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Clay Characteristics

▪ Clays are ubiquitous to hydrocarbon bearing formations and 
must be considered carefully when designing a stimulation 
treatment. 

▪ When water sensitive clay is contacted by non-formation water 
it can swell or disintegrate into fine particles.  

▪ Both actions reduce the effectiveness of the stimulation 
treatment by reducing flow paths of formation fluids.  

▪ Common occurring clays include Smectite, Illite, Mixed layer, 
Kaolinite, and Chlorite. 



Clay Characteristics

▪ Clay surfaces are generally negatively charged. Table 
below lists clays and their potential damage mechanisms



Dissolving Clay
Acid Treatment

▪ Many acidizing treatments employ HCl to some extent. Usually, it is used as a 15% 
solution when treating carbonate formations. This concentration, commonly referred to as 
regular acid, was originally chosen because of inadequacies in early inhibitors and 
difficulty of preventing corrosion of well tubulars by more concentrated solutions.

▪ HCl reacts with limestone (CaCO3) to form calcium chloride (CaCl2), water (H2O) 
and carbon dioxide (CO2):

▪ Hydrofluoric Acid 
▪ Hydrofluoric acid is the primary dissolving chemical used in sandstone acidizing. In these applications, HF 

is usually mixed with a dilute solution of HCl, or an organic acid. Its principal use is to dissolve siliceous 
minerals. Injectivity fluid should always be Ammonium chloride

▪ HF is the only acid that reacts either siliceous minerals such as sand and clays. The 
reaction of HF on quartz (SiO2), a primary component of sand, is: 
▪ 4HF + SiO2 → SiF4 + 2H2O 

▪ SiF4 + 2HF → H2SiF6

▪ The reaction of HF on bentonite clay (Al2(Si4O10)(OH)2) is: 
▪ 36HF + Al2(Si4O10)(OH)2 → 4H2SiF6 + 2H3AlF6 + 12 H2O 



Smectite-Mixed Layer

▪ Smectite-mixed layer, a three-layer clay, is composed 
of two silica tetrahedral sheets with a central 
octahedral sheet, smectite -mixed layer



Smectite-Mixed Layer

▪ In the stacking of their mineral sheets, 
the proximity of two oxygen layers makes 
for a weak chemical bond that allows 
water and other polar organic minerals to 
enter between unit layers and cause the 
clay to swell. (three layer clay) illustrates 
the bonding of smectite mixed layers. The 
cation exchange sites attract such 
positive ions as sodium, potassium, 
calcium, or ammonium. 



Illite

▪ Illite is a clay composed of two silica 
tetrahedral sheets with a central alumina 
octahedral sheet 

▪ Its structure is similar to smectite, except 
that potassium and oxygen bind the sheets 
tightly. Hence, this clay does not expand in 
the presence of water. However, the 
potassium ions are very susceptible to the 
leaching action of slightly acidic water. In 
some cases, the potassium may be 
removed and replaced by another cation. 
These altered minerals, called degraded 
illites, then allow entry of water and will 
swell as a result. 



Kaolinite

▪ Kaolinite is composed of one 
silica tetrahedral sheet and one 
octahedral sheet. Their tight 
hydrogen bonding is not 
susceptible to water entry. 
Although kaolinite swells very little 
on contact with fresh water, it is 
an important component of 
migrating fines



Layer Summary

▪ kaolinite < illite < smectite

▪ Clay damage may be caused by both swelling and migration. When 
these conditions occur in a formation, the damage must be removed 
to improve production. This is commonly accomplished by acidizing 
the formation with HCl-HF mixtures. 

▪ X-ray diffraction analysis can easily determine the type and amount 
of clay in a particular sandstone. These tests indicate which 
formations warrant a particular minimum-salinity fluid, clay 
stabilizer, or special completion technique to avoid formation 
damage. 



