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CONVERSION FACTORS, VERTICAL DATUM, ACRONYMS,

AND ABBREVIATIONS
Multiply By To obtain
Length
foot (ft) 0.3048 meter
foot per mile (ft/mi) 0.1894 meter per kilometer
inch (in.) 25.4 millimeter
inch per year (in/yr) 254 millimeter per year
mile (mi) 1.609 kilometer
Area
acre 4,047 square meter
square mile (mi?) 2.590 square kilomete~
Yolume
gallon (gal) 3.785 liter
Flow
cubic foot per second (ft*/s) 0.02832 cubic meter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
gallon per day (gal/d) 0.003785 cubic meter per day
Hvdraulic conductivi
foot per day (ft/d) 0.3048 meter per day
foot per year (ft/yr) 0.3048 meter per year
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CONVERSION FACTORS, VERTICAL DATUM, ACRONYMS,
AND ABBREVIATIONS--Continued

Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 -- a
geodetic datum derived from a general adjustment of the first-order level nets of the United States
and Canada, formerly called Sea Level Datum of 1929.

Specific conductance of water is expressed in microsiemens per centimeter at 25 °C (uS/cm).

Water temperature is given in degrees Celsius (°C), which can be converted to degrees
Fahrenheit (°F) by the following equation:

°F = 1.8 (°C) + 32

Additional abbreviations:

Chemical concentration in water is expressed in milligrams per liter (mg/L) or micrograms
per liter (ug/L).

Chemical concentration in soil and streambed sediment is expressed in milligrams pe-
kilogram (mg/kg) or micrograms per kilogram (ug/kg).

um - micrometer
mS/m - millisiemens per meter
pL/L - microliter per liter

Other abbreviations and acronyms used in this report:

AFB Air Force Base

asl above sea level

ASTM  American Society for Testing Materials
BHC benzene hexachloride

bls below land surface

BTEX benzene, toluene, ethylbenzene, and xylene
DAP demolished asphalt plant

DDD dichlorodiphenyldichloroethane

DDE dichlorodiphenylchloroethylene

DDT dichlorodiphenyltrichloroethane

DPWE  Department of Public Works and Environment
GPR ground penetrating radar

JSOC Joint Special Operations Command

MCL maximum contaminant level
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CONVERSION FACTORS, VERTICAL DATUM, ACRONYMS,
AND ABBREVIATIONS--Continued

Other abbreviations and acronyms used in this report--Continued:

PAH polynuclear aromatic hydrocarbon

PCB polychlorinated biphenyl

ppt parts per thousand

PVC polyvinyl chloride

RCRA Resource, Conservation, and Recovery Act
RFI RCRA Facility Investigation

SWMU solid waste management unit

TCLP toxicity characteristic leachate procedure
TDS total dissolved solids

TKN total kjeldahl nitrogen

TOC total organic carbon

TPH total petroleum hydrocarbons

USEPA  U.S. Environmental Protection Agency
USGS U.S. Geological Survey

vVOC volatile organic compound

Use of brand, firm, or trade names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Government.
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SOIL, WATER, AND STREAMBED QUALITY AT A DEMOLISHED
ASPHALT PLANT AREA AT FORT BRAGG,
NORTH CAROLINA, 1992-94

By Ted R. Campbell

ABSTRACT

A number of potentially hazardous chemicals were used at an asphalt plant on the Fort
Bragg U.S. Army Reservation near Fayetteville, North Carolina. This plant was demolished in
the late 1960's. Samples collected from soil, ground water, surface water, and strean~bed
sediment were tested for the presence of contaminants.

The sediment immediately underlying the demolished asphalt plant site consists mainly of
sands, silts, and clayey sands with interbedded clay occurring at various depths. About 12 in~hes
of rainfall per year infiltrate the unconfined surficial aquifer. The water table in this area is about
233 to 243 feet above sea level. Local ground water moves laterally, mainly towards the nort™-to-
northwest at a rate of about 35 feet per year, where it discharges to Tank Creek, Little Rive, or
one of their tributaries. A series of confining clays separate the surficial aquifer from the
underlying upper Cape Fear aquifer. These clays help retard vertical migration of constituents
dissolved in ground water. The saprolite-bedrock aquifer lies below the upper Cape Fear aquifer.

In general, ground water in the seven monitoring wells screened in the upper and lower part
of the surficial aquifer did not contain detectable concentrations of chemicals related to past
asphalt-plant activities. A small number of chemicals that were assumed to be unrelated to the
asphalt plant were present in some of the study area monitoring wells. Ground water in four wells
contained concentrations of organochlorine pesticides. Of these pesticides, concentratiors of
gamma-benzene hexachloride (lindane) (maximum of 0.76 micrograms per liter) exceeded the
U.S. Environmental Protection Agency maximum contaminant level of 0.2 micrograms per liter
in two wells. In addition, one well contained a trichloroethane concentration (7.7 micrograms per
liter) that is assumed to be unrelated to demolished asphalt-plant operations, but exceeded the
U.S. Environmental Protection Agency maximum contaminant level of 5.0 micrograms per liter.
One well contained a fluoride concentration of 5.2 milligrams per liter that exceeded the U.S.
Environmental Protection Agency maximum contaminant level of 4.0 milligrams per liter. Total
and dissolved metals concentrations were generally typical of background levels. Some of the
wells contained elevated levels of chloride (maximum of 749 milligrams per liter), specific
conductance (maximum of 2,780 microsiemens per centimeter at 25 degrees Celsius), and
dissolved solids (maximum of 1,520 milligrams per liter).



Twelve of twenty-two soil samples that were collected at various depths at monitoring-well
locations did not contain volatile organic compounds or polynuclear aromatic hydrocarbcns. The
remaining ten soil samples contained very low concentrations of polynuclear aromatic
hydrocarbons and (or) analytical laboratory-related volatile organic compounds. The maximum
concentrations were for fluoranthene and pyrene, at 780 and 750 micrograms per kilogram,
respectively. In general, the polynuclear aromatic hydrocarbon concentrations were in rediment
near the land surface. Streambed sediment from an unnamed, eastern tributary to Tank Creek in
the eastern part of the site contained a small number of organochlorine pesticide corpounds
(a maximum of 1,400 milligrams per kilogram of 4,4'-DDD) and total petroleum hydrocarbons
(113 milligrams per kilogram). Concentrations of metals and other inorganic constitueits were
generally typical of background concentrations. Surface water in this tributary did not contain
elevated concentrations of anthropogenic chemicals.

