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EORI — Mission

f The mission of EORI is to facilitate a meaningful and measurabkx
increase in recoverable reserves and production of oil and natural
gas in Wyoming that may otherwise not be realized. Key to this is

the effective and efficient transfer of relevant technology,
information and knowledge to Wyoming producers. EORI believes
that its mission is being met when producers consider EORI as a vital
source of relevant technology, information, expertise and

\ knowledge for Wyoming fields. /
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Enhanced and Improved Oil Recovery

Oil and Gas recovery phases, Life of the Field

Discovery

Improved oil recovery:
down-spacing,
reperforating, pumps,
engineering and
facilities improvements

—

Abandonment

'-O-Rt

Primary Recovery: (Produces from original
Reservoir energy)

Examples: natural water drive, pressure
depletion, gravity drainage

Secondary Recovery: (Production enhancement with
no chemical changes in rock induced)

Examples: Pressure maintenance by nitrogen
injection, waterflood

Enhanced oil recovery (EOR - Tertiary) : (using
processes that change the chemistry of the system).
Examples: CO2, polymer, methane, ASP, microbial,
thermal (steam)
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Reported EOR Projects in Wyoming

Count of EOR projects by type

* Chemical 120
* Alkaline
* Polymer
* Surfactant 100
* Combinations
* @Gas _ 30
* Nitrogen
*  Methane
* Carbon Dioxide 60
* Thermal
* In-Situ Combustion
* Steam 40
* Mining
* Gravity Drainage
Yy g 50
* Combination
e Chemical/Thermal
* Chemical/Gas 0 e -
* Gas/Thermal Chemical Thermal Mining Combination
References: US Department of Energy & Wyoming Oil and Gas Conservation Commission Enhanced Oll
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EOR Projects by Reservoir

Count of EOR projects by Geologic Formation

» Mesaverde 80
* Teapot
* Parkman 70
* Cody 60
* Sussex
* Shannon 50
* Carlile
40
* Turner
* Frontier 30
* Wall Creeks
20
* Muddy/Newcastle
* Lakota/Dakota 10
M Phosphoria 0 _ - . [ ]
* Minnelusa Y R < N > x - > Qo
(Pb (;o*\\\ 05”\@ obb %“& o%q‘% ~<\°K\ > c}Q’@Q Sl
* Tensleep < N A N R N &S R\
: & € N
* Madison N
References: US Department of Energy & Wyoming Oil and Gas Conservation Commission Enhanced Oll
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Well count

* Mesaverde

* Teapot

e Parkman
* Cody

* Sussex

* Shannon

* Carlile
* Codell
e Turner
* Niobrara
* Frontier
* Wall Creeks

* Muddy/Newcastle
e Lakota/Dakota

* Phosphoria

*  Minnelusa

* Tensleep

* Madison

References: Wyoming Qil and Gas Conservation Commission
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2016 Oil Production

2016 Oil production by reservoir (mmbo)

* Mesaverde 12

* Teapot

e Parkman

10

* Cody

* Sussex

* Shannon 8
* Carlile

* Codell 6

* Turner
* Niobrara

* Phosphoria

*  Frontier
* Wall Creeks
* Muddy/Newcastle 2
e Lakota/Dakota . l
, | H B
AN ) :
S

*  Minnelusa R

K )
* Tensleep & Q< \\¥
* Madison

Together these Formations represent ~ 72% of total state oil production for 2016

References: Wyoming Oil and Gas Conservation Commission Enhanced Oil
Recovery Institute



Unconventional Targets

Future development by reservoir based on APD’s

e Lance 2500
* Mesaverde
* Teapot 2000
* Parkman
e Cody
* Sussex 1500
* Shannon
* Niobrara
1000
e Carlile
* Codell
* Turner 500
* Frontier . l
* Wall Creek .
, A m HE B B B B B Ems
° |V|OWFy Lance Teapot Parkman Sussex Shannon Codell Niobrara Turner Frontier Mowry
References: Wyoming Oil and Gas Conservation Commission Enhanced Oil
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Information Management
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Collaboration is Key

—

Wyoming Reservoir Information Tool (WyRit)

WyRit is a geospatial information and engineering tool focused on | . .
Wyoming Oil and Gas Reservoirs. For additional information or to provide | @ E N h ance d O I I ReCOVE ry I N Stlt Ute

comments regarding the WyRIT please contact EORI at uweori@uwyo.edu ‘ . . . .
~*  Wyoming Geographic Information Science Center
e ***Wyoming Oil & Gas Conservation Commission

‘ rh] N R A e ***Wyoming Geological Association

i . *** . . . .

o e . Wyoming Pipeline Authority
Tips: Zz_;gh.epoezg?b,’o;iter.‘i:ei_fab:'e-.:ionm'wib brov.'jfer:omre_ 4 L Wyoming State GeOIOgicaI Su rvey

Junctionality of the Wyoming Water and Climate web application ‘
e ***Seismic Exchange

may not be available.

