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Executive Summary

® An extensive review of Wyoming’s oil and gas fields has
been performed.

® Arefined look at which Wyoming fields could experience
Enhanced Oil Recovery (EOR) success in a downturn
economy was our was main endeavor.

® A specific approach of utilizing low cost operations in
regards to secondary oil recovery for determination of
ideal EOR candidates.



Project Overview

® Phase 1: Planning

® How we designed a project to filter out fields that don't apply to
enhanced oil recovery and rank the fields that do from a large
Wyoming Database.

® Phase 2: Data Collection
® How we gathered all of our data and made it reliable.

® Phase 3: Data Analysis

® How we took our fields and ranked them based on potential enhanced oil
recovery effectiveness.

® Phase 4: Ranking

® How we considered reservoir characteristics & field history to
rank the remaining fields.



Phase 1: Planning

Our project was completed with the aid of a Work Flow and
Gantt Chart, which sole purpose is to schedule out the
project.

The workflow detailed our initial design to complete the
project. The workflow changed drastically as we
progressed through the project becoming a little more
experienced.

The Gantt Chart helped guide us through the expected
duration of certain steps in the project, but with limited
experience, was usually inaccurate.

Certain steps were a lot quicker than we thought, and
other steps took much longer than expected. This will be
indicated in the Gantt chart as well.



- Ranking Wyoming Fields for
Enhanced Oil Recovery
Phase 1: Project Planning

' Begin familiarizing with the project and
members

Cumulate ideas into rough design

Develop a detailed GANTT Chart for atime line of
_Phase 1,2,and3.

v

Use GANTT Chart to further refine the project
design.

Complete Initial Draft of Project Design

v

With feedback from mentors edit presentation
and report

ent Final Design at Symposium

| —

Project Phases

Beginning Spring Semester:
Phase 2: Data Collection

feliminary sorting for given field data.

— / Lythology other than sandstone

/

v

Organize data from EORI packet and

No Recorded Oil Production
WOGCC database

—> Team List and Contact Information

/

Eliminate Fields with the following:

/ Depth of Reservoir: <1800ft & >9500ft /

Draft Interim Design Review

*0il Production is double checked with / Net Pay Thickness >33t (10 m)

/

the WOGCC data to ensure accuracy.

v

Team Assignments and Completion

Schedule / Gas and Water Production >0

/

Crude API Values > 50 API

I
[

/

y

Once the screening packet is filtered downtoa

workable number of fields, then the analysis of

Viscosity Values <150¢p
the fields can proceed for the selected EOR

/

—> Framlind i >

methods.

less than Fracture Pressure

\ / Minimum Miscibility Pressure has to

|

* Fields with missing data but meet the criteria for the
first five filters will be kept for further investigation

—_ Final Design Presentation



Project Phases

Begin after Phase 3
Phase 4: Selection of Top CO2 Candidates

Phase 3: Data Analyis

lop a final list of the best fields
€02 flooding

. er filter fields based on criteriafordesired

EOR method

Determine t'he value of the field For fields lacking data on porosity and Create a "Bell Curve® of the DfﬂIEt[p?-S%ufﬂlEﬁElds
- - (]
based on (given and calculated) permeability proceed to proceed to the index scores to determine the I ction eraot
values of porosity and production history and geophysical logs minimum index score for the top >
permeability for determination. fields. the last 15 years.
Organize data into a production Based on the desired recovery method l’
history report detailing 0il, gas, | €| (gas injection, water floed, or combined), )
and water produced over the determine the range of permeability for Draft a detailed report detailing Determine the 5 best fields {of
lifetime of the well further filtering of the data the ings and though (€ | The top 35%) based on the past
. 15 years of production,
| processes for choosing the top e o
¥ . After the analysis is performed, use the ranked fields that are b it pipeline,
Perform an analyis of the S - and orientation of wells in the
roduction history to determine production history to determine the considered for CO2 FOR.
| I 1
ey - > | Original Oil in Place (OOIP) and the fields.
if and when a recovery method .
. percent of unrecovered oil in the
was performed and the dedine - ‘L
. reservoir.
rate of production.

Determine a scorecard system for the
ranking of qualified fields.

