 layers, the second zone has 18 layers, and the third zone has 14 
layers. 

Visualization of the grid with edges and horizons toggled on 

  

28 Layers 

18 Layers 

14 Layers 
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3.3.3  Facies Model Possibility 

From well log character of the Cherokee group, it can be seen that this group is not one 

clean sandstone. There is significant variability, which include shales, and a spectrum of clean and 

dirty sandstones. A cross plot between impedance and GR, signifies a cluster of clean sand that 

has a low gamma ray, the blue line signifies the linear regression. This was confirmed by the cross 

plot between gamma ray, impedance, and porosity logs of Squier 1-18. In this manner several 

different types of facies are recognizable, as seen in Figure 3.31. 

 

Figure 3. 31 Cross plot between the gamma ray, impedance, and porosity (color scale) logs 
of the Squier 1-18 well, red box is clean sand, blue line represents the linear regression line 
fit to the data. Different facies cluster on the plot. 

 

It is important to note that it is difficult to tell between the different types of sand and 

shale. The isolated group, highlighted by a red box is clean sand. From this cross plot, we 

concluded that a facies model would not be possible and that pre-stack data would be needed, we 

saw multiple points within the cross plot that have the same impedance but different GR and 
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porosity values, we would need pre-stack data to be able to distinguish between the different facies 

by looking at Vp, Vs and density instead of just acoustic impedance) to distinguish between the 

different facies.(Hard to see a good separation between different facies, cross plots of impedance 

vs. gamma ray vs. porosity point to a very complicated geology). 

 

3.3.4  Porosity Model  

The input to this model are the porosity logs and the constraints are the multiple seismic 

attributes generated previously. With these parameters, the neural network will generate multiple 

realizations where each realization is judged on its ability to predict the blind well not used in the 

modeling. The blind well chosen for the porosity model is Keith-1. This particular model did 

extremely well at predicting the Keith-1 well, as seen in Figure 3.32. 

 Attributes chosen in porosity modeling of Zone 1: are SubBand, Azimuth Curvature, 

Absolute Colored Inversion, Stochastic Inversion, Max Amplitude Above Average. 

 Attributes chosen in porosity modeling of Zone 2 are: Euler Curvature, Instantaneous 

Frequency, Total Energy, Max Amplitude Above Average, Stochastic Inversion. 

 Attributes chosen in porosity modeling of Zone 3 are: ILDip Curvature, Instantaneous 

Frequency, Deterministic inversion, Max Amplitude Curvature. 
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 Figure 3.32 Comparison between the blind well (Keith_1) and the model's porosity log 
extracted at Keith_1's location. 

  

Log Model 
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3.3.5  Gamma Ray Model 

The input to this model are the gamma ray logs and the constraints are the multiple 

seismic attributes generated previously along with the derived porosity. With these parameters, the 

neural network will generate multiple realizations were each realization will be judged on its ability 

to predict the blind well not used in the modeling. The blind well chosen for the gamma ray model 

is Keith-1. This particular model was able to capture the general trends of the Keith-1 well, as seen 

in Figure 3.33. 

 Attributes chosen in gamma ray modeling of Zone 1 are: Sub Band, Stochastic Inversion, 

Euler Curvature, and Effective Porosity Model. 

 Attributes chosen in gamma ray modeling of Zone 2 are: Instantaneous Frequency, Total 

Energy, Maximum Principal Curvature, Stochastic Inversion, and Absolute Colored 

Inversion. 

 Attributes chosen in gamma ray modeling of Zone 3 are: Instantaneous Frequency, IL Dip 

Curvature, Stochastic inversion, Generalized Linear Inversion, and Effective Porosity 

Model. 
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Figure 3.33 Comparison between the blind well (Keith-1) and the model's gamma ray log 
extracted at Keith-1's location 

 
 
 
 
 
 
 
 
 
 
 

Model Log 
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3.3.6  Pay Model 

Pay zones in this reservoir were defined as having a gamma ray less than 50 API and a 

porosity higher than 20%. These values were selected based on the values in the producing wells. 

The resulting map for the upper layer of the Cherokee group can be seen in Figure 3.34 

The producing wells are located in the good sweet spots (red color) and the dry wells are 

located in the blue color such as in the well Sondgrass …etc). 

