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1. Introduction 

ARCADIS U.S., Inc. (ARCADIS) on behalf of ExxonMobil Environmental Services 
(EMES) and ExxonMobil Corporation (ExxonMobil) is pleased to submit a Corrective 

Action Plan (CAP) for the former Exxon station located at 143 Frederick Road, 
Thurmont, Maryland. The Maryland Department of Environment (MDE) Case Number 
assigned to this site is 9-0923-FR. A site location map is included as Figure 1, and a 

site plan is included as Figure 2. 

A Site Conceptual Model / Characterization Report (SCM) was submitted to MDE on 

18 February 2010 (Kleinfelder 2010). Subsequently, a CAP dated 12 September 2011 
was submitted to MDE and approved on 12 December 2011. The Report of Results 
dated 18 April 2012 for those CAP activities was also submitted to MDE. 

Correspondence from MDE is included as Appendix A. 

1.1 Site Description 

A bank and parking area currently occupy the former Exxon site. The area surrounding 
the property is a commercial and residential mix use. The property is bordered by 

Frederick Road to the east, a restaurant to the north, a Shell gasoline station to the 
south, and by US Route 15 to the west. Current site use is shown in Figure 2.  

1.2 Site Background 

In 1979 two underground storage tanks (USTs) located at the former Exxon Site failed 

testing and four gasoline USTs located on-site were removed. No product loss was 
reported. In 1985 site ceased gasoline retail operations and all USTs, dispensers, and 
associated piping were removed from the property. The site was relocated across the 

street to 140 Frederick Road.  

In 1983 a MDE case was opened after dissolved hydrocarbons were found in the 

Thurmont Municipal supply well located approximated 350 northeast of site. Soil 
borings conducted during site investigation identified the abandoned tank field (across 
the street) as the potential source area. A product recovery system was installed and 

product recovery activities were initiated. In July 1988 through February 1990 and 
again in October 1992 soil vapor extraction (SVE) activities were conducted utilizing a 
catalytic oxidizer (Cat-Ox) to treat recovered soil vapors. In 1998 an independent 

groundwater treatment system was installed on recovery well RW-52 utilizing three 200 
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pound GAC units for groundwater treatment prior to discharge and in September 2000 

a longer term SVE program was initiated.  

A Work Plan for Additional Assessment was submitted to the MDE in October 2008 to 

refine the site characterization and evaluate potential modifications to the current 
remedial strategy. Site investigation activities were performed in 2009. These activities 
included a trial shut down of pumping on recovery well RW-52, groundwater 

monitoring, downhole geophysical survey, pump testing, and a dual phase extraction 
(DPE) pilot test. A SCM was submitted to MDE in February 2010. 

Pilot testing based on the September 2011 CAP was completed in February 2012. The 
Report of Results from April 2012 indicated that DPE/TPE recovery methods were not 
likely to be an applicable technology at the site. 

 

 

 

 



g:\prjcts\exxonmobil retail\md-25553 thurmont\reports\cap  2013-01\25553 correction action plan_draft.docx 3 

 
 
Corrective Action Plan 

ExxonMobil Site #25553 
143 Frederick Road 
Thurmont, Maryland 

 

2. Conceptual Site Model 

The geology and hydrogeology is based on investigative activities conducted by 
previous consultants and groundwater results are from the most recent sampling event 

conducted by ARCADIS in May 2011. 

2.1 Geology and Hydrogeology 

Previous subsurface investigations indicate mainly silt and clay overlying fractured 
limestone. Historical boring logs are included in Appendix B. 

Previous site conceptual models identify groundwater bearing zones described as 
shallow, intermediate, and deep. Shallow groundwater has generally been reported at 

depths ranging from just below the ground surface up to 30 feet bgs. Intermediate 
groundwater appears to be present just above bedrock and ranges in depth from 30 to 
50 feet bgs. Deep groundwater is characterized as groundwater below overburden and 

within the bedrock. 

Depth to groundwater was measured during the most recent groundwater monitoring 

even in October 2012. Based on this gauging data, groundwater flow at the site 
appears to be to the southeast (Figures 3 and 4).  

2.2 Soil Quality 

As reported in the SCM report, soil analytical samples collected in 2006 and 2009 

showed no constituent concentrations above MDE Non-Residential Cleanup 
Standards. A table from the 2010 SCM report summarizing historical soil analytical 
data is included in Appendix B. 

