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Abstract

The Mancos Shale Formation within the Piceance Basin is one of the richest hydrocarbon-bearing formations in the world but remains a
relatively unexplored play. Numerous wells have tested the liquid-rich, transitional and dry gas window, with variable results. The main
drilling targets are typically the Niobrara Formation, comprised mainly of marls, siltstones and shales, and the overlying Mancos B Formation,
comprised mainly of silty shales with relatively low carbonate content.

Beginning in 2008, several horizontal wells have targeted these formations, mostly in gas-prone deposits on the southern side of the Piceance
Basin. Results to date have been mixed, but the highest initial production comes from the more overpressured, carbonate-prone benches, such
as the Tow Creek and Rangely Bench. The wells drilled before 2014 were typically shorter with lower frac intensity, resulting lower production
rates. Beginning in 2014, longer laterals with higher frac intensity resulted in higher production rates. The increased yields are due to a
combination of improved frac design and drilling strategies. Importantly, the Niobrara Formation is well suited to test the impact of more
modern frac designs, including higher proppant and 63 Wyoming Geological Association — September 15-18, 2019 water volumes, shorter
stage lengths, and plug-and-perf completion techniques.

The Niobrara Formation has been drilled in the liquids window along the western and northern margins of the Piceance Basin from 2014 to
2018, with longer lateral lengths and higher proppant volumes, but the results have proven somewhat disappointing. Due to the lower number
of wells, it is difficult to determine the exact cause of lower production rates. However, available data indicate that it is likely due to a
combination of lower formation pressures, higher hydrocarbon viscosities, reservoir properties, and ill-suited completion techniques.

The Piceance Basin has substantial gas processing and transport infrastructure in place and can be competitive against existing US gas markets.
If Piceance Basin operators can merge newer completion styles with access to international LNG markets, there is unlimited potential for future
natural gas production.
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Own your own Han Solo Frozen In
Carbonite replica, Available on
Ebay for $6000!

“Description. This life size prop/replica of
Star Wars Han Solo in Carbonite is cast in
fiberglass and hand-finished in metallic
paint to create the carbon-freeze prop used
in the landmark films The Empire Strikes
Back and Return of the Jedl. This item,
produced in 1997, is unique as it is signed
by the artist Mario Chiodo, in the bottom
right front corner and dated on Halloween,
10/31/96. This authentic piece with
authentic signature is the size of a normal
door and features four vents on each side. It
is still in the original box. Makes a great
addition to your collection!”
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Northwest Piceance:
» Higher clastic content
 Lower calcite & TOC content

» Mixed Type III/Il Source Rock (gas-prone at lower

alcite, Slight Change in Organic Matter Type

—_—

thermal maturity, slightly lower quality)
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Southeastern Piceance:
» Lower clastic content
* Higher calcite & TOC content
» Mixed Type II/IIl Source Rock (less gas-prone at
lower thermal maturity, slightly higher quality)
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Modern day BHL temperature maps
indicate notably hotter temps in
southern Piceance

Volcanic intrusives along SE Piceance
margin results in high thermal
maturities at shallower depths

Low chance of encountering
significant liquid accumulations in SE
Piceance basin

Higher chance of encountering liquid
accumulations in north/northeastern
Piceance basin
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Most brittle intervals are Mancos
B & Wolf Mountain, likely due to
higher quartz content

Least brittle intervals are
"Uppermost Nio" and lower
portion of Rangely Bench, likely
due to higher clay content

Lower Tow Creek target has
similar intermediate brittleness in
both wells, but Buck Peak target is
less brittle in the Fed 24-16 well
(closest proximity to Orchard)

Conclusions

Mancos B is the most brittle and
would likely frac well, but
concerns remain about elevated
water saturation and quality of
pore networks

Lower Tow Creek bench would
likely respond better to a frac
treatment than the Buck Peak in
the Orchard Unit, potentially due
to variations in organic matter

Rangely Bench may also be a
relatively brittle target, but lower
hydrocarbon pore volume is a
concern

ourtesy of Caerus Piceance LLC



Potential for a “Permian Basin of Gas”

