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TCE Winter 2002/2003 

 

 

 

Figure 12b:  Variations in TCE concentration in the groundwater sampled at different depths in the wetlands during Winter 2002/2003  

contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  0.1 ppb, white=1 ppb 
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TCE Winter 2003/2004 

 

 

 

Figure 12c:  Variations in TCE concentration in the groundwater sampled at different depths in the wetlands during Winter 

2003/2004: contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  0.1 ppb, 

white=1 ppb 
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TCE Winter 2005/2006 

 

 

 

Figure 12d:  Variations in TCE concentration in the groundwater sampled at different depths in the wetlands during Winter 

2004/2005: contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  0.1 ppb, 

white=1 ppb 
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TCE Winter 2006/2007 

 

 

 

 

Figure: 12e Variations in TCE concentration in the groundwater sampled at different depths in the wetlands during Winter 2006/2007: 

contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  0.1 ppb, white=1 ppb 
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trans-DCE Winter 2003/2004 

 

 

  

Figure 13a:  Variations in trans-DCE concentration in the groundwater sampled at different depths in the wetlands during Winter 

2003/2004:  contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  1 ppb, white=1 

ppb  
  

F
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trans-DCE Winter 2006/2007 

 

 

  

Figure 13b:  Variations in trans-DCE concentration in the groundwater sampled at different depths in the wetlands during Winter 

2006/2007: contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  5 ppb, white= 5 

ppb  

F
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VC Winter 2002/2003 

 

 

 

  

Figure 14a:  Variations in VC concentration in the groundwater sampled at different depths in the wetlands Winter 2002/2003. contour 

maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  10 ppb, white= 0 ppb 
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VC Winter 2003/2004 

 

 

  

Figure 14b:  Variations in VC concentration in the groundwater sampled at different depths in the wetlands during Winter 2003/2004  

contour maps at 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  10 ppb, white= 0 ppb 
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VC Winter 2006/2007 

 
 

 

  

Figure 14c:  Variations in VC concentration in the groundwater sampled at different depths in the wetlands during Winter 2006/2007: 

contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer). Contour interval:  10 ppb, white= 0 ppb 
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Ethane Winter 2006/2007 

 

 

 

  

Figure 15:  Ethane variations in ethane concentration in the groundwater sampled at different depths in the wetlands during Winter 

2006/2007: contour maps at 0.23 m (Upper layer), 0.69 m (Middle layer) and 1.14 m (Lower layer).  
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Figure 16:  Occurrence of daughter products in wetland
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Figure 17:  Horizontal PCE distribution across wetland (distance from source) and associated 

linear trend lines and distance from source at 0 PCE concentration.
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Figure 18: Hydraulic conductivity and PCE and TCE Concentrations during 2001-2006 
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Figure 19: 0.23 m and 0.69 m depth CAH concentrations adjacent to wetland liner and effluent.
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Table 1a:  2001-2006 Sampling Events 
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Opperman Nov/Dec, 2001    • •                            
Bugg Jan.  2002             • •  • • •          • • • • • 
Kovacic Dec. 2002-Jan. 

2003             • • • • • •          • • • • • 

Clemmer Jan.  2003    • • •  •                         
Lach Jan. 2003             • • • • • • • • •       • • • • • 
Lach April, June 2003          •   • • • • • • •  • • • • •   • • • • • 
Lach/Bondurant July, 2003 • •  • • •       • •  • • •        •  • • • • • 
Lach Sept. 2003    • • •                           
Sobolewski/ 

Bondurant 

Oct. and Nov. 03 • • • • • • • •     •     •               

Mohamud/ 

Schlater 

April, 2005    • •    • •  • •   •  •               
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Table 1b:  2001-2006 Sampling Events  

  

