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Fracture Additive and Formation
 
Reactions andd Degraddations
 
Subsurface
 

Reactive Targets
 Reactive Targets
 

•	 Rock (shale, sandstone, limestone, etc.) 

–	 Matrix 
–	 Natural Fractures 
–	 Hydraulic Fractures 
–	 Fluids (non HC gases, waters, 

hydrocarbons) 

•	 Tubulars (various alloys) 
•	 Cement 
•	 Drilling components 
•	 Fracture Additives 

Chemical & Physical 
Reaction Controls Reaction Controls 

•	 Access (inhibition controls) 
–	 Permeability (can reactants reach 

each other?) 
–	 Area‐to‐volume ratio (how much 

diffusion can occur?) 
–	 Inhibition – (diffusion, viscosity, 

coatings, form, etc.) 
•	 Reaction variables 

–	 Flow Rate and Pressure 
–	 Temperature 
–	 Pressure 
–	 Time (average frac 3 hrs at 

pressure, 2 to 4 weeks cleanup) 
–	 Volumes 
–	 ByBy‐product solubilityproduct solubility 
–	 Re‐precipitation 



Well Described Shale 
Reaction/ d/Degradation

ChemicalChemical

• Ion Transfer, CEC

• Solution and re‐precipitation

•
•Solution and re precipitation     

Rx w/ proppant. •
•

–

PhysicalPhysical

Creep (Deenadayalu, 2010)

OsmoticOsmotic 

Dispersion (breakage)

Salt imbalance 
disaggregation (drilling)

Resolved by more closely 
matchingg salinityy.



     Shale Porosity vs. Permeability
Shale Porosity vs. Permeability
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Proppant Diagenesis
 
SPE 131782, LaFollette and Carman 

•	 Proppants – the conductivity of a propped Proppants the conductivity of a propped 
fracture can decompose in some conditions. 
–	 Proppant decomposition from prop fluid reaction Proppant decomposition from prop‐fluid reaction 

– Prop embedment into the formation gouges out / 
liberates small formation particlesliberates small formation particles. 



       
         

Changes in Recovered Water 
h l  l dComposition: Shale + Prop + Fluid
 



           
           
     

Zeolites are the most common precipitated 
mineral when shales and proppant are 
heated with salt water. 



 
                                   

                       
   

 
         
     

 

Zeolites
 
In order to be a zeolite, the ratio (Si + Al)/O must equal ½ and typically have large
 
vacant, interconnected spaces in their structure that form long, wide channels of
 
varying sizes.
 y g  

CCommon ZZeoliteslit 
The first zeolite formed is often 
altered to another species. 

SPE 139875 



           
               

Many Formation Degradations Directly Tied to
 
pHH – LLow pH Created  b d by CO2 or MiMineral A id  l Acid
H C  CO2 



       Reduction of Conductivity with Stress
Reduction of Conductivity with Stress
 



     
         

 
           

             
             

     

           
               

Decomposition Reactions of Most‐
dd ( )Common Frac Additives (1 off 3)
 

• ProppantProppant 
– Physical 

• Embedment (pushes up particles of fracture face)Embedment (pushes up particles of fracture face) 

• Erosive – minor  effect with maximum impact on 
perforations in the casing (large particles, rough 
surfaces and high velocities) 

– Chemical 
• Diagenesis – solution and common re‐precipitation of 
silica and some aluminum oxides. Strength loss = 20%. 
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Decomposition Reactions of Most‐
dd ( )Common Frac Additives (2 off 3) 

•	 Friction Reducer 
– Physical – lowers  friction in pipe by 25 to 35+% 
(decreases horsepower & resultant emissions) 
Chemical Chemical high MW polyacrylamide absorbs in rock high MW polyacrylamide absorbs in rock 

•	 Surfactants – (flow‐back, dispersion, IFT, etc) – 
most adsorb and are lost. 

•	 Gellants – guar,  cellulose derivatives, etc. 
– Physical – increases  viscosity & proppant carrying
 
ability decreases leakoff absorbs in formation
 ability, decreases leakoff, absorbs in formation
 

–	 Chemical – breakers  & temperature induced 
degradation leaves partly broken polymer in pores. 



