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DATE: 12 July 01

TO: Greg Powell, U.S. EPA Work Assignment Manager

THROUGH: Steven A. Clapp, REAC Program Manager

FROM: Ken Woodruff, REAC Task Leader

SUBJECT: GEOPROBE CORING RESULTS - MILLS GAP ROAD
 W.A. #  0-141, TRIP REPORT

PURPOSE

The purpose of this work assignment was to determine if a source of groundwater contamination, particularly volatile
organic compounds (VOCs) and petroleum hydrocarbons, was present beneath the building at the Mills Gap Road Site.
A soil boring and sampling program was carried out by staff of the Response Engineering and Analytical Contract (REAC)
during the week of May 7, 2001.  The work was initiated at the request of the United States Environmental Protection
Agency/Environmental Response Team Center (U.S. EPA/ERTC) under Work Assignment No. 0-141. 

BACKGROUND

The Mills Gap Road Site is located south of Asheville, North Carolina, just east of State Route 25A, near the town of
Skyland. A large one-story building, used for electroplating operations from approximately 1964 to 1986, occupies a
portion of the 57 acre site.  Previous investigations at the site were conducted by U.S. EPA Region IV and the North
Carolina Department of Environment and Natural Resources (NCDENR).  The work by NCDENR identified two springs
and one domestic well, all located topographically down-gradient from the site, that were contaminated mainly by
trichloroethylene (TCE) and petroleum hydrocarbons.

In November 1999, personnel with the Superfund Technical Assessment and Response Team (START) for U.S. EPA
Region IV conducted soil sampling at the site and found various concentrations of VOCs and semi-VOCs at some
locations.  In August 2000, REAC personnel searched for buried sources of contamination at and around the site using
magnetic and electromagnetic geophysical techniques. The two springs (“Upper” and “Lower”), previously sampled by
NCDENR, were also resampled.  This was followed in September 2000 by excavation of several trenches in potential
target areas identified both from the geophysical surveys and from observations of surface debris (Lockheed
Martin/REAC, 2000). A  large, below grade sump, located in the southwesterly corner of the building and nearly filled
with water at the time, was also sampled and then pumped out. Laboratory results indicated that water from the Lower
Spring contained approximately 11,000 micrograms/liter (:g/L) of TCE, small amounts of benzene and xylenes, and
16,000 :g/L of total petroleum hydrocarbons (TPHs).  Water from the Upper Spring contained approximately 200,000
:g/L of TPHs and low amounts of TCE.  However, none of the REAC investigations indicated an obvious contamination
source outside of the site building.  Therefore the emphasis shifted to locating possible sources directly beneath the
building. 

METHODS
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A truck-mounted GeoprobeTM , operated by an independent contractor,  was used to advance and sample 10 borings
through the concrete floor of the building and two borings outside of the building.  Locations of the borings (Figure 1)
were originally chosen at random, but as the work progressed, boring locations were  refined, based on screening results
from previous locations. Each location was continuously cored to refusal using  four-foot long, two-inch diameter core
barrels. A photoionization detector (PID) was used to screen both the hole and each core for organic vapors.  Based on
the PID readings, portions of selected cores were placed in 8-ounce glass jars, using dedicated stainless steel spoons, and
submitted to the REAC Laboratories in Edison, New Jersey for analysis of VOCs, base neutral and acid extractable
organic compounds (BNAs), TPHs, and fingerprint analyses of detected TPHs. Core sample BH-3, taken at 32-34 feet
below ground surface (bgs)  was also submitted to a contract laboratory for toxicity characteristic leaching procedure
(TCLP) analysis of the VOCs.  Following the completion of each boring, the hole was backfilled using bentonite pellets.
Because a global positioning system (GPS) does not work inside buildings, boring locations were referenced to the
building walls using a surveyor’s tape.

RESULTS  

Descriptions of the cores are given in Appendix A.  In every case, the material underlying the building floor was weathered
granitic gneiss, usually consisting of a heterogenous clayey silt with occasional quartz fragments. Relict structures were
generally present and became more distinct with depth. Refusal occurred in most borings between 25 feet and 32 feet bgs.
Two borings, BH-11 and BH-12, encountered refusal at 12 feet and 19 feet respectively.  Cores were generally dry to
depths of at least 20 to 25 feet bgs. Cores taken below 25 to 30 feet bgs were usually moist or saturated which suggests
that the top of the water table occurs within the lower portion of the weathered zone or near the top of competent bedrock.
Strong odors of organic compounds occurred in borings BH-1, BH-3, and BH-8 (Figure 1 and Appendix A).  Odors were
also noted in borings BH-4 and BH-9. Elevated PID readings were obtained on cores from all borings except BH-5 and
BH-6, located in the northwestern corner of the building.  The highest PID readings (350 ppm) were measured on cores
from near the bottom of Boring BH-3.  In general, the PID screening results reflected the results of  the laboratory
analyses for VOCs as discussed below. 

