
 

3611 Roland Avenue · Baltimore, MD 21211 · Tel: 410.899.0200 
 

Over 200 stores in Maryland, Pennsylvania, Virginia, Delaware, and New Jersey. 
www.royalfarms.com 

 

 
 
 
 
March 13, 2020 
 
Ms. Ellen Jackson 
Maryland Department of the Environment 
Oil Control Program 
1800 Washington Boulevard, Suite 620 
Baltimore, Maryland 21230-1719 

 
Re:  Monitoring Well Abandonment Request 
  Gasoline Fueling Station – Royal Farms #64 

7950 Pulaski Highway 
Baltimore, Maryland 21237 
MDE Case No. 2010-0339-BA 
MDE Facility ID No. 3975 

 
Dear Ms. Jackson,  
 
In response to the Maryland Department of the Environment (MDE) Oil Control Program (OCP) 
correspondence, dated March 4, 2020,Two Farms, Inc. respectfully requests to abandon the following 
monitoring wells located at Royal Farms #64 (i.e., the “Site”): MW-3,  MW-6, MW-9, MW-10, MW-11, 
MW-12, MW-13, MW-18, MW-19, MW-20, MW-25, and MW-30. 
 
Each of these monitoring wells were selected for abandonment based on the following criteria: 
 

• Each monitoring well is not required for quarterly or semi-annual sampling by the MDE. 
• No recovery wells were selected for abandonment. 
• The Mann-Kendall statistical analysis for each well determined only “decreasing,” 

“probably decreasing,” “stable,” or “no trend” for the dissolved concentrations of each of 
the three hydrocarbon constituents (benzene, methyl tert-butyl ether [MTBE], and 
naphthalene).  

• For each instance where “no trend” for a hydrocarbon constituent was determined, the 
concentration of that constituent did not exceed 10 micrograms per liter (µg/L) for the last 
sampling event and also did not exceed 100 µg/L in the last two years of sampling. 
 

A Monitoring Well Location Map showing the location of each monitoring well is included as 
Attachment A. Wells selected for abandonment are circled in red. Mann-Kendall statistical analyses 
for each well selected for abandonment are included as Attachment B. The MDE OCP 
correspondence is included as Attachment C.  
 
Should you have any questions regarding the contents of this letter, please contact the undersigned 
at 410.812.9324 or truszin@royalfarms.com.  
 



 
 

Sincerely, 
 
Two Farms, Inc. dba Royal Farms 
 
 
 
Thomas E. Ruszin III 
Environmental & Fuel Leader 
 
Cc: Mr. Andrew Miller, MDE OCP 
 Mr. Jeffrey Stein, Advantage Environmental Consultants, LLC  
 Ms. Debbie Cvach 
 
Attachments



 
 

Attachment A





 
 

Attachment B



Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 200 310 1800
2 10/28/2010 10 2.5 34.0
3 1/10/2011 240 310 48.0
4 4/27/2011 32 2.5 49.0
5 7/21/2011 52 2.5 6.2
6 10/28/2011 360 310.0 10.0
7 1/10/2012 230 2.5 30.0
8 4/11/2012 30 35.0 6.7
9 7/6/2012 639 21.7 1.0

10 10/5/2012 40.4 1.0 1.0
11 1/21/2013 73.4 5.7 3.1
12 4/17/2013 1.0 1.0 1.0
13 7/19/2013 4.8 1.0 1.0
14 10/8/2013 1.0 1.0 1.0
15 1/6/2014 1.0 1.0 1.0
16 4/23/2014 5.5 4.1 1.0
17 7/17/2014 8.1 4.8 1.0
18 10/8/2014 1.0 1.0 1.0
19 1/9/2015 3.8 8.8 1.0
20 4/15/2015 1.0 6.1 1.0
21 7/8/2015 1.0 2.8 1.0
22 10/21/2015 1.0 1.0 1.0
23 12/3/2015 1.0 1.0 1.0
24 1/14/2016 1.0 1.0 1.0
25 2/10/2016 1.0 1.0 1.0
26 3/9/2016 2.2 9.4 1.0
27 4/8/2016 12.0 1.0 1.0
28 5/25/2016 1.0 3.9 1.0
29 8/25/2016 1.0 4.5 1.0
30 11/16/2016 2.4 33.1 1.0
31 1/24/2017 1.0 1.0 1.0
32 4/27/2017 1.0 8.4 1.0
33 7/13/2017 3.2 38.0 1.0
34 10/25/2017 1.0 15.0 1.0
35 2/13/2018 1.0 1.0 1.0
36 4/27/2018 1.0 2.5 1.0
37 7/19/2018 3.0 18.9 1.0
38 1/22/2019 1.0 2.5 1.0
39 7/24/2019 0.5 2.9 0.5
40

