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Water H2O 
Properties and Characteristics 

 

Is Water HIs Water H22O O ??  







Formation of hydrogen 
bonds between like water 
molecules… 

 

This results in the formation 
of water clusters which can 
get large in size… 

 

So water is not just H2O… 

 

So we have to change the 
way we think about water 
from a practical stand point.  







Water Beading On Gortex 

Now we know why water does not flow through 
fine grain soils very well... 



  HintsHints::  
  
►►  In each pool the liquid is In each pool the liquid is 2020ooCC  
  
►►  Water has a surface tension of Water has a surface tension of 7272..88  
  dynesdynes//cm cm   
  
►►  Ethanol Ethanol ((In Beer and WineIn Beer and Wine) ) has a has a   surface surface 
tension tension 2222..33  dynesdynes//cm cm   
    
►►  Mercury has a surface tension of Mercury has a surface tension of   465 465 
  dynesdynes//cmcm.. 



Solubility and Sorption of Solubility and Sorption of 
Contaminants Is A Function of Contaminants Is A Function of 

Hydrogen BondingHydrogen Bonding  



 

Electronegative atoms in the structure give rise to local polarity  
and hydrogen bonding opportunities...and increased solubility. 



N2 Nitrogen 

C8H18 Octane 

C3H8 Propane 



Formaldehyde 

Water 

MTBE 



Sorption (Absorption and Adsorption) of 
Contamination in Soil Matrix 

Soil and water remediation must address this 
to be successful. 





The lower the Solubility the Greater the Sorption The lower the Solubility the Greater the Sorption   
of the Contaminantof the Contaminant! ! This also affects soil and groundwater 

contaminant transport and associated Plume Dynamics.  



Did You Know ??? 
 

Surface Area For Sorption 
 

Coarse Sand =  3 m2 

 
V. Fine Sand =  2.5 NHL Rinks 
 
Coarse Clay = > CFL Football Field! 
 
 

Finer soils have greater sorption Finer soils have greater sorption 
potentialpotential!!!!!!  

 



● Which soil has the greatest surface area? Why? 
 

● Does this have any significance for sorption? 



  

  
  

Finer grain soils have more surface 
area for contaminant sorption 

SiltSilt, , ClayClay, , and Fine Sandand Fine Sand  



Sorption Demonstration 
(Animation) 
 

The following animation sequence displays how 
sorption can affect two separate particles' velocity 
over an 18 month period.  
 
Basically, the animation shows a vertical cut from a 
soil column, interspersed particles of organic matter, 
and two contaminants that are moving  
Through the soil matrix. 
 
Discuss why each particle (A & B) behave as they do, 
and how this affects contaminant transport, and 
strategies for remediation and reclamation.  





Surface Active Agent (SAA), i.e.,  Hydrophilic 
(water loving) and Hydrophobic (oil‐liking) 

groupings shown.  

 

 

Structure and Definition  



Anionic:  They have one or more negatively charged groupings. They have very  
Good detergent ability and are commonly used as laundry detergent. 
 
Cationic:  They have one or more positively charged groupings. They typically  
have poor detergency, but are well suited for use as germicides,  fabric  
softeners,  and   emulsifiers. 
 
Amphoteric:  They contain both anionic and cationic groupings and have the 
characteristics of both anionic and cationic SAA. They work well at neutral pH and are 
found in products such as hair shampoo, skin cleaners, and carpet shampoo. 
 
Non‐ionic:  As their name implies, they have no ionic constituents or groupings. They are 
the largest single group of SAA and have a correspondingly  
wide range of chemical characteristics and application.  SPTT mixtures, which have the 
unique ability to selectively dissolve LNAPL, DNAPL, polycyclic aromatic hydrocarbons 
(PAHs), dichloroethane (DCE), trichloroethane  
(TCE), perchloroethylene (PCE) and other similar petroleum products. 
 

The first three classes are collectively know as Ionic Surfactants. 

Classes Of Surfactants 







Surfactant Interaction with Organic (NAPL) on a Surface with 
Partial Micelle Encapsulated of Oil Droplet (some surfactants 
are effective below CMC) 
 

The NAPL is now more ‘Available’  
for remediation! 

MECHANISM 



‘Surfactant Flushing Research to Remove Organic Liquids from Aquifers’, 
Groundwater Currents, March 1994.  

EPA 542‐N‐92‐002 
 
►  Soil column experiments were conducted to test the ability of a non‐ionic 
surfactant to recover entrapped dodecane.  
 

►After injecting a 4% surfactant solution, the concentration of the dodecane 
exiting the column increased by 100,000 times.  
 

►Removal of the 10% of the residual dodecane required 0.7 litres of surfactant 
solution, while comparable recovery without surfactant would have required 
130,000 L of water.  Numerical models were developed to explore the optimal 
surfactant strategies based on the flow rate, flushing time, and volume of 
surfactant required to remove NAPLs from soil. 
 

Think about P&T Sites That Take 7 to 10 Years!  
With Ivey‐sol it often takes only 7 to 10 months! 





APPLICATION RANGEAPPLICATION RANGE  
  

LNAPLLNAPL    
Full LNAPL Full LNAPL ((FF11,,FF22, , FF33, , and Fand F44) ) range includingrange including: : BTEXBTEX, , 
gasolinegasoline, , dieseldiesel,  ,  motor oilmotor oil, , BunkerBunker‐‐CC, , MTBEMTBE, , PAHsPAHs, , etcetc..  
  

DNAPLDNAPL    
25 25 Fold Fold (+) (+) increase in solubility and recovery rateincrease in solubility and recovery rate.  .  This This 
includes compounds likeincludes compounds like: : PCEPCE, , PCBPCB,, TCETCE, , TCATCA, , CTCCTC, , TCMTCM, , PCPPCP, , 
and various other Cl and various other Cl / / Br solventsBr solvents  
  

Heavy MetalsHeavy Metals  
Transition metalsTransition metals, , including organoincluding organo‐‐metallic complexesmetallic complexes, , and  and  
radioradio‐‐active metals associated with NORMSactive metals associated with NORMS.. 

 



CRUDE OIL 





DNAPL Remediation With Ivey-sol® Surfactants 

 

Dichlorobenzene (DCB) 
Trichloroethylene (TCE) 









Standard Pump & 
Treatment drawdown. 

 
Creates an unsaturated 

zone. 
 

Often requires higher 
pumping rates to affect 

and maintain ROI. 
 

The unsaturated zone 
can be a source  
of contaminant 

rebound.  



HVDPE 
 (Multi‐Phase Extraction) 

 
This targets the contaminants 

in both the saturated and 
unsaturated zone 

(flexible).  
 

The ROI is controlled by the 
distribution of vacuum. 

 
ROIcan be achieved with low 

flow rates.  
 



This represent HVDPE 
conditions. 

 
ROI is well maintained with low 

pumping rates. 
 

HVDPE vacuum position allows 
flexibility in ensuring a 

saturated zone condition for  
Ivey‐sol surfactant application. 

 
The Ivey‐sol® surfactants desorb 
the sorbed phase under these 
condition for enhanced mass 

recovery. 
 

This also resolved rebound 
issues. 









Did You Know ??? 
Water Is Not H2O 

  



Water Is Actually a Three Dimensional Cluster 







Surfactant Interaction with DNAPL.  Helps dissolve 
DNAPL into pore space. 













5 Spot Common 
Application 
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Response in MW‐7 from injections in MW‐15 







Dr. Galen Kenoyer 
Senior Hydrogeologist 
RMT 
 
Mobile:   1.213.700.8704 
Email:   Galen.Kenoyer@rmtinc.com 
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