The analytical results of the Geoporobe cores are summarized in Table 1 and the original analytical reports can be found
in Appendix B. Elevated concentrations of both VOCs and BNAs were found in samples from  BH-1, BH-2, BH-3, BH-
11, and BH-12 (Figure 1). TCE was detected in all samples and generally had the highest concentrations of all the VOCs
detected. The highest TCE concentration, 830,000 micrograms/kilogram (:g/kg), was found in the 32 to 34 foot depth
sample from borehole BH-3 but concentrations were generally elevated throughout the borehole.  The two cores from
borehole 12, located outside of the building, exhibited TCE concentrations  of 110,000 :g/kg and 140,000 :g/kg at 12
to16 feet bgs and 16 to 19 feet bgs respectively.  Benzene compounds were also common, with concentrations generally
averaging several thousand :g/kg in cores from boreholes BH-1, BH-3, and BH-12. 

Of the BNAs present in the core samples, 2-methylnapthlene generally exhibited the highest concentration.  The highest
concentration of 2-methylnapthlene, 270,000 :g/kg,  occurred in the 20 to 24 foot depth sample from borehole BH-1;
elevated concentrations also occurred in boreholes BH-3 and BH-12. A variety of other BNAs, including napthlene and
phenanthrene, were also present in boreholes BH-1, BH-3, and BH-12 at concentrations of several thousand :g/kg.  

The core sample from borehole BH-3 at 32 to 34 feet bgs also contained the highest TPH concentration (16,000 :g/kg).
TPHs were also found at lower concentrations in  cores from boreholes BH-1, BH-2, BH-8, BH-11, and BH-12.  A
fingerprint analysis indicated that the petroleum hydrocarbons present were mainly #2 fuel oil, possibly diesel fuel. The
oil was only slightly weathered, with minimal biodegredation.  A trace of a heavier oil was also found in the core from
BH-12 at 16 to 19 feet bgs. 

Cores from borings located on the southern side of the building generally had the greatest number and highest
concentrations of contaminants. These included borings BH-1, BH-2, BH-3, BH-8, BH-9, and BH-12 (Figure 1).  Boring
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BH-11 is also located on the southern side of the building, near borehole BH-1 but  probably because of refusal at only
12 feet bgs, did not penetrate contaminated sediment.  Boring BH-4 was located in the southwestern portion of the
building and borings  BH-5, BH-6, and BH-7 were  located on the northern half of the building.  Cores from these latter
borings contained only small amounts of TCE.  The data suggest that contaminants from the building originally migrated
vertically downward beneath the building and then moved south to southeasterly through bedrock fractures or the
overburden/bedrock contact. Boring BH-12, from which cores containing high TCE concentrations were recovered,  is
located  outside of the building near the southeastern corner, between the building and  the “Lower Spring”.  

The TCLP analysis resulted in a TCE value of 7.00 miligrams/liter (mg/L).  The regulatory level for TCE is 0.5 mg/L
(U.S. EPA, 1993).

CONCLUSIONS

A comparison of analytical results indicates that some of the same compounds are present in the soil cores,  the spring
water samples collected during the August 2000 site visit, and the soil samples collected from trenches excavated at the
site in September 2000.  TCE is common to all samples and was present in water samples from the “Lower Spring “ at
11,000 :g/L. Xylenes and some benzenes were detected in both the “Upper Spring” and “Lower Spring”, in some of the
trench soil samples, and in many of the Geoprobe cores. Bis(2-ethylhexyl)phthalate, in relatively low concentrations, was
common to both the trench samples and the Geoprobe cores. TPHs found in the “Upper Spring” water samples were also
identified as  #2 fuel oil during the August 2000 investigation but TPHs in water from the “Lower Spring” did not match
standard fingerprint patterns.  Because the fuel oil was relatively unweathered, it probably originated from a fairly recent
spill. Table 1, from the Trip Report for the 2000 site investigations (Lockheed Martin, 2000), summarizes the previous
analytical results and is attached as Appendix C.                   

