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Executive Summary 
 

The objective of the project is to develop a static model of the Charlton 30/31 field and 
recommend further field development plan using the given literature and data. 

The Charlton 30 /31 Field is a Silurian pinnacle reef located in the Northern Silurian Reef 
Trend in the Michigan Basin.  These reefs often contain oil. The Carlton 30/31 field covers about 
300 acres and contains 7 wells.  The field is mostly composed of low permeability and low 
porosity limestone matrix, but with intermittent dolomitized intervals with a higher porosity 
and higher permeability. The field is currently being used to evaluate carbon sequestration. 

The first phase of the project involves getting familiar with the data and the software to 
be used moving forward.  Team members are divided into four groups and are researching field 
history and information, well log software, seismic software and static model software 
simultaneously. 

The second phase of the project is loading the data into the software and selecting the 
best software option for the project.  The group members will split into three groups and load 
the seismic, well log, and topography data simultaneously.  

The third phase of the project is to develop the static model.  Team members will be 
divided into four groups and work on structural, Stratigraphic, lithological, and petro physical 
modeling simultaneously.  The results will then be compiled to form the complete static model.   

The fourth phase of the plan is to interpret the static model and select the optimal 
locations for new production wells.  The locations were selected by evaluating the properties of 
porosity and oil saturation of the reservoir up scaled from the data provided. The best locations 
to drill were where these two properties best aligned with one another.  The area studied was 
the Niagran Brown formation. 

The fifth phase of the project was to create and suggest a development plan.  The plan 
includes an economic evaluation and is explained in more detail at the end of the report. 
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Introduction 
  The Charlton 30/31 field is a Silurian pinnacle reef located in the northern Silurian reef 

trend in the Michigan Basin.  This basin was formed during the Paleozoic period when a large 
blanket of limestone was deposited over much of the great Lakes region.  However, the area 
under what is now Michigan subsided quickly relative to the rest of the region leaving a basin.  
This is referred to as the Michigan Basin.  In the shallow waters around the basin, coral reefs 
formed.  These reefs make up the northern reef trend and often contain oil1.  

The Charlton 30/31 field was discovered in 1974 by shell. It is about 300 acres and has 7 
wells drilled into it.  It has produced approximately 2.6 million Barrels of oil during primary 
production.  This level of production is thought to be typical of the fields in this reef trend3.  The 
Charlton 30/31 field is mostly composed of low permeability and low porosity limestone matrix, 
but with intermittent dolomitized intervals with a higher porosity and higher permeability that 
control the fluid flow in the reservoirs2. The field is undergoing CO2 flooding as part of EOR. 
Prospects of CO2 sequestration are being evaluated as well2.  

 

Figure 1: location of field 
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Figure 2: location of wells 

The data provided consists of seismic, topographic, well logs data.  The objective of the 
project is to develop a static model of the field using this data.  Once the model is built, the next 
task will be to evaluate it and recommend a plan for further development of the field.  

When developing the plan for the project, a work flow was made to direct the 
progression of the project and ensure its completion.  A detailed timeline was incorporated and 
used to develop a Gantt chart; ensuring that the project remains on course and on time.  The 
risks associated with the project were noted and analyzed to account for any effect that they 
could potentially have.  Additionally, the data was reviewed to ensure that it was compatible 
with the objectives of the project.  This report will detail all of these components, a report of 
progress made to date and a conclusion and recommendations based on progress made so far. 
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1. Project Plan 
 

1.1 Project Workflow – In order to proceed with our objective of building the static 
model for the Charlton 30/31 field and produce the optimal field development plan for the 
drilling of additional boreholes, the Project Workflow was created. This workflow was divided in 
five phases in which each phase was assigned a deliverable that we will accomplish as we 
proceed with the project development.  Our first Phase in the project work flow was to 
research and gain knowledge about what a static model is and what software would be utilized 
for the development of the static model.  The decision point in phase one is deciding whether 
the team has adequate knowledge of Petrel and Petra programs as well as static models.  The 
dependency is research on Charlton 30/31 field background, seismic modeling, well logs, static 
models, and their corresponding software. The deliverable is the team’s ability to understand 
this topic and software sufficiently to begin to create a static model. 

 After acquiring the prerequisite knowledge in Phase 1, Phase 2 is to load the data into 
the Petrel and Petra software and select the one that will be used going forward.  The decision 
point is deciding whether to use the program Petrel or Petra.  The dependency is that the team 
demonstrates their knowledge gained in Phase 1 in order to identify the types of files 
supported by the program.  The deliverable for Phase 2 is have a program selected with data 
loaded into it. 