INTRODUCTION

A number of potentially hazardous chemicals were used at an asphalt plant on the Ft. Bragg
U.S. Army Reservation (Fort Bragg) near Fayetteville, N.C. during its operation betv'een the
early 1940's and the late 1960's, when the plant was demolished. Possible materials disposed at
this site include asphalt and tar-related organic chemicals such as polynuclear aromatic
hydrocarbons (PAHs). The site may also contain other chemicals associated with asphalt
production, handling, and cleaning, including diesel fuel, number-2 fuel oil, naphtha, and
kerosene. Records of material usage were not kept; therefore, the current understanding of
material usage is based largely on historical accounts and knowledge of standard cnerating
procedures. Hardened asphalt and (or) coal tar are visible at land surface at several locations in
the study area. It is unknown whether these materials represent leftover, end-of-day roacdbed and
(or) roofing material, or unprocessed, more-concentrated chemicals. Potentially, these materials
could affect the quality of local ground water. A small part of the site, on the Joint Special
Operations Command (JSOC), is situated on top of fill material used during construction grading.

The U.S. Geological Survey (USGS), in cooperation with the U.S. Department of the Army
(Army), investigated potential contamination in the area of the demolished asphalt plant (DAP).
Samples collected from soil, ground water, surface water, and streambed sediment were tested for
the presence of contaminants. This investigation was designed to supply military persornel with
information pertinent to ongoing base development and to determine whether the site should be
added to the list of solid-waste management units (SWMUs) under the Ft. Bragg Fesource
Conservation and Recovery Act (RCRA) permit. The investigation generally followed the
technical requirements outlined in the RCRA Facility Investigation (RFI) workplan (S.J.
Mackmull, Ft. Bragg, N.C., written commun., 1991), which was prepared for several SWMUs’
currently (1995) being studied on Ft. Bragg. The RFI workplan received approval from the Army
and the U.S. Environmental Protection Agency (USEPA). Field work was initiated in D~cember
1992 and was completed in April 1994.















































































































Table 5.--Summary of analytical results of source-material samples collected June 29-30, 1993

[TCLP, Toxic Characteristics Leachate Procedure; mg/L, milligrams per liter; ND, not detec*ad;
OF, degrees Fahrenheit; pg/kg, microgram per kilogram; ---, no data]

Anal.ySIS Detction limits Source Source Source Source
(units) area | area 2 area 3 area 4
TCLP Volatile organics 0.025-.050 ND ND ND ND
(mg/L)
TCLP Semivolatile organics .05-.25 ND ND ND ND
(mg/L)
TCLP Chlorinated pesticides .0005-1.0 ND ND ND ND
(mg/L)
TCLP Chlorinated phenoxyacid .001-.005 ND ND ND ND
herbicides
(mg/L)
TCLP Metals (mg/L) .002-1.0
Barium 1.5 1.9 1.9 1.6
General inorganics--
RCRA Hazardous waste
characterization
Corrosivity, units .01 4.7 5.5 4.8 -
Ignitability, °F 140 ND ND ND ND
Cyanide (as HCN) reactivity .50 ND ND ND ND
(mg/kg)
Sulfide (as H2S) reactivity 1.25 33 1.8 1.4 13.6
(mg/kg)
Polynuclear Aromatic
Hydrocarbons
(mg/kg)
Fluorene 100-300,000 ND 100 ND ND
Phenanthrene 80-12,000 ND 430 3,700 ND
Anthracene 40-6,000 ND ND 360 ND
Fluoranthene 100-15,000 ND 180 2,100 ND
Benzo (b) fluoranthene 100-6,000 ND 130 ND ND




Results from source sampling indicate that the source-material leachate did not contain VOCs. In
general, tar, pitch, and asphalt contain lower concentrations of monoaromatic compounds such as
benzene, toluene, and xylenes, than polyaromatic compounds.

Few constituents were detected in the source material samples.- The samples of raw source
material from Area 1 and Area 4 contained one trace metal above the detection limits. Barium
was detected at concentrations of 1.5 and 1.6 mg/L, respectively. All other organic and inorganic
chemicals were below the detection limits. Raw source material collected from Area 2 contained
four PAHs. Fluorene, phenanthrene, fluoranthene, and benzo(b)-fluoranthene were detected at
concentrations of 430 microgram per kilogram (ug/kg) or less. In addition, the trace metal barium
was detected at 1.9 mg/L. All other organic and inorganic chemicals, if present, were t2low the
detection limits. The sample from Area 3 contained three PAHs. Phenanthrene, anthracene, and
fluoranthene were detected at concentrations of 3,700 mg/kg or less. In addition, barium was
detected at 1.9 mg/L. All other organic and inorganic chemicals, if present, were below the
detection limits.

Based on constituent concentrations in raw bitumen, it appears that natural attenmation of
chemical constituents in the source material has occurred. The DAP source material, having been
exposed to weathering for 30 years or more, seems to resist further breakdown achieved by the
leaching action of the TCLP analytical method.

- Soil

Soil-gas and soil-boring samples were collected at seven locations across the site as part of
site-safety screening procedures (PSARA Technologies, Inc., 1993) (fig. 10). Soil samples from
boring locations AAP-1, AAP-6, and AAP-7 were composited into a single sample, as were soil
samples from boring locations AAP-2, AAP-3, AAP-4, and AAP-5. The two compositec' samples
were analyzed in accordance with the USEPA SW-846 methods for VOCs (metho1 8240),
semivolatile organic compounds (method 3550/8270), pesticides/PCBs (method 3550/8080), and
herbicides (method 8150) (U.S. Environmental Protection Agency, 1986 a,b,c). Relatively low
concentrations of a small number of pesticides were detected in the composited sc‘l-boring
samples (table 6). These pesticide concentrations were attributed to routine low-level surface
applications in the area (PSARA Technologies, Inc., 1993). The soil-gas samples did nct contain
detectable concentrations of VOCs.

Soil samples also were collected near land surface and at selected depths in monito-ing-well
boreholes. The samples were analyzed for VOCs and PAHs. The samples also were qualitatively
analyzed using a library search to tentatively identify volatile compounds. A summary of
analytical results for soil samples collected during the study are shown in table 7 (at th= end of
report).

The sources of bitumen were expected to result in concentrations that were highest at the
source and that decreased rapidly with depth. This was the case across the study area. The
chemical concentrations detected in the DAP soils were limited primarily to depths at or near land
surface, the depths at which the source material was believed to be located.



Table 6.--Site-safety screening results of soil samples collected December 15-17, 1992 (from
PSARA Technologies, Inc., 1993)

[ND, not detected; ppb, parts per billion]

Sample number Detectior
Analytes AAP2345  AAP-L6T limit
Volatile organics, ppb ND ND 5-207
Semivolatile organics, ppb ND ND 330-1,70"
Pesticides/PCBs, ppb
4,4’-DDE ND 21 2
4.4’ -DDT ND 14 2
Endrin aldehyde 2 ND 2
Endrin ketone ND 3 2
Endosulfan sulfate 4 2 2
Endrin 4 2 2
Methoxychlor 27 ND 20
Herbicides, ppb ND ND 0.02-20

In general, soil samples collected at depths greater than 1 ft did not contain detectable
concentrations of VOCs and PAHs. One exception to this was the sample collected from a depth
of 15.0 to 18.0 ft in MW.DAP4S. At this location, PAHs were detected at low concentrations,
with the highest being that of pyrene at 120 mg/kg. Monitoring well MW.DAPA4S is located about
10 ft from the bitumen spill, and, based on GPR survey results, it appears that approximatel:” two
drums are buried near this location. This would explain the fact that PAHs were detected at depth.
Because of their low solubility and high sorption coefficients, PAHs tend to remain sorbed 01 soil
particles near the depths where they were deposited. The water table at this location is
approximately 35 ft bls. In all, soil samples were collected at four depths in MW.DAP4S zund at
one depth in MW.DAPA4D (table 7). In addition, one sample was collected from soil underlying
the bitumen spill. Samples collected at intervals greater than 38 ft did not contain detectable
concentrations of VOCs or PAHs, with the exception of an acetone concentration of 0.26 mg/kg.

