
!"#"$%&#'

()*+,'-./012'
3.*)01'4.5)6*'

'

'
' '

!"#$%&'(#)*+'
30,7)*6'8*)69+:';*.'<.,,'+2'+'=)9.'

>10?/'#@''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
A+50*'B1..,''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

C*D1.5'(.1*+*D.E'''''''''''''''''''''''''''''''''''''''''''''''''''
81)FG'A0H*50*'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''

40?6'I+,.''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
3+1+H'3F022'

''''''



' &'

Cover Letter 
 
 In the following report, the progress made on the Enhanced Oil Recovery 
(EOR) methods analysis of the Enigma Field will be discussed. During the fall 
2015 semester, we planned and began work on the project that will be defined 
and discussed throughout this paper. During the spring 2016 semester, we have 
completed the production modeling of the field as well as continued research into 
the EOR methods that have been, and are currently, in use in the Enigma Field. 
We have analyzed the collected and produced data to formulate a final 
recommendation for this field. This planning, modeling, and research culminated 
in our ability to perform an effective analysis of the EOR methods present in the 
Enigma Field and thereby accomplished the objectives that we set forth for this 
project. 
 

                   
__________________________   _______________________ 
 

Jason Creel             Andres Fernandez 
 
 

    
_______________________   _______________________ 
 

 Erik Johnson                  Doug Nale 
 
 
 

 
_______________________    
 

  Sarah Scott             
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Executive Summary 
 
' In this report, a project using data obtained from the Enhanced Oil 
Recovery Institute (EORI) will be outlined. This report will discuss the work done 
during the course of the 2015-2016 school year. The project will focus on the 
Enigma field in the Tensleep formation in Northern Wyoming. This formation is a 
sandstone formation. All wells are vertical wells. The field includes eleven 
producing wells, nine injection wells, and two abandoned wells for a total of 
twenty-two wells. 
 We divided our project into seven phases to accomplish our determined 
objectives. Each task that was deemed necessary for the successful completion 
of the project was placed in one of the seven phases. Next, the project plan was 
devised using workflow charts and Gantt charts to plan the project. Currently, the 
project is in phase seven, the final phase. We are working to analyze the data 
that we have gathered and produced to make a final recommendation for, and 
form a final opinion about, the current situation in Enigma field.  
 During the course of the spring 2016 semester we have updated our 
planning and our scope of work to accurately reflect what we have determined to 
be most important in accomplishing our redefined objectives. We found that the 
objectives we had set forth last semester would be impossible to accomplish with 
the information that we have been able to find as we do not have the correct data 
to accomplish many of the things we had hoped. Our main objective for this 
project was determined to be to analyze the actions, and their effectiveness, that 
have been taken in secondary recovery for the Enigma field at this point. This 
objective will be accomplished to provide a thorough analysis of the Enigma field. 
To support this main objective, we have determined three main tasks to be 
necessary. We will analyze the production of the Enigma Field to this point using 
both Excel, for graphical representation and analysis, and Rockworks 17, to 
produce a production model. In addition, we will perform an economic analysis 
on the current state of the field and perform a production analysis, to the extent 
that we are able with the information we have available. Through the data that 
has been gathered and produced, as well as work done on the main tasks that 
we have set forth, we have been able to make considerable progress in 
accomplishing our main objective effectively this semester and will have done 
this by the final presentation and paper. Our preliminary conclusions indicate that, 
with the current oil market, it does not make sense to change anything in the 
Enigma field. Our recommendation is to allow the wells to produce until they 
reach their economic limit, using the current water injection, which we found to be 
less than 5 years using $40 and $60 per barrel of oil. If oil prices were to increase 
dramatically then the life of the field could be extended a couple of years. 
However due to the proximity of production to the ultimate recovery the field 
should not attempt tertiary recovery. 
 With the change to our initial scope of work and initial objectives, the 
project did get off schedule during the course of this semester. However, we had 
given ourselves extra time at the end of the semester in the event that we got 
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behind schedule and we now will be making use of this time. Since the change to 
our scope of work, the project ran smoothly and without any major problems. We 
were able to finish our project and accomplish our objectives fully and effectively. 
 
Introduction 
 

Over the course of the 2015-2016 school year, we have been conducting 
an enhanced oil recovery project on the Enigma Field in the Tensleep formation 
in Northern Wyoming. This field includes eleven producing wells, nine water 
injection wells, and two abandoned wells. This formation is a sandstone 
formation and includes only vertical wells. To determine our project and course of 
action, we began by determining the objectives that will be addressed through 
this project. This semester we have changed the objectives that we initially set 
last semester. After going through the available data for the Enigma Field, we 
found that we do not have adequate data to complete a reservoir model. Instead, 
we found a program that will allow us to model previous production for each well, 
this will help us achieve our new objective. Our main objective will be to analyze 
the actions, and their effectiveness, that have been taken in secondary recovery 
for the Enigma Field up to this point; this will be done to provide a thorough 
analysis of the Enigma Field. To support these main objectives, we have 
included in our scope of work a couple of main tasks. We will be producing a 
model of the Enigma Field that will visually represent the production of the field, 
an economic analysis of the current state of the field, and perform a production 
analysis, to the extent that we are able with the information we have available. 

Table 1, shown below, presents the formation properties that were given 
for the Enigma Field. The table contains data from the EORI packet that was 
given to our team for the Enigma Field. 
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Table 1. Formation Properties 

Formation Properties 

Porosity 0.15  

Permeability 67 md 

Temperature 118.57 F 

Area  300 acres 

Depth 4669 ft 

Pay Zone 32 ft 

API 23  

Fracture Pressure 3174.9 psi 

 
As shown above, the size of the field is approximately 300 acres and the oil zone 
is an average of 32 feet thick. Studies have indicated that there may be as much 
as 13,000,000 barrels of oil in place with only slightly over 3,600,000 barrels 
having been recovered to date.1 Unfortunately we do not have the data required 
to confirm the OOIP calculation to confirm this number. We are also given the 
permeability of the formation with aided in our determination of the type of rock 
present. The oil produced has an average API of 23, which is a medium crude 
oil. This requires more refining then light crude oil but can allows additional by-
products to be produced. 

We have researched what EOR methods have been used and with what 
levels of success. Water flooding has been initiated with limited success, but we 
as a group, feel that more can be done to increase production to much more 
economical outputs. If EOR efforts are largely unsuccessful then this reservoir 
will hit its economic limit in a very short amount of time if the current prices of oil 
remain. To properly plan what EOR methodologies to use, it is important to first 
understand as much as possible about the lithology, stratigraphy and geo-
mechanics of the field. We have learned that the “trap” in this instance is a thrust 
fault with a 300 foot displacement and the field was discovered August of 1987.1 
There are four producing leases named Cynthia, Odette, Madeline and Aline. 
The names are after Allied female intelligence agents who operated in Germany 
during WWII.2 A very interesting fact is that the field is surrounded by many dry 
holes; so previous operators had concluded that the area was played out. 
We are continuing to study the Enigma field as well as the Bighorn Basin as a 
whole due to the fact that a tremendous amount of oil and gas exist there. The 
Enigma field is a conventional field with no wells being drilled horizontally; the 
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reservoir rock is also sandstone.1 The geology in Bighorn basin contains many 
faults and other trapping mechanisms, which indicate that more oil than originally 
estimated could exist in the area immediately surrounding the Enigma field. This 
is worth investigating because it could mean that the Enigma field might contain 
more oil than originally projected and this could potentially be produced at a 
cheaper cost due to its desirable reservoir qualities.  

With respect to the stratigraphy, it is important to note that there are no 
deviations from the normal Tensleep Formation stratigraphy. There are beds of 
alternating porous sand, which include streaks of dolomite. The dolomite divides 
the reservoir into separate areas. We are continuing to investigate information 
regarding the oil and water contact throughout the field to see how this will affect 
water flooding operations and how treating the water could help in overall oil 
recovery. We are looking into the orientation of injecting wells as a problem for 
current recovery efforts and will suggest an alternate plan after we model the 
reservoir. Pore throat size is also an item of concern that we are researching as 
well. 

