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RCP Phase XVIII: How Did We Get Here? ,ﬁs

Phase XVIII: Key Objectives
v Objective I: Understand drivers and processes of vertical &
horizontal connectivity

o Objective Il: Understand legacy development effects & how to
mitigate them

o Objective lll: Determine stage & cluster spacing that
maximizes DSU economics

o Objective IV: Understand value of EOR for field implementation
In a future phase of the project

o Objective V: Identify regional geological controls on petroleum
system heterogeneity and well-scale reservoir deliverability



Characterizing Geologic Heterogeneity &s
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Hereford Area - Data Overview
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—— CB Study Area Survey, 16 sqmi

—— Study Area Survey, 16 sq mi
——— Regional Survey, Hereford Field
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Hereford / Chalk Bluff Study
Vertical Well Data Distribution



Hereford Depositional Context o
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NIOBRARA DEPOSITIONAL TRENDS

B Land

Batholith,
= Volcanoes
[ Marine SS
e Marine shaly
Bl sandstone

Marine Sha'lcl

o 100
Miles

WARMER GULFIAN CURRENTS  modified from Longman et al., (1998) NModified from Haun et al., (1972)

Niobrara Formation (Santonian - Turonian Age) Smiﬂul . Codell Sandstone (Turonian Age)

Source Rock

Modified from Sonnenberg, after Underwood, 2013



Precambrian

USGS, 2007
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Hereford Field Production Evolution ,ﬁs

[] PIERRE FM
[] NIO - ALL MEM PROD
[] CODELL PROD [] NIO - ALL MEM PROD [ NIO-ALL MEM PROD

D DAKOTA 0 — 19 543 D CODELL PROD 0 = 19.543 D CODELL pROD 0 = 19,543
1st Generation Conventional Wells 1st Generation Unconventional Wells, EOG 2" & 3 Generation Unconventional Wells
Uncemented Liner — Sliding Sleeve Completions (SRL) Fifth Creek & HighPoint Resources
(2009 - 2015) Cemented with Plug and Perf Completion (SRL & XRL)

(2015 - 2021)
(Pre 2009) !
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Hereford Unconventional Reservoir Systems 0
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A ARRON_SPRINGS A

. : : = Hereford

= : Type Well
: _ ABR_GEN_TOP : _ _ ;
NIB_A_CHALK: i : . '

} B_A_CHALK
NIB_E1_CHALK

NB_B1_CHALK |

A ol

NIB_B_CHALK

B_B_CHALK |

: NB C CHALK |
NIB_G_CHALK £ 5

NIB_C_MARL B C_MARL

FT_HAYES FT_HAYES

CODELL SD CODELL 8D
B_CUDELL_-_T__CA;R —B_CODELL__ _TCAR I n d eX M a p

Primary Rese rvoirs Secondary ReserVOirS .Characterization Data:

Sample and Core Geochem
° 1 . *  MICP dat
NIObrara ° Chalk : NIObrara Bl Chalk High Rei(jlution Petrophysical Data
* Codell Sandstone N «  Produced Fluids




Hereford Niobrara Reservoirs

B1 Chalk — Geochemistry
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Hereford Type Log

B1 Chalk

Avg Thickness: 29’
* Range(8t052)
> [ =20 ohm/m (DIL): 0- 34" (14" Ave)

4.00
375
3.50
325
3.00
275
250
215
200
175
150
125
.00
0.75
0.50
0.25
0.00

Sample TOC (wt%)
298

Tmax
437

Pl
031

B1 CHALK

B1 Chalk Pyrolysis
(Study well Ave )

* Lower overall calcite and higher clastic depositional input
* > 10% Clay Content
* High organic content and hydrocarbon generation potential

450.00

445.00

435.00

430.00

COLORAﬁ Euﬂs
MUDTOC
0% Pl 0y A a0 ) 0% T
I
68.81%

B1 CHALK

Dolomite
1.77%

Quartz
9.13%
Kspar
1.36%
Pyrite
3.87%

Chlorite
0.62%

lllite
7.38%

Total Clays
13.91%

B1 Chalk Sample XRD

(Study Average )
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Hereford Niobrara Reservoirs