2.3 Phase Separated Hydrocarbons 

No phase separated hydrocarbons (PSH) have been detected in wells since May 2012 
in well MW-55I. The detection of 0.01 ft of PSH in MW-55I in May 2012 is the only 
detection in any monitoring well since 2007 with the exception of MP-2.  Well MP-2 has 

had no detections of PSH since August 2011. 
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2.4 Groundwater Quality 

As reported in the most recent groundwater monitoring report, groundwater samples 
were collected in October 2012 and submitted to TestAmerica Laboratories of 

Nashville, Tennessee for analysis of for analysis of full list volatile organic compounds 
(VOCs) and fuel oxygenates using Environmental Protection Agency (EPA) Method 
8260B, and total petroleum hydrocarbons – gasoline range organics (TPH-GRO) and 

total petroleum hydrocarbons – diesel range organics (TPH-DRO) by EPA Method 
8015. Data for this event is shown on Figures 3 and 4. 

Benzene, toluene, ethylbenzene, methyl tertiary butyl ether (MTBE), TPH-DRO, and 
TPH-GRO were detected at concentrations exceeding MDE Groundwater (GW) Clean-
up Standards in samples collected from one or more wells:  

 Benzene was detected at concentrations exceeding the MDE GW standard (5 
µg/L) in 14 samples (MW-5, MW-13A, MW-14A, MW-38, MW-53S, MW-54S, MW-

54D, MW-55S, MW-55I, MW-55D, RW-52, DPE-1, VW-1, and MP-2) with a 
maximum concentration of 14,300 µg/L in the sample collected from MW-53S. 

 Toluene was detected at concentrations exceeding the MDE GW standard (1,000 
µg/L) in three samples (MW-53S, MW-55I, and DPE-1) with a maximum 
concentration of 11,100 µg/L in the sample collected from MW-53S. 

 Ethylbenzene was detected at concentrations exceeding the MDE GW standard 
(700 µg/L) in three samples (MW-53S, MW-55I, and DPE-1) with a maximum 

concentration of 1,580 µg/L in the sample collected from MW-53S. 

 MTBE was detected at concentrations exceeding the MDE GW standard (20 µg/L) 

in two samples (MW-53S and MW-55I) with a maximum concentration of 344 µg/L 
in the sample collected from MW-53S. 

 TPH-GRO was detected above the MDE GW standard (47 µg/L) in 18 samples 
(MW-6, MW-11, MW-13A, MW-14A, MW-38, MW-51, MW-53S, MW-54S, MW-
54D, MW-55S, MW-55I, MW-55D, RW-52, MP-1, MP-2, DPE-1, VW-1, and VW-2) 

with a maximum concentration of 78,500 µg/L in the sample collected from MW-
55I. 

 TPH-DRO was detected above the MDE GW standard (47 µg/L) in 21 samples 
(MW-5, MW-11, MW-13A, MW-14A, MW-38, MW-46, MW-48, MW-50, MW-51, 
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MW-53S, MW-53I, MW-54S, MW-54D, MW-55S, MW-55I, MW-55D, DPE-1, MP-

2, VW-1, VW-2, and VW-3) with a maximum concentration of 12,700 µg/L in the 
sample collected from MW-55I. 

2.5 Historical Analytical Trends in Groundwater 

Graphs of historical data were produced for benzene concentrations in samples from 

15 wells that are considered representative of site conditions (MW-5, MW-14A, MW-
48, MW-50, MW-51, MW-53I, MW-53S, MW-54D, MW-54S, MW-55I, MW-55S, RW-
52, VW-1, VW-2, and MP-2). These wells can be analyzed in three categories based 

on historical benzene concentration levels: above 5,000 ug/L, above 1,000 ug/L, and 
remaining wells (including wells with non-detects). Historical analytical data graphs are 
included as Appendix C. 

 Historical concentrations above 5,000 ug/L: MW-53S, MW-53I, and MW-55I. Two 

of these wells (MW-53S, MW-53I) are located just south east of the existing 

dispenser islands. The third well (MW-55I is located at the southeast property 
boundary. In the area of the MW-53 well cluster, concentrations are highest in the 
shallow zone as demonstrated by concentrations in MW-53S (screened from 22 to 

27 ft bgs), which are higher than those in samples from MW-53I (screened from 33 
to 38 ft bgs). Conversely, concentrations in the intermediate zone near MW-55I 
(screened from 31 to 36 ft bgs) are higher than in the shallow zone (MW-55S 

screened from 15 to 20 ft bgs). Concentrations in MW-53S and MW-55I are stable 
since 2007. Concentrations in MW-55I are declining. 
 

 Historical concentrations above 1,000 ug/L: MW-54D, MW-55S, MP-2, VW-1. Two 

wells are screened shallow (VW-1 from 3 to 13 ft bgs and MP-2 from 7 to 27 ft bgs) 
and are located just south of the current dispenser islands. Constituent 

concentrations are high in the shallow zone near the dispensers as noted above 
for well MW-53S. 
 