In addition to the quantitative results, the results of the qualitative library searches indicate
the presence of 2-propanol in 4 of the 22 soil samples. This compound was used during
equipment decontamination. In addition, dodecane was present in the soil sample collected at a
depth 0of 10.0 to 11.5 ft at MW.DAP2SI1.

At MW.DAPIS, soil samples were collected at four depths (table 7). All VOCs were telow
detection limits, with the exception of a low concentration of acetone (0.14 mg/kg) in the semaple
collected from 14 to 18 ft bls. Acetone, a common laboratory solvent, (Enseco, Incorporated,
written commun., 1993) was detected in the equipment blank (270 ug/L) and the laboratory
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method blank sample (0.015 mg/kg). Based on their presence in blank samples and ertremely
low concentrations, the acetone concentrations detected were considered to be artifacts of
sampling and analysis. All PAH concentrations were below detection limits.

At MW.DAP2SI1, soil samples were collected at three depths (table 7). Concentrations of
VOCs were not detected in the samples, except for low concentrations of methylene chloride
(0.61 mg/kg) and acetone (4.1 mg/kg) at sample depth 0.0 to 1.5 ft bls and acetone (1.5 mg/kg) at
sample depth 16.0 to 17.5 ft bls. Methylene chloride is a common laboratory contaminant in the
gas chromatographic/mass spectrometry analysis (Enseco, Incorporated, written commun., 1993),
and occurred in the method blank at 3.2 pug/L. Polynuclear aromatic hydrocarbon concentrations
were not detected in the samples.

Soil samples were collected at four depths in MW.DAP3S and at one depth in the adjacent
soil boring DAP3SB (table 7). In addition, one sample was collected from soil underlving the
bitumen spill. Only low concentrations of acetone (maximum of 0.17 mg/kg) were detected
during VOC analyses. Several PAH concentrations were detected in the sample from th= 0.0 to
1.5 ft depth, with the highest being that of fluoranthene at 780 pug/kg. No PAH concentrations
were detected in samples taken from the other depth intervals.

At MW.DAPSS, soil samples were collected at three depths (table 7). Concentrations of
VOC:s were not detected in the samples. A limited number of PAHs occurred at sample c<pth 0.0
to 1.5 ft bls. The maximum concentration detected was phenanthrene at 620 pg/kg. No PAH
concentrations were detected in samples taken from the other depth intervals.

Ground Water

Ground-water samples were collected in seven monitoring wells and analyzed for VOCs,
semivolatile organic compounds, pesticides and PCBs, total and dissolved metals, and general
inorganic compounds (table 8, at end of report). In addition, these samples were analyzed using a
library search to tentatively identify volatile and semivolatile organic compounds. The library
search is a qualitative analysis, and, as such, chemical concentrations are considered inconclusive
and are not presented. Concentrations of chemicals in the samples were compared to USEPA
MCL's (table 8).

In general, ground-water samples collected at the DAP site did not contain detectable
concentrations of chemicals related to past asphalt plant operations. Concentrations of volatile
and semivolatile organic compounds were below detection limits with the excention of
bis(2-ethylhexyl)phthalate at MW.DAP4D (3.8 ug/L) and MW.DAPSS (180 pg/L), and
trichloroethane at MW.DAP4D (7.7 pg/L) (table 8). Bis(2-ethylhexyl)phthalate is a common
laboratory artifact (Enseco, Incorporated, written commun., 1993), is almost insoluble in water,
and is assumed to be associated with laboratory procedures. Trichloroethane, a chlorinated
solvent, reportedly was not used in association with past DAP activities.

Qualitative library search analyses tentatively identified a small number of semivolatile
organic compounds in the ground-water samples from wells MW.DAPIS, MW.DAP4S,
MW.DAP4D, and MW.DAPSS. For example, 2-methyl-propanoic acid and butanoic acid were
detected at MW.DAPIS; 2-butoxy-ethanol, an unknown saturated hydrocarbon (<C10), and an
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oxygenated hydrocarbon were detected at MW.DAP4S; 2-butoxy-ethanol and oxygenated
hydrocarbon were detected at MW.DAP4D; and 1-(2-methoxy-1-methylethoxy)-2-propano! and
2-butoxy-ethanol were detected at MW.DAPSS. Regulated MCLs currently do not exist for these
compounds.

Concentrations of four compounds slightly exceeded MCLs in a small number of v-ells.
These compounds include trichloroethane, gamma-benzene hexachloride (BHC), heptachlor, and
fluoride. In addition, several organochlorine pesticides were detected in wells MW.DAF2S2,
MW.DAP3D, MW.DAP4D, and MW.DAP4S at varying concentrations below MCLs. The above
compounds do not appear to be associated with the DAP.

Of the seven wells sampled, only wells MW.DAP4D and MW.DAPS5S contain>d a
detectable VOC concentration. The ground-water sample from well DAP.MW4D contair=d a
trichloroethane concentration of 7.7 mg/L. The MCL for trichloroethane is 5 mg/L.
Trichloroethane is a polychlorinated aliphatic hydrocarbon used primarily as a degreaser o~ dry
cleaning agent. Reportedly, only non-chlorinated compounds (petroleum hydrocarbons. for
example) were used as solvents at the DAP.

Trichloroethane, a known carcinogen, has a relatively high aqueous solubility (1,360 mg/L),
a high specific gravity (1.46), and generally will not partition strongly into sediment organic
matter. These factors cause trichloroethane to sink to the base of the aquifer. This explains why
trichloroethane was detected in the deeper well of the two-well cluster in Area 4.

It appears that the source of trichloroethane is not in the immediate vicinity, because
concentrations were not detected in the shallow well at this location. The sourc® of
trichloroethane would likely be some unknown distance to the south because of the direction of
ground-water flow in Area 4. This cannot be proven with the existing data, however. The
SWMU 63 is located hydraulically upgradient about 800 ft to the southeast. Additional wells
would be needed in Area 4 to more fully determine the depth and thickness of confining beds and
the local direction of ground-water flow.

Bis(2-ethylhexyl)phthalate was detected at a concentration of 180 mg/L at well
MW.DAPSS. This compound was considered a laboratory artifact and was the only semivolatile
organic compound detected at this location.