B1 Chalk — Core / MICP
¢

10%
9%
8%
%
L — —— MICP [K) @6000
psi (mD)
0.0009
5% —Mm —
MICP Poro
@6000 psi
% 0.06 .
3%
# MICP Pare RADIUS
MICP Total Intruded Iu':nl
e oawst
1%
0%
B1 Chalk

B1 Chalk Study Averages:
— (K):.0009 mD (MICP) & .044 mD (Core)
— (d): 6% (MICP) & 5% (Core)

0.14

0.12

01

0.08

0.06

0.04

0.02

0.02

0.04

.06

.08
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K
15% 0.15
0.14
14% 013
- 0.12
011
12% 01
0.09
11% Core Ave. (HZ K mD) 0.08
0.044
. 0.07
0.06
9% 0.05
e 004
8% 0.03
- 0.02
001
% 0
-0.01
5% -0.02
% Winland CALC R35 (um) -0.03
0.027 -004
3%

B1 Chalk

— Pore Throat Radius (um) : .0051 (MICP) & .044 (Calculated)
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Hereford Niobrara Reservoirs
B1 Chalk — Petrophysics

SIM - IN Swe (%]

GEFf SIM = CDP(1-Clavier SH Cal|
40.30%

)
0.07 “‘

ASQ SS de = (($Delay”2 +
$Nclay~2)/2)71/2

TOTAL PORO ((2.71-pb)/(2.71-

0.11

pFluid))

‘ ‘ 0.10 ‘ f BL A.‘»tls;':uI(\;ﬁ :and
5 3
= Chalk 0.20%

Log Density Poro (Not Cor)

0.11
MICP Poro @6000 psi
0.06
WTR Sat % (Core)
2388%

B1 Chalk Porosity B1 Chalk

(Raw and Calculated) Calculated Water
Saturations

* Bl Chalk — Average In-Place Reservoir Volumes (Est 640ac) :

— Gas (High Case): 6.7 BCF (Low Case): 4.8 BCF
— Qil (High Case): 7.7 MMBO (Low Case): 5.9 MMBO

10,000,000,000

9,000,000,000

8,000,000,000

7,000,000,000

6,000,000,000

5,000,000,000

4,000,000,000

3,000,000,000

2,000,000,000

1,000,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000
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SIMX EFF and ASQ Shale Sand SWE Sat - Free
Gas in Place = 43560*Area* (h)* deffective* (Sg =

SIMX EFF and Sat - Free Gas in Sat Gas = (1-Swe))* (1/Bg)

Place =
43560*Area*(h)* deffective*(sg =

Eel 6,278,901,659 scf

4,845,189,132 scf

Calculated
Free Gas
Volumes

(scf)
640 ac

B 1 Chalk

SIMX EFF and ASQ SWEt - Oil in Place Volume -
(00IPstb) =7758*(h)*(deffective* (1-Swe))* (1/BOI)
7,703,841 BO

SIMX EFF and Sat - Oil in Place Volume -
(OOIPsth) =7758*(h)*{deffective® (1-
Swe))* {1/BOI)

5,945,510 BO

Calculated
Qil in Place
Volumes
(BBLS OIL)
640 ac

B 1 Chalk

12



Hereford Niobrara Reservoirs

COLORADO SCHOO
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B Chalk — Geochemistry
MUDTOC
1 TR 400 5000 o 0% 2% % A% 0% £0% 0% A% 0% 100%
il 1 (S
it Calcite (Wt %)
3 84.23%
300 45,00 Dolomite
115 Sample TOC (wt%) e
&0 14 ‘ Quartz
L5 4.50%
200 440.00 Kspar
75 m‘ I 0.77%
150 | Pyrite
15 . Bitialk 1.78%
100 Pl 435.00
0.75 0.39
¢ | 050 Chlorite
0.25 0.31%
Hereford Type Log o0 - a0
lllite
B CHALK 3.55%
; Ch:\.l'; Thickness: 36 . ofal (s
Range (2010 56') B Chalk Pyrolysis 7.38%
> /=20 ohm/m (DIL): 0to 43’ (25" Ave) (Study well Ave )
* Highest calcite % of all Hereford Niobrara Chalks B Cr}gffdf’fvﬂféi )XRD
* < 10% Clay Content
* Lower organic content but efficient transformation & hydrocarbon generation potential
13
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Hereford Niobrara Reservoirs 0
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B Chalk — Core / MICP MINE