The other two wells are located in the southeast section of the property. Well MW-
55S is screened shallow (15 to 20 ft bgs) and higher constituent concentrations are 
observed in the intermediate zone (MW-55I) as discussed above. Well MW-54D is 

screened both intermediate and deep (31 to 42 ft bgs). Concentrations in the 
vicinity of the MW-54 cluster are higher in the intermediate zone than the shallow 
zone. 

 
Overall, concentrations in these wells are declining from historical highs.  
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 Remaining wells: MW-5, MW-14A, MW-48, MW-50, MW-51, MW-54S, RW-52, 

VW-2. Benzene concentrations in these wells have never been as high as the 
concentrations in the wells described previously. Additionally, concentrations in all 

of these wells are declining since 2005.  

Overall, the highest concentrations are located in the shallow zone near the MW-53 

well cluster and the intermediate zone near the MW-54 and MW-55 well cluster.  
Concentrations in those areas are stable, and concentrations are declining in 
remaining areas where concentrations are two to three magnitudes lower. 
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3.  Risk Based Evaluation Summary (from 2010 SCM) 

The SCM (Kleinfelder 2010) include an evaluation of risk to human health from site-
related constituents. The following receptors were selected for further evaluation in the 

report 

 On-site indoor workers (adults) 

 Off-site residents (adults and youths) 
 Off-site workers (adults) 

Because constituent concentrations in soil are below Maryland Cleanup Standards, soil 
does not pose a risk to on-site receptors. There is no potential exposure to on-site 
groundwater because the site is serviced by municipal water. There is no exposure by 

off-site receptors to groundwater because there are no private or commercial supply 
wells within 1,000 feet of the site, and samples from monitoring well MW-37 (500 ft 
downgradient) continue to be non-detect. Therefore, the following exposure pathways 

were evaluated in the SCM: 

 Inhalation by on-site indoor workers of volatilized adsorbed or dissolved phase 

hydrocarbons  

Further evaluation indicated this exposure pathway was potentially complete based on 

evaluation of historical analytical data. 
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4. Previous Remedial Technology Evaluations   

Remedial alternatives have previously been evaluated in the SCM (Kleinfelder 2010). 
These evaluations are summarized below, and the evaluations have been 

supplemented with new data as applicable. 

4.1 Air Sparge 

Air sparge remediation techniques inject air into the aquifer to strip volatile components 
from the soils. Soil vapors are then recovered via SVE. Air sparge technology is most 

effective in aquifers at intermediate to shallow depths with sandy / silty soils. Although 
site constituents appear to be in the intermediate and shallow zones, boring logs 
indicate clay lenses and discontinuous perched water in these zones. Based on the 

site lithology, air sparge techniques are not likely to be effective. 

4.2 In-Situ Chemical Oxidation  

In-situ chemical oxidation techniques use a chemical oxidizer that is injected into 
groundwater to chemically degrade the constituents of concern. The chemical reaction 

typically creates carbon dioxide and water, irreversibly destroying the contaminant. 
However, boring logs indicate clay lenses. Chemical oxidation is not recommended as 
a remedial technique with low permeability soils. Therefore, chemical oxidation is not 

likely to be effective. 

4.3 Dual-Phase Extraction and Vacuum Truck Extraction 

In November 2009, pilot tests were completed for dual-phase extraction (DPE) at DPE-
1 and vacuum truck extraction (VTE) at MPE-2. No detectable vacuum influence was 

observed in neighboring wells during either pilot test and groundwater elevation 
influence was inconclusive. These results were confirmed during additional pilot testing 
completed in February 2012. Therefore, these techniques are not likely to be effective 

and have been removed from further consideration. 

4.4 Soil Vapor Extraction 

Soil vapor extraction (SVE) has been utilized at the site in various wells since 1990, 
most recently at wells MW-14A and MW-51. However, SVE has not proven to be 

effective at the site. Between 2005 and 2012, constituent concentrations in wells MW-
14A and MW-51 have not demonstrated a declining trend. As part of the February 
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2012 DPE pilot test, the SVE system was shut down in order to prevent interference 

with the pilot test. Since then, quarterly sampling results have been evaluated for 
rebound following the system shutdown. 

Beginning with May 2012 analytical results, data have shown that constituent 
concentrations in wells MW-14A and MW-51 have declined since the SVE system was 
shutdown. No rebound has been observed in samples from these wells. Therefore, 

SVE is not considered to be effective. 
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5. Corrective Actions 

The follow sections summarize the basis for corrective action at the site and the 
proposed activities. 

