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 Problem Statement / Opportunity 
 Beiseker Compressor Station – Soaking Pit 
 Understanding DNAPL? 
 Behavior of DNAPL in the Subsurface 
 Objectives 
 Treatability Lab Work Program 

  Physical Models…. 
 What is Next? 

* Field Pilot Remedial Design 
 Questions? 
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 On-stream Date: 1970-10-26 

 Two compressor buildings, a control building and a 
storage building. 

 Original design had subsurface and building floor drains 
move fluids to a sump. 

 These liquids were then pumped to a subsurface 
absorption pit or soaking pit. 

 The former soaking pit measured approximately 21.0 m 
by 1.0 m, and consisted of a perforated pipe at a depth of 
3.7 m to 4.3 m below grade, lined with crushed rock and 
covered with fill.  
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 Former Soaking Pit was removed in 1996. 

 Soil and groundwater investigations have been 
ongoing since 2000. 

 Analytical results from the collected DNAPL: 

BTEX and PHC F1to F4 concentrations are 
significant with a PHC F3 890,000 mg/l  

PAHs, PCBs and Phenols are present at 
significant concentrations 

 The density analyses indicate that the product is 
about 15% denser  than water and it has a 
kinematic viscosity of 69.57 cSt, which is greater 
than most lubricating oils 

DNAPL is comprised of mainly phosphorus and 
sulphur, these results indicate the product is 
potentially a triaryl phosphate (TAP), Fyrquel 
fluid 

     Phase II Investigation 



• DNAPLs are denser than water allows them to migrate to substantial depths below the water 

table in both unconsolidated deposits and fractured bedrock. 

• The subsurface region containing residual and pooled DNAPL is referred to as the source zone. 

• As DNAPLs are only slightly soluble in water, DNAPL source zones can persist for many 

decades and, in some cases, even hundreds of years. 
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 Residual DNAPL formation Saturated : 

Unsaturated media 

 Held in place by capillary and hydrophobic 

forces 

 Adopt the shape of the aquitard  

 Residual DNAPL retained is site-specific a 

typical porous medium such as silt, sand and 

gravel is typically between 5 and 20 per cent of 

the pore space in the particular lenses and 

laminations invaded by the DNAPL. 
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Regulation 

Public 
Relation 

Innovation 

Time 

Cost 
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Batch Degradation Systems 
 
     

 ClO2/UV 
 
UV Lamp :  
254 nm 
0.4 mW cm-2  
6 W / 100 V  
11 inch 
 

 
    
 8 min Rxt  time. 
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  CHEMICAL/PHOTOLYSIS DEGRADATION  
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 TRT 1:  No degradation 

 TRT 2:  50-75 % PCBs;60-75% PAH;BETEX 50-80%; Phenol 74%     
 TRT 3:  97-100 % PCBs;76-93% PAH;BETEX 82-86%; Phenol 98%  

 TRT 4:  97-100 % PCBs;76-93% PAH;BETEX 82-86%; Phenol 98% 
 
{ClO2 /UV + Soluble-DNAPL  --------> Simple-non toxic by-products + CO2 + R-OH + Salts 
 
 
  No formation of dioxins or furans as by-products was detected!     
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BATCH ISOTHERMS @ 6 ºC    

Textural Class = Clay 
Sand =34%; Silt = 22%; Clay = 44%; pH = 8.1; 

CEC = 19  cmole/kg; Ø = 60% ; SAR = 0.66 
BD= 1.23 gmL¯; D₁₀ = 0.058; Cμ = 1.47;  

CG = 0.0058  
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Freundlich:  X/M = K Ceq1/n 
 

 

  =>   log [X/M] = [1/n] log [Ceq] + log [Kd] 
   =>  Koc = Kd foc  
 
   ---------------------------------------------- 

 
Langmuir:  X/M = (ab)(Ceq) / (1 + bCeq) 

 
  => [Ceq] / [X/M] = {1 / [ab]} + {[Ceq] / [a]}  
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     K (dh/dl) 

   V =  
     (7.48 ∅) Rf 
 
 
Freundlich   → Rf = 1 + {[Pb/Ф] Kd}  
 
Langmuir → Rf = 1 + [Pb/Ф]  {a b / (1 + a Ceq)2} 
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 Both Freundlich and Langmuir isotherm 

equations evaluated. 
Better represented by Freundlich model: 
 
  R2  ranged from 0.76 t o .98 
  Kd ranged from 0.89 to 3.05  
 
GLMs will be evaluated also!  
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  Vs = Q/AØ R ”  K (dh/dL)/Ø R 
 
    
 
 Freundlich, R = 1 +{[pb/Ø] kd} 
 
 Langmuir, R = 1 + [pb/Ø] {ab/(1 + a Ceq)2} 
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R = Retardation factor 

Travel Time = L / Vs 
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 Pertinent Information from Phase II investigation: 
 
• Ground H2O elevations 
• Flow direction 
• Isopleth of equipotential lines 
• Slug test method:  
 *K values ranged from 1.87 x 10-7  to 1.30 x 10-5 m/s 
  * & K as per Falling-Head Method; Ø; BD  
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   Fluorescein Tracer Applications                 

 
 
 
 
 
 
 
 
 
 
 
 
 

•Slightly soluble  in  water 
•Visually detected 
•Fluorophone 
•Exhibit a yellow  color/can appear red 
•Non-toxic 
• Inert 
•Analysed with a fluorometer / turbidimeter 
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Not to scale 
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 Arrival time reflects 
advective transport 
through the physical 
model. 
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 Batch aboveground treatment System 
 
    ↓  
 
  Reinjection of treated GrH2O + ClO2 
    
    ↓  
    
 Network Infiltration Gallery 
 
 
Ongoing Monitoring…….  
 
 



 
 ClO2/UV effective treatment system for dissolved 

DNAPL plume 
 No detectable dioxins or furans as by-products of 

the chemical reactions 
 Travel time ranged from 145 to 80,817 years 
  Public health risk & financial liabilities can be cost 

effectively / confidently managed    
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 Thank  You! 
 
 
 
 
 
   

 Questions? 
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