
Chad Taylor (MUDTOC)
Geology M.S. Student
Ali Downard (RCP)

Geophysics M.S. Student
04/22/21

ctaylor1@mymail.mines.edu

adownard@mymail.mines.edu

Characterization and Assessment of the Controls on 
Performance of Niobrara and Codell Reservoirs, Northern 

DJ Basin, Colorado

mailto:ctaylor1@mymail.mines.edu
mailto:adownard@mymail.mines.edu


Chalk Bluff Development Optimization Project
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• Redevelopment of the Hereford 
Field in the northern Denver-
Julesburg Basin
– Features legacy wells and newly 

drilled wells
• Two targets

– Codell Sandstone
– Niobrara Chalk

• 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)

Modified from Sonnenberg and Underwood, 2012



Characterizing Geologic Heterogeneity



Data Overview
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Chalk Bluff 
Pilot Well

Hereford 
Type Log Fiber Wells

Hereford / Chalk Bluff Study 
Vertical Well Data Distribution

Township 

Chalk Bluff DSU

N



REGIONAL GEOLOGY AND DJ BASIN OVERVIEW
Assessing geologic heterogeneity



Depositional Context
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Modified from Haun et al., 1972

Modified from Sonnenberg, after Underwood, 2013

(modified from Longman et al., 1998

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



Structural Context
Precambrian A A’

Yonkee and 
Weil, 2015
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A

A’

Identification of two-tiered 
polygonal fault system 

(Sonnenberg and 
Underwood, 2013)

Late Cretaceous, 80 Ma Paleogene, 50 Ma

USGS, 2002



Hereford Field Production Evolution
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2nd & 3rd Generation Unconventional 
Wells Fifth Creek & HighPoint Resources
Cemented with Plug and Perf Completion (SRL & XRL)       
(2015 - 2021)

1st Generation Unconventional Wells, EOG
Uncemented Liner – Sliding Sleeve Completions (SRL)
(2009 - 2015)

1st Generation Conventional Wells
(Pre 2009)



Legacy Field Progression - Cumulative Production
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Green Shade = >50% Cum Oil Cut
Blue Shade = < 50% Oil Cut

* From first Generation HZ Niobrara wells w/    
> or = 50 MBO cumulative production



Produced Fluid Heterogeneity
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Hereford – (1st Generation) 
IP Oil Gravity Bubble Map 
(32 to 38 deg)

Hereford – (1st Generation) 
CUM GOR Bubble Map 
2400 to 200  (scf / BO deg)

DJ Basin Oils

Hereford Oils



DETAILED REGIONAL STUDY OF HEREFORD FIELD
Stratigraphy, structure, and temperature



Hereford Geology
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Chalk Bluff Pilot
Herford 
Type Log

Herford Study Area – Reservoir Log Stats



Codell 
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By CET

By CET

Codell– Net to Gross Isopach
C.I. = 10% Net to Gross 

Net = (>/=) 4 ohm/m deep resistivity

Codell–Gross Isopach
C.I. = 2 Ft



Niobrara
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By CET By CET

Niobrara B Chalk  – Net to Gross Isopach
C.I. = 10% Net to Gross 

Net = (>/=) 20 ohm/m deep resistivity

Niobrara B Chalk  –Gross Isopach
C.I. = 5’



Present-Day Expression of Structure
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B Chalk Formation Temp
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Niobrara B Chalk – Formation Temp 
C.I. = 10 Deg (f)

Niobrara B Chalk – Formation Temp w/ Shading
C.I. = 10 Deg (f) 
Shade Interval 170 deg (F) to 200 deg (F)

By CET By CET



Compaction
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Niobrara Total Marl to Total Chalk – Isopach
C.I. = 10% Marl to Chalk

Marl to Chalk = (Nio Marl A+B1+B+C ) / (Nio Chalk A+B1+B+C)

Niobrara Total  Chalk  – Isopach
C.I. = 20’ 

Total Chalk = Nio Chalk (A+B1+B+C)

By CET

By CET

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

Marl (ductile) compacts differentially 
in relation to the Chalk(brittle)



Compaction – Fluid Compartmentalization
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Hereford – (1st Generation) CUM GOR Bubble Map 
W/  B Chalk Formation Temp Shade & Marl to Chalk Ratio Isopach

