
660 Yorklyn Road   Hockessin, DE   19707 
302-234-4400    302-234-1535 Fax     www.EnvAlliance.com 

 

 
 
 
 
August 21, 2009 
 
 
Ms. Jenny Martin  
Maryland Department of the Environment (MDE) 
Oil Control Program 
1800 Washington Blvd. 
Baltimore, Maryland 21230 
 
Re: Transmittal – Corrective Action Plan (CAP) Addendum 

Wally’s Citgo  
19200 Middletown Road 
Parkton, Maryland 
MDE Case # 2006-0319-BA2 
 

Dear Ms. Martin: 
 
Environmental Alliance, Inc. (Alliance) on behalf of Carroll Independent Fuel Company (CIFC) 
is providing one hard copy of the above referenced CAP Addendum for the Wally’s Citgo site as 
directed per MDE letters dated May 28, 2009 and July 23,  2009.      
 
Should you have any questions regarding the transmitted items or any other project items, please 
give me a call at (302) 234-4400.      
 
Sincerely, 
ENVIRONMENTAL ALLIANCE, INC.  

 
Andrew J. Applebaum 
Geological Services Manager 
 
Enclosure 
 
C:  Mr. Randy Childs, Carroll Independent Fuel Company (Electronic Copy) 

Ms. Ellen Jackson, MDE (Hard Copy & CD) 
Mr. Kevin Koepenick, Baltimore County – DEPRM (Hard Copy) 
Mr. Dwight W. Stone, Whiteford, Taylor & Preston (Electronic Copy) 
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TABLE 3-1
SVE Pilot Test Flow Data

Wally's Citgo
Parkton, MD

20 30 40 60 80

Location
SVE-01 15.27 24.00 32.36 46.54 62.54
SVE-02 10.18 -- 14.91 24.72 35.63
SVE-03 6.54 -- 10.91 -- 27.63
SVE-04 9.45 -- 32.00 53.81 65.45
MW-05 8.73 -- -- 25.45 --

Applied Vacuum (Inches of H2O)

Average Flow Rate (SCFM)
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TABLE 3-7
SVE Pilot Test PID Response Data

Wally's Citgo
Parkton, MD

20 15.27 0.0 10.18 0.0 6.54 0.0 9.45 115.6 8.73 137.2
30 24 0.0 -- -- -- -- -- -- -- --
40 32.36 0.0 14.91 0.0 10.91 0.0 32 72.2 -- --
60 46.54 0.0 24.72 0.0 -- -- 53.81 126.9 25.45 248.3
80 62.54 0.0 35.63 0.0 27.63 0.0 65.45 92.8 -- --

Flow 
(SCFM)

Flow 
(SCFM)

Flow 
(SCFM)

SVE-01 SVE-02 SVE-03

Flow 
(SCFM)

MW-05

Vacuum 
(“H2O)

Average PID 
(PID Units)

Average PID 
(PID Units)

Average PID 
(PID Units)

Average PID 
(PID Units)

Average PID 
(PID Units)

Flow 
(SCFM)

SVE-04
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TABLE 3-8
SVE Pilot Test Laboratory Analytical Data

Wally's Citgo
Parkton, MD

Benzene <0.65 <0.65 <1.4 <0.62 <0.65
Ethylbenzene <0.88 <0.88 <1.9 4.86 8.83

Toluene 4.21 <0.77 <1.7 46.7 83.5
m&p-Xylene <1.8 <1.8 <3.8 34.9 76.8

o-Xylene <0.88 <0.88 <1.9 13.2 26.9
Total BTEX 4.21 <4.98 <10.7 99.66 196.03

MTBE <0.73 <0.73 <1.6 <0.7 <0.73
THC as C1 - C4 4.11 6.89 5.04 5.14 <3.1

THC as Gas 43.4 20.4 33.9 499 694

SVE-04 
(mg/m3)

MW-05 
(mg/m3)

Analyte
SVE-01 
(mg/m3)

SVE-02 
(mg/m3)

SVE-03 
(mg/m3)
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Figure 3-1
SVE Pilot Test Air Flow Graph

Wally's Citgo
Parkton, MD
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Figure 3-2
SVE-01 Soil Vapor Extraction 

Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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Figure 3-3
SVE-02 Soil Vapor Extraction 

Vacuum Influence Graph
Wally's Citgo
Parkton, MD

0.01

0.1

1

0 50 100 150 200
Distance (ft)

Va
cu

um
 ("

H
2O

)

20 "H2O
40 "H2O
60" H2O
80" H2O
20" H2O Trend Line
40" H2O Trend Line
60" H2O Trend Line
80" H2O Trend Line



J:\EAI_files\PCG\Carroll Fuel\1962_Wallys\Reporting\CAP Addendum\1962C Pilot Test Data Summary Aug 20.xls

Figure 3-4
SVE-03 Soil Vapor Extraction 

Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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Figure 3-5
SVE-04 Soil Vapor Extraction 

Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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Figure 3-6
MW-05 Soil Vapor Extraction 

Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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*Note:
- Exact locations of offsite Potable Wells
  are unknown, shown locations are approximate. 
- Exact locations will be determined in the field.
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   potentiometric surface for upper bedrock wells
* Drawdown and potentiometric surface contours interpolated using a
   kriging algorithm
* Projected capture zones drawn assuming an isotropic flownet
* Exact locations of offsite Potable Wells are unknown, shown locations
   are approximate. 
* Exact locations will be determined in the field.
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MDE Communications 
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Disposal Documentation 
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ARM Geophysical Report and Supplemental Evaluation 

































































































































 

Appendix IV 

 

Soil Boring/Well Logs 
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Comments

Boring Diameter (in): Drill Rig:
Drill Method:Bedrock Depth (ft):

Elevation (ft-msl):

(in
ch

es
)

In
te

rp
re

te
d

Page 1 of 1

Remark:

0.0

0.0

0.0

0.0

0.5

0.0

0.0

0.0

FILL: Asphalt and gravel
sub-base

ML: Red brown silty fire sand
with large gravel rock
fragments throughout, moist

ML: Same as above, more
regular drill chatter lighter/
tan color

ML: Same as above, maroon

SAPROLITE: Brown/ green
saprolite, regular chatter,
easy drilling, similar texture
to above

SCHIST: Gray sandy
cuttings with gravel bedrock
fragments micaceous schist,
graphitic texture

37.00 Jason Yaple

Direct observation

Carroll Fuel - Parkton
Eichelbergers06/15/09

1962SVE-01

8 3/4''
29
N/A

Air Rotary

06/15/09

6

1

2

3

4

5

Set 4'' diameter 20 slot
screen 22-37', casing 0-22',
#2 sand 20-37', hydrated
bentonite hole plug 1-20',
concrete 0-1'.

Terminate borehole @ 37'
BGS

Environmental Alliance, Inc.

T4

N/A
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Log of Boring: Project Code:
Project Name:
Drilled By:

Date Started:
Date Completed:

Logged By:

Sampling Method:

Total Depth (ft):

Construction
WellLithological
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Boring Diameter (in): Drill Rig:
Drill Method:Bedrock Depth (ft):

Elevation (ft-msl):
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d

Page 1 of 1

Remark:

0.0

0.0

0.0

0.0

0.0

0.0

0.0

FILL: Asphalt and gravel sub
base

ML: Brown and maroon silt
and sand with many rock
fragments

SAPROLITE: Gray green
and brown weatherd schist
(saprolite) sandy silt cuttings
more drill chatter

SAPROLITE: Tan color
same as above

SAPROLITE: Dark brown

SCHIST: Gray micaceous
schist steady drill chatter,
graphitic texture

37.00 Jason Yaple

Direct observation

Carroll Fuel - Parkton
Eichelbergers06/15/09

1962SVE-02

8 3/4''
26
N/A

Air Rotary

06/15/09

1

2

3

4

5

6

Set 4'' diameter 20 slot
screen 22-37', casing 0-22',
#2 sand 21-37', hydrated
bentonite hole plug 1-21',
concrete 0-1'.

Terminate borehole @ 37'

Environmental Alliance, Inc.

T4

N/A
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Log of Boring: Project Code:
Project Name:
Drilled By:

Date Started:
Date Completed:

Logged By:

Sampling Method:

Total Depth (ft):

Construction
WellLithological
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Boring Diameter (in): Drill Rig:
Drill Method:Bedrock Depth (ft):

Elevation (ft-msl):

(in
ch

es
)

In
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re
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d

Page 1 of 1

Remark:

0.0

0.0

0.0

0.0

0.0

0.0

FILL: Asphalt and gravel fill

ML: Light brown/maroon silt
with sand and gravel
fragments

ML: Same as above, tan and
red

SAPROLITE: Saprolite
bedrock schist weathered
high mica content gray green

SCHIST: Gray and brown
steady drilling chatter, schist
bedrock

37.00 Jason Yaple

Direct observation

Carroll Fuel - Parkton
Eichelbergers06/15/09

1962SVE-03

8 3/4''
33
N/A

Air Rotary

06/15/09

1

2

3

4

5

Set 4'' diameter 20 slot
screen 22-37', casing 0-22',
#2 sand 21-37', hydrated
bentonite hole plug 1-21',
concrete 0-1'.