Coefficient of Variation: 2.49 2.72 5.56
Mann-Kendall Statistic (S): -350 -37 -317

Confidence Factor: >99.9% 67.0% >99.9%
Concentration Trend: Decreasing No Trend Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.

MW-3 CONCENTRATION (ug/L)

GSI Environmental Inc., www.gsi-net.com

GSI MANN-KENDALL TOOLKIT
for Constituent Trend Analysis

24-Jul-19 05-056
RF-64 MW-3
AEC

0.1

1

10

100

1000

10000

07/09 11/10 04/12 08/13 12/14 05/16 09/17 02/19 06/20

C
on

ce
nt

ra
tio

n 
(u

g/
L)

Sampling Date

Benzene

MTBE

Naphthalene



Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 3,300 2.5 2900.0
2 10/28/2010 1,900 2.5 350.0
3 1/10/2011 2,600 2.5 550.0
4 4/27/2011 1,800 2.5 3300.0
5 7/21/2011 550 2.5 250.0
6 10/28/2011 1,700 2.5 650.0
7 10/5/2012 2,940 40.0 318.0
8 1/21/2013 652 40.0 343.0
9 4/17/2013 1,070 40.0 436.0
10 7/19/2013 820 40.0 358.0
11 10/8/2013 1,160 20.0 272.0
12 1/6/2014 175 20.0 442.0
13 7/17/2014 615 10.0 153.0
14 1/9/2015 84 5.3 53.5
15 7/8/2015 84.1 3.0 39.7
16 12/3/2015 59.5 2.0 36.3
17 1/14/2016 18.5 4.0 41.8
18 2/10/2016 11.4 1.0 1.0
19 3/9/2016 28.5 4.0 64.3
20 4/8/2016 50.6 5.1 36.2
21 5/25/2016 51.3 7.0 31.2
22 8/25/2016 14.5 8.9 7.6
23 11/16/2016 1.0 9.8 1.0
24 1/24/2017 4.9 4.9 4.6
25 7/13/2017 1.0 10.3 1.0
26 2/13/2018 2.2 3.2 3.3
27 7/19/2018 1.0 5.1 1.0
28 1/23/2019 1.0 5.1 22.4
29 7/24/2019 0.5 0.5 1.8
30

Coefficient of Variation: 1.45 1.23 2.13
Mann-Kendall Statistic (S): -336 -4 -296

Confidence Factor: >99.9% 52.2% >99.9%
Concentration Trend: Decreasing No Trend Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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GSI Environmental Inc., www.gsi-net.com
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 200 110.0 50.0
2 10/28/2010 200 2.5 37.0
3 1/10/2011 580 2.5 62.0
4 4/27/2011 1,300 2.5 250.0
5 7/21/2011 1,700 2.5 1600.0
6 10/28/2011 2,800 2.5 640.0
7 1/10/2012 640 81.0 2.5
8 4/11/2012 340 2.5 33.0
9 7/6/2012 1.0 6.0 1.0