5.1 Basis for Corrective Action 

The risk-based evaluation summary in Section 3 showed that the only potential 
receptor is on-site indoor workers who could be exposed to constituents through vapor 
intrusion into the convenience store. Based on this, proposed actions include sub-slab 

soil vapor sampling to determine actual concentration beneath the building and 
continued groundwater monitoring. 

5.2 Sub-slab vapor sampling 

In order to collect sub-slab vapor, two sub-slab sampling ports would be installed inside 

the convenience store building. The sampling ports would be located as follows: 

 One sampling location located in the center of the building. 

 
 One sampling location located on the west side of the building, near the 

groundwater impacts, but at least five feet from the building exterior. 

The sampling point construction would be 0.375-in outer diameter stainless steel 
screen and piping installed approximately 3 inches below the bottom of the concrete 

slab. The sampling point would be sealed with concrete and allowed to set prior to 
sampling. 

Sub-slab vapor samples would be collected quarterly for one year in conjunction with 
the quarterly groundwater monitoring and sampling. Sampling procedures would follow 
the ARCADIS Sub-Slab Soil Gas Sampling and Analysis standard operating procedure 

(Appendix D).  Samples would be analyzed for VOCs using USEPA Method TO-15. 
Results would be reported in the quarterly monitoring reports. 

5.3 Revised Groundwater Monitoring Program  

ARCADIS proposes a revised groundwater sampling plan based on trends in the 

recent historical data. Historical data summarized in Section 2.5 demonstrate that the 
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site is adequately characterized and that the plume boundaries are delineated. The 

proposed groundwater monitoring program is: 

 Semi-Annual (1Q and 3Q): Gauge and sample all on-site wells. Samples analyzed 

for VOCs including fuel oxygenates, TPH-GRO and TPH-DRO. 
 

 Quarterly (2Q and 4Q): Gauge all on-site wells. Samples wells MW-5, MW-14A, 

MW-48, MW-50, MW-51, MW-53I, MW-53S, MW-54D, MW-54S, MW-55I, MW-
55S, RW-52, VW-1, VW-2, and MP-2 and analyze for VOCs including fuel 
oxygenates. 

The groundwater monitoring program will show that the constituent plume is stable or 
declining and is not migrating beyond the site boundaries as established by well MW-

37.  
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6. Remedial Endpoints 

Remedial activities will be considered complete when defined remedial endpoints are 
achieved. The baseline for comparison of remedial endpoints in the constituent mass 

as reported in the SCM (Kleinfelder 2010). The following sections describe the 
remedial endpoints for each phase of hydrocarbons.  

6.1 Liquid Phase Hydrocarbon Endpoint 

MDE regulations require that all LPH be removed to the maximum extent practicable. 

Measureable LPH has not been detected in site wells since August 2011, so this end 
point is considered to have been achieved. 

6.2 Dissolved Phase Hydrocarbon Endpoint 

The MDE OCP guidance indicates that to achieve the site goal for dissolved phase 

remediation, risks posed by the release must be removed, contamination migration 
must be prevented, and asymptotic trend in dissolved-phase contamination must be 
established.  

The purpose of the sub-slab soil vapor sampling is to demonstrate that there are no 
unacceptable risks at the site. Soil vapor sampling will determine the risk to the only 

potentially complete pathway and receptor (on-site indoor workers). 

The purpose of the continued groundwater monitoring program is to demonstrate that 

the plume is not moving off-site and that constituent concentrations are declining.  

When an asymptotic trend is established in on-site groundwater concentrations, the 

site will be re-evaluated as to whether the dissolved phase hydrocarbon endpoint has 
been reached. 
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7. Monitoring and Reporting Schedules 

The following schedules are proposed for the corrective action activities. 

7.1 Corrective Action Implementation and Schedule 

Remedial activities will begin to be implemented within 30 days of receiving final 

approval of the CAP. If the CAP is approved in March 2013, then remedial activities will 
begin by April 2013.   

7.2 Reporting Schedule 

All soil vapor and groundwater analytical results will be reported in the quarterly 

monitoring reports.  

7.3 Schedule Summary 

The following summarizes the project schedule assuming October 2011 CAP approval:  

Date Field Event/Report 

March 2013 Receive CAP approval. 