Terminate borehole @ 37'

Environmental Alliance, Inc.

T4

N/A
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Description

Log of Boring: Project Code:
Project Name:
Drilled By:

Date Started:
Date Completed:

Logged By:

Sampling Method:

Total Depth (ft):

Construction
WellLithological
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Boring Diameter (in): Drill Rig:
Drill Method:Bedrock Depth (ft):

Elevation (ft-msl):

(in
ch

es
)

In
te

rp
re

te
d

Page 1 of 1

Remark:

0.0

0.0

0.0

0.0

ASPHALT: Asphalt and
gravel

ML: Light brown and maroon
silt with sand and gravel
fragments, high micaceous,
soft, non-plastic

ML: Same as above, tan and
red zones

SAPROLITE: Gray green
highly micaceous weathered
schist bedrock saprolite
graphitic texture cuttings

SAPROLITE: Tan same as
above

SAPROLITE: Gray same as
above

SCHIST: Gray schist
bedrock, harder drill chatter,
highly micaceous

37.00 Jason Yaple

Direct observation

Carroll Fuel - Parkton
Eichelbergers06/15/09

1962SVE-04

8 3/4''
31
N/A

Air Rotary

06/15/09

1

2

3

4

5

6

7

Set 4'' diameter 20 slot
screen 22-37', casing 0-22',
#2 sand 21-37', hydrated
bentonite hole plug 1-21',
concrete 0-1'.

Terminate borehole @ 37'
BGS

Environmental Alliance, Inc.

T4

N/A
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July 07, 2009

LIMS USE: FR - CARI FINCH
LIMS OBJECT ID: 1098058

1098058
Project:
Pace Project No.:

RE:

Cari Finch
Environmental Alliance
1035 Berfield Blvd.
Suite I
Millersville, MD 21108

1962C  T:09  Wally's BP

Dear Cari Finch:
Enclosed are the analytical results for sample(s) received by the laboratory on June 26, 2009.  The
results relate only to the samples included in this report.  Results reported herein conform to the
most current NELAC standards, where applicable, unless otherwise narrated in the body of the
report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,

Colin Schuft

colin.schuft@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 1 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

1 of 18



CERTIFICATIONS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Minnesota Certification IDs
Wisconsin Certification #: 999407970
Washington Certification #: C754
Alaska Certification #: UST-078
Arizona Certification #: AZ-0014
Tennessee Certification #: 02818
Pennsylvania Certification #: 68-00563
Oregon Certification #: MN200001
North Dakota Certification #: R-036
North Carolina Certification #: 530
New York Certification #: 11647
New Jersey Certification #: MN-002

Montana Certification #: MT CERT0092
Minnesota Certification #: 027-053-137
Maine Certification #: 2007029
Louisiana Certification #: LA080009
Louisiana Certification #: 03086
Kansas Certification #: E-10167
Iowa Certification #: 368
Illinois Certification #: 200011
Florida/NELAP Certification #: E87605
California Certification #: 01155CA

Montana Certification IDs
Montana Certification #: MT CERT0040
Idaho Certification #: MT00012

EPA Region 8 Certification #: 8TMS-Q

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 2 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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SAMPLE SUMMARY

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Lab ID Sample ID Matrix Date Collected Date Received

1098058001 SVE10625091125 Air 06/25/09 11:25 06/26/09 09:13

1098058002 SVE20625091315 Air 06/25/09 13:15 06/26/09 09:13

1098058003 SVE30625091435 Air 06/25/09 14:35 06/26/09 09:13

1098058004 SVE40625091540 Air 06/25/09 15:40 06/26/09 09:13

1098058005 MW50625091645 Air 06/25/09 16:45 06/26/09 09:13

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 3 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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SAMPLE ANALYTE COUNT

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Lab ID Sample ID Method
Analytes
ReportedAnalysts

1098058001 SVE10625091125 TO-3 Air 8DB1

1098058002 SVE20625091315 TO-3 Air 8DB1

1098058003 SVE30625091435 TO-3 Air 8DB1

1098058004 SVE40625091540 TO-3 Air 8DB1

1098058005 MW50625091645 TO-3 Air 8DB1

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Page 4 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700

4 of 18



ANALYTICAL RESULTS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Sample: SVE10625091125 Lab ID: 1098058001 Collected: 06/25/09 11:25 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air

Benzene ND ppmv 2 07/06/09 12:12 71-43-20.20
Ethylbenzene ND ppmv 2 07/06/09 12:12 100-41-40.20
Methyl-tert-butyl ether ND ppmv 2 07/06/09 12:12 1634-04-40.20
THC as Gas 10 ppmv 2 07/06/09 12:12 A42.0
Toluene 1.1 ppmv 2 07/06/09 12:12 108-88-30.20
m&p-Xylene ND ppmv 2 07/06/09 12:12 1330-20-70.40
o-Xylene ND ppmv 2 07/06/09 12:12 95-47-60.20

TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air

THC as C1-C4 4.0 ppmv 2 07/01/09 10:43 A43.0

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Sample: SVE20625091315 Lab ID: 1098058002 Collected: 06/25/09 13:15 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air

Benzene ND ppmv 2 07/06/09 13:42 71-43-20.20
Ethylbenzene ND ppmv 2 07/06/09 13:42 100-41-40.20
Methyl-tert-butyl ether ND ppmv 2 07/06/09 13:42 1634-04-40.20
THC as Gas 4.7 ppmv 2 07/06/09 13:42 A42.0
Toluene ND ppmv 2 07/06/09 13:42 108-88-30.20
m&p-Xylene ND ppmv 2 07/06/09 13:42 1330-20-70.40
o-Xylene ND ppmv 2 07/06/09 13:42 95-47-60.20

TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air

THC as C1-C4 6.7 ppmv 2 07/01/09 10:48 A43.0

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 07/07/2009 09:35 AM Page 6 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Sample: SVE30625091435 Lab ID: 1098058003 Collected: 06/25/09 14:35 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air

Benzene ND ppmv 4.35 07/06/09 14:00 71-43-20.44
Ethylbenzene ND ppmv 4.35 07/06/09 14:00 100-41-40.44
Methyl-tert-butyl ether ND ppmv 4.35 07/06/09 14:00 1634-04-40.44
THC as Gas 7.8 ppmv 4.35 07/06/09 14:00 A44.4
Toluene ND ppmv 4.35 07/06/09 14:00 108-88-30.44
m&p-Xylene ND ppmv 4.35 07/06/09 14:00 1330-20-70.87
o-Xylene ND ppmv 4.35 07/06/09 14:00 95-47-60.44

TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air

THC as C1-C4 4.9 ppmv 2.59 07/01/09 11:00 A43.9

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 07/07/2009 09:35 AM Page 7 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Sample: SVE40625091540 Lab ID: 1098058004 Collected: 06/25/09 15:40 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air

Benzene ND ppmv 1.93 07/06/09 14:13 71-43-20.19
Ethylbenzene 1.1 ppmv 1.93 07/06/09 14:13 100-41-40.19
Methyl-tert-butyl ether ND ppmv 1.93 07/06/09 14:13 1634-04-40.19
THC as Gas 115 ppmv 1.93 07/06/09 14:13 A41.9
Toluene 12.2 ppmv 1.93 07/06/09 14:13 108-88-30.19
m&p-Xylene 7.9 ppmv 1.93 07/06/09 14:13 1330-20-70.39
o-Xylene 3.0 ppmv 1.93 07/06/09 14:13 95-47-60.19

TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air

THC as C1-C4 5.0 ppmv 1.93 07/01/09 11:05 A42.9

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..