Ge ea e s a o u su ate educes
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Decomposition Reactions of Most‐
dd ( )Common Frac Additives (3 off 3) 

•	 Gel Breakers – ammonium persulfate – reduces
pe 
gel viscosity in lower temperature formations. 
The materials remain with fluids. 

• Biocides – oxidizing biocide vs. metabolic toxin? 
Best have low bioaccumulation and bio‐
ddegraddati  tion. SSome UV use iin clear flfluids.UV l id 

•	 Scale Inhibitors – phosphonates, phosphate 
esters esters, Polymers Polymers sorption losses nosorption losses, no 
degradation of phosphonate or phosphates.
 
Polyymer breakdown is common deggradation.
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Observations
Observations
 
Conventional Rocks
 

sandstone & carbonates
 sandstone & carbonates 
•	 Reactions are well described in 

Literature – 60+ years of data 
•	 Adsorption, absorption & 

graded release very common. 
•	 Access – the  0.1 to 5000+ mD 

perm & Area‐to‐Volume ratios 
of 20,000 to 30,000 are major 
chemical & physical reaction 

t lcontrols 
•	 Meaningful work done on core 

and appears reflective of what 
happens in the rock happens in the rock. 

Unconventional Rocks
 

shales mudstones siltstones etc
shales, mudstones, siltstones, etc.
 
•	 Reactions only starting to be 

described in Literature 
Access is major limiter ‐ all Rx Access is major limiter all Rx 
–	 Shale perm 100 to 500 nano‐Darcies 

(0.0001 to 0.0005 mD) limits rate of 
fluid movement to millimeters/yr. 

–	 Shale ppore size of 0.3 micron bars 
water entry into the matrix. 

–	 Area‐to‐volume ratios reduced into 
the 100 to 1000:1 range, not the 
30,000+:1 of a matrix reaction or the 
100 000:1 range of ground up shale 100,000:1 range of ground up shale 
particles. 

–	 Reaction studies involving ground‐up 
shale are highly suspect and a worst‐
ppossible ((unachievable?)) case. 



       

 

Support Slides (for the record)Support Slides (for the record) 

• Shale CharacteristicsShale Characteristics 

• References 



 

   

Molecular Diameter
Molecular Diameter
 

Freeman, SPE 141125
 



           pH 5 Fluid Effect on Haynesville Shale
pH 5 Fluid Effect on Haynesville Shale
 





             pH at Various Points in the Flow Back
pH at Various Points in the Flow Back
 



         Proppant Diagenesis Conclusions from SPE 139875
 



       
       

Changes in Recovered Water
 
Composition: Prop + Fl dluid Test
 





           
       

                       
     

Test of Onset of Proppant Diagenesis –
 
requires formation to be present
requires formation to be present. 

Diagenetic materials formed on all types of proppant – sand, ceramic, glass, resin coated 
materials, steel balls, etc. 



       Same Test with Another Shale
 



 

         
 
               
 

               
       

                   
 

   

Shale ReactivityShale Reactivity 

•	 Shales reactive in the following manners:Shales reactive in the following manners:
 
– Chemical Reactivity 

• Shale units are highly laminated and contain acidShale units are highly laminated and contain acid 
soluble minerals 

• Acid soluble minerals are homogenized in the shale 
bulk matrix and natural fractures 

• Reactive fluids may be capable of etching the face of 
shale fracturesshale fractures. 

• Aluminum oxide, Al2O3 



• 

–

   

             
         

             
     

           

                     
                   

           

Water Chemistry ChangesWater Chemistry Changes 

Water chemistry in the presence of shaleWater chemistry in the presence of shale 
(Haynesville) changed out to 240 days 
– Ca++ /, SiSi+/‐ Cl‐ HCO ‐ increases sharply and then increases sharply and thenCa , Cl , HCO3 

decreased=>dissolution followed by precipitation 

– The formation initially weakens then strengthens
 The formation initially weakens, then strengthens.
 

