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Todayos Present a

|dentify profitable enhanced oll recovery (EOR)
projects in the major Wyoming basins.

Estimate the profitability of a project.

Estimate demand for CO,, and incremental oll
production in an EOR project.

Estimate cumulative demand for CO, in a basin and for
the State of Wyoming.
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There are four nscr e
identifying profitable EOR projects.

Broadly, these steps are described
as follows:



x I denti fy Apromisingo f |

P Fields with > 5 MMBO cumulative oil production
x  Screen for miscibility

p Estimate MMP

b Miscible flood if MMP < fracture pressure
x  Estimate CO,-EOR response
b Scaled analog approach

x  Screen for profitability
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Data Needed for Screening

For each field-reservoir

Distance to proposed trunk line

OOIP

Area

Depth

API

Temperature

Fracture gradient

Formation volume factors (oil and CO.,)
Number of wells (producing, injection, temporarily abandoned)
Current oil production rate

Current water production rate

Oil decline rate

Average water flood injection rate (reservoir thickness and
permeability)



x Establish MMP for each reservoir

b Measured MMP
b Estimate based on APl and temperature

x  Calculate fracture pressure

b Fracture gradient from Wyoming O&G
Conservation Commission



For miscible floods of size, we estimate the net

present value (NPV) of switching from

current, Asecondaryo recoc
Antertiaryo) o1} recovery U

The NPV is calculated as follows:

NPV = i PQt (1_ XR)(l_ XSP)_t pqp _C{q{ _Cto —K
t=1 (1+7r)
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NPy = 3 PRA-X)A=XT)-pg —cig —¢7

t=1 (1+r1)

P= Price of Qll

Q= the projected incremental amount of oll
recovered in period t

xR= Royalties

xSP= severance and property taxes

pg"-= cost of purchasing CO,

c'.q'= cost of recycling and reinjecting CO,
c~= other incremental operating costs

K= upfront investment costs
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x  The economic lifetime T of the project is
reached when discounted operating profits
from T onwards become negative, i.e., when:

3 PQU-XxD)A-XT)-pg -G —¢ _
t=T (1-I— r)t‘T
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ForCO,-based EOR to be
the discounted value of net operating
profits up to time To equal to the first
term In the above expression for NPVO
must exceed the up-front investment cost
K.
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Implementing the above estimation of

NPV requires estimates of a field-
reservolir combinatio
Aresponseo to EOR.

FRC responses are the projected time
paths of incremental oil recovery, CO,
purchases, and CO, recycling.
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XxWe use an approach
approach based on dimensionless
curves to predict the response of an oll
fleld to EOR.
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The Analog Approach

x  Step 1: Estimate baseline oil production at the
existing, analog EOR project and the
new, candidate EOR project.

x  Step 2: Convert the quantities of CO, and
water injected and of CO, and incremental oll
produced over time at the analog project into
fractions of that proj e

x  Step 3: Plot the time series for cumulative
Incremental oll production and cumulative CO,
production against the injection time series.
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Step 4: Assume that future injection and production at
the candidate project, when converted into fractions of

t hat projectos hydrocar bon
follow the analog dimensionless curves

Step 5: Convert estimated injectivity at the candidate
project to fractions of its HCPV per unit time

Step 6: Determine predicted incremental oil recovery
and CO, production rates at the candidate

project, expressed in fractions of its HCPV per unit
time

Step 7: Convert the predicted production rates into
units relevant to the economic analysis
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Incremental Oil Production (HCPV)
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Oil Produced (HCPV)
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Results of analysis

The following tables and figures highlight
some the results of our analysis
b The first table and figure is for the Powder
River Basin, in which we set oil price= $70 a
barrel and CO,= $2.50/mcf. We assume a

required return of 20% and a well spacing of
80 acres/well.

b We use the Lost Soldier Ten Sleep (LSTP)
dimensionless curves as our analogs.
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TasLE 1. Powder River Basin:

Ol price: 70

Ok price: $2.50

ROHR: 20%  MMin. spacing: 80 4 "W

Bassline Case

Analog: LSTP

Cm. Oipar- (17 | Awvg. (2) | Avg () P Incr.