Both the field and laboratory data collected during this site visit suggest that a source of VOCs and petroleum
hydrocarbons remain in the soil and shallow bedrock beneath the  building,  probably as a result of previous leaks or spills.
VOCs were detected both by field screening and laboratory analyses in soils beneath the building floor that set  well above
the range of water table fluctuations.  Because the site is located on a relative topographic high, contaminants would move
away from the site once they reached the water table within the fractured bedrock.  The two springs sampled in the
previous site visit are discharge points of the local water table.   

FUTURE ACTIVITIES

No additional work is anticipated at this time.  
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TABLE 1
ANALYTICAL RESULTS OF BORING SAMPLES

MILLS GAP ROAD SITE
SKYLAND, NORTH CAROLINA

JULY 2001
W.A. # 0-141

SAMPLE LOCATION
BH-12BH-11BH-10BH-9BH-8BH-7BH-6BH-5BH-4BH-3BH-2BH-1

16-1912-168-1228-3130-3128-31.516-2032-3420-2232-3420-2424-2732-3420-2132-3828-3220-2412-16DEPTH (feet bgs)
VOCs  (ug/kg)

UUUUU91 JUUUUUUUUUUUUBromomethane
UU8.7 J1.6 JU170 J220 J6 J8.3 J6.1 JU3.7 JUU1000 JU3,500 J730 JAcetone
UUUUU72UUUUUUUUUUUU1-1-Dichloroethene
UUUU130U130 JUUUUUUUUUUU2-Butanone
UUUUUUUUUU1.4UUUUUUUcis-1,2-Dichloroethene 

15,0009,200UU87UUUUUUU11,0003101,300U4,2001,3001,1,1-Trichloroethane
2,3001,200UUUUUUUUUU1,500UUUUUCarbon Tetrachloride

140,000110,0006.1409005,7003,0001205224185.8830,00014,000110,000170,000400,000280,000Trichloroethene
UUUUUUU1.9UUUUUUUUUU1,1,2-Trichloroethane

2,800990UUU64UUUUUU1,700U710U3,900750Toluene
U870UUUUUUUUUUU280UUUUTetrachloroethene

4,2001,900UU47U140UUUUU2,8002101,200U6,4002,400Ethylbenzene
12,0004,800UU170U430UUUUU13,0005802,1005,7003,5001,100p&m-xylene
7,4003,100UU97U370UUUUU12,0004002,2003,70011,0003,900o-xylene
2,5001,100UU31U110UUUUU4,100300870U3,8001,800Isopropylbenzene
4,8002,200UU69U300UUUUU7,1007701,7002,9007,6003,700n-propylbenzene
8,6004,600UU160U730UUUUU11,0001,6002,9004,20013,0006,6001,3,5-Trimethylbenzene

U540UUUUUUUUUUUUUUUU2-Chlorotoluene
25,0009,100UU430U1,900UUUUU36,0004,1006,60014,0008,8005,4001,2,4-Trimethylbenzene
4,0001,900UU60U250UUUUU6,2009301,400U5,9002,900sec-butylbenzene
2,5001,500UU46U170UUUUU3,900660920U3,5001,800p-Isopropyltoluene
6,6003,400UUUU670UUUUU9,9002,0002,6003,70010,0005,400n-Butylbenzene

UUUUU280UUUUUUUUUUUUHexachlorobutadiene
20,000UUU470721,500UUUUU33,0004,8008,60014,00011,0006,200Napthalene

BNAs  (ug/kg)
UUUUUUUUUUUUUU620 JUUUIsophorone

17,000 J2,500 JUU2,000 JU820 JUUUUU26,0001,4003,400120,00021,0006,000 JNapthalene
130,00020,000UU14,00056014,000UUUUU160,00017,00038,00088,000270,00069,0002-Methylnaphthalene
2,200 JUUUUU560 JUUUUU6,800U1,600 JUUUAcenaphthene
4,100 JUUU540 JUUUUUUU5,100720 J1,500 J2,800 J8,900 J2,500 JDibenzofuran
9,600 J1,800 JUU1,300 J68 J630 JUUUUU12,0001,300 J2,400 J6,900 J10,000 JUFluorene