 

 Figure 3.34 Defined pay zone for the upper Cherokee group. A pay zone is defined by being 
less than a gamma ray of 50 API and more than a porosity of 20%. 
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Chapter 4 - Discussion  

 

4.1  Discussion  

By integrating key seismic attributes such as: most positive curvature, total energy, and 

max amplitude above average attributes in sequential  geologic  modeling  of  reservoir  properties  

which  were successfully  applied  and validated  on  the  gamma  ray, and porosity, I was able to 

conclude that previously drilled dry wells within the study area were outside the boundary of a 

meandering, Cherokee sand channel system of potential reservoir quality. This compares favorably 

to previous studies, and to that of Raef et al,, 2015, where a palaeoshoreline was interpreted, and 

further supports the existence of a broadly NE-SW trending meandering channel system with SE 

flow direction (with relatively low acoustic impedance). Spectral attributes have been used to 

delineate facies and depositional environments such as sand channels. 

  Most positive curvature seismic attribute was determined on spectrally whitened seismic 

dataset after foot print removal. Whitening process applied to the input dataset in the enhancement 

of high frequencies helped in better defining the fault network, 8 faults were identified (Figure 4.1 

for a time slice at 850 msec). It shows intense faulting compartmentalization that is not continuous, 

and this could be a major reason as to why none of the other wells in the Wierman field were 

productive (Charlotte, 2009). A major advantage of the volumetric curvature over any other fault 

imaging technology is the ability to image the faults at different scales. Structural framework that 

can be built for any complex geology with as many faults as possible. When dealing with a 

fractured reservoir where the faults play a major role during deposition and after, a correct 

structural framework that accounts for all the faults and horizons is a key feature for a correct 

inversion 

Total energy and max amplitude above average attributes best reflect the geologic 

features and point out a feature in the north part of the section that may be the result of processing 

or signal-to-noise artifact, (Figure 4.2).  This is in agreement with evidence using the curvature 

attribute. 
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Wierman field is dominated by a discontinuous channel highlighted on the overlay of 

Most Positive Curvature with Max Amp Above Average, and an overlay of  Most Positive 

Curvature with Total Energy at different time slices, 857ms and 872ms (Figure 4.2, 4.3, 4.4, 4.5) 

of thickness below seismic resolution that lies above the Mississippian limestone, this channel 

sandstone holds the highest oil reservoir potential, with its greater acoustic impedance contrast 

with underlying Mississippian limestone, and lower acoustic impedance.  

 

 Figure 4.1 Most Positive Curvature, EXP 0.5, Time 850 ms of the spectrally whitened 
seismic 
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Figure 4.2 Most Positive Curvature exp 0.5 Notch with Max Amp Above Avg. Overlay, Time 
857ms 
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 Figure 4.3 Most Positive Curvature exp 0.5 Notch with Max Amp Above Avg. Overlay, Time 
872ms 
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 Figure 4.4 Most Positive Curvature exp 0.5 Notch with Total Energy Overlay, Time 857ms 
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 Figure 4.5 Most Positive Curvature exp 0.5 Notch with Total Energy Overlay, Time 872ms 
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Post-stack inversions derive the acoustic impedance from seismic data. This is important 

because acoustic impedance is a product of the velocity and density of the rock, which can in turn 

tell us more about the rock being modeled. The stochastic inversion is usually the most detailed 

inversion, after creating a blocked log for each well, and comparing its acoustic impedance log 

with the 5 inversions, it shows that stochastic inversion is the best and most similar one to the 

impedance log, as it is shown in the previous well Squier 1-18, (Figure 4.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 Post-stack inversions of acoustic impedance at Squier 1-18 well using the 
various inversion methods. From left to right: acoustic impedance computed at well, 
stochastic inversion, GLI, deterministic inversion, colored inversion, and sparse spiking 
inversion 

 

The geological modeling prepared based on a set of seismic attributes, which were used 

quantitatively to model reservoir properties, using CRYSTAL software’s neural network to 

generate these models such as, Porosity model, and gamma Ray model, and a Pay model that 

combines the two geological reservoir properties, gamma Ray and Porosity. Spectral imaging, 



64 

volumetric curvatures and post stack inversions are useful seismic attributes but not sufficient for 

the full understanding of the Wierman field channel reservoirs 

Pay zones in this reservoir were defined based on gamma ray less than 50 API and a 

porosity higher than 20%. These values were selected based on the values in the producing wells. 

The upper layer of the Cherokee group can be seen in Figure 4.7. 

 

 

Figure 4.7 Defined pay zone for the upper Cherokee group. A pay zone is defined by being 
less than a gamma ray of 50 API and more than a porosity of 20%. 

 

Given  the  depositional environment, and the knowledge acquired by other data in the 

study area, it  appears  clearly  that  the  key  in  solving  Wierman  problems  is  to  have  high 

resolution  seismic  attributes.  The previous attributes and stochastic inversion as used in this 

study, is revealing the true geology of the Wierman field. Although similar attributes were used 
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previously in other studies in the Wierman field, it was not combined with other processes such 

as stochastic inversion to reveal the actual thin sand bodies.   