 Phase 3 is to develop the Static Model using the data.  The decision point is whether or 
not the dependencies are in the correct order.  The dependencies for this phase are to do 
structural modeling, stratigraphic modeling, lithological modeling, and then petro physical 
modeling.  The deliverable for Phase 3 is a complete Static Model. 

 Once the team has a Static Model they can move on to Phase 4 which is result 
interpretation.  The decision point in this case is going to be whether or not the Static Model is 
appropriate for the development field.  This decision is made by the team and by the mentor. If 
is not accurate, the team must return to Phase 3 and make the changes indicated by the 
mentor and evaluate the Static Model again. The dependencies include the seismic 
interpretation, well log interpretation, evaluation of the lithofacies distribution in the model, 
and the petro physical modeling.  The deliverable for Phase 4 is the most suitable result i.e. the 
static model and interpretation. 

 As soon as the results are evaluated by the team and the mentor in Phases 3 and 4, they 
can then proceed to Phase 5 which ends in the recommendation of a plan for the development 
of the field. The decision point will be the best economical plan. The dependencies are 
identifying the location of where to drill and create an economic plan. The deliverable is the 
presentation of the final report including the best development plan. 
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1.2 Project Schedule – The schedule was created following the workflow, in which 
the first phase was proposed to start on 15 November 2015, and finish on 23 November 2015. 
Specific tasks were delegated to specific team members. The research of the Charlton 30/31 
field back ground was done by Jacob. The research of the seismic modeling and software were 
completed by Marvin and Badi. The research of the well logs and software was finished by 
Mannan and the research for the static model and software were fulfilled by Tayier.  Presently, 
the progress of Phase 1 is 100% resolved. 

 In Phase 2, which involves loading the data to determine which software to use, was 
started 24 November 2015, and completed by 8 December 2015 

 Phase 3, which encompasses the development of the Static Model from the loaded 
data, will start on 10 December 2015 and finish 5 April 2016. During this time, the structural 
modeling will be done by Marvin and Badi. The stratigraphic modeling will be completed by 
Mannan. The lithological modeling will be fulfilled by the whole team and the Petro physical 
modeling will be resolved by Tayier. 

 Phase 4, which involves result analysis, will begin on 6 April 2016 and is anticipated to 
be finished by 18 April 2016. This is considered the crucial phase for our project since, from this 
point the team will be able to determine if the project will succeed or fail not based on our 
interpretation. The seismic interpretation will be done by Marvin and Badi. The well log 
interpretation will be fulfilled by Mannan and Badi. The whole review of the static model and 
the results will be accomplished by the team with consultations being done by the senior 
advisor.  

 Finally, Phase 5, which is to establish the final report with the recommendation plan to 
develop the field, is planned to commence work on 18 April 2016, and end by 28 April 2016. 
This phase will be a conglomerated work from the team to locate, on a counter map, the 
specific place to drill and produce an economical model to analyze the feasibility of the project. 
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1.3 Risk Analysis- Our main goal is to finish our project in April 2016, but as we 
understand that there can be delays on the progress.  These delay can be caused by a variety of 
things including issues related to technology, people, methodology, and the environment.  
Technology delays could be caused by slow computers, or limited software licenses.  These risks 
can be mitigated by having a backup plan for different computers and different software for 
which licensing is available.  People can contribute to project delays through lack of motivation 
or illness.  Risks associated with people can be mitigated by keeping up communication within 
the team.  If a problem comes up, the team can work together to assist the member that is 
struggling.  An environment of poor working conditions can also contribute to postponement of 
the project completion.  This type of project can again be mitigated by having a variety of 
options for workspace such as remote desktop.  Poor leadership and other problems with the 
method in which the project is conducted can also stall progress. Problems with methodology 
can be mitigated through communication with team to share opinions on methodology and 
resolve any perceived problems.   
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Figure 5: Risk analysis 
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2. Data Review 
The following data/literature was provided to accomplish the project: 

- Well Logs: We are given GR, NP, DPHI, RHOB logs. This graphical data will help us 
understand and model lithology of the field/wells provided.  These logs can help us 
estimate the hydrocarbon reserves in the area at a given depth and porosity and density 
of the rocks or the tops that they are contained in.  

- Seismic Data: This data can help us understand the properties of the tops, with the help 
of well logs. The Well logs and the Seismic data have to be tied in order to understand 
the properties of our formation tops further. However, since we’re not provided enough 
software license to interpret the seismic data, it might cause delays in the progress of 
the project. 

- Topography:  We are given the locations of the 7 wells in the Charlton 30/31 field, and 
the type of formation tops that make up these wells. This data will help us more 
accurately predict the lithology of the layers 
 
In order to build the best model, we might have to screen through data as we proceed 
with the project into the next phase. This will help remove any irrelevant data, if any. 