Organochlorine pesticide concentrations were detected in the ground water samples from
four wells. Concentrations of gamma-BHC, also known as lindane, exceeded the MCL of
0.2 pg/L in wells MW.DAP2S and MW.DAP4D. Combined concentrations of heptachlor and
delta-BHC exceeded the MCL for heptachloride of 0.4 pg/L in wells MW.DAP2S2, MW.DAP4D,
and MW.DAP4S. Heptachlor and delta-BHC are not separable using the selected analytical
methods, and their concentrations have been quantified together. Pesticide usage was not
associated with the DAP. Pesticides that were reportedly stored in nearby wooden warehcises
(fig. 7) four decades earlier may have been spilled or disposed in the area. A more likely scrce
of pesticide concentrations is SWMU 63, a location of known pesticide storage immediately
upgradient of the study area.



In the sample from well MW.DAP2S2, seven organochlorine pesticides were detected:

alpha-BHC (0.49 ug/L),

beta-BHC (0.17 pg/L),

delta-BHC/heptachlor (1.3 pg/L),
4,4'-dichlorodiphenyltrichloroethane (DDT) (0.13 pg/L),
dieldrin (0.51 pg/L),

endrin (.64 pg/L), and

gamma-BHC (0.47 pg/L).

In the sample from well MW.DAP3D, two organochlorine pesticides were detectec':

dieldrin at a concentration of 0.030 pg/L, and
gamma-BHC at a concentration of 0.095 pg/L.

In the sample from well MW.DAP4D, five organochlorine pesticides were detectec':

alpha-BHC (0.15 pg/L),
beta-BHC (0.09 pg/L),
delta-BHC/heptachlor (1.9 pg/L),
dieldrin (0.098 pg/L), and
gamma-BHC (0.76 ug/L).

In the sample from well MW.DAP4S, three organochlorine pesticides were detecte:

delta-BHC/heptachlor (0.62 pg/L),
dieldrin (0.064 pg/L), and
gamma-BHC 0.095 pg/L).

In general, organochlorine pesticides are extremely persistent and ubiquitous environmental
contaminants. However, during the last 15 to 20 years, their residue in the environment has begun
to decrease due to increased restrictions on their use and production (Smith and others. 1987).
Gamma-BHC was developed in 1942, heptachlor and dieldrin in 1948, and endrin in tk= 1950s.
The approximate half-life of many organochlorine pesticides in soils is about 2 to 4 years
(Metcalf, 1972).

Organochlorine pesticides are characterized by low aqueous solubilities (with the
exception of gamma-BHC) and relatively high octanol-water partition coefficients and high
sorption coefficients (Smith and others, 1987) (table 9). These compounds readily sorb to organic
matter in sediment. As a result, pesticides typically do not deeply penetrate soils (Bouwer, 1978),
and aqueous concentrations are typically in the parts per thousand range (Smith and others, 1987).
Ground-water contamination by pesticides generally occurs only where the water table is close to



the land surface or where soils are coarse-grained (Bouwer, 1978). In the study area, the dep*h of
the water table varies from 12 to 35 ft bls, and soils are comprised of sands intermixed with
varying amounts of clay. '

Other processes affect the fate of organochlorine pesticides in the environment. Pesticides
are characterized by relatively low vapor pressures (Smith and others, 1987) and correspon-ing
low mass-loss rates from solution. Despite their low vapor pressures, these compounds can be
volatilized and transported atmospherically (Smith and others, 1987), particularly in surface-
water systems. Oxidation, on the other hand, is not an important factor affecting the fate of
organochlorine pesticides (Smith and others, 1987). Further, many organochlorine pesticider~ are
relatively resistant to biodegradation (Chapelle, 1993; Smith and others, 1987). Gamma-BEHC,
however, has been shown to biodegrade at significant rates in natural systems (Moore and
Ramamoorthy, 1984). Reductive dehalogenation, as in the transformation of DDT to
dichlorodiphenyldichloroethane (DDD) and then to dichlorodiphenylchloroethylene (DDE). for
example, accounts for a gradual reduction of selected chlorinated pesticides in the environment.

Total and dissolved metals concentrations were generally typical of background levels.
However, ground water from well MW.DAP4D contained concentrations somewhat higher than
those at other locations. Inorganic constituents commonly used as indicators of anthropogenic
effects on ground-water quality include chloride, TKN, specific conductance, and TDS.
Concentrations of these inorganic constituents were relatively high in some of the DAP vrells
(table 8), when compared with their concentrations in rainfall. For example, based on an average
of 33 rainfall samples at eight sites in western North Carolina (Laney, 1965), the n-ean
concentrations of chloride and TDS were 0.2 mg/L and 5.1 mg/L, respectively. Concentrations of
chloride in the DAP ground water, in contrast, were: 749 mg/L at MW.DAP4D, 614 mg/L at
MW.DAPSS, 430 mg/L at MW.DAP3D, 389 mg/L at MW.DAP2S2, and 235 mg/. at
MW.DAPI1S. Concentrations of TDS in DAP ground water were as follows: 1,520 mg/L at
MW.DAP4D, 1,080 mg/L at MW.DAPSS, 714 mg/L at MW.DAP3D, and 491 mg/l. at
MW.DAPIS. Two wells contained concentrations of TKN: MW.DAPS5S contained 0.7 mg/L,
and MW.DAP4D contained 1.6 mg/L. Specific conductance was highest in wells MW.DAP4D
(2,780 uS/cm), MW.DAPSS (2,000 puS/cm), MW.DAP3D (1,400 puS/cm), MW.DAP2S2
(1,360 uS/cm), and MW.DAPI1S (815 uS/cm). As the data show, the deeper well at each of the
two nested well clusters (MW.DAP3D and MW.DAP4D) contained higher concentrations of
general inorganic compounds.

The fluoride concentration of 5.2 mg/L in MW.DAP4D was somewhat elevated, and
exceeded the MCL of 4.0 mg/L. Fluoride is a natural constituent of ground water and typically
occurs at concentrations ranging from less than 0.1 mg/L to 10-20 mg/L, depending on the
sediments through which the ground water moves (Freeze and Cherry, 1979).

surface Water

One surface-water sample was collected from the eastern tributary (fig. 6) and was analyzed
for VOCs, semivolatile organic compounds, pesticides and PCBs, total and dissolved metals, and
general inorganic compounds. In addition, a qualitative library search was used to tentatively
identify volatile and semivolatile organic compounds. Results are presented in table 8.