Author Date 

T

e

m

p 

p

H 

C

o

n

d 

P

C

E 

T

C

E 

c

i

s

-

D

C

E 

t

r

a

n

s

-

D

C

E 

V

C 

H

C

O

3

- 

C

O

3

-

2 

C

T 

A

l

k 

C

l

- 

F

l

- 

S

- 

N

O

2

- 

N

O

3

- 

S

O

4

-

2 

P

O

4

-

3 

N

H

4

+ 

F

e

+

2 

C

a

+

2 

K

+ 

N

a

+

2 

M

g

+

2 

C

H

4 

C

2

H

6 

B

u

t

y

r

a

t

e 

L

a

c

t

a

t

e 

A

c

e

t

a

t

e 

P

r

o

p

i

o

n

a

t

e 

F

o

r

m

a

t

e 

Mo/ Schlater July, 2005 • • • • •       •    • • •  • • • • •         
Schlater Sept. 2005 • • • • • •   • •  •    • • •  • • • • •         
Mohamud Dec.  2005 • • •      • • •  •   • • • • •  • • •         
Mohamud Jan.  2006         • • •  •   • • •  •  • • •         
Moh/Schlater March, 2006 • • • • •    • • •  •   • • •  •  • • •         
Mohamud Apr/May/Jun 

2006 
• • •          •   • • •  •  • • •         

Waldron Sept-Dec. 2006 • • • • • • • •                   •      
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Table 2:  Studies and Findings 

  

Author/ year Analysis Conclusions 

Opperman 

(2001) 

Hydraulic conductivity mapped PCE degraded to TCE.  No daughter products found-maybe due to analysis methods.  Short circuiting 

occurring.  HC greatest near effluent.  Increase in PCE from mid to top layer 

Bugg (2002) Contour plots for organic acids, sulfate, 

nitrate, Cl,  

Wetland less reducing with depth.  Sulfate and Nitrate reduction. 

BonDurant 

(2003) 

Organic acids  Some cation/anion data.  

Surfer maps,vertical profiles  

Greatest reduction at least depth.  Ethenes present.  Organic acids present. 

Clemmer 

(2003) 

GC retention time eval., jump/excel 

statistical analysis, surfur plots. 

Increase in cis-DCE/VC thouroughout wetland; not detected in inflow or outflow.  PCE decreases at  

1.14 m and 0.69 m depths.  74% removal rate-Inflow-outflow.  95% for top layer.  Some water 

bypassed all 3 layers.  Decrease in PCE from mid. to top layer.  Increase PCE in effluent.   Inverse 

correlation between PCE and all daughter products.  Average effluent slightly above mcl. 

Sobelewski 

(2003) 

Surfur plots,cis-trans DCE, VC eval. PCE retained in wetland. DCE in inflow and outflow.   VC in inflow only.  Inverse relationship 

between PCE/TCE concentrations and DCE/VC.  Greater reduction in PCE at 1.14 m depth than can be 

accounted for by decrease in influent.   

Kovacic 

(2002/03) 

Retention, organic acids,DO, nitrate, 

sulfate maps, analysis with ecowatch 

software and jmp., multiple 

concentration maps. 

 Changes in organic acids and nitrate/sulfates suggest a changing geochemistry which is affected by 

seasons.   

Lach (2003) Core data and pz. data, evaluated 

ditches. 

 DCE detectable in all layers,none in effluent.  VC and Ethene not detectable.   Increasing methane 

suggests methanogenesis in all layers.  Greatest amount of methane in layer B.  Large fluctuation in 

methane with temperature noted. 

Schlater 

(2005/06) 

Degradation rates calculated for VOCs. PCE and TCE concentrations spike in lower layer.  Greatest percent decrease in lower layer.  PCE/TCE 

may be accumulating in gravel. 

Mohamud 

(2005/06) 

 anions/cations  Bacteria active year round though seasonal changes were noted. 

Waldron 

(2005/06) 

PCE,TCE,DCE(cis/trans) and VC 

averages compared to past 

Improved reduction rate of PCE since intial data in 2001. 