Conclude the project in a detailed
presentation at the Senior Design

recommendation for FOR develog

Symposium, highlighting our findings and




Gantt Chart

P D.'m Iwm

L e It:a;»:_kmim

¢ & £ 0. 8 D N BB X3 NP N B NN ERENS NP NN ENQCO R COC 00D DB0RS WD

WO ' ORRIS  MANS  MME WEDS  MDOS NS OADE GOMS  OORIS GBS TON  INON MHS RN S0 s Dee e NION DN 0D e O 60 s e Se
i3




Phase 2: Data Collection

® We were first given a data packet listing all the oil and gas
fields in Wyoming.

® We noticed missing data for important parameters on a
lot of fields and sometimes the data received was
inconsistent after checking other sources.

® In order to come up with justifiable results, the data had
to be reliable.



Phase 2: Data Collection

® By checking other sources (AAPG Datapages & WOGCC)
and in an attempt to fill in missing data, the resulting data
set was ready for screening.

® Time constraints led to making considerations in relying
on certain data parameters and eliminating fields that
lacked such data.



Phase 2: Data Collection

® Our group ascertained that CO2 Flooding would be the
most efficient and economical for enhanced oil recovery
iIn Wyoming.

® This allowed us to narrow our selected fields based on
optimal CO2 flooding reservoir criteria.
® Proper justifications will be detailed later.

® The assumption that CO2 flooding would be our
enhanced oil recovery method was our first major
decision of the project.



Why we chose CO2 Flooding

Initially, we considered all EOR methods: Thermal,
Enhanced Water flooding, and Gas Injection

Originally targeted Water Alternating Gas (WAG) as the
main EOR method

No proper screening criteria existed for WAG, thus a new
screening needed to be accomplished

Changed to CO2



CO2 Justifications

® Wyoming fields contain light oil accumulations which
correspond to more effective sweep efficiencies with CO2.

® However, the most important consideration is the fact steam
injections, polymer floods, nitrogen injection, etc.

® Most Wyoming reservoirs don't match the criteria for these
methods.

® And mainly the other methods are more costly and the
abundance of CO2 in Wyoming makes it an attractive
injection fluid.



CO2 Justifications

® Wyoming is abundant with productive sandstone reservoirs.
Sandstone reservoirs see good responses from CO2 injection.

® The CO2 pipeline traversing across Wyoming makes CO2
transportation affordable to certain fields.

® Success with CO2 injection in Wyoming is common.

® Wyoming generates a lot of CO2 through various resources,

which makes it a ideal situation for those seeking the injection
fluid.



Phase 3: Data Analysis
Summary

® The excel database of Field numbers were screened for
CO: EOR suitability

® The fields that didn't fit into the CO2 criteria were
immediately eliminated.

® The remaining fields were put into an algorithm which
gave a direct score based on the applicability of a field to
CO2 Injection.



TABLE 3—SUMMARY OF SCREENING CRITERIA FOR EOR METHODS

Oil Properties Resarvoir Characteristics
?:::l Oil Net Average
in EOR Gravity Viscosity Saturation Fomation Thickness Pemeability Depth Temperature
Ref. 16 Meathod (=API) (cp) Composition (% PV) Type (ft) (md) (ft) (=F)
Gas Injection Methods (Miscible)
1 Nitrogen and >3657487 <0402 High parcent >407757 Sandstone Thin uniess NC > 6,000 NC
flue gas of C4yto C7 or dipping
carbonate
2 Hydrocarbon 23741~ <3N0.5N High percent >30780~ Sandstone Thin unless NC > 4,000 NC
of Coto C7 or dipping
carbonate
3 CO, >227367 8 <10 1.5 High percent >20755 Sandstone Wide range NC >2 5007 NC
= = of Cg to Cyp == or
carbonate
1-3 Immiscible >12 <600 NC >367707 NC NC if dipping NC >1,800 NC
gases - and/or
good vertical
permeability
(Enhanced) Waterflooding
4 Miceliar/ >207357 <3513 Ught, >367637 Sandstone NC >10.7450 ~ >0,000% 3,250 >200~80
Polymer, == == intermediate, == prefarrad —— ==
ASP, and some organic
Alkaline acids for
Flooding alkaline floods
5 Polymer =15 <150,>10 NC >5080~ Sandstone NC >107800 7P <9,000 >200\ 140
Flooding preferred
Thermal/Mechanical
6 Combustion >10716—7? < 5,000 Some >507727 | High-porosity >10 >50¢ <11,5003,500 | >100~135
3 asphaltic sand/
1,200 components sandstone
7 Steam >810 1357 < 200,000 NC > 407667 | High-porosity >20 >20072,540 79 | <4500\ 1,500 NC
} s sand/
4,700 sandstone
— Surface mining 7to 1 Zaro NC >8 wt% Minaable >10#® NC >34 NC
cold flow sand tar sand ovetburden to
sand ratio