Table 9.--Aqueous solubilities, octanol-water partition coefficients, and sorption coeff’zients
for selected organochlorine insecticides

[mg/L, milligrams per liter; K, octanol-water coefficient; K, sorption coefficient

normalized for organic matter; --, no data available; DDT, dichlorodiphenyltrichloroe*hane;
BHC, benzene hexachloride]

Solubility

Compound Log K, (mg/L) Kom
44’ -DDT 16.36 20.0031 3140,000
gamma-BHC 4370 47.87 3740
dieldrin - %0.195 -
endrin - %0.26 78,300
heptachlor - %0.056 -

From Chiou and others, 1982
2From Verschueren, 1983

3From Chiou and others, 1979
“From Chiou and others, 1986
SFrom Chiou and others, 1985
%From Callahan and others, 1979
TFrom Sharom and others, 1980

Chemical and nutrient concentrations associated with past DAP activities generally were not
detected in the surface-water sample. Only a low concentration of bis(2-ethylhexyl)phthalate
(130 pg/L), and a qualitative identification of methyl-cyclohexane were detected. Concentrations
of total and dissolved metals and general inorganics were generally at or below the concentrations
detected in the ground-water samples.

st bed Sedi |

One composited streambed-sediment sample was collected along the eastern tribu‘ary and
analyzed for VOCs, semivolatile organic compounds, pesticides and PCBs, metals, TCLF metals,
and general inorganic compounds. In addition, a qualitative library search was used to tentatively
identify volatile and semivolatile organic compounds. The sample was composited from several
subsamples collected along the length of the tributary. The subsamples were collected frcm areas
of the stream bottom near source material, clean sand, and organic bottom material. Results

indicate the presence of relatively low concentrations of anthropogenic compounds, primarily
TPH and pesticides (table 10).
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Volatile and semivolatile organic compounds were not detected during quantit~tive
analyses. However, a number of semivolatile organic compounds were identified using the
library search. The identified compounds are listed in table 10. In addition, a TPH concentr~tion
of 113 mg/kg was detected. The TPH and semivolatile organic compounds are believed to be
associated with past activities of the DAP. These compounds could have been transported ir raw
bitumen that flowed through the concrete culvert underlying the railway tracks. The compcunds
could also have been transported in suspended sediment during storm runoff and deposited clong
mildly-sloped sections of the eastern tributary. Given the relatively low solubility of most cf the
chemicals detected in the streambed sample, it is unlikely that these chemicals were transported in
ground water.

Pesticide concentrations included 4,4'-DDD at 1,400 mg/kg, 4,4'-DDE at 210 mg/kg, and
4,4-DDT and endosulfan sulfate at a combined concentration of 480 mg/kg. Pesticide
concentrations are not associated with past DAP activities.

Total and dissolved TCLP metals concentrations were typical of background concentrations.
It does not appear that anthropogenic activity has affected the metals concentrations in the
streambed sediment of the eastern tributary.
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Table 10.--Summary of analytical results of a streambed sample collected on March 18, 1994
[mg/kg, milligram per kilogram; mg/L, milligram per liter; ND, not detected; PCB, polychliorinated biph=nyl;
DDD, dichlorodiphenyldichloroethane; DDE, dichlorodiphenylchloroethylene; DDT,
dichlorodiphenyitrichloroethane; TCLP, toxicity characteristic leachate procedure]

Concentration

Volatile organics, mg/kg ND
Semivolatile organics, mg/kg ND
Organochlorine pesticides, PCBs, mg/kg

4.4’ - DDD 1,400

4,4’ - DDE 210

4,4’ - DDT! 480

endosulfan sulfate' 480
Total petroleum hydrocarbons, mg/kg 113
Total metals, mg/kg

Aluminum 5,860

Chromium 7.9

Copper 4.7

Iron 4,100

Manganese 12.9

Vanadium 12.9

Zinc 8.9
TCLP leachate metals, mg/L

Barium 32
General inorganics

Water 28 percent

IThese constituents are not separable using the selected analytical method and are therefore quatified together.

Note: Library search for tentatively identified volatile and semivolatile organic compounds yielded the following
results:

Saturated hydrocarbon: C10-C20 Kelthane

Sulfur mol. (S8) Saturated hydrocarbon: >C20
Unsaturated hydrocarbon Sterol

1-methyl-phenanthrene 1,2,3,5,6,7,8,8a - octahydro-naphthalene
Hexadecanoic acid

Oleic acid

44’ - DDE

44" -DDD

0,P’ - DDE
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SUMMARY

A number of potentially hazardous chemicals were used at an asphalt plant on the Ft. Fragg
Army Reservation near Fayetteville, N.C., during its operation between the early 1940's an the
late 1960's. Chemicals used at the site included asphalt and tar-related organic compounds such
as polynuclear aromatic hydrocarbons and volatile organic compounds. Soil, water, and
streambed-sediment quality in the vicinity of the DAP at Ft. Bragg, N.C., were investigated
during 1992-94.

The surficial aquifer immediately underlying the DAP is comprised mainly of sands, silts,
and clayey sands, with occasional interbedded clay occurring at various depths. About 12 in. of
rainfall per year reportedly infiltrates to the unconfined surficial aquifer. The water table in this
area is about 233 to 243 feet above sea level. Local ground water moves laterally, mainly towards
the north-to-northwest at a rate of about 35 ft/yr, where it is discharged to Tank Creek, Little
River, or one of their tributaries. A series of clays separating the surficial aquifer fror~ the
underlying upper Cape Fear aquifer help retard vertical migration of constituents dissolved in
ground water. The saprolite-bedrock aquifer lies below the upper Cape Fear aquifer.

Source-material samples did not contain volatile organic, semivolatile organic, chlorinated
pesticide, nor chlorinated phenoxyacid herbicide compound concentrations above the labor=tory
detection limits. The samples contained low concentrations of a small number of polynuclear
aromatic hydrocarbons (maximum of 3,700 pg/kg of phenanthrene).

In general, ground-water samples collected from the surficial aquifer did not contain
detectable concentrations of chemicals related to past asphalt plant operations. Concentrations of
volatile and semivolatile organic compounds were below detection limits, with the exception of
low concentrations of two compounds unrelated to asphalt plant activities (bis(2-
ethylhexyl)phthalate at a maximum concentration of 180 pug/L in two wells and trichloroethane at
7.7 ug/L at one well). The trichloroethane concentration exceeded the USEPA MCL of 5.0 pg/L.
In addition, ground water in four wells contained concentrations of organochlorine pesticides. Of
the organochlorine pesticides, concentrations of gamma-BHC (lindane) (maximum of 0.76 jig/L)
exceeded the USEPA MCL of 0.2 pg/L in two wells. One well contained a fluoride concentration
of 5.2 mg/L that exceeded the USEPA MCL of 4.0 mg/L. Fluoride, an inorganic compounc'. is a
naturally occurring constituent in ground water. Total and dissolved metals concentrations were
typical of background levels.

Qualitative analyses using a library search tentatively identified a small number of
semivolatile organic compounds in the ground-water samples from wells MW.DAPIS,
MW.DAP4S, MW.DAP4D, and MW.DAPSS (table 9). In addition, some of the wells contained
elevated levels of chloride (high of 749 mg/L), specific conductance (high of 2,780 uS/cm at
25 °C), and total dissolved solids (high of 1,520 mg/L).