Petroleum System Charge Analog - (Niobrara Chalk Reservoir Fracture) 



Basement Control on Temperature and Expulsion

B

B’

B B’
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A

A’

A A’



Basement Control on Temperature and Expulsion

B

B’

B B’
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A

A’

A A’



Compaction – Impacts on Reservoir Quality
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Codell– Net to Gross Isopach
C.I. = 10% Net to Gross 

W/ B Chalk Formation Temperature Shade

Niobrara B Chalk  – Net to Gross Isopach
C.I. = 10% Net to Gross 

W/ B Chalk Formation Temperature Shade

By CET

Hereford – (1st Generation) CUM GOR Bubble 
Map  - With B Chalk Formation Temp Shade
2400 to 200  (scf / BO deg)

By CETBy CET



HIGH-RESOLUTION PETROPHYSICAL ANALYSIS 
AND RESERVOIR CHARACTERIZATION

Vertical log assessment



Geological Data Integration - Petrophysical Model
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Petrophysical Model – Reservoir Deliverability
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Calibrated Organic and 
Effective Porosity Effective Reservoir Saturation  

Core & Sample 
Saturations

BVW Scenarios
(Grain Size & Wettability)

NMR – Mobile and Clay 
Bound Fluid Volumes

Organic Matrix



Reservoir Quality Summary
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Example Model Wells

Index Map
AVE Statistics (In Place) - 640 Ac

B Chalk:
Low case :  6.2 MMBO
High case:  7.35 MMBO
Low case :  5.1 BCF
High case:  5.8 BCF

Codell
Low case : 454 MBO
High case:  1.3MMBO
Low case :  696 MMCF
High case:  1.1 BCF

B1 Chalk:
Low case :  5.3 MMBO
High case:  6.9 MMBO
Low case :  4.9 BCF
High case:  6.5 BCF

C Marl:
Low case :  3.5 MMBO
High case:  5.4 MMBO
Low case :  4.2 BCF
High case: 6 BCF



DETAILED ANALYSIS OF FIBER-OPTIC WELLS: 
CHALK BLUFF STUDY AREA

Connecting regional observations to pore-scale observations



Fiber Wells
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INDEX

Codell

B Chalk

B ChalkCodell

Oil Sample Compartmentalization – Origins?

Kerogen 
mixing

CodellB Chalk

Pilot



Present-Day Expression of Fractures
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N



Niobrara B Chalk 
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B Chalk

Clean Chalk = Higher Fracture Density

Pilot

Stage by Stage analysis - Steering Evaluation



Controls on Open Fractures in the Niobrara
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Chonghui, 
et. al. (2012)



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

Codell

Zone 1
Stage 47 to 75

Zone 3
Stage 1 to 24

Zone 2
Stage 25 to 46

Pilot

73%

Quartz

Ca
Clay

Zone 2
Stage 25 to 46

Kaolinite – Chlorite
(From El Sharawy & Nabawy 
2018)

Mixed Clay

Stage by Stage analysis - Steering Evaluation



Seismic sensitive to thicker pay zone?
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1

2



Codell Pay Zone Relationship to RMS Amplitudes
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Fracture Impacts on Microseismic Events
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Niobrara B Chalk

Codell Sandstone



Summary
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Niobrara
• Structurally-controlled

– definable fracture fairways
• Fracture depletion 

– redefine reservoir quality for new phases 
of production 

• Upside potential in the Niobrara
– additional targets in the B1 Chalk and C 

Marl (should commodity prices allow)

Codell
• Stratigraphically-controlled

– lower-Codell brittle pay zone 
• Oil mixing

– Potential to develop deeper source 
intervals

• Upside potential 
– predictable pay across the region, 

mappable with well and seismic 



Recommendations
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• Optimization
– Adjust completions in the Niobrara to avoid depleted fractures and 

maximize exposure to saturated matrix and un-depleted fractures

• Drilling
– More attention on geosteering to target pay (especially in Codell)
– Basic MWD tools diagnostic for reservoir characterization

• Enhanced Oil Recovery 
– Significant volumes remaining in place
– Opportunities in both formations but more definable recovery factor in 

Codell



Supporting Companies

Sponsoring Member Companies

Mike Johnson & Associates

MUDTOC Consortium Sponsors 
Spring 2021



RCP Members and Contributors
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