– There is about a 10% to 20% net strength loss, but
 
that may be due to changes in moisture levels or
that may be due to changes in moisture levels or 
adjustment of mineral structures to salinity change. 



       

         
 

         
       

         
     

                 
   

Additive & Formation Degradation Conclusions
 

•	 Several chemical and physical actions occuring
Several chemical and physical actions occuring 
over time 

••	 Short time tests may be misleading Short time tests may be misleading 
– Re‐precipitation and Prop/Shale strengthening 
observedobserved 

– Additives often disappear to absorption,
 
adsorption precipitation or modification
 adsorption, precipitation or modification 

– “Lost” additives may or may not come back as 
extremely dilute solutionsextremely dilute solutions. 



 
                               

                        

Proppant Changes 
After 120 days of exposure, all the silica in the proppant had been leached out, leaving 
aluminum oxide behind. Precipitation of minerals on the proppant grains was varied. 



       

 

 
 
   

     
   
       

       
 

Variables that Influence Rock Typing
Variables that Influence Rock Typing
 

1. Porosity 
22. TOC TOC 
3. Quartz 
4. Calcite 
5. Dolomite 
6. Illite 
7. Mixed Clay 
8. Siderite 
99. Total feldspar 
10. Total Carbonate 
11. Total Clay Content 

Total feldspar 

The first three 
principal components 
explain almost 70% of 
the variation in thethe variation in the 
data set. 



   Interactions of Components
 





       
   

                     

Exposure to Flowback Water 
LaFollette, SPE 140110 

TDS = 158,000 w/ barium, strontium, sodium and calcium. pH = 5.8. 



PetrofaciesPetrofacies VariationVariation
 



size. a siltstone or mudstone.

 

   
               
           

               
              

                   

             
               
       

Shales ‐ Composition
Shales Composition
 

• Sedimentary in NatureSedimentary in Nature 
– Seal and gumbo shales high clay content – 40%+ 
clays Organic content of 10 to 30+% clays, Organic content of 10 to 30+% 

– Gas productive shales – called a shale because of
 
particle size. Actually a siltstone or mudstone.
 particle Actually
 
<10 to 30% clay and TOC usually 1% to 8%.
 

– Youngg’s modulus of ggas pprosppective shales pplots 
with tight gas sands – distinctly different from seal 
and gumbo shales (Britt, 2009) 



     Core Chemistry / Mineralogy
Core Chemistry / Mineralogy
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The statements made during the workshop do not represent the views or opinions of EPA. The
claims made by participants have not been verified or endorsed by EPA. 

 

 

 
The focus of this presentation is on reactions that describe the degradation of fracturing fluids 
and formations during the hydraulic fracturing process and the clean‐up period of 2 to 6 weeks 
following the fracturing application. A description of the primary chemical reaction controls, 
namely permeability and area‐to‐volume ratio, precedes a discussion of the better known and 
more common degradation reactions. Although shale formations will be highlighted because of 
media attention, other formations will be covered as well.   
 
Reactions in wells are subject to most normal catalytic and restriction influences, but also have 
a set of specific limiters that are found in few other places in chemical industry. Reaction 
influences of temperature and pressure are reasonably predictable, but other reaction controls 
such as reaction rate are strongly influenced by the area and mixing constraints described by 
location of the reaction, the area‐to‐volume ratio and the behavior and stability of the by‐
products. The reaction zones include:   

• Open wellbore ‐ a zone of high energy but small area in which reactions are possible but 
segregation of sequenced reactants can be enforced by turbulence during their one‐
time passage through the wellbore where area‐to‐volume ratio is sub 1:1. 

• Hydraulic fracture – mostly singular in a vertical well and usually narrow (~3mm to 
25mm) slit where chemical reactions that depend on diffusion are limited by the pump 
rate and reactants may be quickly lost to the natural fractures or matrix through leak‐off 
generated by pressure differential and controlled by the permeability to those side 
connections. Area‐to‐volume ratio is 8 to 50 for normal fracture widths.   

