
 

 

 
 
 
February 18, 2014 
 
 
Mr. James Surwilo 
Solid Waste Management Division 
Vermont Department of  
Environmental Conservation 
103 South Main Street 
Waterbury, Vermont 05676 
 
RE: 2013 Annual Summary Report 
 Lincoln Landfill 
 Lincoln, Vermont  
 LAG Project #00354 
 
Dear Mr. Surwilo: 
 
On behalf of the Town of Lincoln, Lincoln Applied Geology, Inc. is pleased to provide 
you with this 2013 Annual Summary Report.  This document presents the results of the 
May and October 2013 groundwater monitoring and sampling events performed at the 
above referenced site. 
 
If you have any questions or comments regarding this project, feel free to contact me at 
your convenience. 
 
Sincerely, 
Lincoln Applied Geology, Inc. 
 
 
 
 
Dagan Murray 
Senior Hydrogeologist 
 
DM/SR:ih 
Enclosures 
 
cc: Town of Lincoln Selectboard 
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1.0 INTRODUCTION 
 
 The Lincoln Landfill (the “Site") is located off Downingsville Road in Lincoln, 
Vermont.  Four monitoring wells and two surface water sampling locations are sampled 
on a semiannual basis to assess leachate impact on the groundwater and surface water 
systems in the area.  
 

Groundwater monitoring and sampling at the Lincoln Landfill has been performed 
since 1994.  Four monitoring wells (MW-1, MW-2, MW-3, and MW-4) were installed as 
part of the Final Closure Plan prepared by Dufresne-Henry, Inc. in 1993 (Figure 1).  

 
 

2.0 MONITORING ACTIVITIES 
 

Monitoring activities include groundwater level measurements from all existing 
monitoring wells, field parameter data collection (pH, conductivity, and temperature), 
and groundwater and surface water quality sampling.  These activities are summarized 
below. 

 
2.1 Groundwater Elevation Data and Site Hydrogeology 

 
LAG collected water level measurements from the four existing monitoring 

wells (MW-1 through MW-4) in May and October 2012.  Historical groundwater 
elevation data is presented in Table 1.   Groundwater Contour Maps for May and 
October 2013 are included as Figures 1 and 2, respectively.  

 
Water levels and groundwater elevations appear normal and are generally 

within historical limits for both the spring and fall events.  The data indicate a 
shallow aquifer system which flows in a general southerly direction at an 
estimated hydraulic gradient of 4.0% (0.04 ft/ft).  This groundwater system 
eventually discharges to Beaver Meadow Brook, south of Downingsville Road.  

 
Given this estimated groundwater flow direction, monitoring wells MW-1 

and MW-4 are considered the up and cross-gradient background wells, and MW-
2, MW-3, and the one surface water sampling location (SW-2) are considered the 
downgradient compliance points. 

 
2.2  pH, Temperature, and Electrical Conductivity Data 

 
In-situ pH, temperature, and conductivity monitoring data were collected at 

the well head with a flow through cell. The data are presented in Table 2.  
Temperature and pH data collected in 2013 were within historical ranges and 
appear similar to previous spring and fall monitoring results.  Conductivity values 
were within historical limits for all four monitoring wells and surface water 
sampling point SW-2 during the 2013 monitoring events. 
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 2.3 Groundwater Quality Results 
  

The Administrative Order governing the Site requires that four 
groundwater monitoring wells and one location in Beaver Meadow Brook be 
sampled in May and October of every year.  All monitoring locations were 
sampled in May and October 2013.  Groundwater samples are analyzed for 
volatile organic compounds (VOCs) in the spring only.  Groundwater samples are 
also analyzed for chemical oxygen demand (COD), sodium, chloride, and six 
dissolved metals (As, Cu, Fe, Mn, Ni, and Pb).  In addition to these same 
parameters, surface water sample SW-2 was analyzed for hardness.  Samples 
were analyzed at Green Mountain Laboratories, Inc. in Montpelier, Vermont. 

 
Tables 3 - 6 summarize the historical and current reporting data for each 

monitoring point.  Laboratory analytical reports for the May and October 2013 
sampling events are included in Appendix A.  All samples with concentrations 
exceeding Vermont Groundwater Enforcement Standards (VGES) are noted on 
the tables and concentration trends have been evaluated.  Compounds 
exceeding the VGES are shaded grey in Tables 3 and 4.  Charts 1 & 2 evaluate 
iron and manganese temporal concentration trends in the four Site monitoring 
wells. 
 

Manganese was reported above the VGES in monitoring well MW-2 
during both monitoring events in 2013.  Manganese was not reported above the 
VGES in MW-1, MW-3, and MW-4 during the May or October 2013 monitoring 
events.   

 
Iron was reported above the VGES in MW-1 during the October 2013 

monitoring event.  Iron was not reported above the VGES in MW-2, MW-3, or 
MW-4 during the 2013 monitoring events.   

 
No other dissolved metals were reported above their respective VGES in 

the Site monitoring wells. 
 
Sodium and chloride concentrations were below the VGES in all Site 

monitoring wells. 
 
 2.4 Surface Water Quality Results 
  

Surface water samples were collected from a downstream location (SW-2) 
on the intermittent tributary to Beaver Meadow Brook.  Table 3 presents the 
results from the surface water sampling point.  While detectible concentrations of 
sodium and chloride were reported in the surface water samples collected in 
2013, applicable water quality standards were not exceeded.  Metals were not 
reported above laboratory method detection limits in SW-2. 

 
 



  2013 Annual Summary Report 
February 18, 2013  Lincoln Landfill, Lincoln, Vermont  

 
Lincoln Applied Geology, Inc.  3 

 2.5 Quality Control/Quality Assurance Measures 
  

Quality control samples in 2013 included analysis of an equipment blank.  
The equipment blank samples indicated sodium and chloride concentration carry 
over occurred during sampling.  The concentrations reported do not affect the 
quality assurance and control measures for either sampling event. 

 
2.6 Statistical Evaluation 

  
The Administrative Order requires that a statistical evaluation be 

performed on any individual results which exceed VGES using the statistical 
procedures of Section 12-704 of the Groundwater Protection Rule and Strategy.  
As indicated by the shaded cells in Table 3, historically, manganese (Mn) and 
iron (Fe) concentrations have exceeded the secondary VGES in monitoring wells 
MW-1 through MW-4.  Nickel (Ni) has been removed from the statistical 
evaluation as this metal has not been reported above the VGES since the middle 
90’s and concentrations are currently not statistically significant. 