From the progress made in studying the history and geology of the 
Tensleep formation and Enigma Field, a comprehensive background was 
produced. From the research done, we are aware of the formation that is being 
considered and are able to better determine what alternative EOR methods may 
be effective for this field. This research was utilized throughout the course of the 
year in determining how the reservoir and formation looks since we are unable to 
produce a reservoir model for characterization due to lack of information. In 
addition, it is important to have a thorough understanding of the field as we have 
found evidence that the Enigma Field has been used as an analogue field for 
other fields in the formation. This will allow us to gain an understanding of the 
field and its use as an analogue for other fields in the area. 
 
 
Planning 
 

This semester we have made the choice to scale down our scope of work 
for this project. As discussed, we have already modified our objectives to reflect 
the current scope of work for the project. The field has been in secondary 
recovery since 1992 and no tertiary recovery efforts have been made. The field is 
currently under water flood and is very close to the estimated ultimate recovery. 
We have, therefore, determined it was worthwhile to produce a production model, 
with the use of a program called Rockworks, for this field. This will allow us to 
have a visual representation of the situation in the Enigma field to aid in our 
analysis of the effectiveness of the methods used. We determined for a variety of 
reasons that, will be discussed later in this report, a static model would not aid in 
accomplishing our objective and would not be possible with the well logs that we 
have access to. In addition, we decided to perform a production analysis of our 
field as well as the economic analysis of the current situation to support our final 
recommendation of this field. These tools will aid in our final objective by giving 
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us a thorough understanding of the field. These changes are the major deviations 
from our original planning. 
 
Gantt Charts 
 

The Gantt charts that were put together for our project are presented in 
Figures 1 and 2, shown below. We have broken the project into the below tasks 
and phases thus far. These charts may be adjusted as we continue to work 
through the project. Additional tasks that we come across, as the rest of the 
school year progresses, will be added to the Gantt charts shown below. The 
charts present the tasks, the phase the tasks fall under, and the date windows 
that we plan to perform each task in. The spring 2016 chart in Figure 2 also 
shows team member assignments for the chosen tasks as well as deliverables, 
which are highlighted in green. The charts are quite large so it was necessary to 
show only the tasks and duration of tasks without showing the duration bars for 
each task.  
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Figure 1. Fall 2015 Gantt Chart 

 
 

The tasks, phases, and deliverables in the above figure were addressed 
during the fall 2015 semester. The deliverables that were required through the 
course of semester, such as reports and presentations, as well as research that 
was conducted by each team member are shown. The work for the fall 2015 
semester focused on the collection of all data that will help in analysis of the field. 
The tasks of modeling, economic analysis, and production analysis that we plan 
to complete for the project began during the fall semester and have carried over 
into the spring 2016 semester. The analysis of individual well data also began 
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during the fall 2015 semester. This information will be important to the accurate 
modeling of the field and will continue into the spring 2016 semester. The models 
and all of the information that will be collected will be used to perform effective 
and accurate analysis of the Enigma Field by the conclusion of the spring 2016 
semester. 
 

Figure 2. Spring 2016 Gantt Chart 

 
 
During the spring 2016 semester, the tasks and phases in the above 

figure were addressed. These tasks focused on the analysis of the data and 
research that was gathered in the fall 2015 semester. From this analysis, we 
produced a model, an economic analysis, and a production analysis. The 
economic analysis includes the current production of the field. After the work that 
was done during the fall 2015 semester and the analysis that was conducted 
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during the spring 2016 semester, we will discuss our objectives, how they were 
addressed, and give a final evaluation of the field.  

The final evaluation of the field will include our verdict on its current 
production as well as our detailed analysis on the methods that were used for 
secondary recovery in the Enigma Field. The addressing of our objectives, a 
detailed description of all work that was done over the course of the school year, 
and the final evaluation of the field will be presented in the spring 2016 final 
report and presentation. 
 
Workflow Diagrams 
 

Figure 3, shown below, presents the legend that was used to make the 
detailed workflow charts for each phase that was determined for the project. The 
workflow legend presents the shape and meaning of each shape that was used 
for each of the detailed workflows. The legend includes processes that were 
conducted, decisions that were made, deliverables, and the beginning and end 
tasks of the project. 
   

Figure 3. Workflow Legend 

 
 

A detailed workflow of phase 1 is shown in Figure 4 below. The project 
began with the team formation. Next, the deliverable of the team list and contact 
information was made. The full project determination was then made. The first 
step in this determination was to make a final choice of what project our group 
wanted to do. The choice we made was to work on Project 5. We then moved 
into the determination of our data set, which was where we received and looked 
into the data that we received from EORI. Next, we determined the objectives 
that we would like to address in this project. Once the objectives were 
determined, the draft interim design review deliverable was made. The final steps 
of phase 1 were to make assignments for each team member’s responsibilities 
and the completion schedule. During these tasks, we made the workflow and 
Gantt charts for our project. At the end of phase 1, the team assignments and 
completion schedule deliverable was done. 
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Figure 4. Detailed Workflow Phase 1 

 
 

After the completion of phase 1, phase 2 began. During this phase, 
research into the field and software that will be used to analyze the field was 
conducted. To begin, historical analysis on the field was done. Next, screening of 
the current EOR methods in use in the field was done. Third, research into the 
software that will be used for the models in the project was done. This led to a 
decision of which software will be used for each of the models. After this decision 
was made, the given data was organized in a way that would make it useable for 
each of the software programs that was chosen. This process is presented in 
Figure 5 below. 
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Figure 5. Detailed Workflow Phase 2 

 
Figure 6, presented below, shows the detailed workflow for phase 3. To 

begin this phase, production and sales profiles, a 2D model, and a 3D static 
model were worked on and are in the process of being finished. After these 
models are made, the decision of if the models are accurate will need to be 
made. At this point, the deliverables of the initial final design and the presentation 
of the initial final design were made. Next, additional data was collected for the 
analysis of the field. The decision of if the data found was accurate was also 
made. Then, the organization of the collected data to work with the chosen 
software was conducted. The last task in phase 3 was the analysis of the 
individual well data. Finally, the last three deliverables of the fall 2015 semester 
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were made. These deliverables were the practice presentation of the final design, 
the final design for fall 2015, and the final design presentation at the senior 
design symposium. Phase 3 was the last phase that was conducted during the 
fall 2015 semester. This phase took longer than anticipated and was carried into 
phase 4 of the project, which was completed during the spring 2016 semester. In 
addition, we changed our scope of work between phases 3 and 4. Phase 3 was 
discussed as shown since we did not alter our scope of work until phase 4. 
Phases 4 through 7 represent the altered scope of work that we have previously 
discussed. 

 
Figure 6. Detailed Workflow Phase 3 

 
 

At the beginning of the spring 2016 semester, phase 4 began. The 
detailed workflow of phase 4 is presented in Figure 7, shown below. This phase 
included work on the Rockworks model. This is where we have deviated from our 
original plan and from phase 3 that ended last semester. After finding the 
problems in producing a static model, we began to research different modeling 
options that would benefit our project. We then found the Rockworks program 
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that will be discussed later. This is where phase 4 begins. We then moved into 
working with the Rockworks program by inputting the data and producing the 
model. We then had to decide if our model was accurate. If it was inaccurate we 
continued working on the model and with the data to improve the accuracy of the 
model. Once the model was deemed accurate, we moved onto using the model 
for analysis. There were also two deliverables in this phase; the updated work 
flow and Gantt chart as well as the first progress report. 
 