3. Final Report 
Phase 1 of the project, which involved researching the data, field background, and 

software is completed.  

We have also completed the second phase of our project, involving software selection.  
This phase was restructured from the original plan when it became evident that software 
selection was a larger task with much more importance than initially thought. Originally, we 
decided to choose Petra as the software to develop the static model in. However, seismic data 
was unable to be loaded into Petra. Due to this reason, the static model development in Petra 
was discontinued and instead, Petrel was selected.  

We have completed the third phase of the project, Static Model Development.  This 
Phase was extended do to difficulties in loading data and learning how the program operated. 

We have completed working on the Fourth phase, interpreting the Model. 

The fifth and final phase of the project is complete.  The plan having been made and 
evaluated. Please see section 4 for details. 
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4. Project Results 
4.1 Data Analysis 

4. 1.1Petro physical and Lithological Analysis 
 In order to perform this analysis, first of all an analysis of clay was performed to make 
sure that no clay was present in the formation, as we can see in figure 6. The Gama ray reading 
for each well was checked, and is was shown that each well was clean, or in other words, were 
absent of clay. So we assume a Net Growth equal to one. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Gamma ray analysis 
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Figure 8: Density/Neutron porosity overlay at SSTVD 
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4.1.3 Water oil contact assumption 
 Based on our limited experience of reading the log, the team made the assumption that 
the water oil contact was approximately at 4456ft.  This assumption was based off of a cross 
section and the data from the water saturation and the resistivity logs for the State Charlton C # 
2 -30.  The team used this well since the other well indicated no presence of water. That 
assumption may have been a mistake made by the team, since when we spoke with our mentor 
after words, he mentioned that the area that we were evaluating did not have any water.  The 
team made this assumption in order to perform the volume calculation. 

 

Figure 9: Assumption of the oil water contact 
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4.2 Well to Seismic Tie 
Well to seismic tie allow well log data, measure in depth to correlate with seismic data, 

measured in time domain. This helps in relating and choosing the horizons in our project.  

In the well to seismic tie, a synthetic trace is generated using the sonic and density log. In this 
case, the density log was not available for the entire well, therefore density log was generated 
in Hampson-Russell using Garner equation. This synthetic trace is compared to the actual 
seismic data and this helps us choose the horizons required in the project. 

Correlating seismic data to the well logs require the use of “DT” logs in GeoViewTM. DT logs are 
available for three of the total wells given, Salling Hanson 1-31, State Charlton 2-30 and State 
Charlton 2-31 and therefore well to seismic tie is generated for these three wells only.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Well to seismic tie for Salling Hanson 1-31 

The above figure is the well to seismic tie for Salling Hanson 1-31. Arrows represent the 
surfaces chosen to be examined. Thick arrow represents the surface already been drilled. 

Due to the quality of the seismic data available and/or limited expertise with the 
software, the maximum correlation for the match that could be achieved was 0.60 i.e. 60% and 
therefore leading to the possibility of data or model inaccuracies during picking the horizons.  

 

A1 carb 
Niagaran Brown  
Surface 1 
Surface 2  
Niagaran Grey 
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Figure 11: Tops that were co-related to the seismic data in time domain 

 Using the available well to seismic tie, five horizons were picked, A2 Carbonate, Niagran Brown, and 
two horizons between Niagran brown and Niagran Gray. These horizons represent the reservoir 
boundaries, and appear in time domain. To insert depth perspective into the horizons picked, velocity is 
determined using the sonic log for each well and is factored into the time equation. This helps in 
determining the depth of the horizons.   
 

 

Figure12 Sample surface in time domain. (Shown here: Niagran Gray) 

 

 

 

 

27 



 

 
 

4.3 Stratigraphic Map 
 After the well to seismic tie was done the following step was to create the 

surfaces for each horizon. In the figure 13 it is shown the Niagaran Brown with it respective 
counter lines on depth. This is the top of the formation on evaluation. 

 

Figure 13: Stratigraphic map on 2D windows 
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4.4 Reservoir modeling 
 In order to deliver the reservoir static model, the interpreted horizons from the seismic 
volume as well as other available data input from the wells were used. The structural modeling 
starts building the horizon surfaces as a skeleton or frame for the model. The property 
modeling is used to make the population of the structural model with lithology, fluid, or 
saturation properties using the well logs, and interpretation data that were up scaled to the 
model. The final product will be a 3D structural grid surface. 

