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LIST OF ACRONYMS AND ABBREVIATIONS 

EDB ethylene dibromide 
EPA U.S.  Environmental Protection Agency 

HC hydrocarbon 

MDL method detection limit 

ppm part per million 
p-value calculated probability 

Q quarter 

S Kendall score 
SVMP  soil vapor monitoring point 
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Mann-Kendall Trend Analysis of 2019 Soil Vapor Data 

A statistical analysis was performed on selected soil vapor monitoring points (SVMPs) collected between 
quarter (Q)1 2016 and Q4 2019.  Hydrocarbons (HCs), ethylene dibromide (EDB), and benzene were 
analyzed to determine if any statistically significant trends existed when analyte concentrations were 
evaluated over time.  Any SVMP with an HC concentration of 20 parts per million (ppm) or greater during 
any quarter within this time span was included in the evaluation.  Between Q1 2016 and Q4 2019, 82 out 
of 284 SVMPs contained HC concentrations of 20 ppm or greater during at least one quarter and were 
selected for evaluation. However, 13 of the 82 selected SVMPs were not sampled in 2019 due to bioventing 
activities, the remaining 69 SVMPs were evaluated. The other 202 SVMPs contained HC concentrations 
between 0 and 20 ppm, which are considered background concentrations; therefore, they were not included 
in the evaluation.  Attachment 1 summarizes results of the Mann-Kendall analyses.  

Mann-Kendall Trend Analysis Method 

The Mann-Kendall trend analysis is a test that evaluates whether a data series tends to increase or decrease 
with time by comparing each later-measured value to all the earlier measured values (Walpole et al., 2007).  
Due to the robustness to outliers, the Mann-Kendall analysis has been used for trend analysis of various 
types of environmental data (Hipel and McLeod, 1994). 

The Mann-Kendall trend analysis seeks to either confirm or reject the null hypothesis that no trend is 
present, and the data series are independent of time.  In the event the null hypothesis cannot be rejected the 
data may exhibit a random normal distribution (Walpole et al., 2007).  The Mann-Kendall analysis uses the 
Kendall score (S) test statistics to determine whether there is a trend in the time series data. 

S is computed by comparing the later-measured value to the previous values and assigning either a -1, 0, or 
1, based on whether there is a decrease among the values, the values are equal, or there is an increase among 
the values.  S is then computed as a summation of these assigned values.  When S is a large positive number, 
there is an increasing/positive trend in the data.  The maximum and minimum values of S depend on the 
number of measured data points.  When S is a large negative number, there is a decreasing trend in the data; 
when the absolute value S is small, there is no trend in the data (Walpole et al., 2007). 

If the null hypothesis is rejected because the absolute values of S are significantly different from zero, the 
Theil-Sen’s slope can be calculated and used to determine the average rate of change.  The Theil-Sen’s 
slope is the average of the rate of change between the measured data points (Walpole et al., 2007). 

The Mann-Kendall analysis assumes that the data do not conform to a normal random distribution, and that 
a measured data point can be considered less than, equal to, or greater than another measured value in the 
time series (Walpole et al., 2007). 

Statistical Analysis Software Package (ProUCL) 

For the purposes of this study, the software package ProUCL Version 5.1.002 was used.  ProUCL is a 
statistical software package to analyze environmental datasets with and without non-detect observations 
(U.S.  Environmental Protection Agency [EPA], 2015).  The desired time series data are entered into 
ProUCL and the Mann-Kendall trend analysis is selected and executed.  ProUCL then calculates the values 
of S, the variance of S, and the Theil-Sen’s slope (EPA, 2015). 
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In addition to performing the Mann-Kendall analysis on the data, ProUCL provides the calculated 
probability (p-value) for the desired confidence interval as another measurement to rejecting the null and 
also determines if the use of the Mann-Kendall approach is appropriate (EPA, 2015). 