Figure 7. Detailed Workflow Phase 4 

 
 
 

Figure 8, shown below, presents the detailed workflow of phase 5 of the 
project. This phase began with the economic analysis of the current state of the 
field. This phase took place concurrently with phase 4. There were also two 
deliverables during this phase, the second progress report and an oral project 
peer review, were due. 
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Figure 8. Detailed Workflow Phase 5 

 
 

Figure 9, shown below presents the detailed workflow of phase 6. This 
phase is also took place concurrently with phases 4 and 5. Phase 6 consisted of 
continued research into the field and a production analysis, including an IPR 
curve analysis. We then used this information to begin evaluation of the field 
before moving into the final phase. The deliverable in this phase will be the draft 
of the final report. 
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Figure 9. Detailed Workflow Phase 6 

 
 
 Figure 10, shown below, presents the detailed workflow that will be 
followed for phase 7. To begin this phase, we will analyze all information that was 
collected and found from the field analysis. From the analysis of this information, 
a final evaluation of the field status will be done. This will allow us to fully address 
our objectives. During this phase, the final project report and presentation will be 
produced. Once these deliverables are produced and our objectives are fully 
addressed, the project will be deemed ended. This is the phase that we are 
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currently working in. We are working on the first two tasks primarily and will finish 
them by the end of the semester when the final report and presentations are due. 
 

Figure 10. Detailed Workflow Phase 7 

 
During the fall 2015 semester the group was focused primarily on the 

design and planning of this project. We produced work flow diagrams, Gantt 
charts, and risk analyses to aid in the planning of the project. We have been able 
to stay on time with our plan for the most part, even with the changes that have 
been made, which has been important. The initial scope of work has, however, 
been changed. We will no longer be producing a dynamic or static model, 
researching different types of EOR methods that could be used on the field, or be 
performing a detailed economic analysis on these additional EOR methods. We 
have determined that the time constraint of this project and the limited 
information that we have available to us will not allow those tasks to be 
accomplished effectively and, therefore, that these tasks will not benefit to our 
project.  
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Part of the reason that we determined it was necessary to change our 
scope of work was due to the difficulty that we have found with our geophysical 
logs and other necessary data. Since this field was drilled in the late 1980’s, the 
formats of data are different than what is now required for simulation programs. 
Through our research, we found that the field was conceptualized and defined 
from geographic and seismic surveys due to the technological limits at the time. 
In addition, we have found that the logs available to us do not all contain the 
necessary logs to make a static model and the logs are not in the necessary 
formats. These limitations have provided difficulties for us in the production of our 
models and have made the modeling phase of our project take longer than 
anticipated. This has put us behind in the timing of our project. However, with the 
change in modeling that will be discussed later in this report, we were still able to 
accomplish our objectives effectively. In addition, since the software we have 
chosen is much more conducive software to the data that we have available and 
is more user friendly, we have been able to get back to almost on track with the 
timing of our project, as mentioned above, we are only about a week behind at 
this point. However, since we allowed for extra time in our original plan, we will 
still be able to finish our project by the end of the semester.  
 
Data Review 
 

The data available for the Enigma field came mostly from the EORI 
database, the initial packet our team was given. Information was also found on 
the WOGCC website. These two resources provide well data for the field as a 
whole, as well as individual well data for most wells within the field, the closed in 
wells did not have data. The data from these two sources should be considered 
to be very accurate, since they are trusted resources. At this point, we have used 
the data to analyze how the field was producing by turning the raw data into 
production graphs. We have also gathered the geophysical logs that are 
available for this field from these sources and begun digitizing them. In addition, 
we are also looking into other sources for field data. The data received from 
these outside sources will be under more scrutiny since they, will most likely, not 
be from as trust worthy locations. Also, with the data that we have found so far it 
is difficult to determine each and every property for every well in the field. 

The Enigma Field started producing in August of 1987, and is currently in 
secondary recovery with a water flood. Figure 11, shown below, presents the 
production history of the well from August of 1987 to August of 2015; all of the 
data is from EORI. Figures 11 and 12, shown below, present the production 
profiles of the oil and water produced in the field from 1987 to August of 2015. 
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Figure 11. Monthly Production of Oil and Water 

 
 

From Figure 11, presented above, it can be determined that the wells in 
the Enigma Feld have experienced a decline in production, as one would expect, 
during its life. It shows where the oil production began to die off and the water 
injection most likely began, since the date of water flooding was not given with 
the information that we received. According to the data we received 11 of the 22 
wells were drilled between 1987 and 1989. The next set of wells that were drilled 
within the field came during 1991, which were drilled for secondary recovery as 
injections wells from the start. By the end of 1991, 20 of the current 23 wells 
within the field had been drilled. The remaining three wells were drilled in 1992, 
1993, and 1994. The wells drilled between 1987 and 1989 were never used as 
production wells but instead drilled with the intent of being injection wells. These 
wells allowed the current production wells to maintain production while the water 
injection occurred. As you can see around 1992 was the peak oil production for 
the reservoir. This shows that the water injection, which started in 1991, had 
immediate results. Additionally as the injection continued the water production 
increased greatly, until it peaked around 1999-2000. 
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Figure 12. Cumulative Water and Oil Production 

 
 

The individual data is crucial for determining the properties needed to 
create our model as well as to provide a thorough understanding of our field. We 
have collected the data from WOGCC to begin analysis of each well. We have 
completed the analysis of each well but will continue updating this information if 
we feel it is required. We will also determine the accuracy of the data collected 
for each well by comparing the analysis to the rest of the field data. The accuracy 
of this data is crucial to ensure that our models hold the highest level of accuracy 
possible. 

The production for all of the wells that have produced during the life of the 
Enigma Field is presented in Table 2, shown below. The highlighted values are 
showing the wells that are still producing to this day. The wells that stopped 
producing in the early 1990’s were most likely converted into injection wells. 
Additionally the Cynthia Federal 4 well had missing data from 1993-2005. The 
data for this table was taken from the WOGCC website. 
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Table 2. Individual Well Production Data 

Wel
l # Well 

Total Oil 
Productio
n   

Total Water 
Production   

Year 
Rang
e 

1 
MADELEINE W-
94990 1  135,765 BBLs 1,891 BBLs 

1987-
1993 

2 2 MADELEINE 2  4,390 BBLs 41 BBLs 
1987-
1991 

3 
MADELEINE W-
106210 3  307,670 BBLs 2,833,380 BBLs 

1988-
2015 

4 MADELEINE FED 4  17,011 BBLs 134,481 BBLs 
1988-
1991 

5 
MADELINE W106210 
5  322,923 BBLs 1,005,100 BBLs 

1991-
2015 

6 
MADELEINE W-
106210 6  272,442 BBLs 2,444,938 BBLs 

1992-
2015 

7 MADELEINE 7  210,463 BBLs 318,294 BBLs 
1991-
2015 

8 
MADELEINE W-
106210 2R  314,821 BBLs 2,115,367 BBLs 

1991-
2015 

9 
ODETTE W-61334A 
1  183,079 BBLs 2,738 BBLs 

1987-
1993 

10 
ODETTE W-61334A 
2-A  227,017 BBLs 9,953,851 BBLs 

1988-
2015 

11 
ODETTE W-61334A 
3-A  330,817 BBLs 690,713 BBLs 

1988-
2015 

12 ODETTE 6  8,539 BBLs 202,917 BBLs 
1994-
1995 

13 CYNTHIA 1  352,514 BBLs 919,356 BBLs 
1987-
2015 

14 CYNTHIA 2  159,567 BBLs 3,792 BBLs 
1987-
1992 

15 CYNTHIA 3  105,024 BBLs 1,000,464 BBLs 
1991-
2015 

16 CYNTHIA 4R  310,048 BBLs 4,039,288 BBLs 
1994-
2015 

17 
CYNTHIA FEDERAL 
4  3,993 BBLs 173 BBLs 

1991-
1993 

18 ALINE 1  13,751 BBLs 138,703 BBLs 
1987-
1991 

19 ALINE 2  353,504 BBLs 8,033,869 BBLs 
1988-
2015 

 
Totals 3,633,338 BBLs 33,839,356 BBLs   
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Table 3, shown below, presents the wells that have been in production 
since secondary recovery began. This also shows which wells are the main 
producing wells. One of the surprising aspects this data shows is that not all of 
the wells produced the same percent of water.  Two wells produced over half of 
the water for the entire field. One of the wells, Aline 2, is the most productive 
well, for total oil recovered. Whereas the other, Odette 2-A, was one of the least 
productive wells, of the wells that are currently producing.   
 

