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EXECUTIVE SUMMARY

The north disposal site at the Newport Plant has received a variety of
inorganic and organic waste materials during operations between 1902 and 1974, a
review of available data concerning materials disposed in the landfill suggests that
potential ground-water contaminants from the landfill include:

o Barium;
o Cadmium;
o Chromium;
o Zinc;
o Tetrachloroethylene; and
o Radioisotopes.

Available ground-water monitoring data for monitoring wells in the area are
reasonably consistent with the historic record of waste disposal. Ground-water
contamination has been observed in both the Columbia and Potomac aquifers
which underlie the site. The primary contaminants observed in ground water are:

o Barium;
o Cadmium;
o Zinc; and
o Tetrachlororoethylene.

All of these chemicals have been observed in ground water north of the
Christina River in concentrations well above existing or proposed drinking water
standards. Limited available data concerning levels-of radioactivity suggests that
ground water may exceed drinking water standards, at least on a localized basis.
It is not known if observed radiation levels are related to the site or to natural
background conditions. Limited available monitoring data for organic compounds
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suggests that with the exception of tetrachloroethylene (and possibly
trichloroethjiJene), significant ground-water contamination by organic compounds
is not likely. ,

The pattern of ground water flow in the vicinity of the site strongly indicates
that the Christina River represents a barrier to transport of contaminated ground
water from the north disposal site. In general, regional flow in the deeper
(Potomac) aquifer is to the south. The shallower (Columbia) aquifer is expected to
be highly influenced by the Christina River, which appears to be a discharge area
for the Columbia. The north disposal site is in an area of discharge (upward
movement) of the Potomac aquifer. The north disposal site itself represents a
local recharge area, resulting from mounding of water infiltrating the fill
material. Ground water in the fill is likely to discharge to the drainage ditch
bordering the north and west boundaries of the North Disposal site, or to discharge
directly to the Christina River. Since the Columbia and Potomac aquifers
discharge in the area of the Christina River, it is highly probable that the river
represents a boundary for southerly transport of contamination from the north
disposal site.

Available ground water quality monitoring data indicated some anomolous
results with respect to this interpretation. First, cadmium contamination in the
Potomac aquifer is present in DM-i and DM-8, apparently upgradient of the north
disposal site. It is possible that this contamination was produced as a result of
local northerly ground water flow induced by active pumping of du Pont
production wells WW-11 and WW-13. Available data however, do not rule out the
possibility of an upgradient source of contamination. Second̂  the presence of
cadmium and tetrachloroethylene contamination immediately south of the
Christina River, in DM-4/5, is not consistent with the Christina River serving as a
barrier to contaminant transport, if the north disposal site' represents the only
suspected source of contamination. Presence of tetrachloroethylene at this
location and at DML-7/DMU-7 suggests a potential, currently unknown, source
south of the Christina River. The absence of heavy metals at DML-7/DMU-7 is
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consistent with the interpretation of the Christina River as a barrier to southerly
transport froTn" the north disposal, site.

i

The presence of the Christina River as a barrier to southerly transport of
ground-water contamination from the north disposal site is particularly important
considering the location of, ground-water receptors in the vicinity of the site. A
number of local water supply wells are located along Old Airport Road, south of
the Christina River about 1/2 mile southwest of the north disposal site. Available
records for two wells in this area indicate wells are screened in the shallow
Columbia formation. As discussed in detail in Section 5 of this report, these wells
are extremely unlikely to be affected by any contamination present from the
north disposal site. Similarly, the public water supply wells at the Wilmington
Airport, operated intermittently by the Artesian Water Company, are unlikely to
be impacted by the north disposal site. Thus, while the ground water under the
disposal site would present an unacceptable risk if ingested, the actual public'
health risk associated with ground-water contamination from the north disposal
site is minimal, since transport of contamination to receptors is not anticipated.

Potential patterns of ground-water migration in the vicinity of the site
apparently were not considered by the USEPA in developing the Hazard Ranking
System (HRS) score for the site, since both local ground-water users along Old
Airport Road, and the wells operated by the Artesian Water Company were
considered as potential receptors of contamination from the site. The relatively
high score obtained for the site resulted primarily from the proximity to the site
of the local wells, and the high population served by the Artesian System. The
HRS scoring also considered both systems as sole water supplies not easily
replaced.