@ ** Detailed mstructions may be viewed at any time 5y clicking
the Help icon on the top right of the application.

[il2 Forward

WyRit Application Developed by WyGISC

%k 3k % H
Continue to application Key data providers
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Background

~ Wyoming Oil & Gas Reservoir Information N Sand Creek, Albany Gounty Wyoming
e ] = «  Database development Section compriee cxiopt for wpor 6 feetof Tonsteep
B ==  Using relational database design
Z  Geospatial perspective
E e Data sharing and collaboration
SfagsEEes) : e  Reservoir Screening

L i

1 * Data Dissemination

| e Web Application

*  Wyoming Reservoir Information Tool
e  WYyRIT

T
I

° [
‘ ‘ e EndUsers
1
: Denver 378 | 9.94%
Houston 19 | 3.13%
: ‘ Dallas 1M1 | 2.92%
= : - Cheyenne 98 | 2.58%
Rock Springs 78 | 2.05%
Casper 66 | 1.74%
Boulder 56 | 1.47%
i (not set) 54 | 1.42%
. Oklahoma City 39 | 1.03%
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Wyoming Reservoir Information Tool (WyRIT)

e & http://eoriwygisc.org/# P~ ¢ | & wyrit i\“?
QAN L REHH A/ﬁ"” Wyoming Reservoir Information Tool (WyRit)

Legend and Zoom Tools Query, Tools.

Legend (EammiaaleEa -

Enhanced Oil Recovery Institute Clear Layers

* Oil and Gas Conserva tion Commission
Pipeline Authority
Seismic Exchange

* Base Layers

Production graphs

Field information

Reservoir data

i
¥
Cheyenne
I ;Ookm
It Fort Om
e Hlin

Well info rm?ti:onw;;

Esri, HERE, DeLorme, FAQ, NOAA, USGS, EPA, NPS ==

= — e
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http://eori.wygisc.org/

File Edit View Favorites Tools Help

[ 17 EGas EOR Targels
1 BCores Reports or Tests
~ | * BDrill Stem Tests
| ¢ Bwell Perforations
11+ Bwell Deviations
~ | Bwell Locations
1 BCore Analysis
|- Be02 Projects and Targets
1 BoGCC Reported Production
| BField Locations
- BField Areas
Clabandoned
Bactive injection wells
Meas storage
Minjecting CO2
.[njecting €02 - no production - Injecting water
Dinjecting air
Oinjecting natural gas
Injecting natural gas - Injecting water
.Injecting natural gas and nitrogen
!lnjecting nitrogen - Injecting water
linjecting water
Binjecting water-Abandoned
[injection - no production
Pinjection - no production - Injecting water
ENo il production
BINo recent oil production
EINo recent oil production - Injecting water
Clprimary recovery
BunknowN
| Bwyoming Power Utiities
|1 0il and Gas Conservation Commission
* Pipeline Authority
1% —Bcarbon Dioxide
| Bcondensate
~|—BProduct
|~ B Natural Gas Liquid
—HCrude
12— B Natural Gas
{11 Seismic Exchange
1" Base Layers

h¥

7]

¢
=

%

i 3
WYGISC EORI | ESr, HERE, DeLome, FAO, USGS, EPA, NPS

Enhanced Oil Recovery Institute | Department 4068 | 1000 E. University Ave. | Laramie, WY 82071

Statewide coverage

Help Feedback Home Disclaimer

KITTY Field Production Data

Violume in barreis (bbis)

Volume in Cubic Feet (MCF)
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Annual Production graphs
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Core analysis charts (in press)
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Available links to external data sources

Survey: EAST WIND RIVER BASIN
~ | Length: 9.021 miles

/" Energy: VIBROSEIS

Shot by: Sonics Exploration, Inc.
Year Shot: 1987

Click for more information

30

Well Name: GRIEVE UNIT - 7
« 7 | well Class: G
API Number: 2505422
" | Company: DENBURY ONSHORE LLC(MW)
GRIEVE " Unit Lease: GRIEVE UNIT
Field Name: GRIEVE
Total Depth (ft): 6816
Status Year: 2013
Status Month: 5
Click for link

Zoom to

Well attributes and links to WOGCC

15

SEI'8c5eE

Visualize Your Prospect

Tk S

VIEW STRATEGIC PARTNERSHIPS

contact careers

Apd File

Completions

OLD SPANISH TRAIL

Change of Operator

Display All Records Geological Markers

Perforations

MAP

Production Producing Intervals Sales Sundries —(@—
Treatments Down Load Production
Down Load Sales
Google Earth Disclaimer
o) 49-025-05422 DENBURY ONSHORE LLC
22 GRIEVE UNIT 7 GRIEVE
2131 FNL AND 495 FWL ( SW NW ) 22 32 NORTH 85 WEST 42.73111 -107.013139
07/26/2006 07/09/1955 06/03/1955 @ Approvals/Notice
Mitigation Plan
- Historical Card File
LAKOTA 6816 6731 7118 7133 KB Company Wells Status
& Commission Orders
. MUDDY FRONTIER [@- OffSet
) #- Drilling Activity
G TA 03/2012 TA 02/2016 @) Group Number
@ In Cooperation With BLM
NATRONA WIND RIVER 4)- GRIEVE UNIT
EXPLORATORY
. WYW 109538X
3,782 2,910,294 3,687 02/1987 07/1955 02/2016
04/05/2016
In SageGrouse Core Area Aliquot- ALL
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File Edit View Favorites Tools Help

