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Chalk Bluff Development Optimization Project
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O

 Redevelopment of the Hereford
Field in the northern Denver-

Julesburg Basin
— Features legacy wells and newly
drilled wells
* Two targets
— Codell Sandstone
— Niobrara Chalk

e Goals

— Accelerate learnings in Chalk Bluff to
optimize additional D&C in the area

— Generalize learnings to be applied to
other unconventional reservoirs
(e.g., Permian, Eagle Ford, Austin
Chalk)

RESERVOIR CHARACTERIZATION PROJECT
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Data Overview
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REGIONAL GEOLOGY AND DJ BASIN OVERVIEW
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Structural Context
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Hereford Field Production Evolution
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Legacy Field Progression - Cumulative Production {)
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Hereford — (1%t Generation)

IP Oil Gravity Bubble Map
(32 to 38 deg)

Hereford — (1%t Generation)
CUM GOR Bubble Map

2400 to 200 (scf/BO deg)
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DETAILED REGIONAL STUDY OF HEREFORD FIELD



ord Geology

T

RN
]
'
o

-
-
{ £

Herford

/ Type Log

Chalk Bluff Pilot

Niobrara
A Chalk

Herford Study Area — Reservoir Log Stats
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¢ Avg Thickness: 29’
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=y B Chalk
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Codell 0O

A

Codell
Section

Hereford Type Log
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Chalk Bluff - Pilot Well
15774

Codell- Net to Gross Isopach ===
Codell-Gross Isopach C.L = 10% Net to Gross
Cl.=2Ft

Net = (>/=) 4 ohm/m deep resistivity
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Present-Day Expression of Structure

(A) Basement (B) Niobrara
e
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B Chalk Formation Temp O

By CET

18,774

3 | FEET
Chalk Bluff - Pilot Well

Niobrara B Chalk — Formation Temp Niobrara B Chalk — Formation Temp w/ Shading

C.l. = 10 Deg (f) C.l. = 10 Deg (f)
Shade Interval 170 deg (F) to 200 deg (F)
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Compaction

By CET
Q 17 983 17.983

FEET
FEET

Niobrara Total Chalk —Isopach Niobrara Total Marl to Total Chalk — Isopach

— C.l.=20' C.l. = 10% Marl to Chalk
Area lll Areall Area |

FRRREAn SConi sechon st Maiiesd sad-skale peametico wp: Total Chalk = Nio Chalk (A+B1+B+C) Marl to Chalk = (Nio Marl A+B1+B+C ) / (Nio Chalk A+B1+B+C)

Ivzed in this study.

From Bredehoeft Et al 1988
Marl (ductile) compacts differentially

Shale (ductile) compact differentially in relation to the Chalk(brittle)

in relation to the Sand (brittle)
17




Compaction — Fluid Compartmentalization

Petroleum System Charge Analog - (Niobrara Chalk Reservoir Fracture)
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Basement Control on Temperature and Expulsion O
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Basement Control on Temperature and Expulsion O
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Compaction — Impacts on Reservoir Quality

By CET[

Niobrara B Chalk — Net to Gross Isopach Codell- Net to Gross Isopach Hereford — (15t Generation) CUM GOR Bubble
C.l. =10% Net to Gross C.l. =10% Net to Gross Map - With B Chalk Formation Temp Shade

2400 to 200 (scf / BO deg)
W/ B Chalk Formation Temperature Shade W/ B Chalk Formation Temperature Shade
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HIGH-RESOLUTION PETROPHYSICAL ANALYSIS
AND RESERVOIR CHARACTERIZATION



Geological Data Integration - Petrophysical Model O
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Petrophysical Model — Reservoir Deliverability )
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Reservoir Quality Summary
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DETAILED ANALYSIS OF FIBER-OPTIC WELLS:
CHALK BLUFF STUDY AREA
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Present-Day Expression of Fractures

Cemented Partially-Open Closed Open
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Niobrara B Chalk

Clean Chalk = Higher Fracture Density

B1 Marl Zone
and transition

Zones 66 or 67
to 85

B Chalk Zone

®® XRD Total Clay Vs Calculated V Shale - Normalized to Stage

B Chalk

HRD TaT CLAY {wt%)

“Steiber Calculated VShale = IGR/[3.0 -[2.07IGR] (Mud log Gamma)

B Marl Zone
and transition
Zones 1tolé
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Stage by Stage analysis - Steering Evaluation
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Codell

Codell

Stage by Stage analysis - Steering Evaluation

[
| i T ] '..‘ ‘Jli".l--!‘

Higher Resistivity = Better Reservoir
Quality
(Shaded > or = 4 ohm/m)

Stage 1to 24

Th/K (ppm/100%) Vs Th/U (ppm/ppm) - Normalized to Stage

Kaolinite — Chlorite
(From El Sharawy & Nabawy
2018)
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Seismic sensitive to thicker pay zone?
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Fracture Impacts on Microseismic Events
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Niobrara Codell
e Structurally-controlled e Stratigraphically-controlled
— definable fracture fairways — lower-Codell brittle pay zone
e Fracture depletion e Oil mixing
— redefine reservoir quality for new phases — Potential to develop deeper source
of production intervals
e Upside potential in the Niobrara e Upside potential
— additional targets in the B1 Chalk and C — predictable pay across the region,
Marl (should commodity prices allow) mappable with well and seismic

MWD Tool Temp - Normalized to Stage

iear (nwp Tool Tewp (Deg/d)

B1 Chalk: C Marl:
Low case : 5.3 MMBO Low case: 3.5 MMBO

Low case : 4.9 BCF Low case : 4.2 BCF

6._;_-3:\’.-‘)‘\;-
Hereford Qils
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Recommendations O

* Optimization

— Adjust completions in the Niobrara to avoid depleted fractures and
maximize exposure to saturated matrix and un-depleted fractures

e Drilling
— More attention on geosteering to target pay (especially in Codell)

— Basic MWD tools diagnostic for reservoir characterization

e Enhanced Oil Recovery
— Significant volumes remaining in place

— Opportunities in both formations but more definable recovery factor in
Codell
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MUDTOC Consortium Sponsors
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