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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



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.



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.! 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.*
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.% 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



reservoir rock is also sandstone.’ 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 oll
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



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



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.



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.



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



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.



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.



Figure 11. Monthly Production of Oil and Water
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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.



Figure 12. Cumulative Water and Oil Production
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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.



Table 2. Individual Well Production Data

Total Ol Year
Wel Productio Total Water Rang
| # Well n Production e

MADELEINE W- 1987-

1194990 1 135,765 | BBLs 1,891 BBLs | 1993

1987-

2 | 2 MADELEINE 2 4,390 BBLs 41 BBLs | 1991

MADELEINE W- 1988-

31106210 3 307,670 | BBLs 2,833,380 | BBLs | 2015

1988-

4 | MADELEINE FED 4 17,011 BBLs 134,481 BBLs | 1991

MADELINE W106210 1991-

5|5 322,923 | BBLs 1,005,100 | BBLs | 2015

MADELEINE W- 1992-

6 [ 106210 6 272,442 | BBLs 2,444 938 | BBLs | 2015

1991-

7 | MADELEINE 7 210,463 | BBLs 318,294 BBLs | 2015

MADELEINE W- 1991-

81106210 2R 314,821 | BBLs 2,115,367 | BBLs | 2015

ODETTE W-61334A 1987-

9|1 183,079 | BBLs 2,738 BBLs | 1993

ODETTE W-61334A 1988-

10 [ 2-A 227,017 | BBLs 9,953,851 | BBLs | 2015

ODETTE W-61334A 1988-

11| 3-A 330,817 | BBLs 690,713 BBLs | 2015

1994-

12 | ODETTE 6 8,539 BBLs 202,917 BBLs | 1995

1987-

13 [ CYNTHIA 1 352,514 | BBLs 919,356 BBLs | 2015

1987-

14 | CYNTHIA 2 159,567 | BBLs 3,792 BBLs | 1992

1991-

15 [ CYNTHIA 3 105,024 | BBLs 1,000,464 | BBLs | 2015

1994-

16 | CYNTHIA 4R 310,048 | BBLs 4,039,288 | BBLs | 2015

CYNTHIA FEDERAL 1991-

174 3,993 BBLs 173 BBLs | 1993

1987-

18 [ ALINE 1 13,751 BBLs 138,703 BBLs | 1991

1988-

19 [ ALINE 2 353,504 | BBLs 8,033,869 | BBLs | 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

Total Ol Year
Wel Productio Total Water Rang
| # Well n Production e

MADELEINE W- 1988-

1(1062103 307,670 | BBLs | 2,833,380 | BBLs 2015

MADELINE 1991-

2 | W106210 5 322,923 | BBLs | 1,005,100 | BBLs 2015

MADELEINE W- 1992-

311062106 272,442 | BBLs | 2,444,938 | BBLs 2015

1991-

4 | MADELEINE 7 210,463 | BBLs 318,294 BBLs 2015

MADELEINE W- 1991-

51106210 2R 314,821 | BBLs | 2,115,367 | BBLs 2015

ODETTE W- 1988-

6 | 61334A 2-A 227,017 | BBLs | 9,953,851 | BBLs 2015

ODETTE W- 1988-

7 | 61334A 3-A 330,817 | BBLs 690,713 BBLs 2015

1987-

8 | CYNTHIA 1 352,514 | BBLs 919,356 BBLs 2015

1991-

9| CYNTHIA 3 105,024 | BBLs | 1,000,464 | BBLs 2015

1994-

10 | CYNTHIA 4R 310,048 | BBLs | 4,039,288 | BBLs 2015

1988-

11 | ALINE 2 353,504 | BBLs | 8,033,869 | BBLs 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.




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
MADELEINE W-106210
5|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)
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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)
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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
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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
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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 batrrels less of brine. When looking into the wells production it is
important to account for the cost of extra fluids, besides olil, 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



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 poi