NC = not critical.
Underlined values represent the approximate mean or average for current field projects.
8Seea Table 3 of Ref. 16.
b= 3md from some carbonate reservoirs if the intent is to swaep only the fracture system.

STransmissibility >20 md-ft/cp
dTransmissibility > 50 md-fticp

“Sea depth.

able 3—Summary of Screening Criteria for EOR methods ("EORI")




Preliminary Screening Criteria

Parameters Screening Criteria

Lithology Sandstone
Cumulative Oil Produced (bbls) >0

Average Depth Field (ft) 1800< ft <10000
Net Pay (ft) <32

Oil Viscosity (cP) <10

Oil API <50



Algorithm

® The algorithm was done in Mathematica

® We were able to use the algorithm to compute an index
score detailing CO2 Potential Effectiveness.

® We did this by altering the algorithm's criteria to CO2
parameters and inputted our remaining field's
parameters.



Additional Screening Criteria

* . TABLE 3—CO_ FLOODING

Dascription

CO2 flooding is carried out by i‘r;'t:jecllng large quantities of COs {30% or more of the hydrocarbon PV) into the reservoir, Although CO; is not first-contact
miscible with the crude oil, the CO2 axtracts the light-to-intermediate components from the oil and, if the pressure is high enough, develops miscibility to
displace the crude oil from the reservoir (MMP). immiscible displacements ars less sffective, but they recover oil better than waterflooding (see below
and Table 3 of Ref. 1 for immiscible criteria).

Mechanisms .

TO recovers crude oil 1) swelling the crude oil (CO2 is very soluble in high-gravity oils); (2) lowering the viscosity of the oil (much mare effectivel
than Np or CHy,); (3) Iuwg?:irglg}ha interfacial tension between the oil and the CO./oil phase ill?l ti'ia) near-mgcibla regior:g: and (4) Janeration Oflﬂscibilil;
whan prassure is high enough (see below).

Technical Screaning Guides
Recommended Range of Current Projects
Crude Qil

Gravity, “API =22 27 to 44

Viscosity, cp <10 0306

Composition High percentage of intermediate hydrocarbons (especially Cs to Cq2)

Reservoir

Qil saturation, % PV =20 1510 70

Type of formation Sandstone or carbonate and relatively thin unless dipping.

Average permaability Mot critical if sufficient injection rates can be maintainad.

Depth and temperature For miscible displacement, depth must be great enough to allow injection pressures
reater than the MMP, which increases with temperature (see Fig. 7 of Ref. 1) and for
eavier oils. Recommended depths for CO: floods of typical Permian Basin oils follow.

Qil Gravity, AP Depth must be greater than (ft)

For COp-miscible flooding >40 2,500
3210 39.9 2,800
2810 31.9 3,300
22 to 27.9 4,000

<22 Fails miscible, screen for immiscible*
For immiscible CO2 flooding (lower oil recovery) 13to 21.9 1,800

<13 All oil reservoirs fail at any depth

At <1,800 ft, all reservoirs fail screening criteria for either miscible or immiscible floeding with supercritical COp_

Limitations

A good source of low-cast COg is required.

Problems

Corrosion can cause problems, especially if there is early breakthrough of CO; in producing wells.