 
Consistent with previous post-closure monitoring reports, LAG applied the 

Student's t-test to statistically compare current and historical ground water quality 
data from downgradient compliance wells with secondary VGES values in 
accordance with Section 12-704 of the Groundwater Protection Rules and 
Strategy.  A fundamental assumption of the Student's t-test is that each data set 
is distributed normally.  For these analyses, each well or surface water sampling 
point was evaluated in terms of its Fe and Mn concentrations.  Each data set is 
comprised of n samples (one for each sampling event). 

 
Because of large temporal fluctuations in Fe and Mn concentrations for 

each sampling point, a high standard deviation was calculated for some of these 
data sets.  A data set is considered to be normally distributed when the ratio of 
the standard deviation to the mean is less than 1.  Therefore, when the standard 
deviation of a given data set is greater than the mean of that data set, the 
distribution of that specific data set is not normal.  In fact, several of the data sets 
are not normally distributed and the Student's t-test therefore cannot be applied 
to the raw data.  To correct for this, the Student's t-test is applied instead to the 
logarithm of the data.  The results of the Student's t-test indicate whether or not 
the entire range of observations is statistically above VGES levels. 

 
The Student's t-test analysis was completed and the results are presented 

in Table 4.  The data indicate that the VGES for Fe is not exceeded over the 
entire range of observations in all wells.  However, based on these statistical 
analyses, the VGES is historically exceeded for Mn in compliance well MW-2. 

 
An Analysis Of Variance (ANOVA) test was used to evaluate whether 

long-term concentrations in downgradient compliance wells are statistically 
greater than long-term upgradient background well concentrations.  Using 
Section 5 (Background Well to Compliance Well Comparisons) of "Statistical 



  2013 Annual Summary Report 
February 18, 2013  Lincoln Landfill, Lincoln, Vermont  

 
Lincoln Applied Geology, Inc.  4 

Analysis of Groundwater Monitoring Data at RCRA Facilities - Interim Final 
Guidance" (USEPA, February, 1989) a parametric one-way ANOVA test was 
applied to the existing Fe and Mn database for the upgradient and downgradient 
monitoring wells.  A log transformation was first performed to any data which was 
not normally distributed (as detailed in the previous section).  Tables 5 and 6 
display the data evaluations using the log data.  The results of the hypothesis 
test continue to show statistically significant differences between the mean 
concentrations of Fe and Mn in upgradient and downgradient wells. 

 
A second calculation and comparison on Tables 5 and 6 shows that the 

historical Fe and Mn concentrations in the groundwater in both downgradient 
wells are statistically greater than in the upgradient wells which suggests that the 
landfill has affected the quality of the underlying groundwater with respect to 
these two metals. 

 
2.7 Temporal Evaluation 

  
Iron – Intermittent iron concentrations were reported in monitoring wells MW-1 
through MW-4 in 2013.  With the exception of MW-2, iron concentrations appear 
to be generally stable to declining. The downgradient wells have higher iron 
concentrations than the background wells.  After a peak of 2,000 parts per billion 
(ppb) in May 2010 iron concentrations steadily declined in MW-2 between 
October 2010 and 2011.  An increase in dissolved iron was reported in MW-2 
during the May 2012 event, but levels decreased below the VGES for the 
October 2012 round.  Iron concentrations continued to be below the VGES in 
MW-2 over 2013.  An increase in iron concentrations was reported above the 
VGES in background well MW-1 during the October 2013 event. 
 
Manganese - Manganese concentrations in all samples remained within historical 
limits, and significantly exceeded the VGES in monitoring well MW-2.  
Examination of the existing database indicates that manganese concentrations 
are generally stable with minor seasonal fluctuations in background wells MW-1 
and MW-4.  Manganese concentrations are generally increasing in MW-2 (see 
Chart 2).  After a strong increasing trend between October 2007 and 2011, 
manganese concentrations declined during each subsequent sampling event in 
2012, however, concentrations consistently increased in MW-2 over 2013. 
 
 

3.0 CONCLUSIONS 
 
Based on the results presented herein, LAG provides the following conclusions: 

 
 Groundwater flows in a general southerly direction across the Site toward Beaver 

Meadow Brook at an estimated hydraulic gradient of 4.0%. 
 
 Current manganese concentrations exceed the VGES only in monitoring well 

MW-2. 
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 Manganese concentrations appear to be generally increasing in MW-2 since 

October 2007. 
 

 Long-term concentrations of iron and manganese are statistically greater in both 
downgradient wells (MW-2 and MW-3) compared to historic data from the 
upgradient wells (MW-1 and MW-4). 
 

 It appears that landfill leachate impact is exclusive to the dissolved metals iron 
and manganese.  While there has been impact to the underlying aquifer system 
from the landfill, there does not appear to be significant downgradient migration 
of the dissolved metals contaminant plume. 

 
 
4.0 RECOMMENDATIONS 
 

Based on the above conclusions, LAG presents the following recommendations: 
 

 The Town of Lincoln has completed their required 20 year post closure 
monitoring period.  While there are documented impacts to the shallow 
groundwater system based on the historical data set, no sensitive receptors are 
being impacted and the dissolved metals contamination is confined within the 
limits of the property boundary.  As a result, LAG requests that the Lincoln 
Landfill move into a custodial care stage moving forward.   
 

 LAG will prepare a custodial care plan for the Lincoln Landfill and submit to the 
Solid Waste Mangement Division for their review.  LAG anticipates submittal of 
this document by May 1, 2014. 
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354 Groundwater Elevation Data (feet)

Table 1

5/14/08
Data Point TOC

MW-1 476.38

MW-2 465.39

MW-3 464.92

MW-4 486.16

05-05-09 10-06-09 05-03-10 10-06-10 05-02-11 10-03-11 05-02-12 10-03-12 05-08-13 10-02-13

471.53 471.35 471.69 471.54 471.71 471.62 471.65 471.60 471.01 470.23

461.57 461.15 461.54 461.39 461.62 461.65 461.72 461.38 460.88 460.72

458.37 453.28 459.87 458.11 459.99 456.05 458.36 452.81 456.97 456.23

473.28 468.64 475.70 471.31 476.86 471.61 472.40 467.26 472.19 472..04

Notes:
1 - Elevation datum assumed
2 - Reference elevation is elevation of top of PVC well casing
Grey - Well dry (groundwater elevation below bottom of well)
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Project:   Lincoln Landfill
Location: Lincoln, Vermont
LAG Project #00354

pH, Temperature, and Electrical Conductivity Data

Table 2

Data Point
pH

MW-1
MW-2
MW-3
MW-4
SW-1
SW-2

Temp (°C)
MW-1
MW-2
MW-3
MW-4
SW-1
SW-2

Conductivity 
(mhos/cm)

MW-1
MW-2
MW-3
MW-4
SW-1
SW-2

10-06-08 05-05-09 10-06-09 05-03-10 10-06-10 05-02-11 10-03-11 05-02-12 10-03-12 05-08-13 10-02-13