b ¢ K
10% K 12% 015
014 014
11% 013
% 0.12 Lo
10% on
8% —— 01 | 01
- om
0.08 ey
7% s 007
MICP [K) @5000 psi 0.06 008
6% —————————— = [;[L"[glg % 005
0.04 004
00
6%
% i Core Ave. (¢) 0
g 0.10
ont
Micp Porol 5%
% — | @6000psi 0 o
0.09 -0.01
4%
o 00
» Winland CALC A8
MICP Total ——— 3% R35 {jim) -0.04
Intruded Vol BOCEE Pt RATHERS fym b Lk 0.047 .
2% (m/g) s % 41.05
0015 0.06 :
o7
1% 1%
iR 008
il
0% 01 0% -01

B Chalk B Chalk

* B Chalk Study Averages:
— (K):.0039 mD (MICP) & .014 mD (Core)
— (d): 9% (MICP) & 10% (Core)
— Pore Throat Radius (um) : .0158 (MICP) & .047 (Calculated) o



Hereford Niobrara Reservoirs

B Chalk — Petrophysics

GEFf SIM = HCDP(1-Clavier SH Cal)

ASQ SS de = (($Dclayr2 +|
$Nclayr2)/2)71/2
0.12

L1

TOTAL PORO ((2.71-pb)/(2.71-
pFluid))
0.11

Log Density Poro (Not Cor)
0.13

MICP Poro @6000 psi

B Chalk Porosity
(Raw and Calculated)

B Chalk

SIM - IN Swe %
775%

ASQ Shaly Sand Swe (%)
Chalk 16.44%

WIR Sat s Core)
BATY

B Chalk
Calculated Water
Saturations

B Chalk — Average In-Place Reservoir Volumes (Est 640ac) :

— Gas (High Case): 6.9 BCF (Low Case): 6 BCF
— Qil (High Case): 8.5 MMBO (Low Case): 7.4 MMBO

10,000,000,000

8,000,000,000

6,000,000,000

4,000,000,000

2,000,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000
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SIMX EFF and ASQ Shale Sand SWE Sat - Free
SIMX EFF and Sat - Free Gas Geelp ko=
43560* Area*(h)*deffective™(Sg = Sat Gas =
(1-Swe))* (1/Bg)

in Place =
43560*Area*(h)*deffective
*(Sg = Sat Gas = (1-Swe))*
(1/8g) 6,944,109,990 scf

6,018,857,413 scf

Calculated
Free Gas
Volumes
(scf)
640 ac
B Chalk
SIMX EFF and ASQ SWEt - Oil in
Place Volume - (OOIPstb)
=7758*%(h)*($effoctive®™ (1-
SIMX EFF and Sat - Oil in Place Swe))* (1/BOI)
Volume - (OOIPstb) 8,529,825 BO
=7758%(h)*(deffective™ (1-Swe))*
(1/BOI)
7,392,089 BO
Calculated
QOil in Place
Volumes
(BBLS OIL)
640 ac

B Chalk

15



Hereford Niobrara Reservoirs

C Marl — Geochemistry

| DPRCR

Hereford Type Log

C Marl

Avg Thickness: 45
Range (10 to 72')
>/ =20 ohm/m (DIL): 0 to 26" (5’ Ave)

Calcite lean (< 55%)
>15% Clay Content -

400
3%
350
325
3.00
75
250
225
200
175
150
125
1.00
0.75
0.50
0.25

Sample TOC (wt%)
3.48

Tmax
41

Pl
0.15

I
CMARL

C Marl Pyrolysis
(Study well Average )

450.00

435.00

430.00

COLORADO SCHOO

NES

Excellent (>3% TOC) organic content but poor HC transformation — insulative mineralogy / poor heat flow?