Twelve of 22 soil samples that were collected from various depths at monitoring well
locations did not contain detectable concentrations of VOCs or PAHs. The remaining ten soil
samples contained very low concentrations of PAHs and (or) analytical laboratory-related volatile
organic compounds. The maximum concentrations were for fluoranthene at 780 mg/kg, and
pyrene at 750 mg/kg. In general, the PAH compounds were in sediment near land surface.
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Streambed sediment from an unnamed, eastern tributary to Tank Creek in the eastern part of
the site contained a small number of semivolatile organic compounds, organochlorine pesticide
compounds (a maximum of 1,400 mg/kg of 4,4'-DDD), and TPH (113 mg/kg). Concentretions of
total and dissolved TCLP metals and general inorganic compounds were typical of background
concentrations. Surface water in this tributary did not contain elevated concentrations of

anthropogenic chemicals.
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Table 4.--Analytical methods and detection limits for surface-soil samples and soil-boring
samples collected between August 27 and November 1, 1993; water samples collected
between February 25 and March 17, 1994; and streambed samples collected on
March 18, 1994

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; pg/L, micrograms per liter;
NR, not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB,
polychlorinated biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane;
DDE, dichlorodiphenylchloroethylene; DDT, dichlorodiphenyitrichloroethane; TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! Constituent (Reporting units) Water Soil
E120.1(w) Specific conductance (LS/cm) 10.0 NA
E150.1(w) PH (pH units) 1 NA
E170.1(w) Temperature (°C) 1 NA
A403(w) Alkalinity, field test (mg/L)
Bicarbonate alkalinity 10 NA
Carbonate alkalinity as CaCO3 10 NA
Hydroxide alkalinity as CaCOj 10 NA
Total alkalinity as CaCO; 10 NA
E160.1(w) Total dissolved solids (mg/L) 10 NA
E300(w) Common anions (mg/L) NA NA
Chloride 5 NA
Fluoride S5 NA
Sulfate 1 NA
Nitrate .05 NA
Orthophosphate .20 NA
SW9012(w) Cyanide, total (mg/L) .02 NA
SW9012(s) Cyanide (mg/kg) NA 20
SW3050/6010(w) ICP screen (mg/L)
SW3050/6010(s) ICP screen (mg/kg)
Aluminum 2 20
Antimony 2 20
Arsenic 3 30
Barium 1 10
Beryllium .002 2
Cadmium .005 2
Calcium 5 500
Chromium .03 4
Cobalt .04 4
Copper .03 3
Iron .04 4
Lead 2 20
Magnesium 5 500
Manganese .01 1
Molybdenum 0.04 4



Table 4.--Analytical methods and detection limits for surface-soil samples and soil-baring
samples collected between August 27 and November 1, 1993; water samples collected
between February 25 and March 17, 1994, and bottom-sediment samples collected on
March 18, 1994--Continued

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; pg/L, micrograms per lit2r; NR,
not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB, polychlorinated
biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenylchloroethylene; DDT, dichlorodiphenyitrichloroethane; TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! Constituent (Reporting units) Water Soil
Nickel 0.04 4
Potassium 5 500
Selenium 4 40
Silver .03 3
Sodium 5 500
Thallium 2 200
Vanadium .04 4
Zinc .01 1

SW3020/7421(w) Lead (mg/L) .005

SW7470(w) Mercury (mg/L) .001

SW7471(s) Mercury (mg/kg) NA 5

SW3550/E418.1(w) Total petroleum hydrocarbons (mg/L) 1

SW3550/E418.1(s) Total petroleum hydrocarbons (mg/kg) NA 30

SW5030/8240(w) Volatile organic compounds (p1g/L)

SWS5030/8240(s) Volatile organic compounds (mg/kg)
Acetone 50 N
Acrolein 16 A
Acrylonitrile 10 .1
Benzene 3 1
Bromodichloromethane 5 N
Bromoform 5 N}
Bromomethane 10 N
2-Butanone 50 2
Carbon disulfide 5 B
Carbon tetrachloride 3 N
Chlorobenzene 5 1
Chlorodibromomethane 5 1
Chloroethane 10 . )
2-Chloroethyl vinyl ether 100 .5
Chloroform 5 .
Chloromethane 14 N
Dibromomethane 10 |
trans- 1,4-dichloro-2-butene 50 N



Table 4.--Analytical methods and detection limits for surface-soil samples and soil-borir.3
samples collected between August 27 and November 1, 1993; water samples colle~ted
between February 25 and March 17, 1994; and bottom-sediment samples collecte on
March 18, 1994--Continued

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; pg/L, micrograms per liter; NR,
not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB, polychlorinated
biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenyichloroethylene; DDT, dlchlorodlphenyltnchloroethane TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! Constituent (Reporting units) Water Soil
Dichlorodifluoromethane 10 0.1
1,1-Dichloroethane 5 .1
1,2-Dichloroethane 3 1
1,1-Dichloroethene 4 .1
trans-1,2-Dichloroethene 5 1
1,2-Dichloropropane 5 .1
cis-1,3-Dichloropropene 5 1
trans-1,3-Dichloropropene 5 .
Ethanol 50 2
Ethylbenzene 5 .1
Ethyl methacrylate 10 1
2-Hexanone 50 .1
Iodomethane 10 .1
Methylene chloride 17 .1
4-Methyl-2-pentanone 50 .1
Styrene 5 .1
1,1,2,2-Tetrachloroethane 7 N
Tetrachloroethene 3 .1
Toluene 5 .1
1,1,1-Trichloroethane 5 N
1,1,2-Trichloroethane 5 1
Trichloroethene 3 .1
Trichlorofluoromethane 10 B
1,2,3-Trichloropropane 10 1
Vinyl acetate 50 3
Vinyl chloride 11 .1
Xylenes (total) 5 N

SW3510/8270(w) Semivolatile organic compounds (ug/L)

SW3550/8270(s) Semivolatile organic compounds (mg/kg)

Acenaphthene 10 1
Acenaphthylene 10 2
Acetophenone 50 2
Anthracene 10 .1
4-Aminobiphenyl 50 2
Benzidine 170 5
Benzoic acid 50 2
Benzo(b)fluoranthene 10 NS
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Table 4.--Analytical methods and detection limits for surface-soil samples and soil-boring
samples collected between August 27 and November 1, 1993; water samples collected
between February 25 and March 17, 1994, and bottom-sediment samples colle~ted on
March 18, 1994--Continued