 

 

Figure 14: Structural model steps 

 

4.4.1 Structural Modeling 
In this step, it is customary to model the faults and horizons but for our case it was not 

necessary to model the faults. Since the manual interpretations for the horizon were chosen 
from the seismic volume, a surface and grid skeleton were created. This interpretation contains 
basic geological information that will be use to evaluate the model.  
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4.4.1.1 Manual interpretation 
From the seismic volume provided, the horizons were selected manually, using the auto 

tracker tool. One of the horizons that was elected to perform the evaluation was above the 
Niagaran Brown formation and the other two were between the Niagaran Brown and the 
Niagaran Gray formations. It is imperative to mention that these horizons were chosen without 
the Well to Seismic Tie fully finished. This fact may contribute to possible errors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Horizon pick manually using eyeballing. 

4.4.2 Pillar Gridding 
This process was done by creating a boundary around the wells and also including the 

seismic volume.  These gridding cells were then converted into surfaces. The grid skeleton is a 
grid composing of a top, middle, and base skeleton grid which overlap each other. This skeleton 
was created using the Niagaran Brown formation surface and the Niagaran Grey Formation (see 
figure11) that way the skeleton has included the elevation of the surphases.  

A1 carb 

Niagaran Brow 

Created surface 1 

Created surface 2 

Niagaran Gray  
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Figure 16: Grid skeleton 

4.4.3 Making the Horizons and Zones 
These surface attributes or horizons were inputted from the interpreted surfaces that were 

created previously.  This model includes four conformable and one base reservoir tops. From 
the zones on each reservoir top, an isochoric process was used, this proses creates division 
between surfaces lines of equal thickness.  

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Horizons that were chosen and converted to surfaces. 
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4.4.4 Layering  
  This process provides a better resolution for each zone. For this project a proportional 

method was used that gave as a result, a constant thickness parallel to the top, middle, and 
base zones. 

 

 

 

 

 

 

 

 

Figure 18:  Visualization of the layering on the reservoir. 

4.4.5 3D structural surface 
The 3D structural surface is the final result in this process. It includes the top, middle, 

and base skeletons, the surfaces, and the layering. This 3D structural grid will be used to 
perform some property modeling, from which the extrapolated data will be evaluated. 

 

  

 

 

 

 

 

 

 

 

Figure 19: 3D structural surface 
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4.5 Property Modeling 
As far this project is concerned, to add a propriety to the model, properties from the 

well logs were inputted to the model in order to understand the distribution and/or 
heterogeneity of each surface of the reservoir. The well logs were up scaled with a simple 
method, in this case, Petrel found the first 3D grid cell that the well penetrated.  Then the next 
step was to make the facies of the model, which extrapolated the up scaled data from the well 
logs to the 3D model.  

 

Figure 20: Porosity property modeling in 3D 
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4.5.1 Quality control 
 This process was perform to evaluate the data from the well logs did not have any 

changes in the trend during the upscale. As we can see from this histogram the behavior of the 
data provided from the well the upscale and the populated. They fallow the same trend 
meaning that data was conserve consistent. This process allow us to continue with the next 
step that is evaluate the properties. 

 

Figure 21: Histogram of the porosity property 
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4.5.2 Properties evaluation  
              This process took a quit effort to figure out but it gave a more clear result to identify 
where to drill. The Petrel program has wonderful tools, that one used for this case was the 
calculator. That allowed to indicate to the program the parameters that we would like to be 
observing. So introduce the following equations. For example: 

Good area=if (PHP>0.08 and SW>0.50 and water contact >70 and distance from wells > 1100) 

The equation above was one of the condition that we used to find areas with the properties 
shown in the (figure 20). As we can observe, properties with fair porosity and good oil 
saturation and they are not close to the existing wells.  There were five areas from which can 
identify that have good qualification to be drill. In order to simplify the work, just area of study 
is explain in this report, the area on study 1. From the oil saturation and the porosity will be 
study carefully using cross sections. 

Figure 22: 2D view to identify the well location to Drill.  

Area of study 1 
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4.5.3 Oil Saturation property 
               The concentration of oil in the rock, the analysis was perform on the Niagaran Brown, 
from the properties were populated and evaluated.  As it is observe from the following figure 
21 the areas with higher oil saturation are the purple ones, and the lower oil saturation are the 
red ones. Based on the counter map lines, it is observe that the location that is been in study is 
situated in an anticline. 

  

Figure 23: 2D view of the Oil Saturation Property 

 

In order to make sure that this area in study is what the result shows. A cross section was 
perform to evaluate this area. The black line in the figure 22 represent the cross section 
selected to study. And the figure below is the cross section of the area on study, as it can be 
observe the white circle area is an anticline. Having good concentration of oil. Also it is a good 
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area where can be drill just base on oil saturation, but it is not an enough assumption. The team 
decide to evaluate porosity property too. 