10 10/5/2012 7.3 4.3 1.0
11 1/21/2013 1.0 3.3 1.0
12 4/17/2013 1.0 3.7 1.0
13 7/19/2013 1.0 1.0 1.0
14 10/8/2013 1.0 1.0 1.0
15 1/6/2014 2.4 2.7 1.0
16 4/23/2014 1.0 2.8 1.0
17 7/17/2014 79.2 7.5 74.7
18 10/8/2014 1.0 1.0 1.0
19 1/9/2015 118 9.4 85.6
20 4/15/2015 153 6.1 99.1
21 7/8/2015 55.4 5.2 16.6
22 10/21/2015 2.4 1.0 1.0
23 12/3/2015 23.1 3.0 13.2
24 1/14/2016 115 3.0 72.4
25 2/10/2016 170.0 3.0 75.6
26 3/9/2016 281.0 2.0 123.0
27 4/8/2016 249 3.4 102.0
28 5/25/2016 170.0 2.0 54.2
29 8/25/2016 66.2 3.6 27.4
30 11/16/2016 13.5 3.4 3.3
31 1/24/2017 13.1 3.0 6.4
32 4/27/2017 11.7 2.9 2.4
33 7/13/2017 8.9 3.3 1.0
34 10/25/2017 4.5 2.7 1.0
35 2/13/2018 25.3 3.1 9.4
36 4/27/2018 10.7 1.0 2.3
37 7/19/2018 32.8 3.3 26.2
38 1/23/2019 19.3 1.0 26.0
39 7/24/2019 11.2 1.3 5.4
40

Coefficient of Variation: 2.27 2.67 3.01
Mann-Kendall Statistic (S): -119 -77 -65

Confidence Factor: 92.3% 82.0% 77.9%
Concentration Trend: Prob. Decreasing No Trend No Trend

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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GSI Environmental Inc., www.gsi-net.com
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 2.5 120.0 2.5
2 10/28/2010 6.2 120.0 6.6
3 1/10/2011 110 2.5 16.0
4 4/27/2011 630 2.5 390.0
5 7/21/2011 900.0 2.5 40.0
6 10/28/2011 5600.0 2.5 330.0
7 1/10/2012 2900.0 2.5 60.0
8 4/11/2012 730.0 2.5 17.0
9 7/6/2012 260.0 88.1 2.0

10 10/5/2012 134.0 111.0 2.0
11 1/21/2013 73.3 95.5 1.0
12 4/17/2013 58.8 128.0 1.0
13 7/19/2013 31.1 141.0 1.0
14 10/8/2013 21.9 146.0 1.0
15 1/6/2014 33.6 88.8 1.0
16 4/23/2014 18.3 128.0 1.0
17 7/17/2014 8.7 133.0 1.0
18 10/8/2014 9.3 127 1.0
19 1/9/2015 5 97.7 1.0
20 4/15/2015 3.9 65.4 1.0
21 7/8/2015 3.6 60.1 1.0
22 10/21/2015 6.6 95.8 1.0
23 1/14/2016 10.1 97.5 1.0
24 4/8/2016 12.8 66.5 1.0
25 8/25/2016 13.2 32.3 1.0
26 11/16/2016 46.8 39.6 11
27 1/24/2017 1.0 1.0 1.0
28 4/27/2017 40.9 29.4 7.1
29 7/13/2017 70.8 36 16.2
30 10/25/2017 71.6 36.6 17.2
31 2/13/2018 1.0 1.0 1.0
32 4/27/2018 1.0 1.0 1.0
33 7/19/2018 30.4 25.9 3.0
34 1/22/2019 1.0 2.0 1.0
35 7/24/2019 8.3 15.6 0.5
36
37
38
39
40

Coefficient of Variation: 3.11 0.84 3.14
Mann-Kendall Statistic (S): -229 -147 -167

Confidence Factor: 100.0% 98.1% 99.1%
Concentration Trend: Decreasing Decreasing Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.

MW-10 CONCENTRATION (ug/L)

GSI Environmental Inc., www.gsi-net.com

GSI MANN-KENDALL TOOLKIT
for Constituent Trend Analysis
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 140 310.0 12.0
2 10/28/2010 31 30.0 2.5
3 1/10/2011 45 92.0 10.0
4 4/27/2011 12 2.5 2.5
5 7/21/2011 2.5 81.0 2.5
6 10/28/2011 26 21.0 19.0
7 1/10/2012 2.5 2.5 5.3
8 4/11/2012 2.5 34.0 2.5
9 7/6/2012 2.6 24.0 1.0