Oy, ating 0y Oy of il

Demand | Period | Demand | Demand | Profits | Prod.
Lakbsl Fiald Fuesarvoir (Bely {Yearsy | (MMefd) | (MMefd) | ($MMY | (MBB)
i | LANCE CREEK LEG LT 1o ioa] s iR a4
70 | RAVEN CREEK MINNELUSA 3448 12 12.6 5a 803 By
2k | CLEMNROCEK SOTTTH DA KOTA 320 | 14 | 11.0 | 1.2 av.0 | 6.2
20 | HAIV ERSOM MIMHMELUSA A 25.4 13 o0 3.6 an.y 3.0
18 | CELLARS RANCH TENSLEEFP 4.7 &0 4.5 1.4 6.0 ]
17 | ©OLE CREEK SOUTH DAKOTA 0.8 | 13 | 7.4 2.1 a2 | 3y
a5 | TIMBER CREEK MINNELUSA 0.4 45 3.8 1.4 8.4 8
a4 | SUSEEX WEST SHANNGON 16.6 | LR 7.5 | 3.5 a0 | a7
19 | COYOTE CREEK DAKOTA 16.6 o0 1.8 1.4 19.1 12
25 | CLENROCE SOUTH MUDDY Lowear 16.1 32 3.5 1.1 TA 2.8
70 | ROEET WEST MIMNNELUSA 152 | o | 2.5 | 11 4.4 | 1.8
80 | SLATTERY MINNELUSA 152 o5 T 1.4 10.3 21
20 | DUWALL RANCH MINNELUSA A 14.4 | 19 | 4.3 1.5 163 | 1.4
87 | SEMLEK WEST MINNELUSA B 14.3 o5 3.6 1.4 3.5 1.4
40 | HARM MINNELUSA B Lower 120 ] 3.4 1.1 11.9 1.4
g7 | MEADOW CREEK SHAMMON 108 | 24 | 28 | 0.1 a4 2.6
25 | DILLINGER RANCH MINNELUSA A 10.58 14 3.5 1.3 18.6 1.4
101 | WALLACE MINNELUSA B 10.3 20 | z.4 0.8 6.2 | 1.4
72 | REEL MINNELUSA Kl 6| 53| 2.3 6.4 | 1.4
ot | TERRACE MIMHELUSA B 8.8 25 2.0 0.y 6.0 1.0
&1 | LITTLE MITCHELL CREEK | MINNELUSA B K| 6| g2 | 21 166 | 1.0
%5 | CUTHERY MINMELUSA B Upper 8.6 11 2.3 1.4 G4 1.0
52 | M-D MINNELUSA B 7.a 9| 3.4 1.4 1%.5 | 0n.a
82 | SANDBAR EAST MIMHELUSA B 7.7 | 11 | 2.0 | 1.3 a5 0.8
1 | ALPHA MIMHELUSA 7.5 26 1.8 0.6 6.6 1.0
a0 | EDSEL MIMNELUSA B 7.4 10| 30| 1.4 a6 | 0n.a
27 | DONKEY CREEK MINNELUSA 5.2 20 1.4 0.4 0.4 0.8
104 | WINTER DEREAV MINNELUSA 55| 14 | 1.4 (g 540 | 0y
74 | ROBINSON RANCH MIMNHMELUSA 52 | o | 12| 0.4 842 | 1.1
28 | DRY CULCH MIMNNELUSA A B2 q 2.3 1.1 0.4 0y
g3 | MAYSDORF MIMNELUSA A 18 | 18 | 1.5 | 0.k 6.7 | 0n.a
0 | COYOTE CREEK SOUTH DAKOTA 3.1 18 1.0 0.3 5.6 0.8
58 | MEADOW CREEK FROMTIER 26 | 11 1.0 0.4 6.1 | 0.4
a7 | TIMBER CREEE MUDLY 16 | 40 | ER 0.1 03| 0.3
Totals 450 130.7 18.6 | &2L.7 Toa

(1) Drperating pariod iz truncated an 40 years,
(27 Averags OOy demand over firan 4 years of opsration.