Date: 07/07/2009 09:35 AM Page 8 of 13

Pace Analytical Services, Inc.
1700 Elm Street - Suite 200

Minneapolis, MN 55414

(612)607-1700
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ANALYTICAL RESULTS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Sample: MW50625091645 Lab ID: 1098058005 Collected: 06/25/09 16:45 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units DF Prepared Analyzed CAS No. QualReport Limit

TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air

Benzene ND ppmv 2 07/06/09 14:27 71-43-20.20
Ethylbenzene 2.0 ppmv 2 07/06/09 14:27 100-41-40.20
Methyl-tert-butyl ether ND ppmv 2 07/06/09 14:27 1634-04-40.20
THC as Gas 160 ppmv 2 07/06/09 14:27 A42.0
Toluene 21.8 ppmv 2 07/06/09 14:27 108-88-3 E0.20
m&p-Xylene 17.4 ppmv 2 07/06/09 14:27 1330-20-70.40
o-Xylene 6.1 ppmv 2 07/06/09 14:27 95-47-60.20

TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air

THC as C1-C4 ND ppmv 2 07/01/09 11:11 A43.0

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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1700 Elm Street - Suite 200

Minneapolis, MN 55414
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QUALITY CONTROL DATA

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

AIR/8780
TO-3 Air

TO-3 Air
TO3 GCV AIR METH,ETHANE,ETHENE

Associated Lab Samples: 1098058001, 1098058002, 1098058003, 1098058004, 1098058005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 644002

Associated Lab Samples: 1098058001, 1098058002, 1098058003, 1098058004, 1098058005

Matrix: Air

Analyzed

THC as C1-C4 ppmv ND 1.5 07/01/09 10:11

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

644003LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

644004

THC as C1-C4 ppmv 35.430 118 70-13011233.5 5 30

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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QUALITY CONTROL DATA

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

QC Batch:
QC Batch Method:

Analysis Method:
Analysis Description:

AIR/8793
TO-3 Air

TO-3 Air
TO3 GCV AIR BTEX BAG

Associated Lab Samples: 1098058001, 1098058002, 1098058003, 1098058004, 1098058005

Parameter Units
Blank
Result

Reporting
Limit Qualifiers

METHOD BLANK: 645947

Associated Lab Samples: 1098058001, 1098058002, 1098058003, 1098058004, 1098058005

Matrix: Air

Analyzed

Benzene ppmv ND 0.10 07/06/09 10:20
Ethylbenzene ppmv ND 0.10 07/06/09 10:20
m&p-Xylene ppmv ND 0.20 07/06/09 10:20
Methyl-tert-butyl ether ppmv ND 0.10 07/06/09 10:20
o-Xylene ppmv ND 0.10 07/06/09 10:20
THC as Gas ppmv ND 1.0 07/06/09 10:20
Toluene ppmv ND 0.10 07/06/09 10:20

Parameter Units
LCS

Result
% Rec
Limits Qualifiers% RecConc.

645948LABORATORY CONTROL SAMPLE & LCSD:
LCSSpike LCSD

% Rec RPD
Max
RPD

LCSD
Result

645949

Benzene ppmv 1.01 103 70-1301031.0 0 30
Ethylbenzene ppmv 1.01 104 70-1301041.0 0 30
m&p-Xylene ppmv 2.12 106 70-1301042.1 2 30
Methyl-tert-butyl ether ppmv 1.11 107 70-1301081.1 1 30
o-Xylene ppmv 1.11 111 70-1301081.1 2 30
THC as Gas ppmv 8.910 89 70-130878.7 2 30
Toluene ppmv 1.01 103 70-1301051.0 2 30

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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QUALIFIERS

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.
ND - Not Detected at or above adjusted reporting limit.
J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.
S - Surrogate
1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.
Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)
MS(D) - Matrix Spike (Duplicate)
DUP - Sample Duplicate
RPD - Relative Percent Difference
NC - Not Calculable.
Pace Analytical is NELAP accredited. Contact your Pace PM for the current list of accredited analytes.
U - Indicates the compound was analyzed for, but not detected.

ANALYTE QUALIFIERS

Sample was transferred from a Tedlar bag into a Summa Canister within 48 hours of collection.A4
Analyte concentration exceeded the calibration range. The reported result is estimated.E

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Project No.:
Project:

1098058
1962C  T:09  Wally's BP

Lab ID Sample ID QC Batch Method QC Batch Analytical Method
Analytical
Batch

1098058001 AIR/8780SVE10625091125 TO-3 Air
1098058002 AIR/8780SVE20625091315 TO-3 Air
1098058003 AIR/8780SVE30625091435 TO-3 Air
1098058004 AIR/8780SVE40625091540 TO-3 Air
1098058005 AIR/8780MW50625091645 TO-3 Air

1098058001 AIR/8793SVE10625091125 TO-3 Air
1098058002 AIR/8793SVE20625091315 TO-3 Air
1098058003 AIR/8793SVE30625091435 TO-3 Air
1098058004 AIR/8793SVE40625091540 TO-3 Air
1098058005 AIR/8793MW50625091645 TO-3 Air

REPORT OF LABORATORY ANALYSIS
This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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Lab Project Number: 1098058
Project Name: 1962C  T:09  Wally's BP

Client: Environmental Alliance
Phone: (410)729-9000

ANALYTICAL RESULTS

Air
Parameters

Report Limit
Analyzed CAS No.

Lab Sample No: 1098058001
Client Sample ID: SVE10625091125 Matrix: Air

Date Collected: 06/25/09 11:25
Date Received: 06/26/09 9:13

ProjSampleNum: 1098058001

DFppmv
Report Limit

ppmv
Results

mg/m3
Results
mg/m3

TO-3 Air

0.2 ND 0.65 NDBenzene 07/06/09 12:12 71-43-2DB12
0.2 ND 0.88 NDEthylbenzene 07/06/09 12:12 100-41-4DB12
0.4 ND 1.8 NDm&p-Xylene 07/06/09 12:12 1330-20-7DB12
0.2 ND 0.73 NDMethyl-tert-butyl ether 07/06/09 12:12 1634-04-4DB12
0.2 ND 0.88 NDo-Xylene 07/06/09 12:12 95-47-6DB12
3 4.0 3.1 4.11THC as C1-C4 07/01/09 10:43 DB12
2 10 8.7 43.4THC as Gas 07/06/09 12:12 DB12

0.2 1.1 0.77 4.21Toluene 07/06/09 12:12 108-88-3DB12

Air
Parameters

Report Limit
Analyzed CAS No.

Lab Sample No: 1098058002
Client Sample ID: SVE20625091315 Matrix: Air

Date Collected: 06/25/09 13:15
Date Received: 06/26/09 9:13

ProjSampleNum: 1098058002

DFppmv
Report Limit

ppmv
Results

mg/m3
Results
mg/m3

TO-3 Air

0.2 ND 0.65 NDBenzene 07/06/09 13:42 71-43-2DB12
0.2 ND 0.88 NDEthylbenzene 07/06/09 13:42 100-41-4DB12
0.4 ND 1.8 NDm&p-Xylene 07/06/09 13:42 1330-20-7DB12
0.2 ND 0.73 NDMethyl-tert-butyl ether 07/06/09 13:42 1634-04-4DB12
0.2 ND 0.88 NDo-Xylene 07/06/09 13:42 95-47-6DB12
3 6.7 3.1 6.89THC as C1-C4 07/01/09 10:48 DB12
2 4.7 8.7 20.4THC as Gas 07/06/09 13:42 DB12

0.2 ND 0.77 NDToluene 07/06/09 13:42 108-88-3DB12

7/7/2009Date: Page 1
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Units Conversion Request

14 of 18



Lab Project Number: 1098058
Project Name: 1962C  T:09  Wally's BP

Client: Environmental Alliance
Phone: (410)729-9000

ANALYTICAL RESULTS

Air
Parameters

Report Limit
Analyzed CAS No.

Lab Sample No: 1098058003
Client Sample ID: SVE30625091435 Matrix: Air

Date Collected: 06/25/09 14:35
Date Received: 06/26/09 9:13

ProjSampleNum: 1098058003

DFppmv
Report Limit

ppmv
Results

mg/m3
Results
mg/m3

TO-3 Air

0.44 ND 1.4 NDBenzene 07/06/09 14:00 71-43-2DB14.35
0.44 ND 1.9 NDEthylbenzene 07/06/09 14:00 100-41-4DB14.35
0.87 ND 3.8 NDm&p-Xylene 07/06/09 14:00 1330-20-7DB14.35
0.44 ND 1.6 NDMethyl-tert-butyl ether 07/06/09 14:00 1634-04-4DB14.35
0.44 ND 1.9 NDo-Xylene 07/06/09 14:00 95-47-6DB14.35
3.9 4.9 4 5.04THC as C1-C4 07/01/09 11:00 DB12.59
4.4 7.8 19 33.9THC as Gas 07/06/09 14:00 DB14.35
0.44 ND 1.7 NDToluene 07/06/09 14:00 108-88-3DB14.35

Air
Parameters

Report Limit
Analyzed CAS No.

Lab Sample No: 1098058004
Client Sample ID: SVE40625091540 Matrix: Air

Date Collected: 06/25/09 15:40
Date Received: 06/26/09 9:13

ProjSampleNum: 1098058004

DFppmv
Report Limit

ppmv
Results

mg/m3
Results
mg/m3

TO-3 Air

0.19 ND 0.62 NDBenzene 07/06/09 14:13 71-43-2DB11.93
0.19 1.1 0.84 4.86Ethylbenzene 07/06/09 14:13 100-41-4DB11.93
0.39 7.9 1.7 34.9m&p-Xylene 07/06/09 14:13 1330-20-7DB11.93
0.19 ND 0.7 NDMethyl-tert-butyl ether 07/06/09 14:13 1634-04-4DB11.93
0.19 3.0 0.84 13.2o-Xylene 07/06/09 14:13 95-47-6DB11.93
2.9 5.0 3 5.14THC as C1-C4 07/01/09 11:05 DB11.93
1.9 115 8.2 499THC as Gas 07/06/09 14:13 DB11.93
0.19 12.2 0.73 46.7Toluene 07/06/09 14:13 108-88-3DB11.93

7/7/2009Date: Page 2

SUPPLEMENTAL REPORT
Units Conversion Request
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Lab Project Number: 1098058
Project Name: 1962C  T:09  Wally's BP

Client: Environmental Alliance
Phone: (410)729-9000

ANALYTICAL RESULTS

Air
Parameters

Report Limit
Analyzed CAS No.