April-May 2013 Install sub-slab soil vapor sampling points 

July 2013 Submit 2Q 2013 soil vapor and groundwater 

analytical data in quarterly monitoring report 
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Appendix A 

 

MDE Correspondence 









Appendix B 

 

Soil Quality Information 

  



TABLE 2

HISTORIC SOIL ANALYTICAL DATA

FORMER EXXON FACILITY #25553
143 FREDERICK ROAD

THURMONT, MARYLAND

COLLECTION COLLECTION ETHYL- TOTAL TOTAL TPH TPH- TPH- 2-Butanone Isopropyl n-Propyl 1,2,4-Tri 1,3,5-Tri
SAMPLE YEAR DEPTH BENZENE TOLUENE BENZENE XYLENES BTEX MtBE GRO DRO Acetone (MEK) n-Butylbenzene sec-Butylbenzene benzene p-Isopropyltoluene Napthalene benzene methylbenzene methylbenzene

# (feet) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (mg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

UST Field 1989 Unknown ND ND ND ND BRL NS 69 NS NS NS NS NS NS NS NS NS NS NS NS

MW-53 2006 3-5 10.1 11 2.7 21.4 45.2 ND NS 35.2 48 83.9 ND ND ND 1.9 ND ND 2.6 4.5 3.3

MW-53 2006 18-20 39.4 2,450 3,470 17,200 23,159 ND NS 424 89 ND ND 1,490 488 964 361 4,190 3,390 22,700 6,510

MW-54 2006 5-7 2 17.2 5.1 19.3 43.6 ND NS ND NA 29.5 ND ND ND ND ND ND 1.1 4.5 1.7

MW-54 2006 15-17 ND ND 8.3 30.5 38.8 ND NS 37.1 NA ND ND 120 32.1 23.1 24.9 6 128 2,070 299

MW-54 2006 25-27 51.8 1,090 1,870 966 3,978 ND NS 396 NA 2,230 1,100 795 220 494 158 485 1,760 1,140 331

MW-55 2006 13-15 ND ND 153 779 932 ND NS 487 NA ND ND 417 61.8 117 63.9 749 422 2,790 948

MW-55 2006 21-23 6,510 81,700 35,700 163,000 286,910 ND NS 2,020 NA ND ND 4,750 1,630 5,010 1,170 11,400 17,100 110,000 32,700

MW-55 2006 35-37 160 790 242,000 90,200 333,150 ND NS 2,550 NA ND ND 6,500 2,270 6,710 1,700 14,200 23,900 157,000 46,600

SB-56 2006 13-15 ND ND ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND ND

DPE-1 2009 19-21 17,700 192,000 74,300 325,000 609,000 290 NS 2,400 296 NS NS NS NS NS NS NS NS NS NS

MW-53 formerly known as MW-101
MW-54 formerly known as MW-102
MW-55 formerly known as MW-103
SB-56 formerly known as MW-104

NS - Not sampled for that constituent
BTEX = Benzene, Toluene, Ethylbenzene and Xylenes
MTBE - Methyl Tert-Butyl Ether
TPH = Total Petroleum Hydrocarbons
TPH-GRO = Total Petroleum Hydrocarbons - Gasoline Range Organics
TPH-DRO = Total Petroleum Hydrocarbons - Diesel Range Organics
Concentrations expressed in parts per billion (ppb)
Results reported on a dry weight basis.



Boring No.

Kleinfelder Project No:

Project Name:

Client:
Drilling Company:
Driller:
Drill Rig Type:
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Former Exxon Facility # 25553
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Ground Surface
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Fill
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Fill
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SILT, some sand and gravel, brown, wet, firm
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SILT, some sand and clay, trace fine gravel, brown, wet 
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Silt and clay, some gravel, cobbles, brown, wet
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657

1542

 9 

 17 

6"
 0

.0
10

-in
ch

 M
ac

hi
ne

 S
lo

tte
d 

P
V

C
 S

cr
ee

n
6"

 D
ia

m
et

er
 S

ch
ed

ul
e 

40
 P

V
C

 R
is

er

#1
 S

ilc
a 

S
an

d
B

en
to

ni
te



Boring No.

Kleinfelder Project No:

Project Name:

Client:
Drilling Company:
Driller:
Drill Rig Type:
Drilling Method:
Sampling Method:

Start Date:
End Date:Site Location:
Total Hole Depth:
Hole Diameter:
Depth to Bedrock:
Surface Elevation:
Water Level (Initial):
Water Level (Static):
Logged By (Geol.):

Permit No.:
License No.:
Checked By:
Notes:

Page 1 of 1

1340 Charwood Road, Suite I
Hanover, MD 21076
(410) 850-0404

SUBSURFACE PROFILE SAMPLE

Depth
(feet)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Graphic
Log

Soil/Geologic Description
(Unified Soil Classification System)

P
ID

 
(p

pm
)

Recovery
(in)

Well
Construction

Depth
(feet)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

PID - Photoionization Detector
NA - Not Applicable
NS - Not Sampled
NM - Not Measured
MU - Meter Units
PP - Pocket Penetrometer Reading (tons/sq. foot)