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; pg/L, micrograms per lite; NR,
not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB, polychlor'nated
biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenylchloroethylene; DDT, dichlorodiphenyltrichloroethane; TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! ' Constituent (Reporting units) Water Soil
Benzo(k)fluoranthene 10 'S
Benzo(g,h,i)perylene 10 NS
Benzo(a)pyrene 10 5
Benzyl alcohol 20 1
bis(2-Chloroethoxy)methane 10 S
bis(2-Chloroethyl)ether 10 5
bis(2-Chloroisopropyl)ether 10 5
bis(2-Ethylhexyl)phthalate 10 5
4-Bromophenyl phenyl ether 10 5
Butylbenzyl phthalate 10 .5
4-Chloroaniline 20 1
1-Chloronaphthalene 50 2.5
2-Chloronaphthalene 10 S
4-Chlorophenyl phenyl ether 10 5
Chrysene 10 S5
Dibenz(a,j)acridine NS N¢
Dibenzo(a,h)anthracene 10 5
Dibenzofuran 10 S
Di-n-butylphthalate 10 5
1,2-Dichlorobenzene 5 5
1,3-Dichlorobenzene 5 ]
1,4-Dichlorobenzene 5 5
3,3-Dichlorobenzidine 30 1
Diethyl phthalate 20 5
p-Dimethylaminoazobenzene 50 2.5
7,12-Dimethylbenz(a)anthracene 50 2.5
a,a-Dimethylphenethylamine NR NF
Dimethylphthalate 10 5
2,4-Dinitrotoluene 10 5
2,6-Dinitrotoluene 10 5
Diphenylamine 50 2.5
1,2-Diphenylhydrazine 50 25
Di-n-octylphthalate 10 .5
Ethyl methanesulfonate 50 2.5
Fluoranthene 10 5
Fluorene 10 .5
Hexachlorobenzene 10 5
Hexachlorobutadiene 10 .5
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Table 4.--Analytical methods and detection limits for surface-soil samples and soil-boring
samples collected between August 27 and November 1, 1993; water samples collected
between February 25 and March 17, 1994; and bottom-sediment samples collected on
March 18, 1994--Continued

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; ug/L, micrograms per liter; NR,
not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB, polychlorinated
biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenylchloroethylene; DDT, dichlorodiphenyltrichloroethane; TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! Constituent (Reporting units) Water Soil
Hexachlorocyclopentadiene 10 0.5
Hexachloroethane 10 .5
Indeno(1,2,3-c,d)pyrene 10 5
Isophorone 10 5
3-Methylcholanthrene 50 2.5
Methyl methanesulfonate 50 2.5
2-Methylnaphthalene 10 5
Naphthalene 10 0.5
1-Naphthylamine 50 2.5
2-Naphthylamine 50 2.5
2-Nitroaniline 50 2.5
3-Nitroaniline 50 2.5
4-Nitroaniline 58 2.5
Nitrobenzene 10 .5
n-Nitroso-di-n-butylamine 50 2.5
n-Nitrosodimethylamine 50 2.5
n-Nitrosodiphenylamine 10 .5
n-Nitrosodipropylamine 10 5
n-Nitrosopiperidine 50 2.5
Pentachlorobenzene 50 2.5
Pentachloronitrobenzene 50 2.5
Phenacetin 50 2.5
Phenanthrene 10 .5
2-Picoline 50 2.5
Pronamide 50 2.5
Pyrene 10 2.5
1,2,4,5-Tetrachlorobenzene 50 2.5
1,2,4-Trichlorobenzene 10 5
4-Chloro-3-methylphenol 10 5
2-Chlorophenol 10 .5
2,4-Dichlorophenol 10 S
2,6-Dichlorophenol 50 2.5
2,4-Dimethylphenol 10 5
4,6-Dinitro-2-methylphenol 50 1.5
2,4-Dinitrophenol 50 1.5
2-Methylphenol 10 5
4-Methylphenol 10 )
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Table 4.--Analytical methods and detection limits for surface-soil samples and soil-boring
samples collected between August 27 and November 1, 1993; water samples cc'lected
between February 25 and March 17, 1994; and bottom-sediment samples collected on
March 18, 1994--Continued

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; pg/L, micrograms per liter; NR,
not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB, polychlorinated
biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenyichloroethylene; DDT, dichlorodiphenyltrichloroethane; TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! Constituent (Reporting units) Water Soil
2-Nitrophenol 10 0.5
4-Nitrophenol 50 2.5
Pentachlorophenol 30 1.5
Phenol 10 S
2,3,4,6-Tetrachlorophenol 50 2.5
2,4,5-Trichlorophenol 50 1.5
2,4,6-Trichlorophenol 10 5

SW3510/8080(w) Organochlorine pesticides and PCB’s (ug/L)

SW3550/8080(s) Organochlorine pesticides and PCB’s (mg/kg)

Aldrin .05 .01
alpha-BHC .05 .01
beta-BHC .05 .01
delta-BHC .05 .01
gamma-BHC (Lindane) .05 .01
Chlordane .05 ¢
4,4-DDD .1 .02
4,4-DDE 1 .02
4,4-DDT N .02
Dieldrin .02 .02
Endrin .06 .02
Endrin aldehyde .1 .02
Endosulfan I .05 .01
Endosulfan II .1 .02
Endosulfan sulfate 1 .02
Heptachlor .02 .01
Heptachlor epoxide .05 .01
Methoxychlor .5 .10
Toxaphene 1.0 .20
PCB-1016 5 .10
PCB-1221 5 .10
PCB-1232 5 .10
PCB-1242 .5 .10
PCB-1248 .5 .10
PCB-1254 1.0 20
PCB-1260 1.0 .20
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Table 4.--Analytical methods and detection limits for surface-soil samples and soil-borira
samples collected between August 27 and November 1, 1993; water samples colle~ted
between February 25 and March 17, 1994, and bottom-sediment samples collected on
March 18, 1994--Continued

[(w), water; (s), soil; uS/cm, microsiemens per centimeter; NA, not applicable; °C, degrees
Celsius; mg/L, milligrams per liter; mg/kg, milligrams per kilogram; ug/L, micrograms per liter; 'R,
not recovered; NS, no standard available; ICP, Inductively coupled plasma; PCB, polychlorinated
biphenyl; BHC, benzene hexachloride; DDD, dichlorodiphenyldichloroethane; DDE,
dichlorodiphenylchloroethylene; DDT, dichlorodiphenyltrichloroethane; TCLP, toxicity
characteristic leachate procedure]

Typical detection limits

Method! Constituent (Reporting units) Water Soil
SW1311(s) Toxicity characteristics (mg/L in leachate)
leaching procedure (TCLP)
Metals
Arsenic NA 0.50
Barium NA 5
Cadmium NA .05
Chromium NA 50
Lead NA .50
Mercury NA .02
Selenium NA .05
Silver NA .50
D2216(s) Soil moisture (percent) NA .10

'Method numbers preceded by A are from American Public Health Association and others, 1985; method
numbers preceded by E are from U.S. Environmental Protection Agency (1983), U.S. Environmental Protection
Agency (1986b), and U.S. Environmental Protection Agency (1986¢); method numbers preceded by D are from
American Society for Testing Materials, 1992; and method numbers preceded by SW are from U.S.
Environmental Protection Agency, 1986a.
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APPENDIX 1

Gamma logs from site BS1 and selected wells installed during this investigation
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ELEVATION, IN FEET ABOVE SEA LEVEL
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Placement of well screens in relation to the hydrogeologic framework
and natural gamma-ray log, site BS1.
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DEPTH, IN FEET ABOVE MEAN SEA LEVEL

Fort Bragg well MW.DAP1S
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DEPTH, IN FEET ABOVE MEAN SEA LEVEL
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APPENDIX 2