Lab Sample No: 1098058005
Client Sample ID: MW50625091645 Matrix: Air

Date Collected: 06/25/09 16:45
Date Received: 06/26/09 9:13

ProjSampleNum: 1098058005

DFppmv
Report Limit

ppmv
Results

mg/m3
Results
mg/m3

TO-3 Air

0.2 ND 0.65 NDBenzene 07/06/09 14:27 71-43-2DB12
0.2 2.0 0.88 8.83Ethylbenzene 07/06/09 14:27 100-41-4DB12
0.4 17.4 1.8 76.8m&p-Xylene 07/06/09 14:27 1330-20-7DB12
0.2 ND 0.73 NDMethyl-tert-butyl ether 07/06/09 14:27 1634-04-4DB12
0.2 6.1 0.88 26.9o-Xylene 07/06/09 14:27 95-47-6DB12
3 ND 3.1 NDTHC as C1-C4 07/01/09 11:11 DB12
2 160 8.7 694THC as Gas 07/06/09 14:27 DB12

0.2 21.8 0.77 83.5Toluene 07/06/09 14:27 108-88-3DB12

7/7/2009Date: Page 3

SUPPLEMENTAL REPORT
Units Conversion Request
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--
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1.0 INTRODUCTION 

 

The Wally’s Citgo facility is an active commercial gasoline service station located at 19200 

Middletown Road in Parkton, Baltimore County, Maryland (site).  The site is situated near the 

southwest corner of the intersection of Middletown Road and Rayville Road.  Figure 1 presents 

the location of the site. 

 

The initial investigation activities associated with the site were implemented in the summer of 

2005 to comply with the Maryland Department of the Environment – Oil Control Program 

(MDE) emergency regulations concerning underground storage tank system (USTs) within high 

risk groundwater use areas in Maryland.  The detected presence of benzene and methyl-tertiary 

butyl ether (MTBE) concentrations above MDE groundwater standards at site monitoring wells 

installed at that time has led to continuing investigation and interim remedial actions conducted 

to date. 

 

Numerous monitoring wells (23 installed with one abandoned in January 2008) and soil borings 

(23 installed) were advanced to evaluate conditions associated with the Wally’s Citgo property to 

comply with the MDE investigation requirements since 2005.  Table 1 presents an inventory of 

the existing monitoring wells installed.  In addition, potable water supply wells in the area have 

been sampled on a regular basis by Alliance with other area potable wells sampled from time to 

time since 2005 to confirm groundwater quality and to supplement potable well data collected by 

MDE and the Baltimore County Health Department.  The results of the initial groundwater 

evaluation indicated that a source of MTBE was present in the groundwater near the 

underground storage tank (UST) system on the Wally’s Citgo property.  The presence of other 

petroleum constituents (i.e. benzene, toluene, etc.) were also identified in groundwater at much 

lesser concentrations than MTBE.  

 

Since initiation of investigation activities in 2005, Alliance (under MDE oversight) has also 

conducted groundwater investigation activities to characterize the physical nature of the 

groundwater system in addition to monitoring well installation and monitoring/potable well 
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monitoring.  The investigation work conducted includes, but is not limited to the following 

activities.  

 

♦ Down-hole geophysical testing and geochemical testing (refer to Hydrogeologic 

Investigation Update Report and Work Plan by Alliance dated February 6, 2007). 

♦ Packer testing (refer to Hydrogeologic Investigation Update Report, Groundwater 

Delineation Work Plan, and Soil Alternative Corrective Action Plan (Update Report, 

Delineation Work Plan, and Soil CAP) by Alliance dated June 15, 2007).  

♦ Pump testing (refer to Update Report, Delineation Work Plan, and Soil CAP referenced 

above and Pump Testing Report by Alliance dated July 31, 2007).  

 

In January 2008 as part of interim remedial actions conducted at the site (that has included 

operation of a soil vapor extraction system and excavation of soil identified above MDE 

standards), the existing UST system was removed for upgrade to a new UST system.  Soil 

proximate to the then existing UST system was excavated to remove potential residual impact 

that could act as a continuing source for groundwater impact.  During system removal/upgrade 

activities, no significant soil contamination was identified.  Given this observation, the actual 

source of a release to create a groundwater impact at the site is unclear.  Refer to UST Closure, 

UST System Installation, And Soil Remediation Sampling Results Letter Report by Alliance 

dated March 6, 2008 for details.   

 

Based on site physical and chemical characterization data and information collected from other 

sources, a site conceptual model has been developed and refined to guide investigation and 

evaluation of potential corrective action activities.  The anticipated pathway of petroleum 

contaminants through the subsurface environment would be similar to that of infiltrated water 

through the subsurface to form a groundwater system.  Precipitation infiltrating through the 

regolith (unconsolidated sediments and saprolite) would mobilize petroleum constituents along a 

path downward to the bedrock groundwater system.  The reduction in permeability from 

unconsolidated sediments to saprolite would likely cause increased lateral dispersion of the 

petroleum constituents, although infiltration water and petroleum constituents would continue to 
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follow a downward path to the underlying schist bedrock as no groundwater is shown to collect 

in the unconsolidated sediments to saprolite.   

 

The reduced permeability of bedrock would cause the infiltration water and petroleum 

constituents to collect and/or disperse along the bedrock surface while also penetrating 

downward through bedrock preferential pathways.  In the schist bedrock, the major preferential 

pathways are the secondary porosity features (fractures and bedding plane or foliation partings).  

A negligible pathway through the schist bedrock would be through the rock matrix (primary 

porosity).  Upon encountering groundwater stored in the bedrock secondary porosity, the 

infiltration water and petroleum constituents would continue to disperse through the bedrock 

groundwater system with the flow of groundwater.   

 

The orientation of the bedrock secondary porosity features in conjunction with the natural 

vertical and horizontal hydraulic gradients would control the flow of contaminants with 

groundwater.  Operation of the potable wells in the area will draw groundwater along the 

secondary porosity features, diverting the flow of groundwater from the natural direction (gravity 

controlled by the general topographic gradient of the area).  Consistent demand of bedrock 

groundwater from the limited storage available to the potable wells would restrict the lateral 

dispersion of the petroleum constituents outside of the site area.  The potable wells along the 

identified preferred groundwater flow orientation of fracture strike, would generally act as sumps 

to collect groundwater.  Potable wells outside of the secondary porosity orientation and not in the 

immediate area of the site would tend to draw groundwater from areas other than the area 

impacted by groundwater.  The vertical distribution of impact in the groundwater system would 

also tend to be limited as minimal to no groundwater bearing zones have been identified with 

increased depth in bedrock.   

  

The purpose of the groundwater model discussed in this report is to provide a numeric 

representation of the hydrogeologic conditions existing at the site and the surrounding area based 

on the existing site conceptual model.  The model allows the evaluation of groundwater flow and 

MTBE transport at the site and in the surrounding areas through numeric simulations based on 

existing data.  It is not the intent of this groundwater model document to describe the methods 
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used to collect the data used, however, in some cases a brief explanation of the quality of the data 

is discussed where interpretation is warranted. 

 

Groundwater Modeling Systems (GMS) software, Version 6.5, developed by the United States 

Department of Defense and distributed by Aqueveo, Inc. was utilized in the development of the 

groundwater model for the site.  This modeling software consists of numerous modules that are 

interfaced to allow more accurate representation of hydrogeologic conditions and greater 

flexibility in simulating and evaluating flow conditions on the site and surrounding area. 

 

The “site” generally encompasses the entire region of the groundwater model that incorporates 

numerous properties within the general drainage basin of the site. 

 

It is not the intent of the groundwater model to solely define the hydrogeologic characteristics 

that exist at the site, but rather the model is intended to be used as an additional evaluation tool in 

conjunction with the more conventional evaluation methods that have been applied to the site. 

 

Figures that have been included as part of this report are provided in an 11 x 17 inch paper size 

format and are in color allowing the data to be graphically presented.  Black and white copies 

and/or smaller paper size copies of the figures may not present the data in the clarity originally 

intended.
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2.0 MODEL CONSTRUCTION 

 

2.1 General 

 

Within acceptable geologic practice, the collection and/or evaluation of all data desired for a 

particular investigative purpose may not be possible due to economics and/or logistic limitations.  

For this reason, some necessary simplifying assumptions relative to the site’s geologic or 

hydrogeologic characteristics have been made during the development of this groundwater 

model.  However, all of the assumptions and speculations have been based on sound and 

accepted geologic and hydrogeologic theory and are identified when utilized. 

