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Benefit to the Program

• Program goals addressed:

o Improve resource optimization (unconventional stimulation)

o Improve water quality and environmental impact

o Address fundamental subsurface science knowledge gaps

• Benefits to project: fundamental scientific research

o Baseline improvements to knowledge base: (i) Identify shale-fluid 

processes, (ii) quantify rates of reactions, (iii) Characterize physical 

damage to shale

o This research provides the knowledge base critical to understanding 

chemical and physical evolution of reservoir shale, assessing risk to 

reservoirs. Process knowledge obtained provides a framework and 

criteria to evaluate improved fracture fluid compositions and 

stimulation best practices.
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Project overview

Project goals: improve knowledge base - critical 

processes

• (i) Identify shale-fluid processes

• (ii) Quantify rates of reactions

• (iii) Characterize physical/chemical damage to shale

Success criteria:
• On-time completion of specific tasks in PMP

• Identification of primary fluid-shale processes

• Identification of damage mechanisms to shale, kerogen

• Development of quantitative reactive transport model

• Presentation of results at national/international meetings

• Publication of 3 peer-reviewed manuscripts in major journals
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with shale



0

10

20

30

40

50

60

70

80

90

100

%
 W

e
ll

s

Most Common Ingredients (>20% of Wells in FracFocus)

8

Fracture fluid compositions

Acid: 

Dissolution, 

precipitation, 

iron redox

Marcellus fluids
Iron redox, 

precipitation

+ Dissolved oxygen



9Unreacted shale

Reacted secondary 

porosity zone

Capillary barriers
5 μm

Carbonate mineral 

dissolution
Cation and trace metal 

release (Ca, U) and alkalinity 

generation

Processes: initial acid injection
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Reacted secondary 

porosity zone

Capillary barriers

50 μm

5 μm

10 μm
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1 μm
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Can we predict (and mitigate) mineral 

precipitation and formation damage?

What are rates of reactions?;  What reactions 

occur on relevant timescale?

Where does precipitation occur? (fracture 

apertures?, surfaces?, matrix?)

Transport: how quickly does fluid penetrate matrix/ 
dissolved solids escape? 

What are the relevant thermodynamic parameters?
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1 μm
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Carbonate mineral 
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Porosity generation Flow occlusion
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Unreacted shale
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25 μm

Objectives:

Identify processes, damage to shale

Quantify rates

Develop geochemical model that can 

inform reservoir simulators
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Approach:

Carbonate poor    vs. carbonate rich

Marcellus

Eagle Ford

Barnett

80°C

pH = 2

• 3 weeks, 

3 months, 

6 months
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Approach: Imaging – spectroscopy – modeling 

Modeling

Imaging

Spectroscopy

Experiments

Barnett shale

25 µm

FeS2

FeOOH
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Synchrotron: unique, time-resolved imaging

Modeling

Spectroscopy

Barnett shale

25 µm

Imaging Experiments
FeS2

FeOOH
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Geochemistry?

• Geochemistry controls permeability

permeability (under explored)

• Dissolution (general): means to increase permeability, and to initiate 

massive chemical reactions

• Precipitation (general): carbonates, sulfates, iron-bearing minerals 

oxides

• Ppt reduces permeability by occluding fracture apertures and by 

coating fracture surfaces

• Fe redox: can be driven by  DO and pH changes

Evolution of fracture 

surface damage

Types of damage?

Rates (How fast)?

Implications for flow?



Porosity evolution: dictated by mineralogy 

Carbonate-poor Barnett
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Rapid reactions controlled by calcite
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Carbonate-poor Marcellus

selective 

dissolution

500 μm

Carbonate-rich Eagle Ford

200 μm

• Physical protection of carbonate is important

Physical damage: Secondary porosity

X-ray µ-CT

X-ray µ-CT



Physical damage: Secondary porosity

Generation of 

uniform reaction 

front that propagates 

approximately 

proportional to t0.5

Carbonate-rich Green River

200 μm Green River shale reacted for 5 h 

at 80°C, imaged at 1 h intervals 

with synchrotron radiation A. Kiss et al. (2016) in preparation



Physical damage: Secondary porosity

Green River shale reacted for 5 h 

at 80°C, imaged at 1 h intervals 

with synchrotron radiation 

Generation of 

uniform reaction 

front that propagates 

approximately 

proportional to t0.5

Carbonate-rich Green River

200 μm

A. Kiss et al. (2016) in preparation

Rates:  fast (few hours)

Damage zone thickness: approaches mm

Secondary porosity: potential for capillary barrier

Affects mechanical properties of fractures
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Geochemistry?

• Geochemistry controls permeability

permeability (under explored)

• Dissolution (general): means to increase permeability, and to initiate 

massive chemical reactions

• Precipitation (general): carbonates, sulfates, iron-bearing minerals 

oxides

• Ppt reduces permeability by occluding fracture apertures and by 

coating fracture surfaces

• Fe redox: can be driven by  DO and pH changes

Iron oxidation / precipitation

• Under what conditions does iron 

oxidation occur?

• Rates?

• Where are precipitates localized?

