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VOCs 

Volatile organic 

compounds 



Objectives 

To conduct detailed site characterization of 

the selected VOCs-contaminated area in 

MTPIE. 

To construct comprehensive groundwater 

flow and solute transport simulations for 

assessing aquifer contamination. 
 

     The developed models that can be used to 

design appropriate remediation system. 
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Background Site Information 
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Site Characterization 

Hydrogeological Characteristics 

Hydrogeologic Settings 

Hydraulic Properties 

 

Hydrogeochemical Characteristics 

Hydrochemical Facies 

VOCs Contamination 
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Hydraulic Properties 

Hydraulic Conductivity 

Slug Test 

0.03 – 3.55 m/day 

Porosity 

Gravimetric-Volumetric Method 

0.19 - 0.42 

Longitudinal Dispersivity 

Tracer Test 

1.29 – 16.1 m. 
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Hydrochemical  

Facies 

(DEQP, 2010) 



VOCs Contamination 

14 (DEQP, 2010) 
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(DEQP, 2010) 



Groundwater Flow and 

Solute Transport Simulations 

Conceptual Model 
 

Model Design 
 

Groundwater Flow Simulation -> 

MODFLOW 
 

Solute Transport Simulation -> RT3D 
 

Models Calibration -> PEST 
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Conceptual Model 



18 



19 

Model Design 
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127 columns 

131 rows 

15 layers 
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Simulation Results 

• Groundwater Flow Simulation Results 

• Solute Transport Simulation Results 
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Estimated Value Relative Sensitivity

TopSoil Unit 0.26129 0.5896

Fine-Medium Sand Unit 1.3303 1.0000

Medium-Coarse Sand Unit 9.7799 0.0140

Clay Unit 1.66E-06 0.1229

Weathered Granite Unit 2.51E-06 0.1568

Fractured Granite Unit 3.1453 0.0027

18.586 0.0789

218.15 0.0033

152.05 0.0033

184.68 0.0037

71.227 0.0020

136.19 0.0234

2273.1 0.0034

2538.6 0.0025General Head Boundary Conductance SE [(m
2
/d)/m]

Parameter

River Conductance 1 [(m
2
/d)/m]

River Conductance 2 [(m
2
/d)/m]

River Conductance 3 [(m
2
/d)/m]

River Conductance 4 [(m
2
/d)/m]

River Conductance 5 [(m
2
/d)/m]

General Head Boundary Conductance NW [(m
2
/d)/m]

Hydraulic 

Conductivity 

[m/d]

Vertical Anisotropy
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Estimated Value Relative Sensitivity

0.3000 0.9084

1.0000 0.4366

0.0030 1.0000

0.0085 0.8096

0.0005 0.9079

0.0030 0.6106

PCE 6.5000 0.6358

TCE 15.5000 0.4850

PCE 0.0070 0.5870

TCE 0.2500 0.4662

Porosity (n ) 

Longitudinal Dispersivity (α L ) 

Parameter

 Degradation 

Rate (k )

Source 

Concentration

Source no.1

Source no.2

Tetrachloroethene (PCE)

Trichloroethene (TCE)

1,2 Dichloroethene (DCE)

Vinyl Chloride (VC)



PCE 

27/12/2008 

27/12/2010 
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TCE 

27/12/2008 

27/12/2010 
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cis-DCE 

27/12/2008 

27/12/2010 
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Conclusions 

Site Characterization 

6 hydrogeostratigraphic unit (Heterogeneous) 

PCE TCE DCE contamination 
 

Groundwater Flow and Solute Transport 

Simulations 

Groundwater flow from NW to SE. 

The plumes show the effect from the 

groundwater flow direction and degradation of 

the chemical. 
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No. Test Code UTM-E UTM-N Well Name 

Longitudinal 

Dispersivity 

(m) 

1 D1 731094 1406764 2 5.01 

2 D4 731047 1406719 1 3.64 

3 D5 730985 1406623 3 9.92 

4 D6 730970 1406689 7 16.1 

5 D7 731131 1406653 X15A 1.29 

6 D8 730979 1406649 X08 1.78 
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Slug Test Analysis Report 

                                                        

          .      