 

The model was constructed in three stages.  The first stage consisted of developing a three 

dimensional solid conceptual model representing the physical characteristics of the site.  The 

second stage consisted of converting the three-dimensional solid conceptual model into a 

numeric model for calibration and subsequent flow simulation.  MODFLOW 2000, a widely 

used and accepted finite difference model developed by the United States Geologic Survey, was 

utilized for the numeric model.  The model was constructed as a steady-state model, which 

allows the input data to be interpolated through numerous iterations to solve the finite difference 

equation.  The third step consisted of incorporating a MODPATH code to evaluate the 

movement of particles in the groundwater system.  The modeled simulations presented in this 

report are under steady state conditions. 

 

2.2 Numeric Flow Model Construction 

 

Boundary Conditions 

The boundary conditions of the model are presented on Figure 1.  The general model area (model 

domain) is bordered to the north and southwest by groundwater divides that were designated as 

MODFLOW “no flow” boundaries.  It was apparent that any groundwater movement on the 

eastern side of the model domain would not impact the results of the model; therefore, this 

boundary was also assigned as a MODFLOW “no flow” boundary.   
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A small western section of the model boundary associated with Frog Hollow Cove and a section 

in the southeastern portion of the model associated with Owl Branch Creek were assigned as 

MODFLOW drains.  Based on the evaluation of the hydrogeologic characteristics of these areas, 

it was assumed that these surface water bodies did not exhibit tidal influences and received 

groundwater as base flow discharge. 

 

The elevations of the surface water streams (drain nodes) were based on the United States 

Geologic Survey (USGS) topographic quadrangle map of the area.  The elevations were 

estimated from the USGS maps and then 2.0 feet were subtracted from the estimated surface 

water elevation at each node location to estimate the bottom of the creek bed elevation.  The 

bottom of the creek bed elevation was used in the model as the node elevation.  These elevations 

are presented on Figure 1. 

 

Surface Water 

Several small surface water bodies exist within the model domain.  It is assumed that these 

surface water bodies receive groundwater as base flow from the surrounding groundwater 

aquifer.  These surface water bodies were assigned as MODFLOW drains in the model.  The 

elevations were estimated from the USGS maps and then 2.0 feet were subtracted from the 

estimated surface water elevation at each node location to estimate the bottom of the surface 

water body bed elevation.  The bottom of the stream bed elevation was used in the model as the 

node elevation.  These elevations are presented on Figure 1.  The conductance values for the 

surface water body bed materials were varied from 200 to 500 ft2/day/ft.  It should be noted that 

the drain conductance values had very little effect on the model solution (i.e., the model was 

insensitive to changes in the drain conductance values), especially at the model boundaries. 

 

Potable Supply Wells 

There is no public water supply in the area of the site and as a result, each home or business 

obtains potable water from a private water supply well on the individual property.  The well 

locations were assigned as MODFLOW “wells” in the model domain.  The locations of these 

wells are presented on Figure 2 and an inventory of these wells along with potable well 

information (available well data from MDE and Baltimore County Health Department data bases 
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and assumed values for wells with no data based on available well information in the area) is 

provided on Table 2.  The open intervals of the wells were assigned to specific model layers. 

 

The majority of the pumping rates used in the model were estimated.  However, several of the 

wells on and near the site had flow meters and actual pumping rates could be determined.  Table 

2 presents the pumping rates that were used in the model. 

 

Model Grid 

It has been assumed that anisotropy (preferential flow direction) exists on the site based on a 

pumping test that was performed on the site in May and June of 2007.  Based on the pumping 

test, it was determined that preferential flow existed along the strike direction (approximately 

N47ºE). 

 

The model grid was oriented parallel to the strike direction to simulate the preferential flow in 

this direction.  A general grid spacing of approximately 130 by 130 feet was assigned to the outer 

domain of the model.  The grid was refined in area of the site facility to allow details of the 

model to be appropriately discretionized.  The grid in this portion of the model was 

approximately 30 by 30 feet.  The general model grid is presented on Figure 3. 

 

Recharge 

The groundwater recharge values used in the model are presented on Figure 4.  Groundwater 

recharge is based on the average annual precipitation in a region.  As a general “rule of thumb”, 

recharge is approximately 1/3 of the actual precipitation that occurs in relatively flat and porous 

terrain.  Average precipitation in the area of the site is approximately 45 inches per year.1  Under 

ideal conditions, approximately 15 inches would recharge per year.  However, it is expected that 

recharge would be lower in the area of the site due to the low permeability of the soil material. 

 

                                                 
1 National Oceanic and Atmospheric Administration (NOAA), Baltimore County, Maryland   
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Based on data provided by the USGS, recharge in the region ranges from 9.3 to 13.4 inches per 

year.2  According to the MDE in a 1998 publication entitled Maryland Ground Water Balance 

Database Publication Information, groundwater recharge in the general model domain was 

calculated to be approximately 8.4 inches per year (0.002 ft/day). 

 

Based on the site characteristics, two additional recharge values were assigned to the model 

domain in the area of the site.  The second recharge value was assigned to the paved portion of 

the site.  The specific site area is paved; however, the pavement is in poor condition and 

numerous landscape areas are present within the paved area.  This area was assigned a relatively 

lower recharge value of 0.0015 ft/day. 

 

The third recharge area is in the location where the underground storage tanks and associated soil 

was removed and backfilled with gravel material.  Based on historic groundwater elevation 

measurements collected at the site, a consistent groundwater mound is present below this 

excavation area.  It has been assumed that water collects in the excavation area and recharges the 

underlying area at a higher rate than the surrounding area.  A relatively higher recharge rate of 

0.14 ft/day was used in this area to reproduce the mounding that was observed from the site 

monitoring wells. 

 

A sensitivity analysis of recharge was conducted to better understand the impact that this 

parameter has on the groundwater model results.  Higher and lower values of recharge were 

evaluated.  It was determined that the model was very sensitive to recharge: the higher values 

caused flooding in the model in areas where none has been observed, and the lower recharge 

values resulted in “dry cells” in the model where groundwater was known to exist.  Additionally, 

the sensitivity analysis was compared to the residual error between the observed groundwater 

elevations and the simulated groundwater elevations.  Table 6 presents the results of the 

sensitivity analyses for recharge. 

 

                                                 
2 Estimates of Mean-Monthly & Annual Groundwater Recharge: Brandywine Creek (01480800) Marsh Creek 

(01480675), Red Clay Creek (01479820), United States Geological Survey (USGS), Water Science Center.   
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Model Layers 

Figure 5 presents a graphical representation of the model layers and the hydraulic parameters 

utilized in the construction of the groundwater model. 

 

The site and general model area is underlain by the Pretty Boy Schist (renamed locally from the 

Wissahickon Schist).  The geology consists of approximately 40 feet of unconsolidated sediment 

grading into weathered bedrock (saprolite) that in turn grades into fractured crystalline bedrock.  

According to site specific data and publication data, the more permeable portion of the bedrock 

material exists above 100 feet.  A transition of lower hydraulic conductivities begins at 

approximately 100 feet to approximately 300 feet at which depth very low hydraulic 

conductivities exist. 

 

Based on the evaluation of the hydrogeologic conditions that exist on the site, it is evident that a 

water table condition exists in the general area of the site.  The water table exists in the bedrock 

portion of the geologic material. 

 

For the purpose of model construction, the model was assigned eight MODFLOW layers to 

represent the hydrogeologic units that exist at the site.  Generally, the upper five layers were 

designated to represent the more permeable upper bedrock.  These layers are each 20 feet thick.  

It should be noted that the unconsolidated sediment and saprolite were not represented since 

groundwater flow did not exist in these units.  The sixth and seventh layers represent the 

transitional zones (20 feet thick and 200 feet thick, respectively) and the eighth layer represents 

the vertical no-flow boundary of the model base. 

 

Hydraulic Conductivity Assignment 

Based on existing data (May and June 2007 pumping test and April and May 2007 slug tests 

conducted at the site), the average horizontal hydraulic conductivity of the upper bedrock ranged 

from 0.35 ft/day to 0.93 ft/day.  Based on the calibration of the model (discussed below), a mean 

horizontal hydraulic conductivity was assigned over the entire domain of the model of 0.41 

ft/day.  A sensitivity analysis of the hydraulic conductivity was conducted and is presented on 

Table 7. 
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In conjunction with the horizontal hydraulic conductivity, horizontal and vertical anisotropy 

ratios were assigned to the model layers.  The horizontal hydraulic conductivity was based on the 

May-June 2007 pumping test zone of influence.  Based on the pumping test, a 2:1 ratio existed 

along strike with the preferential flow direction along strike.  As a result, an anisotropy ratio of 

0.5 was assigned to the model. 

 

A vertical anisotropy ratio of 1.2 was assigned to the layers of the model.  This was based on the 

model calibration only.  Sensitivity analyses of the horizontal and vertical anisotropy ratios are 

presented on Table 8.  