“All resenvoirs with olls with gravities greater than 22° AP can qualily for some immiscible displacement at pressures less than the MMP. In general, the reduced cil recovery will be propor-

tional to the différence betwean the MMP and flooding pressure achieved. [These arbitrary criteria have been selectad to provide a safety margin of approximately 500 feet above typical
rasarvoir fracture depth for the required misci {MMP) pressuraes, and about 300 psi above the CO; critical pressure for the immiscible floods at the shallow depths. Resarvoir tempara-
ture is included and assumed from depth. See Fig. 7 of Ref. 1 and text for the depth/temperature/MMP relationship.]

Table 3—-CO2 Flooding ("Taber")




Improved Algorithm

Oil Gravity, °API Depth must be greater than (ft)
For COp-miscible flooding >40 2,500
321039.9 2,800
28t031.9 3,300
22t027.9 4,000

We created an algorithm for each specific range of API
values based off of the new lookup table

Oil gravity APl is the controlling parameter

® Forinstance, the Well Draw field from the Teapot
reservoir possesses a 43 APl value

® This Field was screened with the >40 API CO, Algorithm



Inputting Values into the Algorithm

{dmmin, doemean, dmmax} = {69058.5, 6917, 6925.35};
{thmin, thmean, thmax} = {16.1353, 17, 17.835}:
{vmin, viean, vmax} = {6, §.33, 6.6}

{gmin, gmean, gmax} = {41, 4353, 45} ;

{drmin, drmean, drmax} = {2200, 7000, 10000} ;
{thrmin, thrmean, thmax} = {2, 20, 32} :
{vrmin, vrmean, vemax} = {.3, 1.3, 10}

{grmin, grmean, grmax} = {40, 45, 50} :



”cilized CO, algorithm for remaining fields
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Distribution Curve of CO, Index Scores

® The top 35% obtained from the Distribution Curve
analysis corresponded to index scores greater than .7

® .7 Index score seems like an appropriate cut-off for final
ranking

® Fields with CO, index scores less than .7 were eliminated
from final ranking contention

® This elimination process reduced the number of Fields
down to a manageable number



Distribution Curve of CO. Index Scores

Histogram of original
Normal

Mean 0.6350
StDev 0.1248
N 63

Frequency




Distribution Curve of CO2 Index Scores

Distribution Plot
MNormal, Mean=0.634973, 5tDev=0.124829




Phase 4: Ranking Summary

® EOR Quality:

® With the index score we were able to rank the fields
based on viability to CO2 flooding.

® Reservoir/Field Quality:

® Other considerations were utilized as well to ensure accurate
results.

® Production Histories
® Proximity to CO2 Pipeline
® Well Spacing



Top Five Fields

= Field Nome = Reservoir = Basin/Regional Setting e
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Flat Top — Teapot Reservoir

CO2 Injection Index Score: 0.803
Proximity to CO2 pipeline: 74 Miles
Current EOR method: H20 Injection
Current EORI CO2 Flood target: Yes

Well spacing: 320 acres per well, 19 producing wells, 44
abandoned producers, 13 Dry holes

® Well spacing is poor for potential injection scenario



Flat Top - Teapot Reservoir
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Flat Top - Teapot Reservoir

Flat Top: Teapot Reservoir

—e— Oil Production [Bbls/year] —e—Gas Production [100 MCF/year] —e— Water Production [Bbls/year]

14000
3 / / N
10000 \\-'/ y s "

6000

Produced Fluid Volumes

4000

2000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Recent Production Years



*\,\%

8o

. m_.«

=

- ol 25
o v 4 1} s )
e 8 /
\ e the § Wit
-

- w.a,_z fis

e
»

.\r
x

f:“ i

& )
"
_'K_ i

Mwﬁﬂﬁ: i

Lr\.

a

’
e
,‘&,Ab
— .