BORING LOG

MP-1

100736

Former Exxon Facility # 25553

ExxonMobil
Eichelberger

S. Taylor
Schramm 450

Hollow Stem Auger
NA

10-20-09
10-22-09140 & 143 Frederick Rd, Thurmont, MD

27 feet
6 inches

Not encountered
NA

4 feet
4 feet

M. Bauer

NA
NA

Ground Surface
Concrete

Fill
Rocks, concrete, sand, clay
Water in the fill

Fill
Concrete and boulders

ML
Silty CLAY, cobbles, and boulders, wet

End of Borehole

2"
 0

.0
10

-in
ch

 M
ac

hi
ne

 S
lo

tte
d 

P
V

C
 S

cr
ee

n
2"

 D
ia

m
et

er
 S

ch
ed

ul
e 

40
 P

V
C

 R
is

er

#1
 S

ilc
a 

S
an

d
B

en
to

ni
te



Boring No.

Kleinfelder Project No:

Project Name:

Client:
Drilling Company:
Driller:
Drill Rig Type:
Drilling Method:
Sampling Method:

Start Date:
End Date:Site Location:
Total Hole Depth:
Hole Diameter:
Depth to Bedrock:
Surface Elevation:
Water Level (Initial):
Water Level (Static):
Logged By (Geol.):

Permit No.:
License No.:
Checked By:
Notes:

Page 1 of 1

1340 Charwood Road, Suite I
Hanover, MD 21076
(410) 850-0404

SUBSURFACE PROFILE SAMPLE

Depth
(feet)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Graphic
Log

Soil/Geologic Description
(Unified Soil Classification System)

P
ID

 
(p

pm
)

Recovery
(in)

Well
Construction

Depth
(feet)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

PID - Photoionization Detector
NA - Not Applicable
NS - Not Sampled
NM - Not Measured
MU - Meter Units
PP - Pocket Penetrometer Reading (tons/sq. foot)

BORING LOG

MP-2

100736

Former Exxon Facility # 25553

ExxonMobil
Eichelberger

A. Coleman
Schramm 450

Air Hammer
NA

10-20-09
10-26-09140 & 143 Frederick Rd, Thurmont, MD

27 feet
6 inches

Not encountered
NA

4 feet
9 feet

M. Bauer

NA

Ground Surface
Concrete

Fill
Crushed stone, boulders, concrete, brick, gravel, sand, 
clay
Water into boring at 4 feet

ML
Clayey SILT, cobbles, and boulders, wet
*Logged from cuttings
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Appendix C 

 

Historical Analytical Data Graphs 
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Sub-Slab Soil Gas Sampling and 

Analysis Standard Operating 

Procedure 
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I. Scope and Application 

This document describes the procedures to install a sub-slab sampling port and collect 

sub-slab soil-gas samples for the analysis of volatile organic compounds (VOCs) by 

United States Environmental Protection Agency (USEPA) Method TO-15 (TO-15).  

The TO-15 method uses a 6-liter SUMMA® passivated stainless steel canister.  An 

evacuated SUMMA canister (less than 28 inches of mercury [Hg]) will provide a 

recoverable whole-gas sample of approximately 5.5 liters when allowed to fill to a 

vacuum of 2 inches of Hg.  The whole-air sample is then analyzed for VOCs using a 

quadrupole or ion-trap gas chromatograph/mass spectrometer (GS/MS) system to 

provide compound detection limits of 0.5 parts per billion volume (ppbv).

The following sections list the necessary equipment and detailed instructions for 

installing sub-slab soil-gas probes and collecting soil-gas samples for VOC analysis.

II. Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training, including 40-hour 

HAZWOPER training, site supervisor training, site-specific training, first-aid, and 

cardiopulmonary resuscitation (CPR), as needed.  ARCADIS field sampling personnel will be 

well versed in the relevant standard operating procedures (SOPs) and possess the required 

skills and experience necessary to successfully complete the desired field work.  ARCADIS

personnel responsible for leading sub-slab soil-gas sample collection activities must have 

previous sub-slab soil-gas sampling experience.  

III. Equipment List

The equipment required to install a permanent sub-slab vapor probe is presented 

below:

• Electric impact drill;

• 5/8-inch and 1-inch-diameter concrete drill bits for impact drill;

• Stainless steel vapor probe (typically 3/8-inch outside diameter [OD], 2- to 2.5-

inch long (length will ultimately depend on slab thickness), 1/8-inch inside 

diameter [ID] pipe, stainless steel pipe nipples with 0.5-inch OD stainless steel 

coupling, and recessed stainless steel plugs per DiGiulio et. al., 2003);

• Photoionization detector (PID);

• Teflon tubing; and
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• Quick-setting hydraulic cement powder

• Kneeling pad

The equipment required for soil-gas sample collection is presented below:

• Stainless steel SUMMA® canisters (order at least one extra, if feasible);