 

2.3 Numeric Flow Model Calibration3 

 

General 

Calibration refers to the demonstration that the model is capable of producing field measured 

heads and flows.  Calibration can be evaluated both qualitatively and quantitatively; however, 

even in a quantitative evaluation, the judgment of when the fit between model and reality is good 

enough is a subjective one. 

 

The groundwater model was calibrated to mean groundwater elevations collected in the site 

monitoring wells and flow measurements collected in surface water streams.  In addition, a 

comparison was made to two additional sets of groundwater elevation data.  The two additional 

sets of groundwater elevation data included a composite set (numerous dates) of apparent static 

water level measurements available from the MDE provided on drilling permits for existing 

residential wells, and a set of water levels collected by the MDE in March of 1964. 

 

                                                 
3 Anderson, M.P., Woessner, W. W., 1992, Applied Groundwater Modeling – Simulation of Flow and Advective 

Transport, Academic Press, Inc., pp. 223-246.  
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Monitoring Well Calibration (Mean Water Levels) 

Mean groundwater elevation data was calculated from the existing site monitoring well data.  

These values were used as the calibration target for the model. 

 

Initially, the associated average hydraulic conductivities were assigned to the eight layers close 

to the values presented on Figure 5 to achieve the best calibration to the target values.  Recharge 

values were chosen close to those values presented on Figure 4, again to achieve the best 

calibration to the target values.  Trial and error was used to achieve the calibration.  Concurrent 

with the hydraulic conductivity and recharge parameter adjustments, simulated surface water 

flow volumes were evaluated as discussed below. 

 

During the calibration process, sensitivity analyses of the recharge values and the hydraulic 

conductivity values (horizontal hydraulic conductivity, horizontal anisotropy, and vertical 

anisotropy) were conducted to identify the optimum values to best match the calibration targets.  

Tables 6, 7, and 8 present the results of the sensitivity analyses.  A further discussion of the 

sensitivity analyses is provided below. 

 

The result of the calibration is presented in tabular format on Table 3 and is graphically 

presented on Figure 7.  

 

Surface Water Calibration 

During the calibration process for the site monitoring wells, two surface water stream calibration 

points were evaluated for flow volume.  The location of the calibration points were based on 

locations where stream flows were measured in the field on September 24, 2008.  The location of 

the monitoring points and the observed flows are presented on Figure 6. 

 

During the calibration process, simulated flows were compared to observed flows.  The final 

results of the calibration for the flows are presented on Figure 6.   
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Comparison of MDE Groundwater Elevation Data – Composite Dates 

A comparison of composite groundwater elevation data provided by the MDE from well 

installations in the area of the site to the simulated head elevations is presented on Figure 7.  The 

MDE groundwater elevation measurements used in this comparison were evidently obtained 

from drilling permits as the “static level” at the time the well was installed.  These measurements 

extend over numerous years and do not represent a single synoptic “snap shot” in time; however, 

they do provide a reasonable groundwater elevation estimate at those well locations.  Table 4 

presents a tabular format of the comparison of the MDE data to the calibrated groundwater 

elevation data.  Figure 8 provides a graphical representation of the comparison. 

 

Results of the comparison (see Figure 7) show that the MDE data plots along the “perfect fit” 

line, with data points being well distributed on both sides of the line suggesting a reasonable 

match. 

 

MDE Groundwater Elevation Data – March 1964 

A second set of MDE groundwater elevation data was used for comparison to the calibrated site 

monitoring well groundwater elevation data.  The second set of MDE data was collected by 

MDE over two days in March 1964, providing a reasonable synoptic “snap shot” of groundwater 

elevations across the model domain. 

 

Table 5 presents a tabular comparison of this data to the calibrated mean groundwater elevation 

data from the site monitoring well data.  Figure 9 presents a graphical comparison of the data. 

 

Results of both comparisons (see Figures 7 and 8) show that the MDE data plots along the 

“perfect fit” line, with data points being well distributed on both sides of the line suggesting a 

reasonable match. 

 

Sensitivity Analyses 

As discussed above, several sensitivity evaluations were conducted on the hydraulic parameters 

input into the model.  The sensitivity analyses allow key parameters of the model to be adjusted 

independently of the other parameters to evaluate the sensitivity of each of the parameters within 
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the model.  Generally, the purpose of the sensitivity analyses confirms the uniqueness of the set 

of hydrogeologic parameters used in the model.  This prevents the use of model boundary 

conditions that allow broad ranges of parameter values that are non-unique to a specific site. 

 

During the initial calibration, the recharge values were changed while the average hydraulic 

conductivity values for each of the eight layers (provided on Figure 5) was held constant.  The 

recharge parameter was sensitive and was found to provide the best calibration to the mean 

groundwater elevations in the site monitoring wells at a value of 0.002 ft/day.  Table 6 presents 

the results of the recharge sensitivity evaluation.  It should be noted that recharge values above 

0.002 ft/day also resulted in flooding of the lower portions of the model where none has been 

observed.  Values lower than 0.002 ft/day resulted in a significant drop in simulated stream 

flows. 

 

As discussed above, the hydraulic conductivity parameters used for the calibration to the mean 

site groundwater elevation data worked best with the average values presented on Figure 5.  

These values were derived through a trial and error process.  Once the best quantitative 

calibration was obtained, a sensitivity analysis of the parameters was conducted.  Table 7 

presents the sensitivity analyses for the horizontal hydraulic conductivity.  Horizontal hydraulic 

conductivity was a sensitive parameter and there was a very limited range in values that allowed 

the model to converge. 

 

Vertical and horizontal anisotropy was also evaluated for sensitivity in the model.  Results of 

these evaluations are presented on Table 8.  Vertical anisotropy did not appear to be a sensitive 

parameter.  Horizontal anisotropy was an extremely sensitive parameter and allowed the model 

to converge only with a ratio of 0.5. 

 

Flow Budget 

The flow budget of the MODFLOW model was evaluated to determine if reasonable inflows and 

outflows of the model had been achieved.  Based on the understanding of the site’s hydrologic 

cycle, the aquifer on the site is primarily recharged from precipitation.  Groundwater is 
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discharged from the aquifer through drainage into surface water streams and extraction from 

potable wells.  Results of the flow budget are presented on Table 9.   

 

Based on the results of the flow budget, it is evident that the inflow of water into the model 

domain closely matches the outflow of water from the model domain suggesting a reasonable 

water budget balance.
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3.0 SIMULATED GROUNDWATER FLOW 

 

3.1 General 

 

The simulated groundwater flow across the model domain is presented on Figure 10 through 13.  

Figure 10 presents the groundwater flow in the general area of the site and Figure 11 presents the 

groundwater flow over the entire region of the model.  Figures 12 and 13 provide cross sections 

through the model domain (see Figure 11 for the location of the cross sectional lines). 

 

Based on the groundwater model simulation, groundwater elevations generally follow the 

topographic contours.  There is a distinct groundwater divide that roughly parallels Rayville 

Road to the east.  Groundwater in the vicinity of the site generally flows to the southwest. 

 

3.2 Particle Tracking Analyses 

 

As part of the groundwater flow simulations, a particle tracking analysis was conducted using 

MODPATH.  MODPATH is a widely used and accepted software code, developed by the USGS 

that interfaces with MODFLOW and allows particle tracking in the flow model.  This type of 

analysis allowed particles to be released in the potable pumping wells and a reverse track of their 

pathways was simulated to evaluate the potential migration pathways of dissolved state 

contaminants in the groundwater originating from the site.  

 

Four particles were released from each of the plaintiff well locations (with detectable 

concentrations of MTBE) along the open interval of the well and were allowed to track 

backwards without any time limit constraints.  Marker arrows were placed along the path lines 

every one year to allow an approximate time frame to be evaluated.  Due to the size of the model 

domain and the distribution of plaintiff wells with MTBE detections, the presentation of the path 

line results were divided into four quadrants centered on the site location.  The quadrants are 

identified as northwest (Figure 14), northeast (Figure 15), southwest (Figure 16), and southeast 

(Figure 17).  In addition, particle tracking was applied to the three on-site pumping wells PW-1, 
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PW-2, and PW-3.  The results of the particle tracking from these wells are presented on Figure 

18.  

 

The reverse particle tracking is based on groundwater advection only and does not suggest that 

dissolved groundwater constituents would migrate the entire length of the particle track line.  It 

simply suggests that if a particle were free to move, this is where it would eventually end up 

assuming that there were no other factors diminishing the migration such as sorption, decay, 

dilution, etc. 

 

Northwest Quadrant (Figure 14) 

Based on the model simulation, none of the plaintiff wells in the northwest quadrant would be 

reached by constituents released in the vicinity of the site. 

 

Northeast Quadrant (Figure 15) 

Based on the model simulation, none of the plaintiff wells in the northeast quadrant would be 

reached by constituents released in the vicinity of the site. 

 

Southwest Quadrant (Figure 16) 

It is evident that all of the plaintiff wells (1606, 1608, 1612, 1616, 1620, and 1624 Rayville 

Road) in the southwest quadrant along Rayville Road could be reached by constituents released 

at the site location.  The estimated times of constituents reaching the plaintiff wells range from 

approximately 14 years at 1606 Rayville Road to approximately 28 years at 1624 Rayville Road. 