Sandstones,
siltstones &
interbedded
grey shales

Mancos B

Uppermost
Nio

Buck Peak

Tow Creek

Wolf
Mountain

Rangely
Bench

Grey shales,
siltstones &
lenticular
pelleted
carbonates

Black shales,
pelleted
carbonates
and siltstones

Grey shales,
pelleted
carbonates
and siltstones

Siltstones,
grey shales

Grey shales,
pelleted
carbonates
and siltstones

1000’

200’

300°

6-8%*

3-6%

6-8%

5-7%

4-6%"

3-5%*

5-35 BCF*

2-10 BCF

15-25 BCF

8-18 BCF

2-10 BCF*

2-12 BCF*

0.55

0.55

0.60

0.65

0.65-
0.68

0.65-
0.68

*More detailed petrophysical model needed to refine estimate
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Bottom line: The Niobrara dry gas play has
lowest exploration risk, and best chance for
high production rates & positive economics*

* Not everyone agrees with me on this; stay tuned...
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Target Bench vs Spud Date

Mancos B PP P
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Concept: Tightly spaced wells parallel to Shmax in folded/fractured area to
maximize vertical growth and minimize interference with other laterals
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Reality: Tranverse Wells Perform Better Than Longitudinal Wells

Longitudinal

Red — Lower Tow Creek Niobrara

Green - Mancos

Transverse
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Well Name

Homer Deep 9-41AH
Homer Deep 9-41BH
Homer Deep 9-41CH
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Avg Daily Gas Avg Daily Oil

Total . .
Production - Production -
Well Name MaxMw (ppG) COMPleted i ces  Fluid(BBLS) Proppant  FT/Stage  BBLS/FT LBS/FT
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(MMCFD) (BOPD)
Puckett SG 714-44-23-HN1 15.2 8906 44 529173 17003411 202 59 1909 12.8 1.2
1= A% P | |
@Z«»l ,_\ — T HE T
Gas EUR vs. Completion Size (Transverse, n=6) A A IS =
250 3 - =
- Ta ] o L :E
g ‘g 4 0}‘ 4+ 000
g 20 _ L E
‘-i‘ ot -a000
P . - Rio Blando e
J 150 . ' - E
< | B Puckett SG 23-HN1 7 1 ]
W 1.00 : - Garfiel
w o ¢ S . -
5 O\ First well drilled Al TR s
g 0.50 in Orchard Area ) T D
G \&. ki
0.00 .
0 500 1,000 1,500 2,000 2,500 [
Proppant/Ft i ;%f b
= L) 4‘
® Orchard HZ Transverse  «eeeeeee Linear Trend I .
H A T
10 Mi f Ny
—_ \ r—pel
1 1 1 —
Images & Content Courtesy of Caerus Piceance LLC



e

s .;,.l.;_
] -

10000

DNa

100

il

3 ﬁs

D

/

Image Courtesy of Caerus Piceance LLC

ERRT4HAYS_EQUI
JUANA_LOPEZS

4
D
7
3 M= ]
W
£_ -—
=
5{
" =
=

Type Log Courtes;/- of Augustus Energy Partners II, LLC



,--E-r o

[ %

o

A | sw Arbitrary Line A — A’ NE | A’
IT::: — | J22 Pad t | | 023 Padt
1 1

&
& &
d\\ Lo-cba Q;Q-" o’t‘\

QO"‘;&Q

Shut-in pressures: 0.67 psi/ft,
Mud Weight: 10.7-12.7ppg
Both wells flared gas during drilling

e %

pp of Pressure Ce

-4300" S8 Datum

Wiley #1 Pilot

Images & Content Courtesy of Augustus Energy Partners II, LLC



e e

dow, moderate proﬁétrro'ﬁ"’ates und.ers’un’rulatg_i’? ." I

o
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Completed Feet Per Fluid Total Production- Production -

Well Name Max MW (ppg) Stages Fluid Type FT/Stage BBLS/FT  LBS/FT

Lateral Stage (BBLS) Proppant 90 days 90 days
(MMCFD) (BOPD)
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Avg Daily Gas  Avg Daily Oil