In the case of the local (Old Airport Road area) wells, the area is served by
the Artesian Water Company, which has reported existence of a water main along
Old Airport Road. Although service has not been connected to any residents along
Old Airport Road, an alternative water supply could be made available if ground-
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water contamination is observed in this area. (This event is not unlikely
considering tecal land use patterns along Old Airport Road).

i

The Artesian Water Company wells located at the Wilmington Airport co not
appear to represent a critical component of the Artesian System. These wells are
operated only during the summer season (about 6 months) because they supply
relatively low quality water due to high background levels of iron and
manganese. Overall, these wells represent less than 5% of the Artesian System
water supply when they are operating, and only about 2% of the systems supply on
an annual basis. The HRS scoring for the site, apparently overestimated the
significance of these wells by considering them as the sole source supply for the
entire population served by the Artesian Water Company.

In summary, the HRS score for the site apparently significantly
overestimated potential risks posed by the north disposal site, since local barriers
to contaminant migration, and existence of alternate water supplies were not
considered in the scoring.
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SECTION 1
INTRODUCTION

Du Pont has retained Woodward-Clyde Consultants (WCC) to conduct an
independent review of information concerning ground-water contamination related
to the north disposal site at the Newport Plant. The objectives of this review are:

o Analyze and interpret existing data concerning ground-water
contamination at the site; and

o Assess the risk to public health, if any, associated with current
conditions.

This report presents the results of WCC's review of available information.

Section 2 presents a brief description of the history of the site. Section 3
discusses the types of wastes which were disposed in the landfill, and the potential
ground-water contaminants associated with these wastes. Section 4 discusses the
geohydrology of the site and the surrounding areas. Section 5 discusses
groundwater quality, and potential contaminant migration pathways. Section 6
identifies potential receptors of ground-water contamination, namely public and
private wells in the vicinity of the site.

lwS7-104-l 1-1
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SECTION 2
BACKGROUND

Du Pont's Newport Plant is a pigment manufacturing plant located at James
and Water Street in Newport, Delaware. The site was originally owned and
operated (from 1902 to 1929) by Henrik J. Krebs for the manufacture of
Lithopone, a white inorganic pigment. In 1929, Du Pont purchased the site, which
has since been used to manufacture Lithopone and other materials, including
organic and inorganic pigments.

During plant operations, areas of the site bordering the Christina River were
landfilled as a means of waste disposal. Landfilling of wastes may have occurred
between 1902 and 1974, when Du Pont terminated such on-site landfill activities.
Landfilling occurred in two areas designated the "south disposal site" and the
"north disposal site". The south disposal site is an approximately 15 acres landfill
located across the Christina River from the plant, operated from approximately
1902-1953. Materials deposited in this landfill consisted of primarily insoluble
residues of zinc and barites ores, which were pumped through a pipeline under the
Christina River. Some dikes and berms were constructed to contain the
material. This material hardened to a sandstone consistency, according to Du
Pont's records. In 1973, the State of Deleware, Department of Highways,
deposited approximately 130,000 cubic yards of soil from highway construction at
this location, covering the south disposal site with several feet of soil.

The north disposal site (see Figure 2-1) was used for disposal of general refuse
and process wastes from the early 1900's until 1974. The'north disposal site
covers approximately 7 acres, and received approximately 25,000 tons of
material. Additional details concerning wastes disposed in the north disposal site
are presented in Section 3. The fill depth ranges from about 13 feet at the
southwestern edge to 8 feet in the northwestern portion. The north disposal site
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was operated under a State of Delaware permit from 1968 until its closure on
1 January 197%. Upon closure, this site was capped with 2 feet of clay.

T

After closure of the north dispoal site, ground-water monitoring was begun in
1976. Twelve monitoring wells are currently in operation. Water quality data has
been collected from these wells on a quarterly basis and submitted to the
Delaware Department of Natural Resources and Environmental Control.

In 1984, Du Pont sold the pigments operation at the Newport Plant to Ciba-
Geigy, which currently operates the eastern portion of the plant. Du Pont
continues to operate a chromium dioxide magnetic tape manufacturing plant on
the western portion of the plant site. Du Pont has retained ownership of the
North and south disposal sites.

