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LNAPL plumes 
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Quick Summary and Key Points 

1) In the òEarly Yearsó, we stumbled quite a bit . . . 
 
 
2) As weõve done more research on the movement of 

shallow NAPL plumes (delving into the petroleum 
reservoir literature + new university research)   . 
. . . . . . . AND, as we have gathered more actual 
data  in the field, then our understanding of how 
shallow NAPL plumes behave, has both evolved 
and improved. 
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Quick Summary and Key Points   

3) We now have a body of both theoretical work and 
actual field data, which suggests that NAPL 
plumes generated by finite  releases of NAPL, will 
stabilize over time (i.e. become immobile).  
 

4) For NAPL plumes located in coastal (i.e. tidally 
influenced) areas, there are some additional 
factors that help to stabilize these even more 
quickly. 
 

5) The same factors that cause NAPL plumes (from 
finite releases) to stabilize, also inhibit our 
ability to continue recovering the NAPL, once 
NAPL saturations in the plume have dropped 
below òresidualó NAPL saturationó levels. 

 

 



What weôll focus on . . .  and what we wonôt . . .  

Weôll focus on . . .  

Á LNAPLs  (both plumes and 

sheens). 

Á The normal petroleum 

hydrocarbons (gasoline, diesel, 

bunker fuels). 

Á Granular aquifers (silt, sand 

gravel, etc.). 

Á Physical models. 
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We wonôt focus on . . .  

Á DNAPLs  and dissolved phase 

plumes. 

Á Chlorinated hydrocarbons. 

 

Á Fractured bedrock / basalt 

aquifers. 

Á Mathematical models. 
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Wettability 

Ç Wettability  describes the relative affinity of a given fluid  
    (i.e. air, water, or NAPL), to preferentially spread  
 over a solid surface, (for example, a soil grain).   
 

 

From the ñAPI Interactive NAPL Guideò 

Wetting fluid  Non-Wetting fluid  
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1. For ònormaló sites: 
a. Water is the wetting fluid with respect to both NAPL and Air  
b. NAPL is the wetting fluid with respect to Air.  
 
   
  

 

2.    For a situation where the pore space is filled with a combination of 
water and NAPL, (Think: the saturated zone), water is the wetting 
fluid and can therefore move more freely than the NAPL.  
 
   
  

 

                    

3.   For a situation where the pore space is filled with a combination of 
NAPL and Air, (Think: the unsaturated zone), NAPL is the wetting 
fluid and can therefore move more freely.  
 
   
  

 

Wettability 
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Wettability 

For a ò3 Phaseó system (Water, NAPL and Air): 
 
Å  Water is the wetting phase  
Å  NAPL  is the intermediate wetting phase  and 
Å  Air is the non -wetting phase  



Monitoring Well  

Groundwater  



General Shape of a Drawdown Cone 

for a Pumping Well 

Pumping Well 



General Shape of a Drawdown Cone 

for a Pumping Well 



Paper Towel 

 Container  
 Of Water  

Materials  



Paper Towel 

òSource Areaó 
 Container  
 Of Water  

A B C 

  òDissolved Phase 
           Plumeó 
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A couple of simplifying assumptions 
for this discussion:  

 
1) We will be talking about òfiniteó (rather than continuing) 

LNAPL releases. 

 

 

 

      

  



Because of both greatly improved environmental awareness and greatly improved 
leak detection systems . . . . . .  
 
 . . . . . at the vast majority of our current sites,  
 instead of continuing  releases of LNAPL . . . . .  
 
   
 

. . . . we are now dealing with finite  releases. 
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The ñScary Versionò of the equation: 



A second simplifying assumption:  

A couple of guidelines for this discussion:  

1) We will be using a simplified version 
of the LNAPL flux equation:  
 

         a   =    (b)    (c)  
 

 qn  =  (k n)  (i n) 
      

  



qN  =  K  i 

 qN  =  NAPL flux  

 KN  =  Effective NAPL  Conductivity  

 iN  =   NAPL Gradient  

NAPL Flow 
(Darcyõs Law simplified) 
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KN  =  Effective NAPL  Conductivity  

A measure of how easy it is for this particular NAPL  to flow . . .   

 . . . . through this particular lithology  . . .  

 . . . . with this particular relative (NAPL) saturation  . . .  

 . . . . with these particular other fluids present  . . .  
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qN  =  K  i 

 qN  =  NAPL flux  

 KN  =  Effective NAPL  Conductivity  

 iN  =   NAPL Gradient  

NAPL Flow 
(Darcyõs Law simplified)  

21 



NAPL  Table  

Water Table  

Harbor  

iN = NAPL Gradient  

   = Slope of the NAPL table  
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AST 

AST 

AST 

AST 

AST 

GW Flow Direction 

MW   w/ NAPL 

MW    w/o   NAPL 

Former 

AST 
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qN  =  (KN)  (iN) 
  

NAPL Flow 
(simplified)  

 
During the remainder of todayõs discussion, 

weõll keep coming back to this equation . . . . .  

So letõs think about  
the implications of the this equation . . . . .  
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Sand Tank Studies 



NAPL (with fluorescent tracer)  

Sand Tank Experiments 

27 





Image # 4619  
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The complete tank set - up 
(white light) .  

Two UV lights  

Camera 

Computer programmed  
to take pictures  

every 15 minutes,  
24 hours a day.  
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Sand Tank Experiment  
Photographed under White Light  

(the distribution of the NAPL is very difficult to see)  



The Same Photograph under UV Light  
(the distribution of the NAPL (yellow) is much easier to see)  
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Soil Particle 

Water 

Hydrocarbon 

Singlet ( Single Pore ) 

Doublet ( 2 Pores )  
Ganglion ( More than 2 Pores ) 
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qn  =  (k n)  (i n) 
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Aquarium Experiments : Diesel (spreading) 
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Thin films of spreading NAPL in groundwater are in the order 

of 10-100 mm [ = 0.04  -  0.004 in    =    between 1 and 10 

pieces of copier paper thick!] 

1 cm = 10,000 mm 
1 mm = 1,000 mm 

0.1 cm = 100 mm 

Wetting fluid 

mechanics 

(ñspontaneous 

imbibitionò) 
Non-wetting fluid 

mechanics (ñblobsò 

of non-wetting NAPL 

displacing water) 
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Saturation Curve

òDigital Imagingó 
(using binarization)  
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Case Study  Field Site 
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