• Flow controllers with in-line particulate filters and vacuum gauges; flow 

controllers are pre-calibrated to specified sample duration (e.g., 30 minutes, 8 

hours, 24 hours) or flow rate (e.g., 200 milliliters per minute [mL/min]); confirm 

with the laboratory that the flow controller comes with an in-line particulate 

filter and pressure gauge (order at least one extra, if feasible);

• 1/4-inch ID tubing (Teflon®, or similar);

• Twist-to-lock fittings;

• Stainless steel “T” fitting (if collecting duplicate [i.e., split] samples);

• Portable vacuum pump capable of producing very low flow rates (e.g., 100 to 

200 mL/min) with vacuum gauge;

• Rotameter or an electric flow sensor if vacuum pump does not have a flow 

gauge;

• Tracer gas source (e.g., helium);

• PID;

• Appropriate-sized open-end wrench (typically 9/16-inch and ½”); 

• Chain-of-custody (COC) form; 

• Sample collection log (attached); and

• Field notebook
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IV. Cautions

Sampling personnel should not handle hazardous substances (such as gasoline), 

permanent marking pens, wear/apply fragrances, or smoke cigarettes/cigars before 

and/or during the sampling event.

Care should also be taken to ensure that the flow controller is pre-calibrated to the 

proper sample collection time (confirm with laboratory).  Sample integrity is maintained 

if the sampling event is shorter than the target duration, but sample integrity can be 

compromised if the event is extended to the point that the canister reaches 

atmospheric pressure.

Care must be taken to properly seal around the vapor probe at slab surface to prevent 

leakage of atmosphere into the soil vapor probe during purging and sampling.  

Temporary points are fit snug into the pre-drilled hole using Teflon® tape and a 

hydrated bentonite seal at the surface.  Permanent points are fit snug using quick-

setting hydraulic cement powder.

A Shipping Determination must be performed, by DOT-trained personnel, for all 

environmental and geotechnical samples that are to be shipped, as well as some 

types of environmental equipment/supplies that are to be shipped.

V. Health and Safety Considerations

Field sampling equipment must be carefully handled to minimize the potential for injury 

and the spread of hazardous substances.  For sub-slab vapor probe installation,

drilling with an electric concrete impact drill should be done only by personnel with 

prior experience using such a piece of equipment.

VI. Procedure

Permanent Vapor Probe Installation

Permanent sub-slab soil vapor probes are installed using an electric drill and manual 

placement of the probe.  Drill a 1-inch-diameter hole, approximately 1-inch deep, in the 

concrete and then use the 5/8-inch-diameter drill to advance the hole to approximately 

3 inches below the base of the floor slab.  The vapor probe is inserted into the hole 

and grouted with a quick-setting hydraulic cement powder.  The vapor probe is 

equipped with a recessed threaded cap and stainless steel threaded fitting or 

compression fitting to allow collection of a soil gas sample through the stainless steel 

tubing.  The vapor probe and tubing will be purged with a portable sampling pump 

prior to collecting the soil gas sample.  
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1. Remove, only to the extent necessary, any covering on top of the slab (e.g., 

carpet).

2. Drill a 5/8-inch-diameter hole through the slab using the electric drill.  (Optional: 

Although not required, use a source of dust control/suppressant during drilling 

operations.)

3. Advance the hole to approximately 3 inches beneath the bottom of the slab.

4. Overdrill the upper 1 inch of slab to a hole diameter of 1 inch.

5. Insert the vapor probe so that it sits flush with the top of the slab.

6. Use a quick-setting hydraulic cement to grout the probe in-place and allow the 

grout to set.

7. Purge the soil vapor probe and tubing with a portable sampling pump prior to 

collecting the soil-gas sample (see sample collection section below).   

8. Proceed to soil-gas sample collection.

9. When sub-slab soil-gas sampling is complete, plug the soil vapor probe opening 

with a stainless steel plug. Ensure that the probe is well sealed and will not pose 

a tripping hazard

Sub-Slab Soil-Gas Sample Collection

Preparation of SUMMA®-Type Canister and Collection of Sample

1. Record the following information in the field notebook, if appropriate (contact the 

local airport or other suitable information source [e.g., site-specific 

measurements, weatherunderground.com] to obtain the information):

a. wind speed and direction;

b. ambient temperature;

c. barometric pressure; and

d. relative humidity.
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2. Connect a short piece of Teflon tubing to the sub-slab sampling port using a 

swage lock fitting.

3. Connect a portable vacuum pump to the sample tubing.  Purge 1 to 2 (target 

1.5) volumes of air from the vapor probe and sampling line using a portable 

pump [purge volume = 1.5 Pi r2h] at a rate of approximately 100 mL/min.  