Table 3. Wells Currently in Production 

Wel
l # Well 

Total Oil 
Productio
n   

Total Water 
Production   

Year 
Rang
e 

1 
MADELEINE W-
106210 3  307,670 BBLs 2,833,380 BBLs 

1988-
2015 

2 
MADELINE 
W106210 5  322,923 BBLs 1,005,100 BBLs 

1991-
2015 

3 
MADELEINE W-
106210 6  272,442 BBLs 2,444,938 BBLs 

1992-
2015 

4 MADELEINE 7  210,463 BBLs 318,294 BBLs 
1991-
2015 

5 
MADELEINE W-
106210 2R  314,821 BBLs 2,115,367 BBLs 

1991-
2015 

6 
ODETTE W-
61334A 2-A  227,017 BBLs 9,953,851 BBLs 

1988-
2015 

7 
ODETTE W-
61334A 3-A  330,817 BBLs 690,713 BBLs 

1988-
2015 

8 CYNTHIA 1  352,514 BBLs 919,356 BBLs 
1987-
2015 

9 CYNTHIA 3  105,024 BBLs 1,000,464 BBLs 
1991-
2015 

10 CYNTHIA 4R  310,048 BBLs 4,039,288 BBLs 
1994-
2015 

11 ALINE 2  353,504 BBLs 8,033,869 BBLs 
1988-
2015 

 
Totals 3,107,243 BBLs 33,354,620 BBLs   

 
 Table 4, shown below, presents the production rates of each of the eleven 
wells that are still producing. Most of the production wells have a very similar flow 
rate for oil production. The range varies from 12.5 STB/D to 43.3 STB/D. The two 
wells that were previously mentioned were on both ends of the spectrum. Aline 2 
has one of the best production rates, for both oil and water, where Odette 2 has 
one of the worst oil production rates. This table is helpful because it lets us 
compare the wells from different parts of the field, and also determine where our 
values compare to the theoretical IPR.  
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Table 4. Well Production Rate 

  
Production 

Production 
(STB/D) 

Well 
# Well Days Oil Water 

1 MADELEINE W-106210 3  
          
10,044  30.6 282.1 

2 MADELINE W106210 5  
            
9,235  35.0 108.8 

3 MADELEINE W-106210 6  
            
8,208  33.2 297.9 

4 MADELEINE 7  
            
9,279  22.7 34.3 

5 
MADELEINE W-106210 
2R  

            
9,270  34.0 228.2 

6 ODETTE W-61334A 2-A  
            
9,966  22.8 998.8 

7 ODETTE W-61334A 3-A  
            
9,545  34.7 72.4 

8 CYNTHIA 1  
          
10,122  34.8 90.8 

9 CYNTHIA 3  
            
8,371  12.5 119.5 

10 CYNTHIA 4R  
            
7,167  43.3 563.6 

11 ALINE 2  
            
9,321  37.9 861.9 

  
Total 341.4 3,658.3 

 
 

 
 Figure 13, shown below, presents all of the producers during the life of the 
Enigma Field. As you can see there are wells that produce more oil and water 
than those around them.  Most of the least productive wells were turned into 
injector wells early in their life. This will become more evident when this 
information is used in the modeling software. 
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Figure 13. Producing Wells for the Enigma Field Since 1987 (Oil) 

 
 
 Figure 14, presented below, shows water production for all of the wells. 
Two wells produce more than half of the water for the field. We believe that this 
could be caused by channeling within the reservoir, causing the injection well to 
have a direct path to the production well without displacing additional oil. Most 
wells have produced less than 3MM barrels of water. 
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Figure 14. Producing Wells for the Enigma Field since 1987 (Water) 

 
 

Figure 15 and 16, presented below, show the production values, both oil 
and water, for the wells that are still producing. Most of the wells have produced 
around 300,000 barrels. However, some have barely produced 200,000 barrels, 
one barely 100,000 barrels, which shows that there are sweet spots within the 
reservoir. With the help of modeling software these sweet spots will be easier to 
pinpoint. One important take away from this is when you compare this figure with 
the figure below. It shows that the two largest producers have very different flow 
conditions. Aline 2 has produced the most oil and the second most water from 
the reservoir whereas the Cynthia 1 has produced nearly the same amount of oil 
while producing only ~1/8 the amount of water. 
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Figure 15. Oil Production for Current Producers 

 
 

Figure 16. Water Production for Current Producers 
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Figure 17, shown below, presents a comparison of the oil and water 
production for current producing wells. The black shows the oil production for 
each well while the grey shows the water production, up to 2 million barrels. This 
figure shows that half of the wells produce a lot of water while some produced 
very little in comparison. Also it’s evident that the oil production also varies 
greatly within the reservoir. This becomes even clearer with the analysis through 
Rockworks.  

 
Figure 17. Oil versus Water Production for Current Producing Wells 

 
 

For the individual well data we were given the production values for each 
month as well as the yearly totals. The yearly totals were useful in determining 
the most productive wells for the formation, most of which are the wells that are 
still production to this day. Comparing the total production of the field to the total 
production of the remaining production wells shows that the remaining producing 
wells have produced most of the hydrocarbons for the field.  Also, most of the 
water production for the field has come from these wells. Additionally, looking at 
Figure 16, two wells, Odette 2 and Aline 2 account for over half of the water 
production.  They are the only two wells that get near 10MM barrels of water 
produced. All others don’t even produce half that much, which shows 
concentrated areas of water within the reservoir.  
 When comparing the wells it is also possible to determine the “Sweet 
Spots” within the reservoir.  The oil and water production for each well it is easy 
to see which wells have the best flow rate. It also shows that a high flow rate 
does not ensure that oil production will be high. Well 6, Odette 2, has a high well 
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bore flow rate although most of the fluid passing through is water, nearly 10MM 
barrels have been produced.  Well 4, Madeleine 7, on the other hand does not 
have a high flow rate. However it has a much better ratio of oil to water 
production. This is important because disposing of the reservoir brine can be 
expensive and producing 100,000 more barrels of oil may not be as important as 
producing 9MM barrels less of brine. When looking into the wells production it is 
important to account for the cost of extra fluids, besides oil, that may cause an 
increase or decrease the economical feasibility of the wells. 
 
Methods 
 

The methods that were used to accomplish this project were Excel and 
Rockworks 17. Excel was used for general analysis of the information that we 
have been provided with as well as for our economic analysis. We were given the 
field data in a large Excel file from EORI, so this was a tool that we utilized. 
Rockworks is a program that we found, researched, and allowed us to model the 
production data and show an accurate representation of the placement of wells in 
the Enigma Field. This was an invaluable tool in analyzing the current state of our 
field. 

During the course of modeling, we had discussed our plan to use Nuralog 
and Petrel to digitize our well logs and produce a static model to provide an 
effective way to look at the reservoir. However, we encountered many problems 
during this approach. First, we decided that this process would not have a 
significant impact on our project; a static model is not necessary for us to achieve 
our desired objectives. Although, a static model would be a nice addition to the 
project, it will not aid us in accomplishing our objectives. In addition, we have 
found the well logs that we had access to through WOGCC were insufficient to 
produce a static model. This is because the approximately thirty well log 
packages included, none of the well logs provided us with the required data to 
build a static model. The well logs we had access to were made up of primarily 
mud and cement bond logs. Therefore, we have decided to use only Excel and 
Rockworks to aid our project. 

Excel was a significant tool in conducting our project. It allowed us to 
analyze all of the information that we were provided. We have been able to 
produce production profiles for both the overall field production and the individual 
well production. We have also used Excel in the economic analysis. In addition, 
we used Excel to calculate the production values that we will be looking into and 
produce IPR curves, as will be discussed. Excel was an invaluable tool for our 
project in giving us the ability to produce effective visual aids to portray our data. 
Excel was also utilized with Rockworks to input the production and location data 
that we obtained for each well to produce our model. 

Modeling is an important tool in helping to better understand the reservoir 
of concern and can aid in visualizing the data for a given field. We determined 
that, to aid in accomplishing our objectives, we would need a visual aid that can 
model our current production data as well as give visual history into how the field 
has produced in the past. To achieve this task we chose a program called 
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Rockworks 17. We contacted the parent company RockWare, LLC and they 
extended a trial version of the software for use with our project.  