Clay Control Additives

▪ These curves show that the higher salinity solutions 
of NaCl did less damage to the permeability of the 
columns than the lower salinity and fresh water 
systems.



▪ Produced Water Approach  



What Goes in, Flows Back 
(in terms of components but not volumes)



Logistics

• Cycle of Produced Water Acquisition 



Flow Back vs Production Water

▪ On average an unconventional 
well will flowback 20-40% of total 
fluid pumped within first year of 
production (load recovery). 
generally containing production 
chemicals, multivalent and 
Divalent ions.

▪ Produced water is naturally  
producing water occurring 
throughout the life of well. 
Generally high salt content and 
other multivalent and divalent 
ions.

• Initial design, 119,00 bbls pumped
• Flow Back, 4,762 bbls
• Produced, 19,047 bbls



Produced Water

Water Analysis 



Cationic vs Anionic
in Produced Water / High Cationic

Cationic Anionic 1 Anionic 2



▪ Lab Analysis 



CST Unit 



How it Works - CST

▪ CST Operation 
▪ Requires 100mL of fluid and 5g of 200mesh material, per additive 

selected.

▪ Mixed fluid is loaded into cylinder cell passing through filter paper 
and channeled to electrodes, from paper to electrodes establishes 
distance in time (Time in Seconds)

▪ Generally when material has swelling characteristics fluid cannot 
pass through filter paper freely, when this occurs CST time will be 
high translating to CS and or brine treatment requirements  



Typical Test Protocol 

▪ Why are there generally 4 – 5 or more tests involved with a CST?

▪ Baseline (established ideal conditions and machine check) 

▪ Distilled water 

▪ Non reactive material with distilled water  

▪ Control (given time difference is >35seconds between source water with material vs non reactive material with distilled water 
or material with KCl brine, this phase establishes target time for CS and or brine treatment required)

▪ Distilled water with supplied material (worse case) 

▪ Source water intended for frac with supplied material 

▪ Supplied material treated with KCl Brine (KCl and non reactive material should be similar in time, 
<30seconds e.g. target for CS treatment) 

▪ Treatment (replicating KCl performance and or non reactive time interval established above)

▪ Source water treated with CS additive in a given amount where time (seconds) reflects KCl brine 
and non reactive material) 



CST Measurement Log

Mixed Water + 2gpt Choline Chloride 

Mixed Water + 3gpt Choline Chloride 



X-Ray Diffraction (XRD)

▪ Typically, powder X-ray diffraction (XRD) is an average of randomly oriented 
microcrystals that should equally represent all crystal orientation if a large enough 
sample is present. X-rays are directed at the sample while slowly rotated which 
produce a diffraction pattern which show intensity of x-rays collected at different 
angles.

▪ Measured in 4 methods
▪ Smear Method

▪ Filter Membrane Peel Technique

▪ Centrifuged Porous Plate

▪ Glass Slide Method



XRD – Inorganic Test

▪ Fines or core prep for XRD, “organic wash” 



XRD Report 

Barcode Frac Sample

Number Date Identity Calcite Dolomite Siderite Quartz K-spar Plag. Hematite Halite Magnesioferrite Anhydrite Barite Clays Carb. Other

General Woodford (south) 13.1 0 0 8.9 0 0 10.8 11.5 44.3 11.4 0 0 13.1 86.9

AVERAGE 13.1 0.0 0.0 8.9 0.0 0.0 10.8 11.5 44.3 11.4 0.0 0.0 13.1 86.9

CARBONATES OTHER MINERALS TOTALS



XRD Report 



Scanning Electron Microscope 
(SEM) 

▪ Electron Microscopy is an extremely versatile tool 
which allows the study of both morphology and 
material composition from virtually all areas of 
science and technology.