7.10 7.21 7.12 6.91 6.85 7.12 7.19 6.90 6.51 7.41 7.50
6.99 7.38 7.01 6.75 6.68 6.86 7.28 7.10 6.23 7.26 7.79
7.53 7.11 6.92 6.34 6.42 6.09 7.33 7.80 6.65 6.88 7.63
7.20 7.09 7.13 7.25 7.50 7.01 7.70 6.60 6.02 6.90 7.74
7.01 7.19 7.55 7.85 7.61 7.28
7.08 7.17 7.60 7.57 7.39 7.58 7.65 8.45 7.13 7.33 8.09

10.09° 10.96° 12.21° 15.38° 11.99° 10.6° 14.41° 11.75° 12.54° 9.39° 12.5°
10.41° 8.44° 11.72° 12.2° 11.88° 11.02° 14.36° 11.64° 11.96° 7.86° 12.01°
10.02° 9.69° 11.21° 10.38° 12.33° 9.82° 12.65° 8.84° 11.24° 6.69° 11.68°
8.99° 8.76° 10.82° 10.62° 10.39° 9.71° 12.36° 9.57° 10.74° 7.7° 12.41°
8.76° 11.88° 11.36° 17.37° 11.47° 15.53°
8.54° 13.39° 11.45° 15.74° 11.38° 15.38° 13.2° 12.05° 12.47° 15.13° 12.06°

749 327 1100 210 1093 439 556 221 679 123 111
670 663 832 764 854 1071 714 570 607 59 114
63 112 100 58 98 63 118 69 106 7 9
72 45 135 29 62 37 67 28 36 4 4

140 68 145 98 104 78
110 99 161 95 134 109 102 77 138 8 18

Grey - Well dry
05/25/05 data is suspect
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354

Water Quality Data

Table 3

Data Point VGES*

MW-1 ug/L
TOC Elevation NA

depth to water below TOC - feet NA
water elevation NA

temp. NA
conductivity (mhos/cm) NA

pH (SU) 6.5 - 8.5
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA

chloroethane (g/l) NA
1,2-dichloroethane (g/l)

Dichlorodifluoromethane (g/l) 1,000
Toluene (g/l) 1,000

1,2,4-Trimethylbenzene (g/l) 350
Total Xylene (g/l) 10,000
Other VOCs (g/l) 5 - 2,420

Blind Duplicate (MW-1)
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA
VOCs (g/l) 5 - 2,420

10-31-07 5-14-08 10-6-08 5-5-09 10-6-09 5-3-10 10-6-10 5-2-11 10-3-11 5-2-12 10-3-12 5-8-13 10-2-13

490.36 476.38 476.38 476.38 476.38 476.38 476.38 476.38 476.38 476.38 476.38 476.38 476.38
4.79 4.11 5.85 4.85 5.03 4.69 4.84 4.67 4.76 4.73 4.78 5.37 6.15

485.57 472.27 470.53 471.53 471.35 471.69 471.54 471.71 471.62 471.65 471.60 471.01 470.23
11.34° 12.57° 10.09° 10.96° 12.21° 15.28° 11.99° 10.6° 14.41° 11.75° 12.54° 9.39° 12.5°

778 944 749 327 1100 210 1093 439 556 221 679 123 111
6.54 7.00 7.10 7.21 7.12 6.91 6.85 7.12 7.19 6.90 6.51 7.41 7.50
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 NA NA NA NA NA NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA NA NA

<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
100 70 <50 200 200 200 400 100 140 90 80 <50 860
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1
100 110 60 100 100 100 200 80 130 70 100 70 170
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
4.7 3.6 3.8 1.7 4.1 1.5 2.7 1.2 2.0 1.6 2.3 3.0 3.2
<50 <50 <50 <50 <50 <50 <50 NA NA NA NA NA NA
28 1.8 1.6 <1 <1 4.3 2.0 5.0 2.5 <1 9.3 4.1 3.4
10 <5 17 <5 <5 <5 <5 <5 14 32 28 21 40
<2 <2 <2 <2 2.2 <2 <2 NA NA NA NA <2 NA

2.9 <2 <2 NA NA NA NA <2 NA
<5 <5 <5 <5 <5 <5 <5 NA NA NA NA <5 NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA <2 NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA <2 NA
<6 <6 <6 <6 <6 <6 <6 NA NA NA NA <6 NA

all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs NA NA NA NA all BPQLs NA

ND = Not Detected
TOC = Top Of Casing
BPQL = Below Practical Quantification Limit
VGES = Vermont Groundwater Enforcement Standard (Shaded >VGES)
PAL = Preventative Action Level (Bold >PAL)
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354

Water Quality Data

Table 3

Data Point VGES*

MW-2
TOC Elevation NA

depth below TOC - feet NA
water elevation NA

temp. NA
conductivity (mhos/cm) NA

pH (SU) 6.5 - 8.5
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA

chloroethane (g/l) NA
Methyl t-Butyl Ether (MtBE) (g/l) 40

benzene  (g/l) 5
cis-1,2-Dichloroethylene (g/l)

Other VOCs (g/l) 5 - 2,420

MW-2 Duplicate
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA
VOCs (g/l) 5 - 2,420

10-31-07 5-14-08 10-6-08 5-5-09 10-6-09 5-3-10 10-6-10 5-2-11 10-3-11 5-2-12 10-3-12 5-8-13 10-2-13

477.97 465.39 465.39 465.39 465.39 465.39 465.39 465.39 465.39 465.39 465.39 465.39 465.39
6.45 5.48 3.99 3.82 4.24 3.85 4.00 3.77 3.74 3.67 4.01 4.51 4.67

471.52 459.91 461.40 461.57 461.15 461.54 461.39 461.62 461.65 461.72 461.38 460.88 460.72
12.03° 11.69° 10.41° 8.44° 11.72° 12.2° 11.88° 11.02° 14.36° 11.64° 11.96° 7.86° 12.01°

195 728 670 663 832 764 854 1071 714 570 607 59 114
6.24 7.47 6.99 7.38 7.01 6.75 6.68 6.86 7.28 7.10 6.23 7.26 7.79
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
3 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 NA NA NA NA NA NA

<2 <2 <2 <2 <2 <2 <2 NA NA NA NA NA NA
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
80 50 1,000 200 2,000 2,000 700 500 140 960 70 80 2,800
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1
300 14,000 20,000 40,000 20,000 30,000 40,000 39,000 43,000 29,000 15,000 28,000 48,000
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
3.9 15 12 8.0 7.2 20 18 30 19 16 11 29 52
<50 <50 <50 90 <50 <50 <50 NA NA NA NA NA NA
14 16 11 14 11 40 24 7 11 2 6.7 18 17
42 <5 <5 70 58 <5 30 7 18 54 39 30 81
<2 2.8 BPQL 2.5 BPQL <2 <2 <2 NA <2 <2 <2 NA
<5 <5 <5 BPQL <5 <5 <5 <5 NA <5 <5 <5 NA
<2 <2 <2 BPQL <2 <2 <2 <2 NA <2 <2 <2 NA
<5 <5 <5 <5 <5 <5 <5 <5 NA <5 <5 <5 NA

all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs NA all BPQLs all BPQLs all BPQLs NA