This software is a powerful tool that allowed us to visually show producing 
wells, injecting wells, and all of the production/injection data that is associated 
with both. We also found the Rockworks Google Earth export function to be 
helpful in demonstrating how the wells are positioned in the field. This function 
allowed us to determine the exact layout of our field as well as where injectors 
are placed in relation to producers. This information gave us the ability to look at 
the effectiveness of the placement of injectors for the current state of the Enigma 
Field. 

Rockworks also provides the ability to show what our resevoir looks like 
and where are wells are located within the TenSleep formation if we input well 
log data. RockWorks 17 has a function that allows modeling of the actual 
reservoir based on lithological inputs and stratigraphical data obtained from well 
logs. This is something we would like to utilize. However, it will be impossible 
with the well log data that we have available to us. This feature would allow us to 
better characterize the reservoir in our field as well as look into potential hot 
spots. It would also provide a better understanding of why certain phenomena 
have occurred in our data. Figure 18, shown below, provides an example of this 
feature.  

 
Figure 18. Example of Reservoir Modeling 

 
 

This program allows us to show production data over a designated time 
period visually as well as present which wells showed the highest rates of both oil 
and water production. With the high rates of prodcution, we were able to identify 
potential hotspots in the Enigma Field. Injection data can be incorporated into 
this as well to show exactly how the field was functioning at any given point in 
time. This is important for our purposes. Since we wanted to thoroughly analyze 
the EOR methods in place in the Enigma Field, it was vital that we were able to 
show the production of our field as well as how it was affected by the start of 
water flood and the ASP flood that was breifly used. We chose to use 
RockWorks 17 because it does exactly what we wanted to show during our visual 
presentation in a way that we couldn’t achieve if we just were showing the 
audience fields of data or a static model. 
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The overall cost of the program is $5,000.00 for a license, so in 
comparison to other programs such as Petrel and Petra, it is considerably 
cheaper and much more feasible for a smaller company to use. For our already 
completed field, this type of model helped us to show the audience a visual 
timeline of how our field has produced over its entire lifetime. This is possible 
with other types of software, but not in as succinct a way. We are confident that 
this model served our purposes best and was an invaluable tool in providing a 
visual representation of the Enigma Field. 

 
Results 
 
 At this point in our project we have begun to gather some concrete results. 
We know that the Enigma Field is reaching its ultimate recovery and it will most 
likely be uneconomical to continue EOR efforts on this field, especially 
considering the current oil market. In addition, we believe that the Rockworks 
model shows us what we already are aware of from our extensive research into 
the field. However, this model provided us with a better understanding of the field 
and reservoir as well as allowed us to work on our reservoir characterization to 
some extent.  
 
Economic Analysis 
 

Our economic analysis has been able to show us the viability of continued 
EOR efforts in this field. Also, the economic limit with differing oil prices was 
determined. In addition, this economic analysis allowed us to have a better idea 
of the viability of continued production in the Enigma Field as well as a look at the 
current economic viability of the field at this point.  

The annual production data from Enigma’s eleven producing wells is 
shown below in Figure 19. For many years our wells have had a very shallow 
and slowly declining production curve. Using data from the past 5 years a trend is 
easily distinguishable and an equation was produced using the year 2010 as a 
baseline: 

!"# ! !!"# ! !! !"#$ !! ! ! !"#$$  
where: x = years from 2010 

 The reason for using a linear decline curve, instead of exponential or 
hyperbolic, is the field is nearing its ultimate recovery, therefore a linear decline 
analysis is a good approximation. 

 
 
 
 
 
 
 
 
 



' JK'

 
 
Figure 19. Yearly Production of Oil in Barrels 

 
 

From this new linear equation, it can be determined that zero barrels of oil 
will be produced by the year 2025. Obviously it is not economically responsible to 
produce until the day no oil comes out, as the company would lose a 
considerable amount of money. Therefore, hypothetical situations have been 
calculated to show, at the current production and decline rates, how long this 
field could remain doing exactly what it is doing now in its current state.  

Data from the United States Energy Information Administration (EIA) 
shows that for producing wells in the Rocky Mountain area the average yearly 
operating cost for ten producing wells is about $313,940. With adjustments for 
future value and extrapolation for missing data the following situation, shown in 
Figure 20, is produced. 

 
 
 
 
 
 
 
 
 
 
 
 

 

J$NLL'
J%J&M'

$MNLM'

$!J$L'
$L$JK'

&MN$&'

T'\'O$JL#]L^'_'J!#&&'

%'

!%%%'

&%%%%'

&!%%%'

$%%%%'

$!%%%'

J%%%%'

J!%%%'

$%&%' $%&&' $%&$' $%&J' $%&K' $%&!'

0)
,'`

[[
,5

a'

b.+1'

b.+1,T'/10D?F2)0*@'!OT.+1'



' J!'

Figure 20. Yearly Operating Costs of Producing Wells 

 
 

Since we are looking into the current situation in the Enigma Field, keep in 
mind that the OPEX data is for only the eleven currently producing wells in this 
field. There are nine water flood injectors that are also on contract with the same 
company. However, OPEX data for the injectors has not been acquired at this 
point. This is something that we will continue to look for and add into our 
economic analysis as the data becomes available. Figure 21, shown below, was 
produced by using researched oil prices along with sales data obtained from 
WOGCC, to show the annual average sale amount each barrel of oil. It can be 
seen that the sale amount for oil decreased significantly in 2015, as is 
reasonable with the drop in oil prices that occurred during that year. 
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Figure 21. Annual Average Sale Price in USD/barrel 

 
 

Figure 22, shown below, presents the relationship between sales, 
calculated by corresponding oil price, and residual sales money after accounting 
for production OPEX. This figure shows that the yearly sales follow the same 
trend as the yearly sales when accounting for OPEX, which makes sense. This 
graph presents the amount that is lost through the cost of operating costs. 
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Figure 22. Yearly Sales Considering and Not Considering OPEX 

 
 

Due to the fact that the price of oil can fluctuate for a variety of reasons, 
future production and sales were calculated at multiple oil prices. Figure 23, 
shown below, presents the projected sales data for the years 2020, and 2022; 
both of which are near the end of the wells’ life of production.  
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Figure 23. Future Sales Near Economic Limit 

 
 

This figure shows where the economic limit may come into play for the 
future of this field. The data shows that if oil were to be priced (on average) at 
$40 per barrel in the year 2022, the well would not be profitable after accounting 
for only production OPEX. However, if oil is higher than that in 2020 ($60+/barrel) 
then the results are positive, but this does not leave room to account for any 
other expenses that are necessary and may occur. This will be something that 
we will look into further as we move forward to provide a better understanding of 
the future outlook for this field. In addition, we will continue to monitor current oil 
prices to keep our economic analysis up to date. 

Figure 24, shown below, presents the oil revenue history. The revenue per 
year was calculated using the average cost of oil per barrel, for that year, 
adjusted for inflation. It gives insight into how the field experienced a monetary 
‘boom’ in the early 1990’s due to the addition of water injection wells. However, 
as you can see in the past decade, water flood has continued without helping 
additional revenue since production in this field is nearing ultimate recovery and 
the economic limit, which extrapolated from the 5-year production graph, is 
around the year 2025. We are currently working to produce a full cash flow of the 
situation in the Enigma Field with the operating expenses we have collected. 
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Figure 24. Oil Revenue History 

 
 

Figure 25, shown below, presents another way to show that the profit on 
this field is rapidly decreasing. This figure shows the net cash flow for the past 
five years. This is an important figure because it shows that the net cash flow is 
generally decreasing as time goes on. It also reinforces the fact that the field is 
nearing its economic limit. The net cash flow value for 2015 is considerable lower 
because there is only data from January to August of 2015. However, we know 
that this value would follow the trend of decreasing net cash flow because it is 
considerably lower and the decreasing oil prices during the year of 2015. 
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Figure 25. Net Cash Flow for the Past Five Years 

 
 

 
Production Analysis 
 

The IPR curve or Inflow Performance Relationship is a powerful tool in 
better understanding the behavior of an individual well or wells.  The IPR curve 
provides a better look into how the pressure and flow rate relate to one another.  
It is essentially a prediction of what we can expect to produce from a reservoir 
based upon the input factors.  The Steady State Darcy equation is what we 
decided would best fit our reservoir considering the water flood in place.  
Transient or Pseudo Steady State did not fit our specific situation as well as 
Steady State did.  This is one major assumption we made in regards to which 
flow regime to choose. The Steady State equation can be seen as follows:  
 

 
 

The data we found for our reservoir was incomplete which forced us to 
extrapolate values for Bo (Formation Volume Factor for oil). We did an IPR 
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comparison of several different values of Bo, which were found from surrounding 
fields in the Ten Sleep sandstone.  It is unfortunate that Bo, viscosity and Rw are 
unknown and had to be estimated to make the IPR evaluation work, because an 
IPR analysis would be a very nice tool to use especially when coupled with a 
VLP curve. An example of what this might look like for our field is shown below in 
Figure 26. 