(3 Averaga Oz demand over remainder of aperating period or {in Totals row) over paricd from 5 o 40 vears.
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Frovure 1a. Powder River Basin: Basshine Casze
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Froure 1B, Powder River Basin: Bassline Case
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TABLE 2. PRB: List of Field-Reservoir Combinations Evaluated

00 =1 O L1 LD R

b= DW= 0 WhneE oW

24
25
26
27
28
29
30
31
32
33
34
35

Field
ALPHA
ASH CREEK
ASH CREEK SOUTH
BARBER CREEK
BIG HAND
BIG MUDDY
BIG MUDDY
BIG MUDDY
BONE PILE
BUCK DRAW NORTH
C-H
CAMP CREEK
CELLARS RANCH
CLARETON
COLE CREEK
COLE CREEK
COLE CREEK SOUTH
COLLUMS
COYOTE CREEK
COYOTE CREEK SOUTH
COYOTE CREEK SOUTH

CULP DRAW AND HELDT DRAW

DEAD HORSE CREEK
DEAD HORSE CREEK
DILLINGER RANCH
DONKEY CREEK
DONKEY CREEK
DRY GULCH

DUVALL RANCH
EDSEL

FIDDLER CREEK (*)
FIDDLER CREEK (*)
FINN-SHURLEY

CAS DRAW
CLENROCK SOUTH

Reservoir
MINNELUSA C
SHANNON
SHANNON
FERGUSON
MINNELUSA
DAKOTA
FRONTIER
LAKOTA
MINNELUSA B
DAKOTA
MINNELUSA A
MINNELUSA B
TENSLEEP
MUDDY
DAKOTA
SHANNON
DAKOTA
MUDDY
DAKOTA
DAKOTA
TURNER
SHANNON
FERGUSON
PARKMAN
MINNELUSA A
DAKOTA
MINNELUSA
MINNELUSA A
MINNELUSA A
MINNELUSA B
MUDDY
NEWCASTLE
TURNER
MUDDY
DAKOTA

Operator
WELLSTAR CORPORATION
BEARTOOTH OIL & GAS COMPANY
7
NANCE PETROLEUM CORPORATION
NANCE PETROLEUM CORPORATION
BASS PETROLEUM INCORPORATED
CONOCO INCORPORATED
CONOCO INCORPORATED
HILCORP ENERGY COMPANY
PRIMA EXPLORATION
PRIMA EXPLORATION
TRUE OIL COMPANY
CITATION OIL & GAS CORPORATION
DNR OIL & GAS INCORPORATED
NIELSON & ASSOCIATES INCORPORATED
2
NIELSON & ASSOCIATES INCORPORATED
OILFIELD SALVAGE-SERVICE
TRUE OIL COMPANY
TRUE OIL COMPANY
TRUE OIL COMPANY
MERITAGE ENERGY PARTNERS LLC
JUSTICE OIL COMPANY
PATHFINDER ENERGY
TR OPERATING LLC
TRUE OIL COMPANY
TRUE OIL COMPANY
DUNCAN OIL INCORPORATED
HELIS OIL & GAS COMPANY LLC
CITATION OIL & GAS CORPORATION
UNDERWOOD OIL & GAS COMPANY
CALLAGHER T P

BLACK HILLS EXPLORATION & PRODUCTION |

WINDSOR ENERGY GROUP LLC
NIELSON & ASSOCIATES INCORPORATED

| Miscible? | Profitable?

Yes Yes
Yes No
Yes | No
Yes | No
Yes No
Yes No
Yes | No
Yes | No
Yes No
Yes No
Yes | No
Yes | No
Yes Yes
Yes No
Yes | No
Yes | No
Yes Yes
Yes No
Yes | Yes
Yes Yes
Yes No
Yes | No
Yes | No
Yes No
Yes Yes
Yes | No
Yes | Yes
Yes Yes
Yes Yes
Yes Yes
Yes | No
Yes No
Yes No
Yes | No
Yes | Yes

Location
Lat Lon
44.43 | -105.11
44.99 | -107.05
44.98 | -107.06
44.30 | -105.99
44.03 | -105.32
4285 | -105.97
4284 | -105.96
42.85 | -105.97
44.15 | -105.55
43.54 | -105.68
44.52 | -105.23
44.69 | -105.33
43.77 | -106.65
43.66 | -104.64
42.958 | -106.06
42.98 | -106.06
42.93 | -106.00
44.76 | -105.61
44.19 | -105.01
4417 | -105.00
44.12 | -104.99
43.92 | -106.05
44.15 | -105.89
44.20 | -105.92
44.07 | -105.18
4425 | -105.06
4425 | -105.05
44.21 | -105.50
44.24 | -105.11
44.63 | -104.99
43.95 | -104.68
43.95 | -104.58
43.63 | -104.58
44 .65 | -105.56
4283 | -105.88

(*) Field under review by EORI
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