<5
<0.5
<2

<50
2,000

<1
1,000
<50
5.2
<50
21
<5

all BPQLs

ND = Not Detected
TOC = Top Of Casing
BPQL = Below Practical Quantification Limit
VGES = Vermont Groundwater Enforcement Standard (Shaded >VGES)
PAL = Preventative Action Level (Bold >PAL)
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354

Water Quality Data

Table 3

Data Point VGES*

MW-3
TOC Elevation NA

depth below TOC - feet NA
water elevation NA

temp. NA
conductivity (mhos/cm) NA

pH (SU) 6.5 - 8.5
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA

Toluene (ug/l) 1,000
Other VOCs (ug/l) 5 - 2,420

Blind Duplicate (MW-3)
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA
VOCs (g/l) 5 - 2,420

10-31-07 5-14-08 10-6-08 5-5-09 10-6-09 5-3-10 10-6-10 5-2-11 10-3-11 5-2-12 10-3-12 5-8-13 10-2-13

477.41 464.92 464.92 464.92 464.92 464.92 464.92 464.92 464.92 464.92 464.92 464.92 464.92
12.02 7.74 10.15 6.55 11.64 5.05 6.81 4.93 8.87 6.56 12.11 7.95 8.69

465.39 457.18 454.77 458.37 453.28 459.87 458.11 459.99 456.05 458.36 452.81 456.97 456.23
11.70° 10.17° 10.02° 9.69° 11.21° 10.38° 12.33° 9.82° 12.65° 8.84° 11.24° 6.69° 11.68°

146 55 63 112 100 58 98 63 67 69 106 7 9
6.19 6.9 7.53 7.11 6.92 6.34 6.42 6.09 7.33 7.80 6.65 6.88 7.63
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 NA NA NA NA NA NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA NA NA

<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
300 70 50 <50 2,000 2,000 <50 60 100 <50 610 70 80
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

3,000 250 600 100 1,000 1,000 <20 340 30 110 1,100 80 160
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
5.1 3.8 4.3 3.4 5.0 2.8 3.6 2.1 4.2 2.8 4.2 2.6 3.4
<50 <50 <50 <50 <50 <50 <50 NA NA NA NA NA NA
15 <1 3.7 4.5 6.4 <1 2.5 6 6 <1 2.4 2.8 1.9
17 <5 <5 <5 19 <5 <5 <5 <5 40 26 28 36
<2 <2 <2 <2 <2 <2 <2 <2 NA <2 NA <2 NA

all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs NA all BPQLs NA all BPQLs NA

<5 <5 <5 <5 <5 <5
<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 Removed
<2 <2 <2 <2 <2 <2 From

<50 <50 <50 <50 <50 <50 Sampling
80 60 <50 1,000 1,000 90 Schedule
<1 <1 <1 <1 <1 <1
240 700 100 1,000 1,000 <20
<50 <50 <50 <50 <50 <50
3.9 4.2 3.5 4.7 2.9 3.5
<50 <50 <50 <50 <50 <50
2.6 3.7 3.9 6.4 <1 <1
<5 <5 <5 22 <5 <5

all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs

ND = Not Detected
TOC = Top Of Casing
BPQL = Below Practical Quantification Limit
VGES = Vermont Groundwater Enforcement Standard (Shaded >VGES)
PAL = Preventative Action Level (Bold >PAL)
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354

Water Quality Data

Table 3

Data Point VGES*

MW-4
TOC Elevation NA

depth below TOC - feet NA
water elevation NA

temp. NA
conductivity (mhos/cm) NA

pH (SU) 6.5 - 8.5
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA

1,2,3-Trichlorobenzene (g/l)
1,2,4-Trichlorobenzene (g/l) 70

VOCs (g/l) 5 - 2,420

Blind Duplicate (MW-4)
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 840
nickel (g/l) 100

sodium (mg/l) 250
zinc (g/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA
VOCs (g/l) 5 - 2,420

10-31-07 5-14-08 10-6-08 5-5-09 10-6-09 5-3-10 10-6-10 5-2-11 10-3-11 5-2-12 10-3-12 5-8-13 10-2-13

498.85 486.16 486.16 486.16 486.16 486.16 486.16 486.16 486.16 486.16 486.16 486.16 486.16
21.05 13.35 16.38 12.88 17.52 10.46 7.50 9.30 14.55 13.76 18.90 13.97 14.12

477.80 472.81 469.78 473.28 468.64 475.70 478.66 476.86 471.61 472.40 467.26 472.19 472.04
11.05° 9.77° 9.77° 8.76° 10.82° 10.62° 10.39° 9.71° 12.36° 9.57° 10.74° 7.7° 12.41°

25 42 42 45 135 29 62 37 67 28 36 4 4
6.87 7.98 7.98 7.09 7.13 7.25 7.50 7.01 7.70 6.60 6.02 6.90 7.74
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 NA NA NA NA NA NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA NA NA

<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
900 <50 <50 <50 <50 <50 <50 <50 <50 60 <50 <50 <50
<1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
200 20 <20 <20 <20 <20 <20 <20 20 <20 <20 30 30
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
1.1 1.0 1.0 <1 1.2 <1 <1 <1 <1 1.2 <1 1.2 <1
<50 <50 <50 <50 <50 <50 <50 NA NA NA NA NA NA
3.3 9.9 <1 <1 <1 <2.1 <2.1 6 1.1 <1 <1 2.8 3.4
9.0 <5 6.0 <5 9.0 <5 <5 <5 <5 23 <5 <5 23
5.4 <5 <5 <5 <5 <5 <5 NA NA NA NA <5 NA
5.5 <5 <5 <5 <5 <5 <5 NA NA NA NA <5 NA

all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs NA NA NA NA all BPQLs NA

ND = Not Detected
TOC = Top Of Casing
BPQL = Below Practical Quantification Limit
VGES = Vermont Groundwater Enforcement Standard (Shaded >VGES)
PAL = Preventative Action Level (Bold >PAL)
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354