The p-value for a data series is a measurement of normality in the data and also provides a measurement of 
statistical significance for a linear trend in the data (EPA, 2015).  The p-value ranges from 0 to 1 and is a 
normalized function of the residual data measurements, i.e., deviation from the data set’s mean value 
(Walpole et al., 2007).  A p-value equal to 1 indicates a perfect normal distribution and that the 
Mann-Kendall method of analysis is not appropriate, because it assumes a non-normal distribution 
(Walpole et al., 2007).  A small p-value near zero indicates a non-normal distribution and a possible 
statistically significant trend.  Statistical significance depends on the level of the confidence interval 
selected for the analysis (Walpole et al., 2007; EPA, 2015). 

Data Input and Assumptions 

Data from the selected 69 SVMPs were input into ProUCL to perform the Mann-Kendall analysis.  HC, 
EDB, and benzene were analyzed to determine if any statistically significant trends existed from Q1 2016 
to Q4 2019. 

Data from SVMPs were analyzed using a censored data Mann-Kendall analysis.  Censored data refers to 
datasets containing non-detect concentrations, which are only partially known because they are between 
the laboratory method detection limit (MDL) and zero.  In datasets containing one to five non-detect values, 
the values were assumed to be the MDL used by the laboratory at the time of reporting.  This assumption 
would show that there was a decrease (-1) for the computation of S if the MDL was less than the previous 
measured values, an increase if the MDL was greater than the previous measured values (1), or 0 if it was 
the same as the previous values.  This assumption is conservative in that it indicates there is a data point at 
that time in the series and assumes the maximum concentration at that time.  Datasets that contained six or 
more non-detect values were not analyzed for a trend because at least 50% of the data points would be 
estimated, which would not provide an adequate dataset for statistical evaluation.  SVMPs containing six 
or more non-detect data points were therefore considered to have no trend. 

ProUCL also calculates the p-value, so a 95% confidence interval was selected for this analysis.  This means 
that p-values less than 0.05 indicate a statistically significant trend and rejection of the null hypothesis.  A 
p-value greater than 0.05 would be considered failure to reject the null hypothesis.

In addition to the trend analysis, a ProUCL outlier analysis was performed on data sets that were observed 
to potentially contain an outlier. The inclusion of outliers in a trend analysis tends to yield inflated values 
of decision statistics, which can lead to a poor representation of the main data population. Outliers were 
identified by using a combination of the ProUCL outlier analysis (Attachment 2) and professional 
judgement. The identified outliers were removed from data sets before the trend analyses were performed. 

Results 

The results of the Mann-Kendall analyses are presented in Attachment 1, ProUCL output.  Of the 69 
SVMPs included in the analysis, 41 SVMPs had an increasing or decreasing trend in HC, 9 SVMPs 
had an increasing or decreasing trend in EDB, and 35 SVMPs had an increasing or decreasing trend in 
benzene. 



APPENDIX K-1 

K-3
Kirtland AFB BFF March 2020 
Quarterly and Annual Report – October-December 2019 
SWMUs ST-106/SS-111 

The range of statistically significant p-values for HC, EDB, and benzene varied at each SVMP between 
0 and 0.0440.  P-values that were above the 95% confidence interval of 0.05 ranged from 0.0537 to 0.5000.  
The high variability of soil vapor data affected the outcome of the p-value at each SVMP.  For example, an 
SVMP that yielded both increasing and decreasing HC values throughout the dataset would have a larger 
p-value than an SVMP where HC values consistently increased or decreased between Q1 2016 and
Q4 2019.  SVMPs with statistically significant increasing or decreasing trends are identified on Table 2-6
in the main report.
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ProUCL Mann-Kendall Trend Analysis Output 
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ATTACHMENT 2 

              ProUCL Outlier Analysis Output 
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For 10% significance level, 0.33 is not an outlier.

For 5% significance level, 0.33 is not an outlier.

For 1% significance level, 0.33 is not an outlier.

2. Observation Value 0.33 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.049

Test Statistic: 0.990

For 10% significance level, 415.3087935 is an outlier. 

For 5% significance level, 415.3087935 is an outlier.

For 1% significance level, 415.3087935 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 415.3087935 is a Potential Outlier (Up  

Dixon's Outlier Test for KAFB-106111-050 Benzene

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/9/2020 3:01:10 PM
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For 10% significance level, 0 is not an outlier.

For 5% significance level, 0 is not an outlier.

For 1% significance level, 0 is not an outlier.