P
-~

i
F10)

Figure 2—Flat Top Field Map (AAPG)



Well Draw — Teapot Reservoir

® COz2 Injection Index Score: 0.804

® Proximity to CO2 pipeline: 70 Miles

® Current EOR method: H20 Injection
® Current EORI CO2 Flood target: Yes

® Well spacing: 160 acres per well, 479 producing wells, 23
abandoned, 56 dry holes, 23 shut-in wells

® Well spacing is moderate for potential injection scenario




Well Draw —Teapot Reservoir
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Figure 4: Well Draw—Teapot Reservoir (EORI)



Well Draw - Teapot Reservoir

Well Draw: Teapot Reservoir

—e— Oil Production [Bbls/year] —e—Gas Production [MCF/year] —e— Water Production [Bbis/year]
1200000

1000000
800000
600000
400000

20000 M

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Produced Fluid Volumes

Recent Production Years

N



UPPER CAETACEOUS

a0’

DATUM-TEAPOT MARKER

Convearse County, Wyoming
CONTOUR INTEFRVAL

W.G.A.
WELL DRAW AREA

Figure 5: Well Draw Field Map (AAPG)



Big Hand — Dakota Reservoir

CO2 Injection Index Score: 0.766
Proximity to CO2 pipeline: 29 Miles
Past EOR method: H20 Injection
Current EORI CO2 Flood target: Yes

Well spacing: 160 acres per well, 11 producing wells, 4
injection wells, 32 abandoned wells

® Well spacing is moderate for potential injection scenario
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Big Hand - Dakota Reservoir

Big Hand: Dakota Reservoir

—e— Oil Production [Bbls/year] —e— Gas Production [MCF/year] —e— Water Production [Bbls/year]
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arber Creek - Ferguson Reservoir

CO2 Injection Index Score: 0.757
Proximity to CO2 pipeline: 7.18 Miles
Past EOR method: H20 Injection
Current EORI CO2 Flood target: Yes

Well spacing: 8o acres Spacing, 42 Producing Wells, 10
abandoned producers, 24 dry holes

® Well spacing is very good for potential injection
scenario
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Barber Creek - Ferguson Reservoir

Barber Creek: Ferguson Reservoir

—8— Oil Production [Bbls/year] —e—Gas Production [MCF/year] —e—Water Production [Bbls/year]
30000

25000

20000

Produced Volumes
b
wun
(=]
(o}
(o]

5000 \\'/\\.‘/&

O ‘b—_—4.—___1.___—.F"‘1.————4‘h_-1.F-—_-‘F\‘Nﬁ.p—__q.; o p

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Recent Production Years




el CALIFORNIA CO.
No.5 Clovt Davis
N

?
}

-

R76W R75W R74W
FARMERS UNION, #1 FERGUSCN-GOV'T.
123 i SE SC 13, Y49N, R7EW
2 &7 s \ Kt
-23
240 ,i;,, % §
.¢.

~z;7s % »
e | S BARBER CREEK EAST

Py

&

ik

( i
\\%\\ TS
N \
=y N

Figure 9: Barber Creek Field Map (AAPG)



Salt Creek East — Lakota Reservoir

CO2 Injection Index Score: 0.788
Proximity to CO2 pipeline: 5 Miles
Past EOR method: H20 injection
Current CO2 Flood target: Yes

Well spacing: 44 acres per well, 27 producing wells, 1
injection well, g abandoned wells

® Well spacing is very good for potential injection scenerio



Salt Creek East - Lakota Reservoir
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Figure 10: Salt Creek East (EORI)



Salt Creek East-Lakota Reservoir

Salt Creek East: Lakota Reservoir

—e— Oil Production [Bbls/year] —e—Gas Production [MCF/year] —e— Water Production [100 Bbls/year]
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Anadarko in Salt Creek

In 2003 Anadarko purchased acreage in the Salt Creek Field from Howell
Petroleum.

By obtaining a 3-D seismic data set, analyzing flow patterns, and utilizing
COz2 injection, they had the field producing at rates of 7000 BOPD. Anadarko
also built a pipeline leading to the field shown below.

With Salt Creek obtaining an index score value of .788 we feel confident in
our results.

Through the use of modern technology on a century old field, Anadarko has
seen success in the Salt Creek Field.

SALT CREEK EAST FIELD

Ed



Conclusions

® We took an enormous data set and were able to filter it
down to the optimal fields pertaining to an enhanced oil
recovery process.

® This was achieved by relying on technical skills developed
through the University, and by becoming an effective
team.

® We're proud of the results we have obtained and have
presented to you.
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