UUUUU110 J1,000 JUUUUUU1,700 J3,800 J6,800 J16,000 J3,200N-nitrosodiphenylamine
22,0005,900UU2,300 J330 J3,100 JUUUUU24,0003,700 J8,200 15,000 J44,00011,000 JPhenanthrene

UUUUUUUUUUUU1,800 JUUU3,000 JUAnthracene
UUUUUUUUUUUU470 JUUUUUFluoranthene
U440 JUUUUUUUUUU2,100 JU580 JU2,800 JUPyrene
UU53 J160 JU41 JU140 J63 J65 J96 J490U630 J620 JU2,600 J110 JBis(2-ethylhexyl)phthalate

3,700NA420U2,000280NAUNAUUU16,0004,000NANANA6,700TPHs (ug/kg)
ug/kg = micrograms/kilogram
J = below method detection limits
NA = not analyzed
U = not detected
bgs = below ground surface
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APPENDIX A
GEOPROBE BORING LOGS

MILLS GAP ROAD SITE
SKYLAND, NORTH CAROLINA

JULY 2001

APPENDIX B



GEOPROBE BORING LOGS
MILLS GAP ROAD SITE

SKYLAND, NORTH CAROLINA
JULY 2001

Boring BH-1
Depth in feet

0-4: 4-inch thick concrete floor underlain by silt, brown, micaceous, dry (saprolite)

4-8: silt, brown, micaceous, dry

8-12: same as 4-8 feet, dry

12-16: same as 4-8 but with strong odor like paint thinner, becoming clayey near bottom of core

16-20: fine silt, brown, dry, strong odor 

20-24: silt, brown, some relict structures, weathered minerals (hornblende?), strong odor. Sampled.

24-28: same as 20-24 feet with banded structure, badly weathered granitic gneiss (?), strong odor, dry.

28-32: Strongly weathered bedrock, brown, wet, sheen, strong odor, silty, micaceous. Sampled
Refusal

Boring BH-2

0-4: 4-inch thick concrete slab underlain by silt, brown, micaceous, dry (saprolite)

4-8: silt, brown, dry, micaceous, HNU = 0 on core

8-12: silt, brown to gray, wet, HNU = 5 ppm on core

12-16: same as 8-12 feet. HNU = 10 ppm on core

16-20: weathered micaceous bedrock, HNU = 6 ppm on core

20-21: same as 16-20 feet.
Refusal

Boring BH-3



0-4: 4 to 6 inches of concrete underlain by silt, brown, dry, micaceous, HNU = 3 ppm on core

4-8: silt, brown to gray interbeds, dry, HNU = 10 ppm on core

8-12: silt, brown, dry. HNU = 40 ppm on core

12-16: same as 8-12 feet, HNU = 60 ppm on core

16-20:  same as 8-12 feet, strong odor, HNU = 100 ppm on core

20-24: same as 8-12 feet, wet, strong odor, HNU = 100 ppm on core

24-28: same as 8-`2 feet, strong odor, HNU = 300 ppm on core, slight sheen

28-32: same as 8-12 feet, with angular quartz fragments, wet, HNU = 350 ppm on core
Refusal

Boring BH-4

0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry, HNU = 10-15 ppm on core

4-8: silt, brown, micaceous, dry, HNU = 20-30 ppm on core

8-12: same as 4-8 feet, HNU = 40 ppm on core

12-16: same as 4-8 feet, but with quartz fragments near bottom of core, some odor, HNU = 30-50 ppm 
on core

16-20: same as 4-8 feet, relict structure, dry, HNU = 50-60 ppm on core

20-24: same lithology as 4-8 feet with banded relict structures, wet, HNU = 40 ppm on core

24-27: Strongly weathered bedrock (granitic gneiss?), wet, HNU = 2-4 ppm on core
Refusal

Borehole BH-5



0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry

4-8: silt, reddish-brown, slightly clayey, micaceous, dry

8-12: same as 4-8 feet

12-16: same as 4-8 feet

16-20: same as 4-8 feet

20-24: same as 4-8 feet, with weathered feldspars, dry, no odor, sampled

24-28: same as 4-8 feet, with relict structures, dry, no odor

28-32: same as 4-8 feet, but slightly moist.  Rig operator indicates probable water table at about 32 feet
bgs

32-34: Silt, reddish brown, clayey, micaceous, with relict structures, moist, sampled   
Refusal.          No HNU above background on any cores.