Highest potential for organic porosity domination & pore clogging bitumen

MUDTOC
© 0% 20% 0% a0 0% 0% I a0 i Jo0%
Calcite (Wt %)
52.86%
Dolomite
1.63%

Quartz

21.29%
I Kspar
3.08%
Pyrite
C MARL 2.30%

Chlorite
0.90%
lllite
12.04%
Total Clays
17.53%
C Marl Sample XRD
(Study Average )
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Hereford Niobrara Reservoirs .

COLORADO SCHOOL OF
C Marl = Core / MICP 'M"J,';'Toc'
¢ " b K
10% 12% 015
0.14 s
11% 013
%

0.12 0%
10% L

L3 0.1 01
9% 009
- 0.08 o
8% 0.07
0.06 008
6% 0.05
0.04 003
0.03

5%

0.02 002

i 001

a — y 0 0
Q.01

/ MICP Poro

% - @6000 psi 0.02 0
006 003
4 004 04
% — 00 M_/ MICP Total Intruded Vol -0.05
:"ﬁ MICP Pore RADIUS (um) 0.06 o
00044 -
1% n m - 08
hi 4 -0.08

0% 01 ) 01

€ Marl CMarl




Hereford Niobrara Reservoirs

C Marl — Petrophysics

GEFf SIM = HCDP(1-Clavier SH Cal)
0.08

AsSQ SS de = (($Dclay”2
$Nclay~2)/2)~1/2

0.12

TOTAL PORO ((2.71-pb)/(2.71-

pFluid))
0.10

Log Density Poro
(Not Cor)
0.12

Core Ave. ()
0.07 ‘

C Marl Porosity
(Raw and Calculated)

— Gas (High Case): 5.6 BCF

CMarl

SN - N Swe %)
£7.50%

C AsQShaly Sand
Swe (%)
Marl 1883%
WTR Sat % (Care]
4.75%

C Marl
Calculated Water
Saturations

C Marl — Average In-Place Reservoir Volumes (Est 640ac) :
(Low Case): 3.8 BCF

— Qil (High Case): 6.9 MMBO (Low Case): 4.6 MMBO

8,000,000,000

7,000,000,000

€,000,000,000

5,000,000,000

4,000,000,000

3,000,000,000

2,000,000,000

1,000,000,000

10,000,000

9,000,000

8,000,000

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

]

©

COLORADO SCHOOL OF

MUDTOC

SIMX EFF and ASQ Shale Sand
SWE Sat - Free Gas in Place =
43560 Area* (h)* deffective™®(Sg =
Sat Gas = (1-Swe))* (1/Bg)
5,592,868,503 scf

SIMX EFF and Sat - Free Gas
in Place =
43560*Area*(h)*deffective
*(Sg = Sat Gas = (1-Swe))*
(1/Bg)
3,768,069,754 scf

Calculated
Free Gas
Volumes

(scf)
640 ac

C Marl

SIMX EFF and ASQ SWET -
il in Place Volume -
{0OIPstb)
=7758%(h)* (deffective® (1-
Swe))* (1/BOI)
6,884,405 BO
SIMX EFF and Sat - Oil in Place
Volume - (OOIPstb)
=7758%(h)* (deffective* (1-
Swe))* (1/BOI)
4,642,358 BO

Calculated
Oil in Place
Volumes
(BBLS OIL)
640 ac

C Marl

18



Hereford Codell Reservoir

Codell — Geochemistry

Hereford Type Log

Codell
Avg Thickness: 16.5’
Range ( <1 to 25”)
> /=4 ohm/m (DIL): <2 to >19 (7.4" Ave)

Tmax
442

Sample TOC (wt%)
110

Pl
0.29

CODELL

Codell Pyrolysis
(Study well Average )