Completed Feet Per Fluid Total Production- Production -
Well Name Max MW (ppg) Lateral Stages Stage (BBLS) Fluid Type Proppant FT/Stage BBLS/FT  LBS/FT 90 days 90 days
(MMCFD) (BOPD)
Wiley 23-3-97 H1 11.8 4,940 20 247 269,551 | Slickwater | 2,809,770 247 55 569 0.82 366
J22-15-397-2RH 12.8 8,300 40 207.5 237000 Hybrid 7,140,000 207.5 29 860 0.84 516
300,000 w o J22 well: Hybrid frac
Target2 = Stage 33 Target 1= Stages 11-37 Average Lk mLinear = Slick  ——Cum O]l With miX Of Xlink Gel,
zone? A 1 o Linear Gel and
250,000 Slickwater

350

» Injected tracers indicate
clear trend of higher
production in slickwater

200,000

250

oo stages
e Augustus uses slickwater
100000 fracs in PRB as analog
for predicted uplifting in
o future slickwater
0,00 completions
'l 'IIII ‘I * Augustus believes 2
. A ¥ mile HZ with 2000#/Ft

40 39 33 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 27 21 20 19 18 17 16 15 14 13 12 11 0 9 & 7 6 5 4 3 2 1

Heel stage 0e will yield 1500 bopd in
Rangely Bench in their
future well(s)

Cum Gil

Gallons Pumped
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Augustus Energy
Actively seeking
partner
Wants to drill 3 HZs in
next year
2 HZs in Rangely
Bench, 1 HZ in Frontier
3 wells permitted, 1
pending

1 i L 1 .

AN

28

Retamco Operating
Actively seeking
partner

Plans to drill vertical
pilot hole in 2020
Wants to drill HZ
target (Rangely
Bench?) in 2021

No wells permitted at
this time

Laramie Energy
No Nio plans at this
time

Caerus Operating
Actively seeking
partner
Wants to shoot 3D
seismic at Orchard,
then drill 4 pilot
development of
horizontal wells (Tow
Creek or Buck Peak)

=i

/] XTO Acreage Position

Augustus Acreage Position
Retamco Acreage Position
Grizzly Acreage Position
/] Gunnison Acreage Position
7] Laramie Acreage Position
[] ursa Acreage Position
Caerus Acreage Position
[Z] TEP Acreage Position

ro

Piceance Operators + Leibovitz Rollins Structure Map (2012)

S0

Anschutz Exploration

;/'_.

AR50

a500 * No known Nio plans at
this time
aECL * 6 approved HZs, 2
0 pending HZs
i) B W]
‘D:, 2000 B
A | 1800
= TR
| 560 XTO Energy
= 0 » No known Nio plans at
= this time
D - 1000 B
O qs00
fis 2000
A -2500 Ursa Energy
] 3000 * No Nio plans at this
=| -3500 time
A -4gco
Bl
Sl
-5 50

=

Terra Energy Partners
* No Nio plans at this
time

Grizzly Energy
» Formerly Vanguard,
just emerged from
Chapter 11 bankruptcy
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Creek, Rangely Bench & Mancos B
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Piceance Niobrara play has been "“frozen in time”, and modern
well completions in dry gas intervals are non-existent since 2015

Haynesville shale has similar lithologies, temperatures, pressures
and drilling depth, and represents a useful frac analog

Using Haynesville data, we could be able to quantify:

» Predicted improvements from newer reservoir stimulation
with longer laterals, higher frac intensity, frac fluid types,
narrower stage spacing, etc.

» Differences in reservoir performance in marly vs. silty
Haynesville lithologies

Bossier shale may also be a useful analog for the silty Mancos B
reservoirs of the Piceance basin

Powder River Basin Niobrara depositional environment appears
analogous to Piceance Nio play; fewer wells, but may yield
insight into best frac techniques for overpressured liquids
window on northern margin of Piceance basin



Tremendous potential exists within the Piceance Basin Niobrara play,
but updated completion design & improved commodities prices are
crucial to “un-freezing” this basin

* Most horizontal development targeted the lower Tow Creek and
Rangely Bench in the dry to wet gas window

« Majority of existing horizontal well bores produce from ~1 mile
laterals with <700#/ft of proppant; newer completion design should
provide significant uplift to initial and long term production rates

« Commercial rates have been demonstrated in some of the
overpressured gas HZ wells, but the liquids-rich HZ wells have not
yet been proven (remedied by overpressure + slickwater + more
proppant?)

 If suitable completion strategy can be identified, there are 3-5
target benches within the Niobrara/Mancos B succession, and
perhaps even more below
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Not sure, but improved drilling & completions improvements and commodities price support,
This can be avoided...
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