In 1986, the Mitre Corporation, under contract to the USEPA, conducted a
site evaluation and Hazard Ranking System (HRS) scoring of the north disposal
site, in accordance with provisions of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA or "Superfund"). An overall HRS score
for the site of 51.91 was developed, based upon observed ground-water
contamination and the potential (not observed) impact on regional water supply
wells. Surface water and airborne exposure routes were considered insignificant
in the HRS scoring. Based upon the HRS score, the USEPA has proposed inclusion
of the site on the Superfund National Priority List (NPL), which would require
remedial investigations, feasibility studies, and possible remedial actions under
the terms of CERCLA. EPA's decision to include the site on the NPL appears to
be based entirely upon the HRS score, which is a preliminary screening tool. No
consideration was given to additional data available for the site including
available ground water monitoring data, or to an evaluation of the actual risk
posed by the site. The subsequent sections of this report describe additional
available information, in terms of better defining the actual and potential risks
associated with the north disposal site.

Iw87-104-2 2-2
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SECTION 3
WASTE CHARACTERISTICS

A variety of inorganic and organic waste materials were disposed in the north
disposal site from approximately 1902 to 1974. This section summarizes available
information concerning wastes quantities and characteristics, including an
identification of potential hazadous constituents. The primary sources of this
information are the following documents:

o "Notes on Lithopone" - C.K. Cooper, 8 August, 1979.
o Memorandum - P.E. Kress to J.C. Deming, 6 November 1979.
o Letter - M. Barszcz (Du Pont) to R. Gordon (USEPA) titled Newport

Waste Disposal Operations, 22 July 1980.
. o Memorandum titled "Waste Disposal Survey" - R.E. Kress to P.F. Brown

- 29 October 1980.
o Letter - R.J. Mattson (Du Pont) to S. R. Wassersug (USEPA) 21 May

1986.

The north disposal site comprises about 7 acres immediately north of the
Christina River. This site received a variety of waste materials during its
operations between 1902-1975. Table 3-1 presents a summary of materials known
or suspected to have been disposed in the north disposal site. No known disposal
of RCRA - listed hazardous wastes has occurred at the north disposal site. The
major waste materials containing potentially hazardous constituents, based upon
available information, are discussed below.

lw87-104-4 3-1



Lithopone Wastes
ir\.

The iithopone process produced a white pigment composed of barium sulfide
and zinc sulfate. Some Iithopone pigments (off-quality) and Iithopone wastes may
have been disposed in the north disposal site. Several thousand tons of fill dirt
containing zinc and barites ore were also placed in the north disposal site.

Wastes from the Lithopone process consisted of insoluble ore residues. Zinc
ore was treated with sulfuric acid to dissolve zinc.. Insoluble residues were
precipitated with ferric hydroxide, resulting in a "red mud" which was disposed.
The zinc process also produced a byproduct filter cake which was sold for
cadmium recovery.

The barium sulfate ore was roasted in kilns to reduce the suifate to barium
sulfide, which was dissolved in hot water. The insoluble ore residues formed a
"black mud", which was disposed. The waste muds were generated in an estimated
ratio of 1 part red mud to 3 parts black mud. Best estimates indicate disposal of
approximately 25,000 tons of this mixture over approximately 15 acres in the
south disposal site. After 1953, any remaining ore residue wastes were disposed in
the north disposal site. According to the available records, after disposal, the
muds solidified to a "sandstone consistency". Potential contaminants from
Iithopone wastes and ore residues include barium, zinc, and cadmium.

Copper Phthalocyanine Wastes

Copper phthalocyanine, a stable blue-green pigment has been manufactured
at the plant since 1947. In general, byproducts have been discharged to municipal
waste treatment facilities. Some off-quality pigments were disposed at the north
disposal site. According to data providing by Du Pont, copper phthalocyanine is
essentially non-toxic by the oral route. It has been approved by the US Food and
Drug Administration (FDA) for use as a pigment in polymers used in food
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packaging. According to Merck (1983), this compound is also approved by FDA for
use in polypropylene sutures.