*  >25 % Clay Content — major impact on reservoir quality

¢ |llite dominated

450.00

445.00

435.00

430.00

COLORADO SCHC

* Low organic content but production index (PI) suggests some HC transformation — Potential for some level of self HC sourcing?
*  XRD show increasing quartz and decreasing clay with corresponding reservoir quality in the lower half of the Codell - Upper

shore face deposition

S

MUDTOC
5 0% 20% 20% A% 0% £0% 20% B0% 0% 100%
Calcite (Wt %)
18.15%
Dolomite
2.03%
Quartz
45.02%
. Kspar
6.62%
Pyrite
CODELL L
Chlorite
2.92%
lllite
19.29%
Total Clays
25.11%
Codell Sample XRD
(Study Average )
19



Hereford Codell Reservoir
Codell — Core / MICP

¢ MICP {K) @6000 psi (mD)
12% - 0.2300

11%

10%

9%

8%

|

MICP Poro

o% — @6000 psi
0.10

5%

4%

W ——

MICP Total Intruded Vol

(ml/g}
0.0464

2%

MICP Pore RADIUS {im)
0.0081
1%

0%

Codell

* Codell Study Averages:
— (K): .23 mD (MICP) & .017 mD (Core)
— (d): 10% (MICP) & 12% (Core)

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

8

w
COLORADO SCHOOL OF

NES

MUDTOC
o] K
14% 0.05
13%
12%
11% e
10%
O
003
8%
0.02

Core Ave. [¢)

5% 012

%

L 0.01

Winland CALC 35
2%

1%

Codell

— Pore Throat Radius (um) : .0081 (MICP) & .04 (Calculated) o



Hereford Codell Reservoirs

Codell — Petrophysics

GEFf SIM = HCDP(1-Clavier SH Cal)
0.11

ASQ SS de = (($Dclay”2 +
$Nclayr2)/2)r1/2
0.13

TOTAL PORO ((2.71-pb)/(2.71-
pFluid))

0.12
Log Density Poro (Not

cor)
0.14 ‘ ’
MICP Poro @6000
psi
0.10
Core Ave. ($)
0.12
f N EEEEEELEEREEEEREEERREE

Codell Porosity
(Raw and Calculated)

Codell

Codell

WTR Sat % (Core)
57.86%

SIM-IN Swe (%]
97.09%

ASQ Shaly Sand
Swe (%)
82.5%%

Codell
Calculated Water
Saturations

*  Codell — Average In-Place Reservoir Volumes (Est 640ac) :

— Gas (High Case): 1.2 BCF
— QOil (High Case): 1.5 MMBO

(Low Case): 393 MMCF
(Low Case): 514 MBO

2,000,000,000

1,500,000,000

1,600,000,000

1,400,000,000

1,200,000,000

1,000,000,000

800,000,000

500,000,000

400,000,000

200,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

SIMX EFF and ASQ Shale
Sand SWE Sat - Free Gas in
Place =
43560%Area* (h)* peffective
*(Sg = Sat Gas = (1-Swe))*
(1/Bg)

1,151,533,910 scf

SIMX EFF and Sat - Free Gas
in Place =
43560*Area*(h)* beffective
*(Sg = Sat Gas = (1-Swe)}*
(1/Bg)

293,022,659 scf

Codell

SIMX EFF and ASQ SWEt -
0il in Place Volume -
(OOIPstb)
=7758*(h)*(deffective* (1-
Swe))* (1/801)

1,507,886 BO

SIMX EFF and Sat - Qil in Place
Volume - (OOIPstb)
=7758*(h)* ($effective® (1-
Swe))* (1/BO1)

513,970 BO

Codell

©
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MUDTOC

Calculated
Free Gas
Volumes

(scf)
640 ac

Calculated
QOil in Place
Volumes
(BBLS OIL)
640 ac

21
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Reservoir Quality 0

Petrophysics - Resistivity Net to Gross Ratios
MINES

MUDTOC

B1 Chalk

—— Bubbles = Calculated OOIP from
High Case Oil (per formation)

%
o
g2
p

L]

<

n j c.|.(:\10%

Codell "

Mapped % Formation Net to Gross

L NE Niobrara Net = (>/=) 20 Ohm RT 80

Codell Net = (>/=) 4 Ohm RT 80

- —
]
* %
| —_— o

— =\

>
K
5

*

\\\
1 \
\j




Reservoir Quality 0

Underlying Tectonic Component

COLORADO

NES
B1 Chalk BChalk MubTOC

Bubbles = Calculated OOIP from
High Case Oil (per formation)