Boring BH-6

0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry

4-8: silt, reddish-brown, slightly clayey, micaceous, dry

8-12: same as 4-8 feet

12-16: same as 4-8 feet

16-20: same as 4-8 feet, dry

20-22: silt, brown, micaceous, clayey, dry, sampled
Refusal.       No HNU above background on any cores

Boring BH-7



0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry

4-8: silt, reddish-brown, micaceous, dry, with a few quartz fragments

8-12: same as 4-8 feet

12-16: same as 4-8 feet

16-20: same as 4-8 feet, dry, HNU = 1-2 ppm on core

20-24: same as 4-8 feet with relict structures, dry

24-28: same as 4-8 feet, slightly more compact, faint relict structures

28-32:  same as 24-28 feet, HNU = 7 ppm on core

32-34: silt, reddish-brown, micaceous, faint relict structures, wet, HNU = 18-50 ppm on core, sampled
Refusal

Boring BH-8

0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry, HNU = 45 ppm in hole

4-8: silt, reddish-brown, micaceous, dry, no odor, HNU = 25-30 ppm on core

8-12: same as 4-8 feet. HNU = 10-40 ppm on core, 5 ppm at top of hole, 0 ppm in breathing zone

12-16: same as 4-8 feet, HNU = 70-80 ppm on core, slight odor

16-20: same as 4-8 feet, dry, HNU = 150 ppm on core, strong odor, sampled

20-24: same as 4-8 feet, dry. HNU = 100 ppm on core, 0 ppm in breathing zone, strong odor

24-28:   same as 4-8 feet, moist, some relict structures, HNU = 150 ppm on core

28-31.5: same as 4-8 feet, with relict structures, wet, odor, HNU = 130 ppm on core, sampled
Refusal

Boring BH-9

0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry



4-8: silt, reddish-brown, dry, with quartz fragments, HNU = 1 ppm on core

8-12: same as 4-8 feet, with weathered feldspars, HNU = 1 ppm on core

12-16: Strongly weathered bedrock (granitic gneiss ?), clayey silt, reddish-brown

16-20: silt, born, micaceous, dry, with relict structures and quartz fragments, HNU = 10 ppm at bottom
of core

20-24: weathered bedrock with relict structures, HNU = 30 ppm on core

24-28: same as 20-24 feet, dry, HNU = 5-10 ppm on core

28-30: same as 20-24 feet, HNU = 100 ppm on core, odor

30-31: same as 20 -24 feet, slightly moist, HNU = 40 ppm on core, odor
Refusal

Boring BH-10

0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry, HNU = 20-30 ppm on core

4-8: silt, brown, micaceous, clayey, dry, HNU = 40 ppm on core

8-12: same as 4-8 feet. HNU = 40 ppm on core, 0 ppm in breathing zone

12-16 same as 4-8 feet, with relict  structures, HNU = 40 ppm on core

16-20: same as 4-8, with relict  structures, HNU = 40-60 ppm at bottom of core

20-24: silt, brown, micaceous, slightly wet, with some relict stuctures, HNU = 30-50 ppm

24-28: same as 20-24 feet, HNU = 30 ppm on core

28-31: same as 20-24 feet, wet, HNU = 5 ppm on core, sampled
Refusal

Boring BH-11

0-4: 4-inch thick concrete floor, underlain by silt, brown, micaceous, dry, HNU = 60 ppm on core



4-8: silt, brown, micaceous, dry, HNU = 30 ppm on core

8-12: same as 4-8 feet, dry, HNU = 30-70 ppm on core
Refusal (boulder ?)

Boring BH-12

0-4: 2-inch thick blacktop layer underlain by silt, brown, micaceous, dry, HNU = 0 ppm on core

4-8: silt, brown, micaceous, dry, HNU = 0 ppm on core

8-12: same as 4-8 feet, HNU = 7 ppm on core

12-16: same as 4-8 feet, HNU = 50-60 ppm on core, sampled

16-19: weathered bedrock (silt) grading downward to moderately weathered granitic gneiss, odor, HNU
= 150-160 ppm at bottom of core.
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LABORATORY ANALYTICAL REPORTS
MILLS GAP ROAD SITE

SKYLAND, NORTH CAROLINA
JULY 2001

APPENDIX C
TABLE 1 - DECEMBER 20, 2000 TRIP REPORT

MILLS GAP ROAD SITE
SKYLAND, NORTH CAROLINA
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