Water Quality Data

Table 3

Data Point VGES*

SW-1 WQC
temp. NA

conductivity (mhos) NA
pH (SU) 6.5 - 8.5

arsenic (g/l) 190
cadmium (g/l) 125
chromium (g/l) 11, 8,400

copper (g/l) 9,200
iron (g/l) NA

hardness (mg/l) 1,000
lead (g/l) 360

manganese (g/l) NA
nickel (g/l) 12,500

sodium (mg/l) NA
zinc (g/l) 86,000

chloride (mg/l) NA
COD (mg/l) NA
VOCs (g/l) 5 - 2420

SW-2 WQC
temp. NA

conductivity (umhos) NA
pH (SU) 6.5 - 8.5

arsenic (g/l) 190
cadmium (g/l) 125
chromium (g/l) 11, 8,400

copper (g/l) 9,200
iron (g/l) NA

hardness (mg/l) 1,000
lead (g/l) 360

manganese (g/l) NA
nickel (g/l) 12,500

sodium (mg/l) NA
zinc (g/l) 86,000

chloride (mg/l) NA
COD (mg/l) NA
VOCs (g/l) 5 - 2,420

10-31-07 5-14-08 10-6-08 5-5-09 10-6-09 5-3-10 10-6-10 5-2-11 10-3-11 5-2-12 10-3-12 5-8-13 10-2-13

5.32° 14.70° 8.76° 11.88° 11.36° 17.37° 11.47°
54 120 140 68 145 98 104

6.34 7.27 7.01 7.19 7.55 7.85 7.61 Removed
<5 <5 <5 <5 <5 <5 <5 From

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 Sampling
<2 <2 <2 <2 <2 <2 <2 Schedule

<50 <50 <50 <50 <50 <50 <50
<50 60 <50 <50 <50 <50 <50
51 46 63 38 77 77 77
<1 <1 <1 <1 <1 <1 <1

<20 <20 <20 <20 <20 <20 <20
<50 <50 <50 <50 <50 <50 <50
3.0 3.1 3.5 2.5 4.3 2.4 2.3
<50 <50 <50 <50 <50 <50 <50
16 <1 1.1 <1 1.8 <1 1.6

<5.0 <5 <5 <5 28 <5 <5
all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs

5.37° 15.98° 8.54° 13.39° 11.45° 15.74° 11.38° 15.38° 13.2° 12.05° 12.47° 15.13° 12.06°
49 120 110 99 161 95 134 109 102 77 138 18 18

6.37 7.26 7.08 7.17 7.6 7.57 7.39 7.58 7.65 8.45 7.13 7.33 8.09
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 NA NA NA NA NA NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA NA NA

<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
<50 <50 <50 <50 <50 <50 <50 <50 120 <50 <50 <50 <50
52 60 76 53 85 85 85 47 59 38 58 67 87
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20

<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
2.8 4.0 4.1 3.3 4.9 2.9 3.2 2.7 3.3 3.2 4.0 5.4 5.1
<50 <50 <50 <50 <50 <50 <50 NA NA NA NA NA NA
29 <1 2.2 <1 4.6 <1 4.5 6 3.5 2.0 3.0 9.0 4.9

<5.0 <5 8.0 <5 30 <5 <5 <5 <5 27 19 12 28
all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs NA NA NA NA all BPQLs NA

ND = Not Detected
TOC = Top Of Casing
BPQL = Below Practical Quantification Limit
VGES = Vermont Groundwater Enforcement Standard (Shaded >VGES)
PAL = Preventative Action Level (Bold >PAL)
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Project:    Lincoln Landfill
Location:  Lincoln, Vermont
LAG Project #00354

Water Quality Data

Table 3

Data Point VGES*

Trip/Equipment Blank
arsenic (g/l) 10

cadmium (g/l) 5
chromium (g/l) 100

copper (g/l) 1,300
iron (g/l) 300
lead (g/l) 15

manganese (g/l) 300
nickel (g/l) 100

sodium (mg/l) 250
zinc (ug/l) 5,000

chloride (mg/l) 250
COD (mg/l) NA
VOCs (ug/l) 5 - 2,420

10-31-07 5-14-08 10-6-08 5-5-09 10-6-09 5-3-10 10-6-10 5-2-11 10-3-11 5-2-12 10-3-12 5-8-13 10-2-13

<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 NA NA NA NA NA NA
<2 <2 <2 <2 <2 <2 <2 NA NA NA NA NA NA

<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
<50 <50 <50 <50 <50 <50 <50 <50 100 <50 <50 <50 <50
<1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

<20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
<50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50
3.6 9.0 9.6 8.7 10 8.4 7.6 <1 <1 <1 <1 <1 6.3
<50 <50 <50 <50 <50 <50 <50 NA NA NA NA NA NA
5.0 29 18 12 12 14 16 <1 <1 <1 <1 <1 19
<5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 31

all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs all BPQLs NA all BPQLs NA

ND = Not Detected
TOC = Top Of Casing
BPQL = Below Practical Quantification Limit
VGES = Vermont Groundwater Enforcement Standard (Shaded >VGES)
PAL = Preventative Action Level (Bold >PAL)
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Project:   Lincoln Landfill
Location: Lincoln, Vermont
LAG Project #00354

Statistical Analyses
of Groundwater Concentrations

Exceeding VGES

Table 4

MW-1 MW-4 MW-2 MW-3
Substance Iron log(value) Ni log(value) Iron log(value) Mn log(value) Iron log(value) Mn log(value) Ni log(value) Iron log(value) Mn Ni log(value)