10 10/5/2012 40 54.0 1.0
11 1/21/2013 16.5 22.3 1.0
12 4/17/2013 1.0 8.0 1.0
13 7/19/2013 1.0 6.6 1.0
14 10/8/2013 1.0 31.0 1.0
15 1/6/2014 1.0 9.8 1.0
16 4/23/2014 1.0 2.0 1.0
17 7/17/2014 1.0 3.0 1.0
18 10/8/2014 1.0 4.1 1.0
19 1/9/2015 1.0 1.0 1.0
20 4/15/2015 1.0 1.0 1.0
21 7/8/2015 1.0 1.0 1.0
22 10/21/2015 1.0 1.0 1.0
23 1/14/2016 1.0 1.0 1.0
24 4/8/2016 1.0 1.0 1.0
25 8/25/2016 1.0 2.4 1.0
26 11/16/2016 1.0 6.9 1.0
27 1/24/2017 1.0 1.0 1.0
28 4/17/2017 1.0 2.6 1.0
29 7/13/2017 1.0 4.2 1.0
30 10/25/2017 1.0 9.2 1.0
31 2/13/2018 1.0 2.5 1.0
32 4/27/2018 1.0 2.5 1.0
33 7/19/2018 1.0 4.5 1.0
34 1/22/2019 1.0 1.0 1.0
35 7/24/2019 0.5 1.9 0.5
36
37
38
39
40

Coefficient of Variation: 2.58 2.44 1.60
Mann-Kendall Statistic (S): -303 -263 -246

Confidence Factor: >99.9% >99.9% >99.9%
Concentration Trend: Decreasing Decreasing Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 2.5 2.5 2.5
2 10/28/2010 2.5 30.0 2.5
3 1/10/2011 2.5 2.5 9.0
4 4/27/2011 2.5 2.5 2.5
5 7/21/2011 2.5 2.5 2.5
6 10/28/2011 2.5 2.5 9.6
7 1/10/2012 2.5 2.5 2.5
8 4/11/2012 2.5 2.5 2.5
9 7/6/2012 1.0 1.0 1.0

10 10/5/2012 1.0 1.0 1.0
11 1/21/2013 1.0 1.0 1.0
12 4/17/2013 1.0 1.0 1.0
13 7/19/2013 1.0 1.0 1.0
14 10/8/2013 1.0 1.0 1.0
15 1/6/2014 1.0 1.0 1.0
16 4/23/2014 1.0 1.0 1.0
17 7/17/2014 1.0 1.0 1.0
18 10/8/2014 1.0 1.0 1.0
19 1/9/2015 1.0 1.0 1.0
20 4/15/2015 1.0 1.0 1.0
21 7/8/2015 1.0 1.0 1.0
22 10/21/2015 1.0 1.0 1.0
23 1/14/2016 1.0 1.0 1.0
24 4/8/2016 1.0 1.0 1.0
25 8/25/2016 1.0 1.0 1.0
26 11/16/2016 1.0 1.0 1.0
27 1/24/2017 1.0 1.0 1.0
28 4/27/2017 1.0 1.0 1.0
29 7/13/2017 1.0 1.0 1.0
30 10/25/2017 1.0 1.0 1.0
31 2/13/2018 1.0 1.0 1.0
32 4/27/2018 1.0 1.0 1.0
33 7/19/2018 1.0 1.0 1.0
34 1/22/2019 1.0 1.0 1.0
35 7/24/2019 0.5 0.5 0.5
36
37
38
39
40

Coefficient of Variation: 0.49 2.31 1.15
Mann-Kendall Statistic (S): -242 -247 -241

Confidence Factor: >99.9% >99.9% >99.9%
Concentration Trend: Decreasing Decreasing Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 7/22/2010 2.5 2.5 23.0
2 10/28/2010 2.5 30.0 2.5
3 1/10/2011 2.5 2.5 2.5
4 4/27/2011 2.5 2.5 2.5
5 7/21/2011 2.5 2.5 11.0
6 10/28/2011 2.5 2.5 2.5
7 1/10/2012 2.5 2.5 2.5
8 4/11/2012 2.5 2.5 2.5
9 7/6/2012 1.0 1.0 1.0