 

Southeast Quadrant (Figure 17) 

The closest plaintiff well to the site, 19105 Middletown Road, does not appear to draw 

groundwater directly from the site as the particle tracking ends at a point where the particles 

released from the potable well terminate at the groundwater surface.  The particle tracking shows 

an approximate travel time from potable well to the groundwater surface of 15 years.  The four 

other plaintiff wells southeast from the site (18940, 18941, 18833, and 18829 Middletown Road) 

are far enough that they would not be reached due to the limited zone of influence from these 

wells.
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4.0 SUMMARY AND CONCLUSIONS 

 

Based on the results of the groundwater model simulation discussed in this document, the 

following conclusions have been reached: 

 

♦ A well defined groundwater divide exists along the topographic ridge on which the site is 

situated.  The configuration of the groundwater divide results in groundwater flow in a 

southwest direction from the site location. 

♦ Six plaintiff wells (1606, 1608, 1612, 1616, 1620, and 1624 Rayville Road) have the 

potential to be reached by constituents released from the site. 

 

In summary six plaintiff wells (1606, 1608, 1612, 1616, 1620, and 1624 Rayville Road) have the 

potential to be reached by constituents released at the site location.  None of the other plaintiff 

wells are at locations that would allow them to be impacted based on the hydrogeologic 

characteristics that exist in the area. 
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5.0 LIMITATIONS 

 

The modeling in this report was performed using a commercially available software package 

(Groundwater Modeling System-GMS, Version 6.5 developed by the United States Department 

of Defense) designed to simulate groundwater flow and the migration of contaminants.  Where 

available, actual data from the site was utilized to calibrate the models and develop the graphical 

representations presented in this document.  In other instances, assumptions were necessary to 

complete the model and limitations associated with the site data result in a level of uncertainty in 

the model predictions.  Therefore, the results of the model predictions should be independently 

evaluated using actual site monitoring data. 

 

The results of the model may differ from actual site conditions because of unknown subsurface 

conditions.  The results of the models presented in this document shall not be construed to create 

any warranty or representation with regard to the site.  The conclusions presented in this report 

were based on the services described, and not on scientific tasks or procedures beyond the 

described scope of services.



 

TABLES 



TABLE 1
Well Inventory/Specifications

Wally's Citgo Station
Parkton, Maryland

MW-1 802.09 62 37 25 765.09 740.09 2-3
MW-2 801.83 60 40 20 761.83 741.83 2-3
MW-3 801.45 62 42 20 759.45 739.45 2-3
MW-4 801.35 60 40 20 761.35 741.35 2-4
MW-5 802.18 50.5 30.5 20 771.68 751.68 2-3

MW-5B2 802.64 100 70 30 732.64 702.64 4-5
MW-6 801.08 60.5 40.5 20 760.58 740.58 2-4

MW-7A2 796.66 65 40 25 756.66 731.66 3-4
MW-7B2 796.64 120 70 50 726.64 676.64 4-7
MW-8A2 793.1 65 40 25 753.1 728.1 3-4
MW-8B2 792.69 100 73.5 26.5 719.19 692.69 4-5
MW-9A2 798.18 65 40 25 758.18 733.18 3-4
MW-9B2 798.04 120 72 48 726.04 678.04 4-7

MW-10A2 800.69 62 40 22 760.69 738.69 3-4
MW-10B2 800.75 100 70 30 730.75 700.75 4-5
MW-11A2 795.52 60 40 20 755.52 735.52 3-4
MW-11B2 795.22 100 70 30 725.22 695.22 4-5
MW-12B2 800.28 100 70 30 730.28 700.28 4-5
MW-13A2 801.74 60 40 20 761.74 741.74 3
MW-13B2 801.78 100 70 30 731.78 701.78 4-5
MW-14A2 797.53 60 40 20 757.53 737.53 3
MW-14B2 797.33 100 70 30 727.33 697.33 4-5

1 = Value identifies actual well depth and not actual boring depth
2 = Open borehole well
ft= feet
ft/msl= feet mean sea level

Well ID
Well Depth1 

(ft)

Depth to Top of  
Screen/Open Borehole 

(ft)
Model 

Layer(s)
Screen/Open 

Borehole Length (ft) 

Top of Screen/Open 
Borehole Elevation 

(ft/msl)
Bottom of Screen/Open 

Borehole Elevation (ft/msl)
Top of Casing 

Elevation (ft/msl)
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TABLE 2
 Active Pumping Wells and Rates Used in Steady State Model

Wally's Citgo Station
Parkton, Maryland

Well ID Pumping Rate (ft3/d) Pumping Rate (gpd) Pumping Rate (gpm) Well Depth (ft) Casing Depth (ft) Model Layer(s)
3ELL 10 75 0.1 245 40 3-7
4ELL 20 150 0.1 300 80 5-7
5ELL 15 112 0.1 200 40 3-7
6ELL 20 150 0.1 225 60 4-7
7ELL 15 112 0.1 285 48 3-7
8ELL 20 150 0.1 225 78 5-7
9ELL 20 150 0.1 185 60 4-7
3HED 20 150 0.1 200 40 3-7
5HED 25 187 0.1 200 40 3-7

1801LAU 20 150 0.1 100 40 3-5
18829MID 15 112 0.1 200 40 3-7
18833MID 25 187 0.1 200 40 3-7
18940MID 15 112 0.1 200 40 3-7
18941MID 20 150 0.1 200 40 3-7
19022MID 20 150 0.1 305 40 3-7
19101MID 20 150 0.1 300 20 2-7
19105MID 15 112 0.1 200 40 3-7
19115MID 20 150 0.1 345 42 3-7
19119MID 20 150 0.1 345 42 3-7
19201MID 20 150 0.1 350 56 3-7
19205MID 25 187 0.1 250 46 3-7
19205MID 20 150 0.1 250 46 3-7
19222MID 20 150 0.1 400 40 3-7
19223MID 20 150 0.1 400 40 3-7
19229MID 20 150 0.1 202 40 3-7
19235MID 10 75 0.1 400 40 3-7
19239MID 10 75 0.1 400 40 3-7
19303MID 10 75 0.1 180 44 3-7
19305MID Can't Locate
19535MID Outside of model domain
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TABLE 2
 Active Pumping Wells and Rates Used in Steady State Model

Wally's Citgo Station
Parkton, Maryland

Well ID Pumping Rate (ft3/d) Pumping Rate (gpd) Pumping Rate (gpm) Well Depth (ft) Casing Depth (ft) Model Layer(s)
3PAR 20 150 0.1 300 40 3-7

1614PAR 20 150 0.1 200 40 3-7
1704PAR 20 150 0.1 224 40 3-7
1620PHIL 20 150 0.1 200 40 3-7
1302RAY 25 187 0.1 200 40 3-7
1414RAY 20 150 0.1 400 40 3-7
1416RAY 30 224 0.2 100 40 3-5
1500RAY 20 150 0.1 125 63 3-6
1501RAY 15 112 0.1 180 28 2-7
1506RAY 15 112 0.1 142 46 3-6
1510RAY 15 112 0.1 200 40 3-7
1521RAY 20 150 0.1 125 47 3-6
1523RAY 20 150 0.1 200 32 2-7
1525RAY 20 150 0.1 175 41 3-7
1525RAY 15 112 0.1 175 41 3-7
1527RAY 10 75 0.1 200 40 3-7
1529RAY 15 112 0.1 200 40 3-7
1606RAY 4.24 32 0.0 200 40 3-7
1608RAY 3.82 29 0.0 200 40 3-7
1612RAY 10.45 78 0.1 200 40 3-7
1614RAY 20 150 0.1 125 40 3-6
1616RAY 15 112 0.1 200 40 3-7
1620RAY 20 150 0.1 200 40 3-7
1624RAY 15 112 0.1 200 55 3-7
19300RIC 20 150 0.1 460 29 2-7
19305RIC 20 150 0.1 300 46 3-7
19328RIC 20 150 0.1 300 46 3-7
19200SHA 20 150 0.1 400 22 2-7
19201SHA 20 150 0.1 350 56 3-7
19202SHA 20 150 0.1 460 38 3-7
19203SHA 20 150 0.1 200 98 6-7
19205SHA 20 150 0.1 460 45 3-7
19206SHA 20 150 0.1 360 39 3-7
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TABLE 2
 Active Pumping Wells and Rates Used in Steady State Model

Wally's Citgo Station
Parkton, Maryland

Well ID Pumping Rate (ft3/d) Pumping Rate (gpd) Pumping Rate (gpm) Well Depth (ft) Casing Depth (ft) Model Layer(s)
19207SHA 20 150 0.1 400 42 3-7
19208SHA 20 150 0.1 240 31 2-7
19209SHA 20 150 0.1 300 31 2-7
19210SHA 20 150 0.1 220 22 2-7
19211SHA 20 150 0.1 460 51 3-7
19212SHA 20 150 0.1 360 39 3-7
19213SHA 20 150 0.1 580 20 2-7
19214SHA 20 150 0.1 360 41 3-7
19215SHA 20 150 0.1 460 49 3-7
MW-10A 0 0 0.0 62 40 3-4