VGES 300 2.48 100 2 300 2.48 840 2.92 300 2.48 840 2.92 100 2.00 300 2.48 840 100 2.00
05/31/94 25 1.40 <10 <1.00 15 1.18 325 2.51 1,860 3.27 2,190 3.34 <10 <1.00 6,020 3.78 1,970 <10 1.00
10/19/94 57 1.76 <20 <1.30 <24 <1.38 243 2.39 794 2.90 1,590 3.20 <20 <1.30 1,310 3.12 2,310 <20 1.30
05/19/95 26 1.41 <20 <1.30 <10 <1.00 1,710 3.23 475 2.68 2,010 3.30 <20 <1.30 918 2.96 1,340 <20 1.30
10/12/95 388 2.59 <20 <1.30 115 2.06 200 2.30 545 2.74 560 2.75 <20 <1.30 625 2.80 1,100 <20 1.30
05/20/96 35 1.54 <20 <1.30 <10 <1.00 45 1.65 61 1.79 1,490 3.17 <20 <1.30 610 2.79 2,260 <20 1.30
11/07/96 <50 <1.70 70 1.85 <50 <1.70 20 1.30 <50 <1.70 1,580 3.20 60 1.78 170 2.23 1,450 50 1.70
05/14/97 150 2.18 80 1.90 130 2.11 20 1.30 1,010 3.00 1,240 3.09 <50 <1.70 500 2.70 1,580 70 1.85
10/23/97 550 2.74 1,670 3.22 510 2.71 30 1.48 1,140 3.06 400 2.60 1,780 3.25 3,360 3.53 2,290 1,940 3.29
05/05/98 70 1.85 <50 <1.70 <50 <1.70 30 1.48 570 2.76 3,240 3.51 <50 <1.70 3,560 3.55 1,600 110 2.04
10/29/98 <50 <1.70 <50 <1.70 60 1.78 <20 <1.30 1,700 3.23 8,400 3.92 <50 <1.70 9,500 3.98 1,100 <50 1.70
05/13/99 2,000 3.30 <50 <1.70 <50 <1.70 50 1.70 5,500 3.74 10,000 4.00 <50 <1.70 450 2.65 490 <50 1.70
10/21/99 90 1.95 <50 <1.70 NS NS NS NS 180 2.26 630 2.80 <50 <1.70 450 2.65 820 <50 1.70
05/11/00 10,000 4.00 <50 <1.70 <50 <1.70 <20 <1.30 60 1.78 620 2.79 <50 <1.70 160 2.20 1,100 <50 1.70
10/19/00 490 2.69 <50 <1.70 <50 <1.70 <20 <1.30 80 1.90 1,300 3.11 <50 <1.70 260 2.41 650 <50 1.70
05/22/01 930 2.97 <50 <1.70 <50 <1.70 <20 <1.30 <50 <1.70 790 2.90 <50 <1.70 70 1.85 400 <50 <1.70
10/11/01 NS NS NS NS NS NS NS NS <50 <1.70 <20 <1.30 <50 <1.70 270 2.43 480 <50 <1.70
05/30/02 160 2.20 <50 <1.70 <50 <1.70 <20 <1.30 <50 <1.70 700 2.85 <50 <1.70 60 1.78 580 <50 <1.70
10/10/02 NS NS NS NS NS NS NS NS 110 2.04 <20 <1.30 <50 <1.70 170 2.23 300 <50 <1.70
05/30/03 2,400 3.38 <50 <1.70 <50 <1.70 <20 <1.30 <50 <1.70 1,800 3.26 <50 <1.70 70 1.85 900 <50 <1.70
10/29/03 NS NS NS NS <50 <1.70 <20 <1.30 170 2.23 2,100 3.32 <50 <1.70 140 2.15 700 <50 <1.70
05/14/04 NS NS NS NS <50 <1.70 <20 <1.30 1,800 3.26 340 2.53 <50 <1.70 100 2.00 260 <50 <1.70
11/03/04 <50 <1.70 <50 <1.70 <50 <1.70 70 1.85 230 2.36 2,900 3.46 <50 <1.70 70 1.85 20 <50 <1.70
05/25/05 1,400 3.15 <50 <1.70 <50 <1.70 <20 <1.30 1,200 3.08 4,900 3.69 <50 <1.70 100 2.00 210 <50 <1.70
10/24/05 <50 <1.70 <50 <1.70 <50 <1.70 <20 <1.30 860 2.93 5,900 3.77 <50 <1.70 50 1.70 380 <50 <1.70
05/08/06 <50 <1.70 <50 <1.70 <50 <1.70 <20 <1.30 <50 1.70 6,140 3.79 <50 <1.70 <50 <1.70 360 <50 <1.70
10/26/06 <50 <1.70 <50 <1.70 <50 <1.70 <20 <1.30 270 2.43 15,500 4.19 <50 <1.70 <50 <1.70 200 <50 <1.70
05/16/07 1,240 3.09 <50 <1.70 <50 <1.70 <20 <1.30 6,490 3.81 7,600 3.88 <50 <1.70 <50 <1.70 80 <50 <1.70
10/31/07 100 2.00 <50 <1.70 900 2.95 200 2.30 80 1.90 300 2.48 <50 <1.70 300 2.48 3,000 <50 <1.70
05/14/08 70 1.85 <50 <1.70 <50 <1.70 20 1.30 50 1.70 14,000 4.15 <50 <1.70 70 1.85 250 <50 <1.70
10/06/08 <50 <1.70 <50 <1.70 <50 <1.70 <20 <1.30 1,000 3.00 20,000 4.30 <50 <1.70 50 1.70 600 <50 <1.70
05/05/09 200 2.30 <50 <1.70 <50 <1.70 <20 <1.30 200 2.30 40,000 4.60 <50 <1.70 <50 <1.70 100 <50 <1.70
10/06/09 200 2.30 <50 <1.70 <50 <1.70 20 1.30 2,000 3.30 20,000 4.30 <50 <1.70 2,000 3.30 1,000 <50 <1.70
05/03/10 200 2.30 <50 <1.70 <50 <1.70 <20 <1.30 2,000 3.30 30,000 4.48 <50 <1.70 2,000 3.30 1,000 <50 <1.70
10/06/10 400 2.60 <50 <1.70 <50 <1.70 <20 <1.30 700 2.85 40,000 4.60 <50 <1.70 <50 <1.70 <20 <50 <1.70
05/02/11 100 2.00 <50 <1.70 <50 <1.70 <20 <1.30 500 2.70 39,000 4.59 <50 <1.70 60 1.78 340 <50 <1.70
10/03/11 140 2.15 <50 <1.70 <50 <1.70 20 1.30 140 2.15 43,000 4.63 <50 <1.70 100 2.00 30 <50 <1.70
05/02/12 90 1.95 <50 <1.70 <50 <1.70 <20 <1.30 960 2.98 29,000 4.46 <50 <1.70 <50 1.70 110 <50 <1.70
10/03/12 80 1.90 <50 <1.70 <50 <1.70 <20 <1.30 70 1.85 15,000 4.18 <50 <1.70 610 2.79 1,100 <50 <1.70
05/08/13 <50 1.70 <50 <1.70 <50 <1.70 30 <1.48 80 1.90 28,000 4.45 <50 <1.70 70 1.85 80 <50 <1.70
10/02/13 860 2.93 <50 <1.70 <50 <1.70 30 <1.48 2,800 3.45 48,000 4.68 <50 <1.70 80 1.90 160 <50 <1.70

Mean 635 2.22 92 1.69 85.78 1.72 93.59 1.52 899.63 2.52 11256.50 3.52 89.50 1.68 865.83 2.36 818.00 95.25 1.69
SD 1,703 0.63 271 0.32 158.34 0.34 282.24 0.45 1380.94 0.65 14469.40 0.85 274.37 0.30 1848.34 0.66 752.36 299.55 0.31

SD/Mean 2.68 0.28 2.95 0.19 1.85 0.20 3.02 0.29 1.54 0.26 1.29 0.24 3.07 0.18 2.13 0.28 0.92 3.14 0.18
Confidence t (.05) 556 0.21 88 0.10 62 0.13 111 0.18 511 0.24 5,359 0.31 102 0.11 685 0.25 279 111 0.12
95% Confidence 