10 10/5/2012 1.0 1.0 1.0
11 1/21/2013 1.0 1.0 1.0
12 4/17/2013 1.0 2.1 1.0
13 7/19/2013 1.0 1.0 1.0
14 10/8/2013 1.0 1.0 1.0
15 1/6/2014 1.0 2.4 1.0
16 4/23/2014 1.0 2.3 1.0
17 7/17/2014 1.0 2.1 1.0
18 10/8/2014 1.0 2.1 1.0
19 1/9/2015 1.0 1.0 1.0
20 4/15/2015 1.0 1.0 1.0
21 7/8/2015 1.0 1.0 1.0
22 10/21/2015 1.0 2.1 1.0
23 1/14/2016 1.0 1.0 1.0
24 4/8/2016 1.0 1.0 1.0
25 8/25/2016 1.0 1.0 1.0
26 11/16/2016 1.0 1.0 1.0
27 1/24/2017 1.0 1.0 1.0
28 4/27/2017 1.0 1.0 1.0
29 7/13/2017 1.0 1.0 1.0
30 10/25/2017 1.0 1.0 1.0
31 2/13/2018 1.0 1.0 1.0
32 4/27/2018 1.0 1.0 1.0
33 7/19/2018 1.0 1.0 1.0
34 1/23/2019 1.0 1.0 1.0
35 7/24/2019 0.5 0.5 0.5
36
37
38
39
40

Coefficient of Variation: 0.49 2.10 1.87
Mann-Kendall Statistic (S): -242 -310 -249

Confidence Factor: >99.9% >99.9% >99.9%
Concentration Trend: Decreasing Decreasing Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.

MW-13 CONCENTRATION (ug/L)

GSI Environmental Inc., www.gsi-net.com

GSI MANN-KENDALL TOOLKIT
for Constituent Trend Analysis
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 8/9/2011 8,050 2.5 511.0
2 4/11/2012 1,300 2.5 120.0
3 7/6/2012 1,020 12.3 82.4
4 10/5/2012 1,700 41.3 22.3
5 1/21/2013 413 24.1 4.0
6 4/17/2013 332 11.3 2.0
7 7/19/2013 43.2 5.0 1.0
8 10/8/2013 27.1 8.9 1.0
9 1/6/2014 76.4 28.3 1.0
10 4/23/2014 10.8 42.0 1.0
11 7/17/2014 1.0 19.7 1.0
12 10/8/2014 2.7 21.0 1.0
13 1/9/2015 1.0 6.9 1.0
14 4/15/2015 1.0 4.0 1.0
15 7/8/2015 17.1 2.2 17.8
16 10/21/2015 1.0 14.8 1.0
17 12/3/2015 1.0 6.8 1.0
18 1/14/2016 1.0 1.0 1.0
19 2/10/2016 1.0 1.0 1.0
20 3/9/2016 2.8 2.3 1.0
21 4/8/2016 1.0 1.0 8.2
22 5/25/2016 1.0 2.3 1.0
23 8/25/2016 1.0 1.0 5.4
24 11/16/2016 1.0 1.0 62.4
25 1/24/2017 1.0 1.0 17.3
26 4/27/2017 1.0 1.0 21.0
27 7/13/2017 1.0 1.0 4.5
28 10/25/2017 1.0 1.0 4.9
29 2/13/2018 1.0 1.0 1.0
30 4/27/2018 1.0 1.0 1.0
31 7/19/2018 1.0 1.0 10.4
32 1/22/2019 1.0 1.0 5.3
33 7/24/2019 2.5 5.2 1.1
34
35
Coefficient of Variation: 3.63 1.36 3.26

Mann-Kendall Statistic (S): -283 -268 -28
Confidence Factor: >99.9% >99.9% 66.1%

Concentration Trend: Decreasing Decreasing No Trend

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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GSI Environmental Inc., www.gsi-net.com
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for Constituent Trend Analysis
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 8/9/2011 6,180 2.5 405.0
2 10/28/2011 16,800 2.5 1484.0
3 1/10/2012 8,000 2.5 2200.0
4 4/11/2012 2,800 2.5 990.0
5 7/6/2012 749 40.0 356.0
6 10/5/2012 388 25.0 345.0
7 1/21/2013 57.4 25.0 215.0
8 4/17/2013 30.5 5.0 152.0
9 7/19/2013 5.0 5.0 106.0