• What phases occur?
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Evidence for precipitationExtent of pyrite dissolution

Precipitation lag only 

for carbonate-poor
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Fracture fluid- iron interactions

Acid: 

Dissolution, 

precipitation, 

iron redox

Iron redox, 

precipitation

Organics: 

Iron dissolution, 

iron redox, 

precipitation

Marcellus fluids

+ Dissolved oxygen



Organics in fracture fluid accelerate iron oxidation

Fe2+

FeOOH

Fe3+

O2

Fe2+

O O

OO

Fracture fluid accelerates 

iron oxide precipitation –

opposite of intended 

effect of “iron control”  

additives.

A. Jew et al. (2016) in preparation



Iron oxides precipitate in shale matrix

High 

carbonate 

(strong pH 

buffer)



Iron oxides precipitate in shale matrix

High 

carbonate 

(strong pH 

buffer)

Low 

carbonate 

(poor pH 

buffer)



pH (carbonate) controls precipitate distribution

A. Jew et al. (2016) in preparation

High 

carbonate 

(strong pH 

buffer)

Low 

carbonate 

(poor pH 

buffer)



Carbonate controls pH… and Fe oxidation rates

High 

carbonate 

(strong pH 

buffer)

Low 

carbonate 

(poor pH 

buffer)



pH (carbonate) controls precipitate distribution

Low 

carbonate 

(poor pH 

buffer)

O2
Fast

Oxidation
Fe2+

Slow
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Geochemistry?

• Geochemistry controls permeability

permeability (under explored)

• Dissolution (general): means to increase permeability, and to initiate 

massive chemical reactions

• Precipitation (general): carbonates, sulfates, iron-bearing minerals 

oxides

• Ppt reduces permeability by occluding fracture apertures and by 

coating fracture surfaces

• Fe redox: can be driven by  DO and pH changes

Pulling this together
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(Fe3+)
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Chemical model: Iron oxidation and precipitation

Iron release

Bitumen release
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(s)

(s)

(Fe3+)

Carbonate 

dissolution

Frac fluid

Organic-

accelerated 

Precipitation

Iron release

Bitumen release

Chemical model: Iron oxidation and precipitation



Accomplishments to date

Advanced knowledge baseline in following areas:

 Identified key processes / regimes

 Quantified reaction rates

 Characterized physical/chemical damage

 Quantitative geochemical model 

 Concept model for iron behavior 

 Concept for kerogen behavior

 Constraints on U behavior

 Presented results at national/international meetings

 3 Manuscripts in submission/preparation



Summary and conclusions

Conclusions

• Dissolution rapidly damages fracture surfaces (hours)

• Mineral precipitation causes matrix damage (days)

• Primary control: pH (carbonate): Rates, extent

• Important secondary controls on rates: Mineral texture, organics



Summary and conclusions

Conclusions

• Dissolution rapidly damages fracture surfaces (hours)

• Mineral precipitation causes matrix damage (days)

• Primary control: pH (carbonate): Rates, extent

• Important secondary controls on rates: Mineral texture, organics

Lessons Learned

• Rapid formation damage follows fracture fluid everywhere

• Large variations in pH are bad for formations prone to iron scale

• Organic iron control additives should be carefully evaluated 

• Shale matrix is important location for mineral precipitation
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Geochemistry?

• Geochemistry controls permeability

permeability (under explored)

• Dissolution (general): means to increase permeability, and to initiate 

massive chemical reactions

• Precipitation (general): carbonates, sulfates, iron-bearing minerals 

oxides

• Ppt reduces permeability by occluding fracture apertures and by 

coating fracture surfaces

• Fe redox: can be driven by  DO and pH changes

Looking forward: 

New model for 

damage zone (‘skin’)



Shale alteration occurs everywhere fluid is imbibed

1 m

10 mm

Diffusive 

flow



QUESTIONS:

• What is the impact of damage zone on production?

• How to minimize?

OBJECTIVES: 

• Image/model geochemistry and flow in damage zone

• Assess reservoir-scale impact on gas/fluid flow

Damage zone (‘skin’)

1 m

Diffusive 

flow10 mm



Synergy Opportunities

COLLABORATIONS:

• Fracture-scale geochemistry NETL

• Field context experiments (MSEEL ) NETL

• Reservoir-scale simulations LANL

• Alternative fracture fluid compositions BHI

• Properties of sub-100 nm pores



THANK YOU,            !



Appendices



Organization Chart, Expertise, and Roles



Gantt Chart – reproduced from Quarter 7 report (9-30-2016)
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horizontal 

well 

1 mm

Proppant

Altered 

zone

Can we predict (and mitigate) mineral 

precipitation and formation damage?

What are rates of reactions?;  What reactions 

occur on relevant timescale?

Where will reactions occur? (fracture apertures?, 

surfaces?, matrix?)

Transport: how quickly does fluid penetrate 

matrix/ dissolved solids escape? 

What are the relevant thermodynamic parameters?

Project overview
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Objectives:

Identify processes, damage to shale

Quantify rates

Develop geochemical model that can 

inform reservoir simulators

Project overview



Summary: reaction progress dictated by pH