Range
Upper 1,191 2.43 180.42 1.79 148 1.86 204 1.70 1,411 2.76 16,616 3.84 191.12 1.79 1,550 2.60 1,097 206 1.81
Lower 79 2.02 3.47 1.58 24 1.59 -17 1.35 388 2.28 5,897 3.21 -12.12 1.57 181 2.11 539 -16 1.58

entire range 
above VGES (i.e. 
VGES exceeded) not normal no not normal no not normal no not normal no not normal no not normal yes not normal no not normal no no not normal no

Shaded Cell = individual concentration that exceeds the VGES.
NS = Not Sampled
Yellow = Not Normal
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Project:   Lincoln Landfill
Location: Lincoln, Vermont
LAG Project #00354 Statistical Analysis of

Downgradient Iron Increases

Table 5

Background Compliance Wells
Well # MW-1 MW-4 MW-2 MW-3

IRON Concentrations - log(ug/l)
05/31/94 1.40 1.18 2.98 3.79
10/19/94 1.76 1.38 2.95 3.22
05/19/95 1.41 1.00 2.66 3.01
10/12/95 2.59 2.06 2.72 2.80
05/20/96 1.54 1.00 1.74 2.72
11/07/96 1.70 1.70 1.70 2.23
05/14/97 2.18 2.11 3.00 2.70
10/23/97 2.74 2.71 3.06 3.53
05/05/98 1.85 1.70 2.76 3.55
10/29/98 1.70 1.78 3.23 3.98
05/13/99 3.30 1.70 3.74 2.65
10/21/99 1.95 2.26 2.65
05/11/00 4.00 1.70 1.78 2.20
10/19/00 2.69 1.70 1.90 2.41
05/22/01 2.97 1.70 1.70 1.85
10/11/01 1.70 2.43
05/30/02 2.20 1.70 1.70 1.78
10/10/02 2.04 2.23
05/30/03 3.38 1.70 1.70 1.85
10/29/03 2.23 2.15
05/14/04 3.26 2.00
11/03/04 1.70 1.70 2.36 1.85
05/25/05 3.15 1.70 3.08 2.00
10/24/05 1.70 1.70 2.93 1.70
05/08/06 1.70 1.70 1.70 1.70
10/26/06 1.70 1.70 2.43 1.70
05/16/07 3.09 1.70 3.81 1.70
10/31/07 2.00 2.95 1.90 2.48
05/14/08 1.85 1.70 1.70 1.85
10/06/08 1.70 1.70 3.00 1.70
05/05/09 2.30 1.70 2.30 1.70
10/06/09 2.30 1.70 3.30 3.30
05/03/10 2.30 1.70 3.30 3.30
10/06/10 2.60 1.70 2.85 1.70
05/02/11 2.00 1.70 2.70 1.78
10/03/11 2.15 1.70 2.15 2.00
05/02/12 1.95 1.78 2.98 1.70
10/03/12 1.90 1.70 1.85 2.79
05/08/13 1.70 1.70 1.90 1.85
10/02/13 2.93 1.70 3.45 1.90

Square of log(IRON Concentrations) Sum of all 4 Wells
05/31/94 1.96 1.39 8.88 14.36 27
10/19/94 3.10 1.90 8.70 10.37 24
05/19/95 1.99 1.00 7.08 9.06 19
10/12/95 6.71 4.24 7.40 7.84 26
05/20/96 2.37 1.00 3.03 7.40 14
11/07/96 2.89 2.89 2.89 4.97 14
05/14/97 4.74 4.47 9.03 7.28 26
10/23/97 7.51 7.33 9.34 12.44 37
05/05/98 3.40 2.89 7.59 12.61 26
10/29/98 2.89 3.16 10.44 15.82 32
05/13/99 10.90 2.89 13.99 7.04 35
10/21/99 3.82 5.09 7.04 16
05/11/00 16.00 2.89 3.16 4.86 27
10/19/00 7.24 2.89 3.62 5.83 20
05/22/01 8.81 2.89 2.89 3.40 18
10/11/01 2.89 5.91 9
05/30/02 4.86 2.89 2.89 3.16 14
10/10/02 4.17 4.97 9
05/30/03 11.43 2.89 2.89 3.40 21
10/29/03 0.00 4.97 4.61 10
05/14/04 0.00 10.60 4.00 15
11/03/04 2.89 2.89 5.58 3.40 15
05/25/05 9.90 2.89 9.48 4.00 26
10/24/05 2.89 2.89 8.61 2.89 17
05/08/06 2.89 2.89 2.89 2.89 12
10/26/06 2.89 2.89 5.91 2.89 15
05/16/07 9.57 2.89 14.53 2.89 30
10/31/07 4.00 8.73 3.62 6.14 22
05/14/08 3.40 2.89 2.89 3.40 13
10/06/08 2.89 2.89 9.00 2.89 18
05/09/09 5.29 2.89 5.29 2.89 16
10/06/09 5.29 2.89 10.90 10.90 30
05/03/10 5.29 2.89 10.90 10.90 30
10/06/10 6.76 2.89 8.12 2.89 21
05/02/11 4.00 2.89 7.29 3.17 17
10/03/11 4.62 2.89 4.62 4.00 16
05/02/12 3.80 3.17 8.88 2.89 19
10/03/12 3.61 2.89 3.42 7.78 18
05/08/13 2.89 2.89 3.61 3.42 13
10/02/13 8.58 2.89 11.90 3.61 27

Well Total 80.07 60.43 100.50 94.41 335
Well Mean 2.22 1.73 2.51 2.36
(Well Total)2 6411 3652 10100 8913 29076

 Between wells sum of squares

ss(wells) = 752 minus 735 = 17 with 3 degrees of freedom (4 wells)

Corrected total sum of squares

ss(total)= 810 minus 735 = 75 with 152 degrees of freedom (153 observations)

Error sum of squares within well means

ss(error) = 75 minus 17 = 58 with 149 degrees of freedom (#observations - #wells)

1 way ANOVA table Calculated F statistic: Tabulated F statistic:
Sum of 

Squares
Degrees of 
Freedom Mean of Squares

(between wells / error within 
wells)

(between wells + error (within) 
deg. of Freedom)

Between wells 17 / 3 = 6 14.5 2.64
error within wells 58 / 149 = 0.39
Total = 75 / 152

Evaluate which compliance wells exceed background concentrations
2 compliance wells To determine which compliance wells exceed:

Mean square (error) = 0.39
mean concentration in all background wells = 1.98 Difference SE = Standard Error = 0.10
MW-2 Mean 2.51 minus 1.98 = 0.54 for 149 degrees of freedom, 2 comparisons, and
MW-3 Mean 2.36 minus 1.98 = 0.38 0.05 error, Bonferroni statistic 1.96

thus D = SE x t = 0.20

Conclusion:  if calculated F > than tabulated F, then the well 
means are not equal, and the compliance wells > background 
wells.  This is the case here.