10 10/8/2013 4.0 4.0 125.0
11 1/6/2014 4.0 4.0 92.1
12 4/23/2014 2.0 2.0 27.0
13 7/17/2014 1.0 1.0 39.8
14 10/8/2014 1.0 1.0 43.8
15 1/9/2015 1.0 1.0 20.0
16 4/15/2015 1.0 1.0 12.2
17 7/8/2015 1.0 1.0 9.4
18 10/21/2015 1.0 1.0 8.5
19 12/3/2015 1.0 1.0 8.2
20 1/14/2016 1.0 1.0 6.8
21 2/10/2016 3.0 1.0 5.8
22 3/9/2016 8.2 1.0 6.4
23 4/8/2016 14.4 1.0 6.7
24 5/25/2016 19.6 1.0 5.4
25 8/25/2016 5.9 1.0 2.7
26 11/16/2016 1.0 1.0 1.0
27 1/24/2017 1.0 1.0 1.0
28 4/27/2017 2.8 1.0 1.0
29 7/13/2017 2.5 1.0 2.6
30 10/25/2017 2.9 1.0 2.1
31 2/13/2018 3.5 1.0 9.2
32 4/27/2018 4.4 1.0 5.4
33 7/19/2018 3.1 1.0 1.0
34 1/22/2019 2.2 1.0 2.5
35 7/24/2019 2.9 0.5 6.8
36
37
38
39
40

Coefficient of Variation: 3.23 2.06 2.41
Mann-Kendall Statistic (S): -200 -299 -479

Confidence Factor: 99.8% >99.9% >99.9%
Concentration Trend: Decreasing Decreasing Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.

MW-19 CONCENTRATION (ug/L)

GSI Environmental Inc., www.gsi-net.com

GSI MANN-KENDALL TOOLKIT
for Constituent Trend Analysis
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 8/9/2011 2.5 2.5 2.5
2 10/28/2011 2.5 2.5 18.0
3 1/10/2012 2.5 2.5 2.5
4 4/11/2012 8.8 2.5 20.0
5 7/6/2012 1.0 1.0 1.0
6 10/5/2012 1.0 1.0 1.0
7 1/21/2013 1.0 1.0 1.0
8 4/17/2013 1.0 1.0 1.0
9 7/19/2013 1.0 1.0 1.0
10 10/8/2013 1.0 1.0 1.0
11 1/6/2014 1.0 1.0 1.0
12 4/23/2014 1.0 1.0 1.0
13 7/17/2014 1.0 1.0 1.0
14 10/8/2014 1.0 1.0 1.0
15 1/9/2015 1.0 1.0 1.0
16 4/15/2015 1.0 1.0 1.0
17 7/8/2015 1.0 1.0 1.0
18 10/21/2015 1.0 1.0 1.0
19 1/14/2016 1.0 1.0 1.0
20 4/8/2016 1.0 1.0 1.0
21 8/25/2016 1.0 1.0 1.0
22 11/16/2016 1.0 1.0 1.0
23 1/24/2017 1.0 1.0 1.0
24 4/27/2017 1.0 1.0 1.0
25 7/13/2017 1.0 1.0 1.0
26 10/25/2017 1.0 1.0 1.0
27 2/13/2018 1.0 1.0 1.0
28 4/27/2018 1.0 1.0 1.0
29 7/19/2018 1.0 1.0 1.0
30 1/22/2019 1.0 1.0 1.0
31 7/24/2019 0.5 0.5 0.5
32
33
34
35
Coefficient of Variation: 1.05 0.45 2.01

Mann-Kendall Statistic (S): -131 -134 -131
Confidence Factor: 98.7% 98.9% 98.7%

Concentration Trend: Decreasing Decreasing Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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GSI Environmental Inc., www.gsi-net.com
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 10/20/2013 1.0 10.9 1.0
2 1/6/2014 1.0 6.0 1.0
3 4/23/2014 1.0 7.6 1.0
4 7/17/2014 1.0 9.8 1.0
5 10/8/2014 1.0 9.5 1.0
6 1/9/2015 1.0 7.0 1.0
7 4/15/2015 1.0 10.2 1.0
8 7/8/2015 1.0 1.0 1.0
9 10/21/2015 1.0 4.7 1.0