PW-1 50.13 375 0.3 242 79 5-7
PW-2 49.89 373 0.3 305 47 3-7
PW-3 22.08 165 0.1 400 40 3-7

UKNOWND 20 150 0.1 225 50 3-7
UNKNOWN3 20 150 0.1 225 50 3-7

Note: Green shade indicates that no data was available and values were estimated
ft= feet
ft3/d= cubic feet per day
gpd= gallons per day 
gpm= gallons per minute
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TABLE 3
Residual Calibration Error - Mean Head Elevations - Site Monitoring Wells

Groundwater Flow Simulation
Wally's Citgo

Parkton, Maryland

Well ID Observed Head Elevation (ft/msl)* Computed Head Elevation (ft/msl) Residual Head Error Comments
MW-1 761.27 759.78 1.49
MW-2 761.48 759.80 1.68
MW-3 761.32 759.53 1.79
MW-4 761.29 758.79 2.50
MW-5 761.91 758.74 3.17
MW-6 758.05 757.62 0.43

MW-7A 753.03 756.96 -3.93
MW-7B 751.46 756.75 -5.29
MW-8A 751.97 754.05 -2.08
MW-9A 758.01 754.42 3.59
MW-9B 758.25 754.42 3.83

MW-10A 761.47 758.31 3.16
MW-11A 749.13 755.48 -6.35
MW-13A 759.89 755.85 4.04
MW-14A 754.57 756.03 -1.46

Sum of Residual Error 6.57 Feet
Mean of Residual Error -0.44 Feet
Mean Absolute Error 2.99 Feet
Root Mean Square Error 3.35 Feet

* Based on mean groundwater elevation measurements (entire data set). Deep wells with similar screen intervals or groundwater elevations 
were not used in calibration.
ft/msl= feet mean sea level
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TABLE 4
Comparison of Composite MDE Groundwater Elevation Data to Simulated Groundwater Elevation Data

Wally's Citgo
Parkton, Maryland

Well ID Observed Head Elevation (ft/msl)* Computed Head Elevation (ft/msl) Residual Head Error Comments
35 723 Dry Cell in Layer 5
59 749 751.00 -2.00 Calibrated to Layer 5 Head
58 740 732.00 8.00 Calibrated to Layer 5 Head
57 740 736.00 4.00 Calibrated to Layer 5 Head
55 729 744.00 -15.00 Calibrated to Layer 5 Head
56 739 746.00 -7.00 Calibrated to Layer 5 Head
12 735 751.00 -16.00 Calibrated to Layer 5 Head
53 735 755.00 -20.00 Calibrated to Layer 5 Head
52 769 757.00 12.00 Calibrated to Layer 5 Head
71 736 750.00 -14.00 Calibrated to Layer 5 Head
48 759 791.00 -32.00 Calibrated to Layer 5 Head
47 734 725.00 9.00 Calibrated to Layer 5 Head
50 680 669.00 11.00 Calibrated to Layer 5 Head
18 450 502.00 -52.00 Calibrated to Layer 5 Head
89 660 688.00 -28.00 Calibrated to Layer 5 Head
70 701 673.00 28.00 Calibrated to Layer 5 Head
61 660 647.00 13.00 Calibrated to Layer 5 Head
60 627 614.00 13.00 Calibrated to Layer 5 Head
68 580 582.00 -2.00 Calibrated to Layer 5 Head

Sum of Residual Error -90.00 Feet
Mean of Residual Error 5.00 Feet
Mean Absolute Error 15.93 Feet
Root Mean Square Error 19.99 Feet

* Based on MDE groundwater elevation data  from drilling records (permits) at time wells were installed. Measurements span a broad range in time. 
ft/msl= feet mean sea level
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TABLE 5
Comparison of MDE Groundwater Elevation Data Collected in March 1964 To Simulated Groundwater Elevation Data

Wally's Citgo
Parkton, Maryland

Well ID Observed Head Elevation (ft/msl)* Computed Head Elevation (ft/msl) Residual Head Error Comments
59 749 752.00 -3.00 Calibrated to Layer 5 Head
57 740 740.00 0.00 Calibrated to Layer 5 Head
56 739 750.00 -11.00 Calibrated to Layer 5 Head
48 759 792.00 -33.00 Calibrated to Layer 5 Head
47 734 731.00 3.00 Calibrated to Layer 5 Head
61 660 646.00 14.00 Calibrated to Layer 5 Head
60 627 615.00 12.00 Calibrated to Layer 5 Head
68 580 585.00 -5.00 Calibrated to Layer 5 Head

Sum of Residual Error -23.00 Feet
Mean of Residual Error 2.08 Feet
Mean Absolute Error 10.28 Feet
Root Mean Square Error 14.29 Feet

* Based on MDE groundwater elevation data  collected in March 1964
ft/msl= feet mean sea level

J:\EAI_files\PCG\Carroll Fuel\2610_Wallys_Citgo_ Legal_Support (Confidential)\GW Model Report\Tables\
Table 5 - Residual Error MDE 1964 GW Elevations.xls Page 1 of 1



TABLE 6
Sensitivity Analyses for Recharge

Wally's Citgo
Parkton, Maryland

Main Area of Model 0.0018 0.0019 0.0019 0.0019 0.002 0.0021 0.002 0.002 0.002 0.002
Paved Site Area 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015
Excavation Area 0.0015 0.0015 0.03 0.06 0.0015 0.0015 0.13 0.14 0.15 0.06

Mean Error -6.15 -3.63 -3.02 -2.38 -1.3 NC -0.65 0.44 0.48 0.5
Mean Abs. Error 6.36 4.42 4.01 3.57 3.12 NC 3.21 2.99 3.35 3.61
Root Mean Sq. Error 7.02 4.97 4.45 3.94 3.45 NC 3.46 3.35 3.47 3.46

NC - Model did not converge
Hydraulic conductivity was held constant  based on values presented on Table 7
Highlited values represent parameters used and error summaries of final model simulation

Recharge Rate (ft/day)

J:\EAI_files\PCG\Carroll Fuel\2610_Wallys_Citgo_ Legal_Support (Confidential)\GW Model Report\Tables\
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TABLE 7
Sensitivity Analyses for Hydraulic Conductivity

Wally's Citgo
Parkton Maryland

Layer 1 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43
Layer 2 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43
Layer 3 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43
Layer 4 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43
Layer 5 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43
Layer 6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Layer 7 0.005 0.005 0.005 0.005 0.005 0.1 0.001 0.004 0.006
Layer 8 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001

Mean Error NC 0.502 0.492 -0.44 -0.623 NC NC 0.342 0.348
Mean Abs. Error 3.45 3.39 2.99 3.23 3.43 3.35
Root Mean Sq. Error 3.74 3.64 3.35 3.45 3.45 3.207

NC - Model did not converge
Recharge was held constant at unique values presented on Table 6.
Highlited values represent parameters used and error summaries of final model simulation

Hydraulic Conductivity (ft/day)

J:\EAI_files\PCG\Carroll Fuel\2610_Wallys_Citgo_ Legal_Support (Confidential)\GW Model Report\Tables\
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TABLE 8
Sensitivity Analyses for Anisotropy Ratios

Wally's Citgo
Parkton, Maryland

Vertical Anisotropy 0.6 0.8 1 1.2 1.4 1.6

Mean Error 0.44 0.45 0.44 0.44 0.44 0.45
Mean Abs. Error 2.99 2.99 2.99 2.99 2.99 2.99
Root Mean Sq. Error 3.35 3.35 3.35 3.35 3.35 3.35

Horizontal Anisotropy 0.3 0.4 0.5 0.6

Mean Error NC NC 0.44 NC
Mean Abs. Error 2.99
Root Mean Sq. Error 3.35

NC - Model did not converge
Conductivity  and recharge were held constant  based on values presented on Tables 6 and 7. 
Highlited values represent parameters used and error summaries of final model simulation

J:\EAI_files\PCG\Carroll Fuel\2610_Wallys_Citgo_ Legal_Support (Confidential)\GW Model Report\Tables\
Table 8 - Anisotropy Sensitivity (2).xls Page 1 of 1



TABLE 9
Flow Budget

Wally's Citgo Station
Parkton, Maryland

Flow In Flow Out
Source/Sinks
Drains (Creeks) 0 -108167.1001
Wells 0 -6462.7900
Recharge 114703.2655 0

Total 114703.2655 -114629.8901
% Difference 0.0640

J:\EAI_files\PCG\Carroll Fuel\2610_Wallys_Citgo_ Legal_Support (Confidential)\GW Model Report\Tables\
Table 9 - Flow Budget.xls Page 1 of 1
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