Mapped % Formation Net to Gross

725 . g % |
o .
’ C.I(i10%
. Niobrara Net = (>/=) 20 Ohm RT 80

cMarl T Codell Codell Net = (>/=) 4 Ohm RT 80

Red lines = Potential Faults
(Visually Picked from Basement
Seismic Amplitudes)
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Reservoir Quality
Reservoir Fluid Heterogeneity

- J

&
N e

(15t Gen) IP Qil Gravity Bubble Map
(32 to 38 deg)

S —— \ _

-
(1t Gen) CUM GOR Bubble Map
2400 to 200 (scf/BO deg)

NES
MUDTOC
( L) \ _
! ( | \
L \ r \_
201102012\ \ ) =
> 50MBO — ‘
|
2012102013 u
| PR \ /

2013 to 2015
> 50MBQO S

(1st Gen) Cumulative Oil — High Volume

Production
w/ Cumulative Qil Cut Shading (Wells with cum oil > or = 50 MBO)

1.00

Pristane / nC17

Py

DJ Basin Oils

Pristane / nC17

0.10 Phytane / nC18

Madified from Peters, et 31, AAPG Bulletin, 2000

Hereford Oils
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Reservoir Quality

Connecting Underlying Structure and Reservoir Fluids MINES
MUDTOC

‘Basement

[0g /18] 40D

Niobrara B Chalk — Net to Gross Isopach
C.l. = 10% Net to Gross
W/ B Chalk Formation Temperature Shade E

Key to Understanding:

Tectonic Reservoir Fluid Controls

Codell- Net to Gross Isopach
C.l. = 10% Net to Gross
W/ B Chalk Formation Temperature Shade -

Fracture Density
Secondary Fluid Migration

Reservoir Compaction
Reservoir Bubble Point Depletion

* Temp Gradients Calculated from
raw wireline max temp

Chalk Bluf - Pilot Well

—
5 g ; e 26
—

FEET EEET
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Hereford Reservoir Productivity

Bubbles = Cumulative Oil
15t Generation — all HZ Wells

Niobra[a_BbQ_haIk

Average: 68.3° StdDev: 49.7°  Average: 58.6° Std Dev: 26.9° Average: 74.2° Std Dev: 434"
Count: 503 Count: 25 Count: 36

Niobrara B Chalk (total fiber well):

Cumulative fracture count: 827

Average Orientation Angle : 45 deg (=/ -)

Average: 512° Std Dev: 37,7
Count: 263

Bubbles = Cumulative Gas /SN

RS

Natural Fracture
Orientations

e
M=o

1%t Generation — all HZ Wells

Cemented
125
- 100,

48 75, \

Codell Sandstone

Average: 874" StdDev:32.1°  Average: 92.3° Std Dev: 22.6°

Count: 81 . Count:
Codell (total fiber well):

Cumulative fracture count: 190

Average Orientation Angle : 91 deg (+ or -)

NES
MUDTOC

Bubbles = Cumulative WTR
1%t Generation — all HZ Wells

Average: 93.0° StdDev: 23.9" Average: 109.7" Std Dev: 35.1°
Count: 46 Count: 29

27



O

Hereford Summary MINES
MUDTOC
Niobrara Codell
« Structurally-controlled « Stratigraphically-controlled
— definable fracture fairways — lower-Codell brittle (less clay, more quartz
« Fluid and pressure depletion of fractures cltleRec DN e rels |
— Relatively lower GOR - in-tact bubble — Contains >80% of oll saturation
point, larger volumes of legacy fluid * Non-Niobrara sourcing
produced — Observable kerogen mixing > potential to
— Relatively higher GOR - more bubble- develop deeper source intervals
point breakout, lower volumes of legacy « Upside potential

leFslie Ul — predictable pay across the region,

— Redefine reservoir quality for new phases mappable with well and seismic
O.f product|o.n : . — Definable top and bottom-seal, good
» Upside potential in the Niobrara candidate for EOR

— additional targets in the B1 Chalk and C
Marl
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