10 1/14/2016 1.0 1.0 1.0
11 4/8/2016 1.0 5.4 1.0
12 8/25/2016 1.0 1.0 1.0
13 11/16/2016 1.0 7.7 1.0
14 1/24/2017 1.0 1.0 1.0
15 4/27/2017 1.0 1.0 1.0
16 7/13/2017 1.0 5.7 1.0
17 10/25/2017 1.0 6.6 1.0
18 2/13/2018 1.0 3.0 1.0
19 4/27/2018 1.0 2.8 1.0
20 7/19/2018 1.0 6.6 1.0
21 1/22/2019 1.0 3.4 1.0
22 7/24/2019 0.5 2.4 0.5
23
24
25

Coefficient of Variation: 0.11 0.63 0.11
Mann-Kendall Statistic (S): -21 -76 -21

Confidence Factor: 71.1% 98.4% 71.1%
Concentration Trend: Stable Decreasing Stable

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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GSI Environmental Inc., www.gsi-net.com
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Evaluation Date: Job ID:
Facility Name: Sampling Point ID:

Conducted By: Concentration Units: ug/L

Constituent Benzene MTBE Naphthalene
Sampling Sampling

Event Date
1 10/20/2013 11.6 64.0 44.5
2 1/6/2014 150 38.2 5.1
3 4/23/2014 24.3 12.0 1.0
4 7/17/2014 1.0 2.9 1.0
5 10/8/2014 118 12.6 2.8
6 1/9/2015 1.0 1.0 1.0
7 4/15/2015 1.0 1.0 1.0
8 7/8/2015 1.0 1.0 1.0
9 10/21/2015 1.0 1.0 1.0
10 1/14/2016 1.0 1.0 1.0
11 4/8/2016 1.0 1.0 1.0
12 8/25/2016 1.0 3.7 1.0
13 11/16/2016 1.0 3.6 1.0
14 1/24/2017 1.0 1.0 1.0
15 4/27/2017 1.0 3.3 1.0
16 7/13/2017 1.0 4.2 1.0
17 10/25/2017 1.0 5.0 1.0
18 2/13/2018 1.0 3.5 1.0
19 4/27/2018 1.0 2.7 1.0
20 7/19/2018 1.0 6.2 1.0
21 10/24/2018 1.0 3.9 1.0
22 1/22/2019 1.0 2.8 1.0
23 7/24/2019 0.5 4.0 0.5
24
25

Coefficient of Variation: 2.75 1.86 2.90
Mann-Kendall Statistic (S): -90 -4 -78

Confidence Factor: 99.2% 53.2% 98.0%
Concentration Trend: Decreasing No Trend Decreasing

Notes: 
1. At least four independent sampling events per well are required for calculating the trend.  Methodology is valid for 4 to 40 samples.
2. Confidence in Trend = Confidence (in percent) that constituent concentration is increasing (S>0) or decreasing (S<0):  >95% = Increasing or Decreasing; 

≥ 90% = Probably Increasing or Probably Decreasing;  < 90% and S>0 = No Trend; < 90%, S≤0, and COV  ≥ 1 = No Trend; < 90% and COV  < 1 = Stable. 
3. Methodology based on "MAROS: A Decision Support System for Optimizing Monitoring Plans", J.J. Aziz, M. Ling, H.S. Rifai, C.J. Newell, and J.R. Gonzales, 

Ground Water , 41(3):355-367, 2003.

DISCLAIMER:     The GSI Mann-Kendall Toolkit is available "as is". Considerable care has been exercised in preparing this software product; however, no party, including without
limitation GSI Environmental Inc., makes any representation or warranty regarding the accuracy, correctness, or completeness of the information contained herein, and no such
party shall be liable for any direct, indirect, consequential, incidental or other damages resulting from the use of this product or the information contained herein.  Information in
this publication is subject to change without notice.  GSI Environmental Inc., disclaims any responsibility or obligation to update the information contained herein.
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