Figure 24: 3D view of section of the oil saturation Property. 

4.5.4 Porosity Property 
 As a definition, porosity is the quality of being porous, so liquids can flow through. In the 
area of study for the Chalton 30_31, it is observe in the Niagaran Brown formation a higher 
porosity in the blue squares and a fair porosity in the yellow areas. Since the study or analysis 
cannot be fully complete from this view, a cross section was made.  

As is observe in the A1 carbonate in the figure 25, this area is consider to be a seal since the 
porosity is very low of approximately 1%.  The cross section evaluation allowed us to identify 
the depth of the place to drill that was approximately 4350ft plus another 100ft to let the 
logging tools work. 
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Figure 25: 2D view of the porosity property 

Figure 26: 3D vie of the cross section of the Porosity property in area of evaluation 
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4.6 Location of the future wells to drill 
 After the analysis was finish, using the x and y coordinates of the model the location 
were converted to Longitude and Latitude, then loaded in Google earth. 

Names X Y Latitude Longitude 
Salling Hanson #1-31 1960374.43 628265.98 45° 2' 23.4237" N  84° 29' 11.8473" W  

State Charlton "C" #1-30 1961529.91 629292.34 45° 2' 33.5794" N 84° 28' 55.7817" W   

State Charlton "C" #2-30 1961443.07 629404.48 45° 2' 34.6851" N 84° 28' 56.9940" W          

State Charlton "C" #3-30 1961370.3 629336.61 45° 2' 34.0136" N 84° 28' 58.0058" W  

State Charlton #1-30 1962538.45 631937.2 45° 2' 59.7131" N 84° 28' 41.8014" W    

State Charlton #2-30 1962443.51 629633.38 45° 2' 36.9632" N 84° 28' 43.0663" W    

St. North Charlton #2-31 1960040.68 627072.48 45° 2' 11.6326" N 84° 29' 16.4636" W  

New well 1 1959559.66 632106.21 45° 3' 1.3273" N 84° 29' 23.2974" W 

New well 2 1958465.31 628484.69 45° 2' 25.5467" N 84° 29' 38.4407" W 

New well 3 1959470.66 629771.55 45° 2' 38.2728" N 84° 29' 24.4742" W 

New well 4 1962589.58 626501.58 45° 2' 6.0419" N 84° 28' 40.9484" W 

New well 5 1964232.26 631325.76 45° 2' 53.7049" N 84° 28' 18.1938" W 

Table 1: Location of the well by Longitude and Latitude 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Target zones location for the new wells.  
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 The new well are identified by the blue color in the google earth map, showing that this 
will be possible places from a drilling project can start. The red location are the original well 

4.7 Drilling and Completion 

The drilling and completion plans were based primarily on the successful plans of other 
wells previously drilled in the reservoir.  In a study conducted for the U.S. Department of 
Energy, a graphic of the types of rocks to be encountered when drilling into the reservoir was 
found.  This graphic indicates that in order to reach the reservoir you will need to drill through 
layers of Glacial Drift, Shale, Limestone, Dolomite, Salt and Anhydrite.  

 

Figure 28: Graphic showing rock layers 
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Knowing the types of rock that will be encountered while drilling, it is possible to plan 
ahead and make note of any potential issues.  It is known that there is an aquifer in the glacial 
drift layer, so extra care must be taken to avoid any damage to it.  The layers of shale and 
limestone have the risk of breaking up due to small fractures, so it is advisable to reduce surge 
pressure and slow down when drilling through these layers.  It is advisable to reduce the pH of 
the mud when in the salt layer, to avoid dissolution.  (Habtemariam).  When the drilling is 
actually conducted, it will need to be monitored and adjusted as the process continues. 

The completion plan for the wells is modeled off the Charlton 4-30 well drilled in 2006 in the 
same reservoir. 

Table 2 below lists the specifications for this well. And Figure 28 shows a sketch of the 
completion. 

Bit Size (in.) Casing Size 
(in.) 

Cement 
volume 
(Sacks) 

Weight (lb/ft) Grade Casing Depth 
(ft) 

N/A 16 N/A 65 H‐40 0 ‐ 72 

14‐3/4 11‐3/4 475 42 H‐40 0 ‐ 804 

10‐5/8 8‐5/8 930 32 J‐55 0 ‐ 3,604 

7‐7/8 5‐1/2 274 15.5 J‐55 3,538 ‐ 5,788 

Table 2: Charlton 4-30 Specifications 
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Figure 29: Sketch of Charlton 4-30 
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