Test Date: 17-21 Sept 08 
Tested & Analyzed By CMU & ERTC 

 
 

Test Well Name: GENCO: MW-01 Location:        GENCO 
Well Information Depth: 14 m UTM-E: 731311 

Radius: 0.051 m UTM-N: 1406605 
 DTW: 3.76 m TOC: 0.54 m 

 
Test Data 
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Probe:  Solinst Level Logger® 

Problems or Comments: 
                 n/a 

 
 
Analysis Results 

 

Hydraulic Conductivity (m/day): 

Hvorslev: - 

Bouwer & Rice: 2.35-2.96 

Problems or Comments: 
                 n/a 

 

Slug Test 

0.03 to 3.55 

m/day 
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Tracer Test 
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No. Test Code UTM-E UTM-N Well Name 

Longitudinal 

Dispersivity 

(m) 

1 D1 731094 1406764 2 5.01 

2 D4 731047 1406719 1 3.64 

3 D5 730985 1406623 3 9.92 

4 D6 730970 1406689 7 16.1 

5 D7 731131 1406653 X15A 1.29 

6 D8 730979 1406649 X08 1.78 
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Geophysical Investigation 
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Geomicrobiology 

cis-DCE   biodegradation of PCE/TCE 

Facultative bacteria  

Pseudomonas sp. 

Shewanella sp. 

 Burkholderia sp. 

 Rhodococcus sp 

Pail Test 
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Well no. 1 

Well no. 2 45 



Well no. 3 

Well no. 7 46 



Numerical Modeling 

Groundwater Flow Model 
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Solute Transport Model 

Dispersion Advection Chemical 

reaction 
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Result of Source Concentration Calibration 
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Result of Groundwater Flow 

Model 
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Bio-Permeable Reactive Barrier 
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Q*t 208.9906 L

b 32 m

n 0.3

a 0.03 m

Rf 0.147546 m

Ui 208.9906 L

C0 15.38246

model

Up [Bromide] Up/Ui C/C0 C/C0 0.153055

0 15.59737 0 1.013971 -0.96029 0.912778 0.01024

20 14.95181 0.095698 0.972004 -0.81331 0.874967 0.009416

40 13.33718 0.191396 0.867039 -0.68825 0.834805 0.001039

60 13.50468 0.287094 0.877927 -0.57899 0.793555 0.007119

80 10.87527 0.382792 0.706992 -0.48152 0.752055 0.002031

100 11.93721 0.47849 0.776027 -0.39306 0.710849 0.004248

120 12.11406 0.574189 0.787525 -0.31159 0.67027 0.013749

140 10.67608 0.669887 0.694042 -0.23561 0.630508 0.004037

160 10.71886 0.765585 0.696824 -0.16389 0.591646 0.011062

180 10.44558 0.861283 0.679058 -0.09543 0.55368 0.01572

200 8.729906 0.956981 0.567524 -0.02928 0.516513 0.002602

220 7.726426 1.052679 0.502288 0.035663 0.479888 0.000502

240 6.601465 1.148377 0.429155 0.099343 0.444136 0.000224

260 5.528267 1.244075 0.359388 0.160953 0.40997 0.002559

280 3.117801 1.339773 0.202685 0.220077 0.377811 0.030669

300 3.928603 1.435471 0.255395 0.2765 0.347887 0.008555

320 3.295218 1.531169 0.214219 0.330141 0.320289 0.011251

340 2.884721 1.626868 0.187533 0.381004 0.295005 0.01155

360 2.944815 1.722566 0.19144 0.429152 0.271955 0.006483

0
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0 100 200 300 400

C
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0

Cumulative Volume Extracted (L)

Field Data

Model Fit

D7
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4 20.66 20.626 0.16

7 20.36 20.594 1.14

1 20 20.434 2.12

3 20.23 20.5079 1.36

2 20.07 20.3488 1.37

X01 20.23 20.3505 0.59

X02 19.96 20.3957 2.14

X03 20.07 20.4388 1.80

X04 21.34 20.4648 4.28

X05 20.33 20.4742 0.70

X06 20.58 20.486 0.46

X07 20.21 20.4796 1.32

X08 20.39 20.5017 0.54

X09 20.34 20.5779 1.16

X10 20.54 20.5891 0.24

X12 20.28 20.4882 1.02

X13 19.98 20.4348 2.23

X14 20.51 20.4644 0.22

X15B 20.55 20.3909 0.78

X15A 20.89 20.3941 2.43

1.30

Observation 

wells

Average %Error

Measured 

Value

Calculated 

Value
%Error
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trichloroethene (TCE) 
(Dehalococcoides ethenogenes 195) 
(2)                                          (2) 

cis-1,2-dichloroethene trans-1,2-dichloroethene 
                      (2)                    (2)                               (3) 

chloroethene (vinyl chloride) 
         (2) 
ethane 

  
Reaction pathway 
               Co-methabolism 
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