2. Observation Value 0 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.000

Test Statistic: 0.893

For 10% significance level, 28 is an outlier. 

For 5% significance level, 28 is an outlier.

For 1% significance level, 28 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 28 is a Potential Outlier (Upper Tail)?

Dixon's Outlier Test for KAFB-106111-050 HC

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/9/2020 2:52:51 PM
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For 10% significance level, 0.38 is not an outlier.

For 5% significance level, 0.38 is not an outlier.

For 1% significance level, 0.38 is not an outlier.

2. Observation Value 0.38 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.038

Test Statistic: 0.589

For 10% significance level, 261.2646217 is an outlier. 

For 5% significance level, 261.2646217 is an outlier.

For 1% significance level, 261.2646217 is not an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 261.2646217 is a Potential Outlier (Up  

Dixon's Outlier Test for KAFB-106112-250 EDB

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 8:45:43 AM
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For 10% significance level, 110 is an outlier. 

For 5% significance level, 110 is an outlier.

For 1% significance level, 110 is not an outlier.

2. Observation Value 110 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.596

Test Statistic: 0.391

For 10% significance level, 1229.480573 is not an outlier.

For 5% significance level, 1229.480573 is not an outlier.

For 1% significance level, 1229.480573 is not an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 1229.480573 is a Potential Outlier (Up  

Dixon's Outlier Test for KAFB-106114-450 EDB

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:07:34 AM
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For 10% significance level, 0 is not an outlier.

For 5% significance level, 0 is not an outlier.

For 1% significance level, 0 is not an outlier.

2. Observation Value 0 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.167

Test Statistic: 0.750

For 10% significance level, 21 is an outlier. 

For 5% significance level, 21 is an outlier.

For 1% significance level, 21 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 21 is a Potential Outlier (Upper Tail)?

Dixon's Outlier Test for KAFB-106117-050 HC

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/9/2020 3:03:55 PM
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For 10% significance level, 420 is an outlier. 

For 5% significance level, 420 is an outlier.

For 1% significance level, 420 is not an outlier.

2. Observation Value 420 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.516

Test Statistic: 0.151

For 10% significance level, 1800 is not an outlier.

For 5% significance level, 1800 is not an outlier.

For 1% significance level, 1800 is not an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 1800 is a Potential Outlier (Upper Tail)

Dixon's Outlier Test for KAFB-106117-450 EDB

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:14:30 AM
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For 10% significance level, 0.42 is not an outlier.

For 5% significance level, 0.42 is not an outlier.

For 1% significance level, 0.42 is not an outlier.

2. Observation Value 0.42 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.005

Test Statistic: 0.724

For 10% significance level, 575.0429448 is an outlier. 

For 5% significance level, 575.0429448 is an outlier.

For 1% significance level, 575.0429448 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 575.0429448 is a Potential Outlier (Up  

Dixon's Outlier Test for KAFB-106128-050 Benzene

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 8:16:13 AM
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For 10% significance level, 31307.89366 is not an outlier.

For 5% significance level, 31307.89366 is not an outlier.

For 1% significance level, 31307.89366 is not an outlier.

2. Observation Value 31307.89366 is a Potential Outlier (Low  

Test Statistic: 0.032

Test Statistic: 0.541

For 10% significance level, 73477.70961 is an outlier. 

For 5% significance level, 73477.70961 is an outlier.

For 1% significance level, 73477.70961 is not an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 73477.70961 is a Potential Outlier (Up  

Dixon's Outlier Test for KAFB-106128-350 Benzene

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:02:21 AM
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For 10% significance level, 3400 is not an outlier.

For 5% significance level, 3400 is not an outlier.

For 1% significance level, 3400 is not an outlier.

2. Observation Value 3400 is a Potential Outlier (Lower Tail)

Test Statistic: 0.111

Test Statistic: 0.583

For 10% significance level, 9221.104294 is an outlier. 

For 5% significance level, 9221.104294 is an outlier.

For 1% significance level, 9221.104294 is not an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 9221.104294 is a Potential Outlier (Up  

Dixon's Outlier Test for KAFB-106128-450 EDB

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:18:45 AM
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For 10% significance level, 1 is an outlier. 