▪ The EM section has a Scanning Electron 
Microscope (SEM) fitted with an Energy Dispersive 
Spectrometer (EDS) for elemental analysis. High 
resolution Secondary Electron Imaging, 
Backscattered Electron Imaging, X-Ray 
microanalysis and X-Ray mapping are all possible



▪ Clay Stabilizers 



Clay Control Additives

▪ Commonly used clay control additives are salts such as potassium chloride (KCl), 
sodium chloride (NaCl), and ammonium chloride (NH4Cl).  

▪ When produced water is used as a base fluid there may be sufficient salt present that no 
additional clay control additives are necessary.  

▪ Other commonly used clay control additives include quaternary amine compounds 
such as tetramethylammonium chloride (TMAC); KCL substitute, these types of 
materials are cationic in nature.  

▪ Their effectiveness is often debated, but in clean sandstone formations performance 
is usually not an issue.

▪ Polyquaternary Amines (PQA): PQA is a cationic organic polymer used as a clay 
stabilizing additive in sandstone acidizing applications and other treatments. It is a 
clay-stabilizing chemical that can be universally placed out of aqueous solutions and 
strong acids. 



Synthetic Additives vs Produced Water

▪ Traditional Clay Stabilizer are 
generally pumped on the fly 
ranging from 0.25gpt – 4.0gpt

▪ Fresh Water application 
treatment

▪ Commonly consist of, 

▪ Chloride base
▪ Choline Chloride, NaCl, NH4Cl and KCl

▪ Amine base
▪ Quaternary amine, Polyamine 

• Produced water a more 
modern approach in efficient 
stimulation design

• Reduces need of downhole 
clay stabilizer

• PW commonly bear 
anywhere between 
10,000ppm - >300,000ppm 
TDS (average 110,000ppm)



Clay Control Additives

▪ Polymeric (or oligomeric) quaternary amine based 
materials can adsorb at multiple sites and anchor to the 
surface of the clay preventing reaction.  

▪ Matching the ionic strength (salt concentration) of the frac 
fluid to formation water minimizes destructive exchange 
processes from occurring.  Guar may be difficult to gel!
▪ Fluid pH can assist in controlling clay reactions; low pH conditions 

of 3 to 7 are best. 



Summary 

▪ Formation damage due to clays must be prevented rather than cured. 
When clay particles in sandstone reservoirs are rearranged or disturbed in 
any manner, it is usually impossible to restore the original permeability.

▪ The swelling of a clay particle is in equilibrium with the type and 
concentration of salts in the connate water. Thus, filtered formation water 
used in workover operations should not disturb this balance. If clean 
formation water is not available, it is necessary to synthesize an 
economical substitute.

▪ Ensure correct clay stabilization is pumped on each well

▪ CST are cheap and an effective way to provide basic understanding 



Thank you
Questions?



Clay Stabilizers - assessment

▪ 1. What is the function of a clay stabilizer?

▪ 2. Name three temporary clay stabilizers.

▪ 3. List 4 common clay varieties found in reservoir formations.

▪ 4. Name 3 clays that have tendency to swell in fresh water.

▪ 5. Name 3 clays that will migrate when disturbed.

▪ 6. Is formation water potentially harmful to clays?

▪ 7. What is the best range of pH to control clays with?

▪ 8. Name two types of Clay Testing? 

▪ 9. What fluid system do we use to dissolve certain clays?

▪ 10. Why should HCl be pumped ahead of HF?



Clay Stabilizers - Answers

▪ 1. To render the damaging factors of clays ineffective.

▪ 2. Potassium Chloride, Sodium Chloride, Ammonium Chloride

▪ 3. Illite, Smectite, Kaolinite, Mixed Layers, Chlorite

▪ 4. Swelling clays : Smectite and Mixed Layer

▪ 5. Migrating clays : Illite, Chlorite, Kaolinite

▪ 6. Yes, incompatible waters from other formations are damaging

▪ 7. The best range for clay control is 3 – 7 pH

▪ 8. CST and XRD

▪ 9. HCL / HF …..Clay acid can dissolve certain clays.

▪ 10.  To avoid damaging formation by its reaction 