Corbin (2008) Residence time tests, Hydraulic 

Conductivity compared to 2001.    

Modflow/modpath models. 

Short circuiting occurs in paths similar to those noted by Opperman in 2001. Areas of little/no vertical 

flow in northwest.  High flow shifted from north to south side of wetland.  Increased flow vertically 

occurs on south and west(effluent) side of wetland.  Average residence time in areas of high flow is 1-

10 days(consistent with Entingh,2002);  425,000 days for areas of low flow.  In all layers, residence 

time for distribution of chemicals within the layer averages .4-.5 days. 
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Table 3:  Upper and lower class maximums/minimums from Jenks Optimization which established outliers  

  

Jenks Optimization Results 
          

0m/0.23 m depth 

 PCE TCE cis-DCE trans-DCE VC Fe
+2

 C2H6 NO2
-
 NO3

-
 SO4

-2
 

Maximum value of 

lower class below 

which data was 

removed 

<0.1133 <0.01791 <0.0076 <0.667 <0.02071 <0.00487 <0.00014 <0.0000 <0.00018 <0.00064 

Minimum value of 

upper class above 

which data was 

removed 

>18.35 >=13.73 >=6.87 >=39.98 >=114.40 >=1.0059 >=219.6 >=0.261 >=0.341 >=0.5528 

0.69 m depth 

Maximum value of 

lower class below 

which data was 

removed 

<0.013 <0.02846 <0.0138 <1.116088 <0.01627 <0.00966 <0.00031 <0.0000 <0.0000 <0.00017 

Minimum value of 

upper class above 

which data was 

removed 

>=17.5904 >25.8925 >7.3650 >120.7086 >60.919 >1.31065 >0.00412 >2.2829 >0.3528 >0.53258 

1.14 m/1.16 m depth 

Maximum value of 

lower class below 

which data was 

removed 

<0.44 <0.08019 <0.020 <0.373299 <0.00861 <0.00214 <0.00006 <0.000012 <0.002 <0.00250 

Minimum value of 

upper class above 

which data was 

removed 

>=45.16 >=7.1893 >=19.48 >=38.6985 >=4.8466 >=0.1317 >=0.0039 >=0.266 >=0.2 >=0.5420 
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Table 4:  Datasets averaged to construct ArcGIS maps 

 

Inorganic Data Sep Oct Nov Dec Jan 

Winter 2001-2002         • 

Winter 2002-2003       • • 

Winter 2003-2004     x   • 

Winter 2005-2006       • • 
Organic Data Sep Oct Nov Dec Jan 

Winter 2001-2002     • • • 

Winter 2002-2003       • • 

Winter 2003-2004 • • •     

Winter 2005-2006 •         

Winter 2006-2007 • • • •   
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Table 5:  Effluent PCE Concentrations above MCL During 2001-2006 

Occurrence of Effluent PCE above MCL (5 ppb)  

Date of Sample PCE(ppb) 

1/2/2002 5.92 

12/7/2002 9.34 

12/7/2002 8.96 

12/8/2002 7.33 

12/13/2002 9.38 

12/13/2002 9.28 

1/4/2003 6.16 

1/5/2003 7.10 

1/6/2003 5.44 

1/7/2003 6.04 

1/8/2003 7.33 

1/9/2003 6.71 

9/20/2006 10.30 

9/26/2006 8.43 

10/11/2006 8.34 

11/10/2006 7.91 

12/12/2006 5.58 

12/15/2006 6.60 

 







75 
 

 

Supplement 3: Wetland Water Flow after Entingh (2002) and Corbin (2008) 
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Supplement 4: Bird’s Eye View of Hydraulic Conductivity (m/d) at 0. 23 m (after Corbin, 2008) 
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Supplement 5:  Hydraulic Head in meters for 0.23 m, 0.69 m and 1.14 m, respectively (from Corbin, 2008) 