QANA kX

Legend and Zoom Tools

I* Cumulative Value Heat Map

Render based on: |CUMOIL -]

Blur radius(increase when zoomed in): 4

—)

EORI_HeatMap - Well Locations

CUMOIL
High

- Low

il e 120 e

Help Feedback Home Disclaimer

o

|
i

P ik
/I Esri, HERE, DeLome, FAO, NOAA (

Enhanced Oil Recovery Institute | Depaent 4068 | 1000 E. University Ave. | Laramie, WY8201

B
S68 &

s
“h

PA, NPS

e

4

Enhanced Oil Recovery Institute | Depariment 4068 | 1000 E. University Ave. | Laramie, 82071

A :
I Esni, HERE, DeLorme, FAO,

Help Feedback Home Disclaimer
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CO,-EOR & Buftter Storage

Incidental CO, sequestration
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Challenges and Questions

How much CO, is incidentally sequestered?

* Reported CO, injection volumes - Check

* Reported natural gas production volumes — Check

» Little to no available public information on composition of produced natural gas

* CO, loss to the reservoir is estimated to be between 15 and 30% during the project.
* Itis Estimated that 90 to 95% of injected CO, is permanently stored at the end of a

CO,-EOR project (Melzer et al)

* This is a common theme at CO, conferences
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Recovery Institute



Project
Wentz

Lost Soldier
Beaver Creek
Big Sand Draw
Grieve

Patrick Draw
Salt Creek

Year
13386
13839
2008
2013
2012
2003
2003

Assumed Oil Price
$50.00

Incremental bo Cumulative CO2 (mcf)
24,150,343 203,167,168
45,834,473 675,416,216
8,825,303 168,613,153

916,792 39,838,773
36,258,949

17.073.074 334,713,367
25,762,143 2,838,584 ,423

122,567,280 Incremental barrels of oil

Assumed cost
2%
of the price of oil

$735,403,682 state revenue
$5,392,960,336 industry

Cumulative CO2 (tons)

1,620,842
38,632,741
9,644,406
2,278,715
2,073,355
13,145,076
162,362,548

245,758,283 tons of CO2 in buffer storage
ST tons of C07 par baraiofod

$184,318,713 costof CO2 for EOR

Enhanced Oil
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CO, Demand Potential

* Bighorn Basin — Potential of 1 Billion barrels in CO, EOR (Yin et al)
* Potential CO, demand ~3 to 4.5 Tcf
* Phosphoria

* Tensleep *
*  Madison .
* Green River Basin .
* Potential CO,demand ~0.8 to 1.3 Tcf .
* Almond

Operator willingness to implement

Based on CO, availability

Pipelines

Field infrastructure costs

It’s a natural progression from secondary recovery
This is a common theme at CO, conferences

* Powder River Basin — Potential of 885 Million barrels in CO2 EOR (Branting and Whitman)

* Potential CO, demand ~4.7 to 7.1 Tcf

* Frontier
*  Muddy The top 180 CO,-EOR Targets in Wyoming
* Minnelusa would require approximately 700 mmtons

* Sand Wash Basin

* Potential CO,demand ~0.08 to 0.1 Tcf
* Tensleep
* Madison

* Wind River Basin

* Potential CO, demand ~1.1 to 1.7 Tcf
* Tensleep
* Madison

need to do the rest.

CO,. An additional 150 mmtons would

Branting, J.K. and Whitman, L.D., 1992. The Feasibility of Using CO,-EOR
Techniques in the Powder River Basin. Society of Petroleum Engineers — SPE-
24337 — MS.

Wo, S., Whitman, L.D., and Steidtmann. 2009. Estimates of Potential CO,

demand for CO,-EOR in Wyoming Basins. Society of Petroleum Engineers — SPE-
122921 - MS.
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Candidate PRB Reservoirs suitable for CO,-EOR

P = | L . . . 1
? . ? /&?
Enhanced Oil o L

Recovery Institute : %& .

L > %}\ A9

Criteria used to identify these reservoirs include:

* Depth between 2,200 and 12,000 feet
* Apioil gravity between 22 and 45
* Cumulative oil production greater than 1 mmbo

*Note — CO, needed was derived from estimated
recovery factors, cumulative production, 2 bo per ton CO,,

Tons CO, required = Estimated incremental production/2

Enhanced Oil
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Enhanced and Improved Oil Recovery
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Thank Youl!

Nick Jones- Manager, Conventional Resources

NJones@uwyo.edu
Office 307-766-3284
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