There is significant evidence of contamination if Difference  is greater than D, thus both MW-2 and MW-3 have higher Fe 
concentrations than the background wells

71 sample results from background wells
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Table 6

Background Compliance Wells
Well # MW-1 MW-4 MW-2 MW-3

MANGANESE Concentrations - log(ug/l)
05/31/94 1.79 2.51 3.27 3.30
10/19/94 2.31 2.39 3.20 3.40
05/19/95 2.00 3.23 3.30 3.14
10/12/95 1.43 2.30 2.76 3.18
05/20/96 1.99 1.65 3.03 3.35
11/07/96 2.04 1.30 3.20 3.17
05/14/97 1.85 1.30 3.09 3.20
10/23/97 1.30 1.48 2.60 3.36
05/05/98 2.89 1.48 3.51 3.20
10/29/98 2.77 1.30 3.92 3.04
05/13/99 2.34 1.70 4.00 2.69
10/21/99 2.43 2.80 2.91
05/11/00 2.90 1.30 2.79 3.04
10/19/00 2.38 1.30 3.11 2.81
05/22/01 2.15 1.30 2.90 2.60
10/11/01 1.30 2.68
05/30/02 2.08 1.30 1.85 2.76
10/10/02 1.30 2.48
05/30/03 2.48 1.30 3.26 2.95
10/29/03 1.30 3.32 2.85
05/14/04 1.30 2.53 2.41
11/03/04 2.32 1.85 3.46 1.30
05/25/05 2.70 1.30 3.69 2.32
10/24/05 2.20 1.30 3.77 2.58
05/08/06 1.60 1.30 3.79 2.56
10/26/06 1.85 1.30 4.19 2.30
05/16/07 2.66 1.30 3.88 1.90
10/31/07 2.00 2.30 2.48 3.48
05/14/08 2.04 1.30 4.15 2.40
10/06/08 1.78 1.30 4.30 2.78
05/05/09 2.00 1.30 4.60 2.00
10/06/09 2.00 1.30 4.30 3.00
05/03/10 2.00 1.30 4.48 3.00
10/06/10 2.30 1.30 4.60 1.30
05/02/11 1.90 1.30 4.59 2.53
10/03/11 2.11 1.30 4.63 1.48
05/02/12 1.85 1.30 4.46 2.04
10/03/12 2.00 1.30 4.18 3.04
05/08/13 1.85 1.48 4.45 1.90
10/02/13 2.23 1.48 4.68 2.20

Square of log(MANGANESE Concentrations) Sum of all 4 Wells
05/31/94 3.20 6.30 10.69 10.89 31
10/19/94 5.34 5.71 10.24 11.56 33
05/19/95 4.00 10.43 10.89 9.86 35
10/12/95 2.04 5.29 7.62 10.11 25
05/20/96 3.96 2.72 9.18 11.22 27
11/07/96 4.16 1.69 10.24 10.05 26
05/14/97 3.40 1.69 9.57 10.23 25
10/23/97 1.69 2.18 6.77 11.29 22
05/05/98 8.33 2.18 12.32 10.27 33
10/29/98 7.68 1.69 15.40 9.25 34
05/13/99 5.49 2.89 16.00 7.24 32
10/21/99 5.91 7.84 8.49 22
05/11/00 8.40 1.69 7.80 9.25 27
10/19/00 5.67 1.69 9.70 7.91 25
05/22/01 4.61 1.69 8.40 6.77 21
10/11/01 1.69 7.19 9
05/30/02 4.32 1.69 3.40 7.64 17
10/10/02 1.69 6.14 8
05/30/03 6.14 1.69 10.60 8.73 27
10/29/03 1.69 11.04 8.09 21
05/14/04 1.69 6.41 5.83 14
11/03/04 5.39 3.40 11.99 1.69 22
05/25/05 7.28 1.69 13.62 5.39 28
10/24/05 4.86 1.69 14.22 6.66 27
05/08/06 2.57 1.69 14.35 6.53 25
10/26/06 3.40 1.69 17.56 5.29 28
05/16/07 7.09 1.69 15.06 3.62 27
10/31/07 4.00 5.29 6.14 12.09 28
05/14/08 4.17 1.69 17.19 5.75 29
10/06/08 3.16 1.69 18.50 7.72 31
05/05/09 4.00 1.69 21.18 4.00 31
10/06/09 4.00 1.69 18.50 9.00 33
05/03/10 4.00 1.69 20.07 9.00 35
10/06/10 5.29 1.69 21.16 1.69 30
05/02/11 3.61 1.69 21.07 6.40 33
10/03/11 4.45 1.69 21.44 2.19 30
05/02/12 3.42 1.69 19.89 4.16 29
10/03/12 4.00 1.69 17.47 9.24 32
05/08/13 3.42 2.19 19.80 3.61 29
10/02/13 4.97 2.19 21.90 4.84 34

Well Total 76.51 56.37 139.73 106.65 379
Well Mean 2.1 1.5 3.5 2.7
(Well Total)2 5,854 3,177 19,524 11,374 39,929

Between well sum of squares

ss(wells) = 1021 minus 940 = 81 with 3 degrees of freedom (4 wells)

Corrected total sum of squares

ss(total)= 1076 minus 940 = 136 with 152 degrees of freedom (153 observations)

Error sum of squares within well means

ss(error) = 136 minus 81 = 55 with 149 degrees of freedom (#observations - #wells)

1 way ANOVA table Calculated F statistic: Tabulated F statistic:
Sum of 

Squares
Degrees of 
Freedom Mean of Squares

(between wells / error within 
wells

(between wells + error 
(within) deg. of Freedom)

Between wells 81 / 3 = 26.95 72.9 2.64
error within wells 55 / 149 = 0.37
Total = 136 / 152

Evaluate which compliance wells exceed background concentrations
2 compliance wells To determine which compliance wells exceed:

Mean square (error) = 0.37
mean concentration in all background wells = 1.82 Difference SE = Standard Error = 0.10
MW-2 Mean 3.5 minus 1.82 = 1.67 for 149 degrees of freedom, 2 comparisons, and
MW-3 Mean 2.7 minus 1.82 = 0.84 0.05 error, Bonferroni statistic 1.96

thus D = SE x t = 0.20

Conclusion:  If the calculated F > Tabulated F, then well 
means are not equal and compliance well concentrations 
are > background well conentrations.

There is statistically significant evidence of contamination if Difference  is greater than D, thus, both MW-2 and MW-3 have higher Mn concentrations than 
the background wells.

73 sample results from background wells
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