 
Figure 26. Example of IPR and VLP Curves 

 
 
We have concluded our research in this area and have not been able to 

find the necessary data to effectively complete a reliable IPR analysis for our 
field. We have instead chosen to evaluate the production data that we do know 
and from this we have gained valuable insight into how the field behaves. A 
sample of what a likely IPR chart for our field looks like has been included below. 
We included it even though we weren’t able to use it as we would have liked, 
because it could be used for future investigation of Enigma if the proper data is 
located. The theoretical IPR graph for the Enigma Field can be seen in Figure 27, 
shown below. 
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Figure 27. Theoretical IPR 

'
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We have analyzed the data we found from the WOGCC website, such as 
permeability, and verified it as valid.  We did this as insurance to make certain 
that the charts and production values we were finding were valid and not based 
off of inaccurate data. The next step we made was to analyze an individual well 
and plot its specific performance on Average Annual Production Curves and a 
Cumulative Production Curve. We evaluated the production data of four different 
wells to determine how they performed when compared with one another. These 
can be seen below, in Figures 28 and 29, for the four chosen wells. 
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Figure 28. Average Annual Production 

'
'

Figure 29. Cumulative Production 

'
'

The Annual Well Production Curve was aided in looking at how the effects 
of the stimulation efforts helped spike the production. Rather than having the 
expected decline curve that so many oil wells do, the curves show us roughly 
where secondary water flooding efforts were made and their effects on the 

%'

$%'

K%'

#%'

M%'

&%%'

&$%'

&K%'

&#%'

&NML' &NMM' &NMN' &NN%' &NN&' &NN$' &NNJ' &NNK' &NN!'

8$
3:

:D
;<

=
>

7$

%BA<IC96AF$J@=B$

-K@B=G@$-FFI=D$.@DD$%BA<IC96AF$
)AH=4=B65AF$$

S+D.,)*.'<'NKNN%'&'

;D.22.'<O#&JJKC'&'

SC48W8ZI8'<O&%#$&%'
J''
;48==8'<O#&JJKC'$OC''

%'
$%%%%'
K%%%%'
#%%%%'
M%%%%'

&%%%%%'
&$%%%%'
&K%%%%'
&#%%%%'
&M%%%%'
$%%%%%'

&NML' &NMM' &NMN' &NN%' &NN&' &NN$' &NNJ' &NNK' &NN!'

8$
3C

IH
ID

=
96

K
@

$5
9:

7$

%BA<IC96AF$J@=B$

)IHID=96K@$%BA<IC96AF$.@DD$)AH4=B65AF$

S+D.,)*.'<'NKNN%'&'

;D.22.'<O#&JJKC'&'

SC48W8ZI8'<O&%#$&%'J''

;48==8'<O#&JJKC'$OC''



' KK'

overall production numbers. This occurred around 1991 as the plot suggests. 
The water flooding effects had a major impact on the Odette W-61334A 2-A and 
Madeline W-106210, 3 wells, which can be seen in yellow and green 
respectively. These two wells did not start as solid producers, but when the water 
flooding took place they sharply increased from the decline they were 
experiencing previously. The wells highlighted in white and blue started off as 
strong producers and then declined as expected. They did feel the stimulation 
effects from the water flood, but not even close to the degree that Odette W-
61334A 2-A and Madeline W-106210 3 did.  

It is important to note that we only evaluated these four wells over the time 
interval for which we had a complete data set for all wells. The curves for Odette 
W-61334A 2-A and Madeline W-106210 3 stop at 40 and 100 barrels per day 
respectively on the plot above, which means they have plenty of good producing 
years to come if they were to decline from those points and not rise anymore. 
This plot is a very good tool in demonstrating the effects of the water flooding 
visually, as it can be readily seen. An example of a traditional decline curve, as 
seen below in Figure 30, will have a smooth curve with a negative slope, and the 
water flooding efforts have helped us avoid that situation. 
 

Figure 30. Example of Traditional Decline Curve 

 
 
The Cumulative Production Curve above helps us recognize that we are 

beginning to approach the peak of production rate for the wells in blue and white, 
as the lines have started to flatten out. This does not mean these wells are done 
producing, but the rate at which oil is recovered is much less than it was initially.  
When we look at the wells highlighted in green and yellow, we can see that 
where the data ends for this plot, they both are continuing to increase sharply. 
This suggests that they are still climbing in the amount of oil they will produce 
and may produce well past the blue and white lines. 
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We can ascertain several important pieces of information from these plots, 
the first of which is that no matter what a well appears to be producing at a given 
time, stimulation efforts can have drastic effects on future production values. The 
operator may look at a plot such as this and determine that he may want to inject 
water into one of the lower producing wells in order to further increase his yields 
from the better producing wells. This type of data, coupled with reservoir 
modeling, is a valuable tool in maximizing both profits and productivity, while 
keeping operational costs to a minimum. 
 
Production Modeling 
 
 In addition to the economic analysis and the IPR analysis, we have also 
produced our Rockworks model. To begin the process of this model we inputted 
our data from Excel into the Rockworks user interface. In Figure 31, shown 
below, the format for inputting the coordinates into Rockworks is presented. The 
second column from the left presents the different areas in which we were able to 
input our available data. We inputted data into each section that we had data for 
to produce our model. 
 

Figure 31. Coordinate and Data Input 
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Figure 32, shown below, presents the well placement with the aid of 
Google Earth, in the Rockworks model. Ensuring these locations were correct 
was vital to ensuring that the model as a whole was accurate and provided the 
correct representation of the situation in the Enigma Field. In addition, this 
location information was important in determining the relation of injecting wells to 
producing wells. The black dots indicate a producing well and the white dots 
indicate an injecting well. This map shows how, for the most part, injecting wells 
were placed as a perimeter around the main producing wells. 
 

Figure 32. Well Placement with Google Earth 

 
 
 Figure 33, shown below, presents the production graph for each producing 
well. The production presented is the average monthly production from 1987 to 
2015. These graphs were important to determine where the most effective 
production in the field is located. In addition, we are currently looking into the 
option of mapping each well over a specific time period. This will be used to see 
more clearly the effects of the water and ASP floods that have been performed 
on the field. 
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Figure 33. Production Graphs for Producing Wells 

 
 
 Figures 34 and 35, presented below, show the oil production from 1987 to 
2015. These figures show different views of how Rockworks models the 
production of the wells. The red indicates a high rate of production. The rate 
decreases as the red moves to purple. From this visual aid, it is once again 
shown that the production in the Enigma Field steadily declines with increasing 
time. The time for these production graph goes from left to right, older to more 
recent. 
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Figure 34. Well Production (Top View) 

 
 

Figure 35. Well Production (Side View) 
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 Figures 36 and 37, presented below, show the cumulative water 
production in the Enigma Field. As is shown by the cones, many wells have not 
produced much water. These wells correspond to the wells shown in the above 
figures that have produced a greater amount of oil. The large cones, as well as 
the red as mentioned above, correspond to higher amounts of water being 
produced by that well.  
 