 

 

4.2  Future Well Locations 

Possible drill locations needed a large pay zone with great connectivity. These locations 

are defined as Drill Prospect 1, 2, and 3. Each location is outlined by a large pink rectangle, which 

can be seen in Figure 4.8. 
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                          Figure 4.8 Proposed drilling locations based on pay zone. 
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One reason that only the upper portion of the Cherokee group is being examined with a 

pay zone map is the likely oil water transition zone discovered in the Wierman 1-19. The shallow 

and deep resistivity log cross over could indicate the start of the transition from oil to water is at 

4400 feet, as seen in Figure 4.9. 

 

Figure 4.9 Wierman 1-19 shallow and deep resistivity logs that could indicate a cross over 
at 4410 feet, which points to the start of the oil water transition zone. 
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In the resistivity logs of the producing wells, we notice that there is a cross over between 

the deep and shallow resistivity logs, which indicates higher water saturation. This confirms that 

the lower part of the Cherokee is less likely to be a producing layer. This confirms the start of the 

water saturated transition zone at 4400 feet.  

 

 Figure 4.10  Blocky Nature of Wells Points to an Oil Reservoir in the Upper Part of the 
Cherokee 
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If we assume that the start of the oil-water transition is at 4400 feet, only Drill Prospects 

1 and 2 are structurally high enough to avoid water. To ensure that the reservoir is not water 

producing, Drill Prospect 2 is highly recommended. This can be seen in the extracted gamma ray 

logs at the proposed well locations shown in Figure 4.11. 

 

 

 Figure 4.11 Gamma ray model extracted at proposed well locations inside the Cherokee 
group. 

 

Possible Start of oil-
water transition 
zone. 
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 Figure 4.12 View of the proposed drill locations with the seismic polygon outlined in red. 
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Chapter 5 - Conclusions and recommendations 

 

              In this study, many geophysical methods have been applied on the Wierman 

Field; Ness County, Kansas, and a combination of seismic attributes with inversion technology 

was able to effectively improve the precision of our sand channel reservoir interpretation. Seismic 

attributes (most positive curvature, total energy and max amplitude above average attributes), 

helped identifying an intense faulting compartmentalization on the seismic volume that is 

discontinuous, which could be a major reason as to why none of the other wells in the Wierman 

field were productive, in addition to the delineation of a feature in the north part of the section that 

may be the result of processing or signal-to-noise artifact, this feature is very close to the edge of 

the survey and low signal-to-noise ratio is expected. 

 Seismic attributes are strongly affected by acquisition parameters where curvature 

attribute better highlighted sand channels when spectrally enhanced seismic data was used as input. 

 

            Different inversion methods, including sparse spike, deterministic, Generalized Linear 

Inversion (GLI), colored inversion, and stochastic inversion  were run to produce acoustic 

impedance volumes that were compared against an acoustic impedance log computed at the five 

well locations to identify  seismic  lithofacies and to discriminate lithologies and relate them to the 

defined sand channel in the Cherokee group formation based on the channel sinuosity, and based 

on several different seismic attributes from high resolution post-stack inversions, spectral 

attributes, and volumetric curvature, sequential geological modelling through the application of  

neural network was applied where each model was used as a driver for the next model, and an 

estimation of porosity, gamma ray, and various pay zones were constructed with the aim of 

understanding the subsurface lithofacies heterogeneities, prospect  generation  and  evaluation  of 

the  subject  area, and based on combined qualitative and quantitative results, it showed the 

existence of  a  highly variable broken up meandering channel facies consisting mainly of 

sandstone which is home to a  potential  hydrocarbon  recovery. Stochastic inversion has given the 

most detailed information about the reservoir, and by modelling of reservoir properties, pay zones 

in this reservoir were defined as having a gamma ray less than 50 API and a porosity higher than 
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20%. This suggests 3 different drilling prospects, however, due to the presence of the potential oil 

water transition zone at 4400 feet Drill Prospect2 is most highly recommended. Drill Prospect1 

and 3 may be too close to the oil-water transition zone to produce a large amount of oil compared 

to water. 
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Appendix 

The following are raw data for well logs and figures that were used in some of the 

analysis and discussions included as supporting documentation.  

1- Log inventory for 5 wells used in my survery. 

 

2- Well information and seismic perimeter coordinates: 
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3- Cherokee group is located in the time range between 870 and 900 msec, 
which is our area of interest, top and bottom horizons are needed for 
running acoustic impedance inversions. 
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4- Overlay of seismic attributes around area of interest 

 

 

 

 

 

 

 

 



78 
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5- Porosity Avg. Top Map derived from sequential geological modelling using 
neural network 
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6- Gamma Ray Average Top Map derived from sequential geological 
modelling using neural network 
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