For 5% significance level, 1 is an outlier.

For 1% significance level, 1 is an outlier.

2. Observation Value 1 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.615

Test Statistic: 0.250

For 10% significance level, 45 is not an outlier.

For 5% significance level, 45 is not an outlier.

For 1% significance level, 45 is not an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 45 is a Potential Outlier (Upper Tail)?

Dixon's Outlier Test for KAFB-106133-450 HC

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:34:25 AM
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For 10% significance level, 6 is not an outlier.

For 5% significance level, 6 is not an outlier.

For 1% significance level, 6 is not an outlier.

2. Observation Value 6 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.037

Test Statistic: 0.704

For 10% significance level, 1600 is an outlier. 

For 5% significance level, 1600 is an outlier.

For 1% significance level, 1600 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 1600 is a Potential Outlier (Upper Tail)

Dixon's Outlier Test for SVEW-08-260 Benzene

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 8:52:04 AM
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For 10% significance level, 5 is not an outlier.

For 5% significance level, 5 is not an outlier.

For 1% significance level, 5 is not an outlier.

2. Observation Value 5 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.000

Test Statistic: 0.797

For 10% significance level, 182 is an outlier. 

For 5% significance level, 182 is an outlier.

For 1% significance level, 182 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 182 is a Potential Outlier (Upper Tail)?

Dixon's Outlier Test for SVEW-08-260 HC

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 8:49:08 AM
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For 10% significance level, 5 is not an outlier.

For 5% significance level, 5 is not an outlier.

For 1% significance level, 5 is not an outlier.

2. Observation Value 5 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.000

Test Statistic: 0.770

For 10% significance level, 105 is an outlier. 

For 5% significance level, 105 is an outlier.

For 1% significance level, 105 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 105 is a Potential Outlier (Upper Tail)?

Dixon's Outlier Test for SVEW-09-460 HC

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:37:19 AM
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For 10% significance level, 2172.384458 is not an outlier.

For 5% significance level, 2172.384458 is not an outlier.

For 1% significance level, 2172.384458 is not an outlier.

2. Observation Value 2172.384458 is a Potential Outlier (Low  

Test Statistic: 0.016

Test Statistic: 0.863

For 10% significance level, 87000 is an outlier. 

For 5% significance level, 87000 is an outlier.

For 1% significance level, 87000 is an outlier.

5% critical value: 0.477

1% critical value: 0.597

1.  Observation Value 87000 is a Potential Outlier (Upper Ta

Dixon's Outlier Test for SVEW-13-410 Benzene

Number of Observations = 10

10% critical value: 0.409

From File   WorkSheet.xls

Full Precision   OFF

Outlier Tests for Selected Uncensored Variables

User Selected Options

Date/Time of Computation   ProUCL 5.13/10/2020 9:42:15 AM
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For 10% significance level, 850 is not an outlier.

For 5% significance level, 850 is not an outlier.
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For 10% significance level, 1 is not an outlier.

For 5% significance level, 1 is not an outlier.

For 1% significance level, 1 is not an outlier.

2. Observation Value 1 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.161

Test Statistic: 0.928

For 10% significance level, 130.6323108 is an outlier. 

For 5% significance level, 130.6323108 is an outlier.
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For 10% significance level, 2100 is not an outlier.

For 5% significance level, 2100 is not an outlier.

For 1% significance level, 2100 is not an outlier.

2. Observation Value 2100 is a Potential Outlier (Lower Tail)

Test Statistic: 0.243

Test Statistic: 0.701

For 10% significance level, 26126.46217 is an outlier. 

For 5% significance level, 26126.46217 is an outlier.