Figure 36. Cumulative Water Production (Top View) 
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Figure 37. Cumulative Water Production (Side View) 

 
 

Figure 38, presented below, reiterates the effect of water injection. These 
spindles represent one year prior to 4 years after water injection began. It 
demonstrates how production spiked then decline as expected with the 
implementation of the water flood in 1992. 
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Figure 38. Average Monthly Oil Production (1991-1996) 
 

 
 
 
Discussion 
 

The Enigma field, in the Tensleep formation, is roughly 300 acres in size, 
composed of beds of alternating porous sand and dolomite streaks.  Currently, 
the field is in secondary recovery with a water flood. The field significantly 
decreased production over 30 years of life and is quickly approaching its 
estimated ultimate recovery. From the information that we were given from EORI 
and the information we have collected from WOGCC, we have been able to 
characterize the Tensleep formation as a sandstone formation. The trap 
mechanism in the field is a thrust fault. The drive mechanism is a water drive with 
the addition of a water flood in 1992. In addition, we have found that the original 
oil in place in the Enigma Field is approximately 13,000,000 barrels. There is no 
gas present in the field, only water and oil. 

Our project evaluated the current state of the field with the use of Excel 
and Rockworks. We also used the information found in our research. These tools 
allowed us to address our main objectives effectively. The data that we analyzed 
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and produced with the use of Excel as well as the model that we produced with 
Rockworks, allowed us to fully evaluate the state of the Engima Field and the 
effectiveness of the EOR methods used. From the data presented above in the 
data review section, it is shown that many wells had a high production of water 
and a low production of oil. Primarily, these wells were shut in, which makes 
sense. Also, from our production profiles, it can be seen that we have no gas 
present in the reservoir and that we have a water drive mechanism. We are also 
able to pinpoint when the water flood started in our field. These relationships 
have been important to the complete analysis of our field.  
 
ASP Flood Analysis 
 
 ASP flooding is an effective EOR method for many formations. ASP 
stands for Alkaline Surfactant Polymer. The alkaline, synthetic surfactant, and 
water-soluble polymer are injected simultaneously into the formation in the ASP 
flood. The alkaline chemicals used interact with acidic components of the oil to 
create petroleum soap. This will reduce the synthetic surfactant costs because 
the petroleum soap acts as a surfactant. In addition to its injection within the ASP 
fluid, the water-soluble polymer that is used is also injected after the ASP fluid to 
increase the viscosity of the injection fluid. All of the components of this method 
combine to increase the mobility of the fluid in the formation.10 This is done by 
achieving an ultra-low interfacial tension between the fluid and the oil. This then 
allows the alkaline to penetrate the oil to make it the petroleum soap compound 
as discussed. This allows the release of more oil to increase flow of the oil.11 

For the situation in the Enigma Field, this method should have been quite 
effective. The field has high permeability and porosity values of 67 mD and 15%, 
respectively. In addition, the reservoir has low temperatures with an average of 
~119 degrees Farenheit. Finally, only oil and water are present in the Enigma 
Field; there is no gas in the reservoir. This serves to make the flood easier as 
there is no worry about getting gas out of the reservoir. Figure 39, shown below, 
presents the theoretical effect of an ASP flood on the relative permeability of the 
formation. It can be shown that the ASP should cause a spike in the relative 
permeability of the formation. 
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Figure 39. ASP Effect on Relative Permeability 

 
 

Figure 40, shown below, presents the criteria for interfacial tension. This diagram 
shows the interfacial tension values for differing ratios of interfacial tension. This 
is important to the ASP flood because it is integral to the effectiveness of the 
ASP flood as this factor determines the increase in the mobility of the oil that can 
be achieved. 
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Figure 40. ASP Criteria for Interfacial Tension 

 
 
Figure 41, shown below, presents the effect that the sand type of the formation 
has on the effectiveness of the ASP flood. This diagram presents common types 
of sand to show the effect that an ASP flood will have on these different types of 
fluids. This figure is also helpful in seeing the effect that water flood has on the 
formation when compared to the ASP flood effect. 
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Figure 41. Effect of Sand Type on Recovery 

 
 

Figure 42, shown below, presents the well location for the Enigma Field. 
The diagram was from the ASP flood that was done on the field. This photo is 
courtesy of presentation from Bob Christofferson, of Citation Oil and Gas 
Corporation. The placement of injection wells, in addition to the injection rates 
and ratios, are extremely important to the success of an ASP flood. 
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Figure 42. Map with ASP Injection Wells 

  
 

The ASP flood was conducted between January 2001 and November 
2007. As you can see from the figure above not all of the wells were converted to 
ASP injection wells. This is due to the fact that the water being produced from the 
reservoir is not adequate to use for the ASP flood. The water used for the ASP 
flood had to be purchased from the city of Worland. A mixing plant for the ASP 
and water was installed in order to mix the ASP to be injected. The decision was 
made that it would be cheaper to purchase water and mix ASP on site than to 
separate the oil from the produced water and use if for the ASP. The ASP 
implementation was run as a continuation of secondary recovery, as opposed to 
tertiary recovery. While results of the chemical flood are limited, Citation Oil and 
Gas Corporation released a brief summary indicating a 15% incremental 
recovery at a cost of $2.49 per incremental barrel of oil produced (cost includes 
chemical and facilities costs), and indicated the rate of return on their investment 
to be about 40%.  While the production numbers obtained from the WOGCC 
website do not support this claim, as only 350,000 barrels of oil were produced 
over the course of the flood, we determined that a comparison of injection 
volume could prove the ASP chemical flood economically efficient. Since we do 
not have production numbers that support the claims by Citation Oil and Gas 
Corporation, we chose to not use their claim in our final recommendation for this 
field. We decided that for our purposes, it made more sense to use the data that 
we had available to us to support our final conclusions.  
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To present the data that we had available to us to support our final 
conclusions, we chose to present the data in two different ways. The first thing 
we chose to look at was the production of a selection of three wells around two of 
the ASP injectors. The map showing the chosen wells is presented below in 
Figure 43. 

 
Figure 43. Map of Selected Wells 

 
 
Figure 44, shown below, presents the average annual production of the three 
wells referenced in Figure 43. This graph shows that there was no noticeable 
spike in production over the course of the ASP flooding attempt. In addition, the 
production seems to follow the same decline trend, as it would have if ASP 
injection were not attempted on this field. 
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Figure 44. Average Annual Production of Selected Wells 

 
 

The second way that we chose to look at the production during the ASP 
flood in this field was with the use of our Rockworks model. In Figure 45, shown 
below, all of the oil producing wells from our model are shown for the time period 
from 2000 to 2008. This production model again shows that the production did 
not increase with the introduction of the ASP flood in 2001 and continued to 
decline at a steady rate throughout the duration of the ASP flood, until 2007. This 
is true for all of the wells shown except for well 699, which shows a slight 
production spike (when the ring turns orange rather than the green to blue trend 
of the other wells). From the information we have available to us, it cannot be 
definitively determined if this spike was due to the ASP flood. Therefore, we 
chose to consider the primary trend for the data of continuing decline in 
production during the course of the ASP flood.  
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Figure 45. Production of Wells (2000-2008) 

 
 
Figure 46, shown below, lists annual injection volumes for the two years 

prior to the ASP flood, and the subsequent span of the ASP injection.  
Surprisingly, injection volumes had increased during the flood, leading potential 
increases in injection costs and making the ASP flood unsuccessful. The field 
has remained under water flood since the termination of the ASP flood in 2007.  