Measure organic vapor levels with the PID. Lower flow rates maybe necessary if 

the slab is built directly on clay to avoid excessive vacuum.

4. If necessary, check the seal established around the soil vapor probe by using a 

tracer gas (e.g., helium) or other method established in the state guidance 

documents.  [Note:  Some states (e.g., New York) may not require use of a 

tracer gas in connection with sub-slab sampling.  Refer to the Administering 

Tracer Gas SOP, adapted from NYSDOH 2005, for how to use a tracer gas.]

5. Remove the brass on stainless steel plug from the SUMMA® canister and 

connect the flow controller with in-line particulate filter and vacuum gauge to the 

SUMMA® canister.  Do not open the valve on the SUMMA® canister.  Record 

in the field notebook and on the COC form the flow controller number with the 

appropriate SUMMA® canister number.

6. Connect the Teflon sample collection tubing to the flow controller and the 

SUMMA® canister valve.  Record in the field notebook the time sampling began

and the canister pressure.

7. Connect the other end of the polyethylene tubing to the sub-slab sampling port.

8. Open the SUMMA® canister valves.  Record in the field notebook the time 

sampling began and the canister pressure.

9. Take a photograph of the SUMMA® canister and surrounding area.

Termination of Sample Collection

1. Arrive at the SUMMA® canister location at least 10 to 15 minutes prior to the 

end of the required sampling interval (e.g., 30 to 60 minutes).

2. Record the final vacuum pressure.  Stop collecting the sample by closing the 

SUMMA® canister valves.  The canister should have a minimum amount of 

vacuum (approximately 2 inches of Hg or slightly greater).
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3. Record the date and local time (24-hour basis) of valve closing in the field 

notebook, sample collection log (attached), and COC form.

4. Remove the particulate filter and flow controller from the SUMMA® canister, re-

install the brass plug on the canister fitting, and tighten with the appropriate 

wrench.

5. Package the canister and flow controller in the shipping container supplied by 

the laboratory for return shipment to the laboratory.  The SUMMA® canister 

does not require preservation with ice or refrigeration during shipment.

6. Complete the appropriate forms and sample labels as directed by the laboratory 

(e.g., affix card with a string).

7. Complete the COC form and place the requisite copies in a shipping container.  

Close the shipping container and affix a custody seal to the container closure.  

Ship the container to the laboratory via overnight carrier (e.g., Federal Express) 

for analysis. 

VII. Waste Management

No specific waste management procedures are required.

VIII. Data Recording and Management

Measurements will be recorded in the field notebook at the time of measurement with 

notations of the project name, sample date, sample start and finish time, sample 

location (e.g., GPS coordinates, distance from permanent structure [e.g., two walls, 

corner of room]), canister serial number, flow controller serial number, initial vacuum 

reading, and final pressure reading.  Field sampling logs and COC records will be 

transmitted to the Project Manager.

IX. Quality Assurance

Soil-gas sample analysis will be performed using USEPA TO-15 methodology.  This 

method uses a quadrupole or ion-trap GC/MS with a capillary column to provide 

optimum detection limits.  The GC/MS system requires a 1-liter gas sample (which can 

easily be recovered from a 6-liter canister) to provide a 0.5-ppbv detection limit.  The 

6-liter canister also provides several additional 1-liter samples in case subsequent re-

analyses or dilutions are required.  This system also offers the advantage of the 

GC/MS detector, which confirms the identity of detected compounds by evaluating 

their mass spectra in either the SCAN or SIM mode.
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Sub-Slab Sample Collection Log

Sample ID:

Client: Boring Equipment:

Project: Sealant:

Location: Tubing information:

Project #:
Miscellaneous 
Equipment:

Samplers: Subcontractor:

Sample Point Location:
Moisture Content of 
Sampling Zone (circle 
one):

Dry   /   Moist

Sampling Depth:
Approximate Purge 
Volume and Method:

Time of Collection:

Instrument Readings:

Time

Canister 
Pressure
(inches of 

HG)

Temperature
(F or C)

Relative 
Humidity

(%)

Air Speed
(ft/min)

Pressure 
Differential
(inches of 

H20)

PID
(ppm or 

ppb)

SUMMA Canister Information:

Size (circle one): 1 L 6 L

Canister ID:

Flow Controller ID:

General Observations/Notes:

Approximating One-Well Volume (for purging):  When using 1¼-inch “Dummy Point” and a 6-inch sampling interval, 
sampling space will have a volume of approximately 150 mL.  Each foot of ¼-inch tubing will have a volume of approximately 
10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric 
pressure and relative humidity via a suitable information source (e.g., weatherunderground.com).  
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