Descriptive logs of cores from monitoring wells installed during this investigation
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DEPTH, IN FEET BELOW LAND SURFACE

WELL COMPLETION

Clay, sandy, silty. fine to very coarse

N grained. grayish orange
Clay, sandy, silty, fine to medium
[ ~ grained, medium dark gray

DESCRIPTION
DATA
Locking steel security cover
PVC well Cement
cap—i} ,Pad
I |
Sand, clayey, medium to very coarse grained,
_____________ palereddishbrown___ __ _ ______]
Cement
grout
Sand. clayey, very fine to medium grained, grayish orange 4-inch
PVC 9-inch
casing bore-
hole
Ve
Sand, silty, fine to medium ined, ish orange .
..... ?- - _f!- [, _g.r.o. -- .glo_y- - ..r.. .g_ I Bentonite
pellets
Sand, silty, very fine to medium grained, pale orange
""""""""""""""""""""""""" Medium
Well . | silica
screen—J i1~ sand

Well Screen: 22- 32 feet
below land surface

Totai Depth of Well: 32 feet
below land surface

Monitoring well installation record for well MW.DAP1S.
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DEPTH, IN FEET BELOW LAND SURFACE

10

15

20

25

30

P b bv e brron b b b

35

DESCRIPTION

WELL COMPLETION
DATA

Locking steel security cover
PVC well Cement
cap—] /pod
I 1

Sand, coarse grained, dark grayish brown

Sand, clayey. fine to medium grained,
orangeish, brown, tan

Sand, coarse grained, brown

Sand, silty, grayish white

Sand, fine to coarse grained, whiteish gray

Sand, medium to coarse grained, whiteish gray

Clay, plastic, whiteish gray ]

- Cement
%‘gg} grout
hol
le) e\

Bentonite

pellets
4-inch
PVC [
casing-J.
N o |
Well = .
screen—|. —] Medium
]l siica
-l -sand

Well Screen: 13-23 feet
below land surface

Total Depth of Well: 23 feet
below land surface

Monitoring well installation record for well MW.DAP2S1.
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DEPTH, IN FEET BELOW LAND SURFACE

DESCRIPTION

WELL COMPLETION
DATA

Locking steel security cover

PVC well

cap—q]

Cement

Sand, coarse grained, dark grayish brown

Sand, coarse grained, brown

Sand, silty, grayish white

Sand, fine to coarse grained, whiteish gray

Sand, medium to coarse grained, whiteish gray

Clay, plastic, whiteish gray

Well

screen-".

. [ Medium

silica

.} -sand

Well Screen: 14-24 feet
below land surface

Total Depth of Well: 24 feet
below land surface

Monitoring well installation record for well MW.DAP2S2.
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DEPTH, IN FEET BELOW LAND SURFACE

DESCRIPTION

WELL COMPLETION
DATA

Locking steel security cover

PVC well Cement
cap—it /pod
I 1

Sand, clayey sand, fine to coarse grained, orange brown

Clay. sandy, fine to coarse grained, light brownish gray

Sand, clayey sand, medium to very coarse grained, red brown

Sand, silty sand, coarse to very coarse grained, red brown

Sand, clayey, medium to coarse grained,
medium orange brown

P —
I~ Sand, silty, fine to medium grained, light brown gray

Clay, medium brown gray, plastic

9-inch
t?]ore—
ole\

Cement
grout
4-inch
PVvC
casing

Bentonite
pellets

Medium
A siica
.| -sand

Well .
screen-_] -

Well Screen: 27-37 feet
below land surface

Total Depth of Well: 37 feet
below land surface

Monitoring well installation record for well MW.DAP3D.
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DEPTH, IN FEET BELOW LAND SURFACE

N N — —
(6,1 o (6,1 o [é;] O
Lo brveaebrrea v b

w
o

RN

DESCRIPTION

WELL COMPLETION

Sand, clayey, fine o medium grained,
medium red brown

Sand, silty, coarse to very coarse grained, pale crange

Clay, silty, very cohesive, fine to coarse sand
intermixed, light brownish gray

Sand., clayey, medium to coarse grained, light brown

Sand, sitty, medium to very coarse grained, dark yellow

Sand, silty, very fine to coarse %roined.
pale yellow orange, blackish red

DATA
Locking steel security cover
PVC well Cement
cap—{- /pcd
[
; Cement
9-inch
l%ore— grout
ole\
Bentonite
pellets
4-inch
PVC .
casing~J,
Well -
- | Medium
screen—'. | Vlica
-.]-sand
Well Screen: 13.5-23.5 feet

below land surface

Total Depth of Well: 23.5 feet
below land surface

Monitoring well installation record for well MW.DAP3S.
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DEPTH, IN FEET BELOW LAND SURFACE

DESCRIPTION

WELL COMPLETION
DATA

Locking steel security cover

PVC well Cement
cap—4- ,pad

Sand, fine to medium grained, dark brownish gray

Sand., fine to coarse grained, frace clay, brownish orange

Sand. clayey, fine to medium grained, orangeish red

Sand, fine to medium groined, prownish,
interbedded with dark red layers

Silt, clayey, sandy, fine grained, tannish purple, brown

Sand, medium to coarse grained, layered. tan, pink, light brown|

Clay, silty, purple, plastic

Clay, sand, fine grained, gécy, intermixed with
fine grained, orangeish brown sand layers

Cement
grout
9-inch
bore-
hole
4-inch
PVC
casing
1 Bentonite
pellets
Medium
2| silica
.| -sand
Well
screen—|:

.'\

[T

Well Screen: 60- 70 feet
below land surface

Total Depth of Well: 70 feet
below land surface

|II|!|I||I|II|IIII|I!I_|—|

Monitoring well installation record for well MW.DAP4D.
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DEPTH, IN FEET BELOW LAND SURFACE

DESCRIPTION

WELL COMPLETION
DATA

Locking steel security cover

PVC well Cement
cap—4- ,pad
[ 1

Sand, fine to medium grained. dark gray to dark brown

Sand, clayey, fine 1o medium grained, yeliow brown ‘
Clay. songy, fine fo medium grained, reé&sh orange _ _ ]

Sand. medium o coarse grained, tan
and whiteish pink, brown layers

Sand, fine to medium grained, layered

Clay, silt, white

Sand, medium to coarse grained, layered coloring

it

Cement

9-inch
bore-
hole

Well

screen~{'- Medium

R silica
.l -sand

Well Screen: 36- 46 feet
below land surface

Total Depth of Well: 46 feet
below land surface

[6,] o

o

IIII|IIII]lIll|

Monitoring well installation record for well MW.DAP4S.
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DEPTH, IN FEET BELOW LAND SURFACE

DESCRIPTION

WELL COMPLETION

Sand, fine to medium grained, orange

DATA
Locking steel security cover
PVC well Cement
cap—| /pod
[ d
Sand, fine to medium grained, dark gray brown 9-inch Cement
------------------------------------- bore- grout
hole
Sand dium t ined, t di \
and, medium to coarse grained, tan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>