 
Figure 46. Annual Injection Volumes (1999-2007) 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure Days Year 

Jan 7304 0 480 31 1999 
Feb 7531 520 0 28 1999 
Mar  9234 550 0 31 1999 
Apr  9715 560 0 30 1999 
May 8593 570 0 31 1999 
Jun 7754 560 0 29 1999 
Jul 7587 570 0 31 1999 
Aug 8416 530 0 31 1999 
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Sep 7075 520 0 30 1999 
Oct 7309 520 0 31 1999 
Nov 8516 540 0 30 1999 
Dec 0 0 0 99 1999 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure 
Days Year 

Jan 7076 0 570 31 2000 
Feb 7199 0 580 29 2000 
Mar  11271 0 620 31 2000 
Apr  11147 0 670 30 2000 
May 10921 0 650 31 2000 
Jun 9737 0 581 30 2000 
Jul 8956 0 568 31 2000 
Aug 9931 0 642 31 2000 
Sep 9261 0 681 30 2000 
Oct 10062 0 670 31 2000 
Nov 8713 0 669 30 2000 
Dec 20662 0 326 31 2000 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure Days Year 

Jan 12679 0 684 31 2001 
Feb 11293 0 556 28 2001 
Mar  17257 0 500 31 2001 
Apr  12370 0 497 30 2001 
May 11287 0 443 31 2001 
Jun 8174 0 419 30 2001 
Jul 9240 0 606 31 2001 
Aug 8848 0 552 29 2001 
Sep 11528 0 637 30 2001 
Oct 11525 0 655 31 2001 
Nov 10897 0 610 30 2001 
Dec 11350 0 616 31 2001 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure 
Days Year 

Jan 10458 0 608 31 2002 
Feb 9418 0 592 28 2002 
Mar  11832 0 625 31 2002 
Apr  11039 0 667 30 2002 
May 11670 0 673 31 2002 
Jun 11358 0 686 30 2002 
Jul 11272 0 691 31 2002 
Aug 11495 0 701 31 2002 
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Sep 11040 0 690 30 2002 
Oct 11952 0 672 31 2002 
Nov 11244 0 686 30 2002 
Dec 11644 0 710 31 2002 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure 
Days Year 

Jan 11455 0 725 31 2003 
Feb 10642 0 665 28 2003 
Mar  11808 0 702 31 2003 
Apr  11315 0 695 30 2003 
May 11911 0 697 31 2003 
Jun 11548 0 628 30 2003 
Jul 8240 0 682 31 2003 
Aug 9787 0 599 31 2003 
Sep 11544 0 684 30 2003 
Oct 11690 0 697 30 2003 
Nov 11578 0 710 30 2003 
Dec 11914 0 702 31 2003 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure Days Year 

Jan 11806 0 703 31 2004 
Feb 10927 0 702 29 2004 
Mar  11833 0 706 31 2004 
Apr  11364 0 719 30 2004 
May 11727 0 740 31 2004 
Jun 11335 0 685 30 2004 
Jul 11386 0 721 31 2004 
Aug 12226 0 719 31 2004 
Sep 11591 0 750 30 2004 
Oct 12268 0 804 31 2004 
Nov 10374 0 736 30 2004 
Dec 12607 0 772 31 2004 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure 
Days Year 

Jan 10358 0 683 31 2005 
Feb 10688 0 756 28 2005 
Mar  12133 0 757 31 2005 
Apr  11418 0 774 30 2005 
May 11763 0 796 31 2005 
Jun 11611 0 815 30 2005 
Jul 11308 0 796 31 2005 
Aug 11215 0 804 31 2005 
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Sep 11312 0 774 30 2005 
Oct 12187 0 775 31 2005 
Nov 11443 0 764 30 2005 
Dec 11360 0 767 31 2005 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure 
Days Year 

Jan 11676 0 766 31 2006 
Feb 10998 0 737 28 2006 
Mar  4379 0 721 11 2006 
Apr  9451 0 768 26 2006 
May 11169 0 737 31 2006 
Jun 10534 0 776 30 2006 
Jul 10941 0 795 31 2006 
Aug 11734 0 815 31 2006 
Sep 11167 0 848 30 2006 
Oct 11573 0 842 31 2006 
Nov 10735 0 882 30 2006 
Dec 11249 0 890 31 2006 

Month 
Injected 

Bbls 
Casing 

Pressure 
Tubing 

Pressure Days Year 

Jan 10778 0 897 31 2007 
Feb 9888 0 830 28 2007 
Mar  9487 0 888 31 2007 
Apr  9850 0 889 30 2007 
May 10587 0 864 31 2007 
Jun 10347 0 928 30 2007 
Jul 10237 0 882 31 2007 
Aug 11082 0 863 31 2007 
Sep 10926 0 843 30 2007 
Oct 11330 0 763 31 2007 
Nov 11371 0 865 30 2007 
Dec 7066 0 914 31 2007 

 
 
Conclusion 
 
 The project that we have conducted this year has been an EOR analysis 
on the Enigma Field in the Tensleep formation in Northern Wyoming. This field is 
in a sandstone formation with all vertical wells and has been in secondary 
recovery with the use of water flood for twenty-four years. We have determined 
two main objectives for this project. First, a reservoir characterization was 
performed through research of the field as well as analysis of given information. 
Second, we analyzed, and determined the effectiveness of, the current EOR 
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methods being used in the Enigma Field. This was done through modeling, 
production analysis, and economic analysis. These objectives, and the tools 
used to accomplish them, allowed us to produce a conclusive opinion of the 
situation in the Enigma Field at this time. The work done in the fall 2015 
semester and culminating in the current semester has allowed us to effectively 
address these objectives. 

To accomplish the chosen objectives, the group focused on a variety of 
methods. We began by gathering all available information about the Enigma 
Field through WOGCC information and conducting research. Production profiles 
were produced and continually monitored and compared with sales data to aid us 
in our economic profiles. The data obtained during phases 1-3 will ultimately 
translated to the formation of a model of our field in phases 4-7 to be completed 
during the current semester. In addition to the Rockworks model, we completed 
the economic analysis and completed the production analysis. All of these tasks 
combined to allow us to thoroughly evaluate the state of the Enigma Field.  

Over the course of this project, we struggled with lack of data and 
continually changing scope of work. We were still able to stay on schedule with 
this project due to the time buffers that we built into the schedule in the fall 2015 
semester. The lack of data caused us to make some fairly large assumptions in 
our analyses. We were unable to find capital costs or any costs besides a 
general estimate of operating expenses in the Rocky Mountain Region. This 
made our economic analysis off from what the true value would be had we had 
access to all of the economic data. In addition, the data that we had available to 
us did not support the claims and results that were presented in the research that 
we conducted. This caused problems for us in determining what our final 
recommendation for this field would be because we felt as though we could not 
make as effective of an argument for our final recommendation with lacking 
information. 
 
Recommendation 
 

From the combination of the discussed methods and tools, we have drawn 
some conclusions about the current state of the Enigma Field. The Enigma Field 
is currently approaching its ultimate recovery. We have determined that current 
market conditions will dictate the feasibility of continued production of the Enigma 
Field, hence the need for an economic analysis of the situation in the field. The 
economic analysis presented the operating expenses of the field as well as when 
the profit would turn negative, which is obviously longer than the field would be 
produced. This analysis reinforced our assessment that the field is somewhat 
economical in its current state. The Rockworks model and the production profiles 
serve to show the steady decline of the oil and water production in the Enigma 
field, reinforcing that the field is nearing its ultimate recovery. Our final 
recommendation for this field is to let the field continue to produce until it reaches 
its estimated ultimate recovery and the economic limit. As discussed, the 
economic limit that we found is approximately four to five years from now. This 
alternative is the most economical because everything is already in place for this 
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method and no additional equipment would be required. In addition, since all of 
the oil produced is being sold, it makes sense to continue production until the 
economic limit for this situation is reached. The water flood has been shown to 
be quite effective for this field by our research and analysis. The ASP flood that 
was attempted was ineffective based on the information that we have found and 
the analysis that we conducted. We think that the ASP flood may have been 
more effective had it been started earlier or had more wells been converted to 
ASP injection wells rather than only four. 

The success of the water flood and minimal success of the ASP flood 
were important factors in determining the final recommendation for this field. 
Because the water flood method was the most effective, we think that it is best to 
continue with that method. It will be best to let the field continue producing in this 
method until the economic limit is reached. If oil prices were to increase, it may 
become viable to look into tertiary recovery methods since there is still oil in 
place in the Enigma Field. At that point, ASP flooding could be revisited as an 
option. At this point, for the reasons previously discussed, it is best to continue 
producing in the current state for the Enigma Field. 
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