• Natural fractures – very narrow (~0.01mm to 1mm) but numerous slits that may or may 
not be continuous in even a small area. Area‐to‐Volume ratios range from 100:1 to over 
1000:1. 

• Matrix or interstitial porosity – a potentially highly reactive zone because of the ratio of 
the very large surface area‐to‐volume of fluid ratio (order of 20,000:1 to 30,000:1). 

Reactive target potential in the previously described zones include rock and minerals, metal, 
cement and a typically short‐list of chemical additives used in the wells to facilitate control of 
natural mineral reactions, transport of solids (e.g., cuttings and proppant), and permit physical 
reactions (i.e., fracturing) that can create, widen and/or stabilize a flow path of improved 
permeability to allow the formation fluids to flow to the wellbore.   
 
The primary down‐hole limit to any chemical or physical reaction is access. Permeability (a 
measure of ability to flow a fluid through a rock) is the fundamental restriction to fluid flow. 



 

   
 

 

Once the potential reactant has reached the zone of reaction, the area‐to‐volume ratio is a 
primary influence on most reactions. Diffusion, the ability to get reactants to the site and move 
products away, is controlled by area‐to‐volume ratio, the permeability of routes to and from 
the reaction and the type and behavior of by‐products themselves.   
 
Degradation reactions involving well construction and operation issues include pipe stability 
and cement stability, which are mostly chemical concerns. Although physical reactions such as 
pipe collapse, burst, tension failures and erosion are known to occur, their behavior has been 
well described and adequate controls appear to be in place based on the population of 50+ year
old wells still producing and passing mechanical integrity tests. 
 
Cementing stability and degradation have been addressed in the petroleum engineering 
literature by more than eleven thousand general papers and over six hundred that comment 
directly on cement degradation reactions and blocking mechanisms. This discussion has 
covered mineral and organic acids, CO2, H2S, thermal, low pH waters, sulfate effects, cyclic 
pressure behavior, long term performance and other issues. Reactions that deteriorate cement 
are easily demonstrated in the laboratory in beakers but are reduced exponentially when issues 

 

of access are considered. All reactions depend on access and the low permeability of the 
formations surrounding the numerous formation barrier seal areas, coupled with the extremely 
low permeability of the cement itself make significant deterioration reactions unlikely if not 
practically impossible. Added to this are instability and quick precipitation of common reaction 
by‐products that form an impenetrable barrier on most reaction surfaces. Additives that reduce 
cement degradation include those for sulfate resistant cement, special thermal compositions 
for very high temperature wells, a variety of additives that reduce cement permeability, 
improve strength and chemical and physical treatment to improve bonding. Problems with 
cement almost universally are traced to poor application during well construction.   
 
Pipe reactions are mostly corrosion and erosion‐corrosion. These reactions are also well known 
with over two thousand papers in petroleum engineering literature of direct application of 
wells and pipelines. These reactions are most common in long term production with acid gases 
(CO2 and H2S) and the short term contact of mineral and organic acids during acid stimulation. 
Because of the short duration of the frac and the very small amount of weak mineral acid used 
as a breakdown stage, the effect of corrosion or erosion‐corrosion during a fracturing job is 
negligible.   
 
Formation degradation during fracturing is possible, but sharply limited by access. Higher 
permeability conventional formations, sandstones and carbonates with permeability over about
1 mD, are largely inert to reactions with waters used in fracturing except for the limited 
swelling reactions of smectite and a few mixed layer clays. Reactions in shale are still being 
researched, but access is still the dominant control. Examples of reactions in the accessible 
zone of fracture between proppant, shale formation and waters are being researched and 
results of two recent papers are presented.   

 



 

     
 

Chemical additive reactions resulting in degradation or disappearance of the chemicals are 
presented. These reactions include gel breaking, adsorption, absorption, capillary trapping and
precipitation. Examples of each of these mechanisms will be discussed. Nearly fourteen 
thousand papers in the petroleum engineering literature deal with subjects of sorption, gel 
breaking and capillary effects. 
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