For 1% significance level, 26126.46217 is an outlier.
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1% critical value: 0.597
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Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106117-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
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Well ID: KAFB-106128-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
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Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-02-060 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-02-060 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-06-060 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-06-060 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-03-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-03-050 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-04-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-04-050 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-08-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-08-050 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-09-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-09-050 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-10-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-10-050 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-11-050 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-11-050 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-03-160 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-03-160 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-07-160 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-07-160 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-01-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-01-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-02-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-02-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-02-150 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-02-150 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-03-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-03-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-04-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-04-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

1.00E+05

2.00E+05

3.00E+05

4.00E+05

5.00E+05

6.00E+05

7.00E+05

8.00E+05

0

5000

10000

15000

20000

25000

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date

O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: SVMW-07-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-07-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-08-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-08-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-09-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-09-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-10-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-10-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-10-150 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-10-150 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 

0.00E+00

5.00E+05

1.00E+06

1.50E+06

2.00E+06

2.50E+06

0

5000

10000

15000

20000

25000

30000

35000

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date

HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date
O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

 
Well ID: SVMW-11-100 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-11-100 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-13-150 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-13-150 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106110-150 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106110-150 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106110-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106110-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106111-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106111-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106112-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106112-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106116-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106116-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106117-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106117-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106118-265 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106118-265 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106119-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106119-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-01-260 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-01-260 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-08-260 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-08-260 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-01-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-01-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-03-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-03-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-04-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-04-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-05-230 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-05-230 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-06-252 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-06-252 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-08-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-08-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-09-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-09-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-09-266 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-09-266 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-10-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-10-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-11-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-11-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-11-260 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-11-260 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-15-250 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-15-250 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106111-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106111-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106113-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106113-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106116-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106116-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

5.00E+02

1.00E+03

1.50E+03

2.00E+03

2.50E+03

3.00E+03

3.50E+03

4.00E+03

4.50E+03

0

20

40

60

80

100

120

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date
O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: KAFB-106117-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106117-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

1.00E+03

2.00E+03

3.00E+03

4.00E+03

5.00E+03

6.00E+03

0

400

800

1200

1600

2000

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date
O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: KAFB-106119-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106119-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106128-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106128-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-04-313 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-04-313 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-01-300 
Hydrocarbon, EDB, and Benzene Levels Over Time 

 
 
Well ID: SVMW-01-300 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-03-300 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-03-300 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-04-300 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-04-300 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-06-302 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-06-302 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-15-350 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-15-350 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106112-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106112-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106113-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106113-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106114-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106114-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106115-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106115-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106116-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106116-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106117-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106117-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106119-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106119-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

7.50E+02

1.50E+03

2.25E+03

3.00E+03

3.75E+03

0

100

200

300

400

500

600

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date
O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: KAFB-106124-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106124-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106125-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106125-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106126-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106126-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106127-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106127-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106128-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106128-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106129-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106129-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106130-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106130-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106131-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106131-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

4.00E+03

8.00E+03

1.20E+04

1.60E+04

2.00E+04

0

50

100

150

200

250

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date

O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: KAFB-106133-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106133-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106134-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106134-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: KAFB-106137-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: KAFB-106137-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

1.50E+04

3.00E+04

4.50E+04

6.00E+04

7.50E+04

9.00E+04

0

300

600

900

1200

1500

1800

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date
O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: SVEW-05-460 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-05-460 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-09-460 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-09-460 
Oxygen and Carbon Dioxide Concentrations Over Time 
 

 
 

0.00E+00

1.50E+02

3.00E+02

4.50E+02

6.00E+02

7.50E+02

9.00E+02

0

20

40

60

80

100

120

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

E
D

B
 a

nd
 B

en
ze

ne
(µ

g/
m

3
)

H
yd

ro
ca

rb
on

(p
pm

v)

Date
HC Shutdown Date EDB Benzene

0.00

5.00

10.00

15.00

20.00

25.00

1/1/2015 10/28/2015 8/23/2016 6/19/2017 4/15/2018 2/9/2019 12/6/2019

C
on

ce
nt

ra
tio

n 
(%

)

Date

O2 CO2 Shutdown Date



APPENDIX L-1 

Kirtland AFB BFF  March 2020 
Quarterly and Annual Report – October-December 2019   
SWMUs ST-106/SS-111    

Well ID: SVEW-11-410 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-11-410 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVEW-13-410 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVEW-13-410 
Oxygen and Carbon Dioxide Concentrations Over Time 
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Well ID: SVMW-15-450 
Hydrocarbon, EDB, and Benzene Levels Over Time 
 

 
 
 
Well ID: SVMW-15-450 
Oxygen and Carbon Dioxide Concentrations Over Time 
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