*
Quinacridone Wastes

Quinacridone, a stable red organic pigment, has been manufactured at the
plant since 1958. Byproducts of the process have generally been discharged to
municipal wastewater treatment facilities, with the exception of an insoluble
tarry solid, which was disposed in the north disposal site until 1974. Primary
constitutents of this tar are biphenyl, diphenyl ether, and alpha-methyl
naphthalene. The quinacridone process also used tetrachloroethylene and it is
possible that some quinacridone wastes may have become contaminated with
tetrachloroethylene or Dowtherm constituents. Off-quality quinacridone pigments
were also disposed in the North Disposable Site. Soluble components of
quinacridone wastes, including tetrachloroethylene if present, represent potential
ground water contaminants from this material. According to data supplied by
Du Pont, quinacridone itself is essentially non-toxic by the oral route, and has
been approved by FDA as a colorant for poly-olefins used in food packaging.

"Afflair" Pigment Wastes

Afflair, a stable white pigment, consists of mica coated with titanium
dioxide. Some scrap mica (a natural mineral), was disposed at the north disposal
site. This material is unlikely to represent a significant source of contamination.

Metal Production Wastes

From 1950 to 1960, several metals and metal alloys were manufactured at the
plant. These included titanium, zirconium, and silicon, which are relatively inert
substances. Unknown, small quantities of off-grade materials were disposed in the
north disposal site.

lw87-104-4 3-3
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For about 2 years during this period, thoriated nickel (nickel containing 2-5%
of 7hÔ ) was produced. Approximately 20 tons of process wastes (primarily off-
grade thoriated nickel) were disposed in the north disposal site under NRC
guidelines. Thorium is a radioactive substance.

Since the metals produced are essentially insoluble in their metallic forms,
the only potential ground-water contaminant from the metal wastes is potential
radioisotopes (thorium and its daughters).

Chromium Dioxide Wastes

Chromium dioxide has been manufactured at the plant since 1966, some of
which is used in production of magnetic recording tape (mylar coated with
chromium dioxide). Approximately 10 tons of off-quality chromium dioxide (in
drums) and mylar recording tape (in bags) were disposed at the north disposal
site. The primary potential ground-water contaminant from this material is the
heavy metal, chromium, which has not been found in ground water in significant
concentrations.

Miscellaneous Wastes

As shown on Table 3-1 a variety of other wastes including low volume process
wastes, lab packs, and garbage were disposed in the north disposal site. A variety
of low level contaminants could be present in these materials.

A variety of relatively inert materials, including trash, concrete, steel,
rubber refuse, nylon shutters, and corian (imitation marble sheets) were also
disposed in the north disposal site. No significant ground-water contamination
would be expected from these materials.

iw87-104-4 3-4
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Summary
C-

5

A variety of inorganic and organic waste materials were disposed in the north
disposal site. Potential suspected ground-water contaminants which could be
identified based upon the waste disposal inventories include:

o Barium;
o Cadmium;
o Chromium;
o Zinc;
o Tetrachloroethyiene; and
o Radioisotopes.

Actual ground-water monitoring data for the site is discussed in Section 5.
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TABLE 3-1
N6RTH DISPOSAL SITE - WASTE DISPOSAL INVENTORY

Material Estimated Quantitu

o Garbage several tons
o Trash (glass, wood, paper, MOO tons

cardboard)
o Steel drums several hundred tons
o Lever Packs several hundred tons
o Sand and dirt several thousand tons
o Concrete
o Steel work
o Asbestos >5 tons
o Light ballasts - PCB's/PBB's <2 tons
o Rubber - gasket material, a few tons

tires from garage
o Nylon shutters 2 tons
o Artificial marble - "Corian" < 4 tons
o Acrylates and latex emulsions several hundred Ibs
o Quinacridone tars > 1,000 tons
o Bad quality copper < 100 tons

phthalocyanine pigment
o Bad quality quinacridone pigment
o Bad quality "Afflair" pigment estimated 10,000-15,000 Ibs
o Bad quality Chromium Dioxide 6 tons

coated "Mylar" recording tape
o "Afflair" fines (30% mica) + estimated 100,000 Ibs

(70% TiO2)
o Bad quality chromium dioxide <2 tons

floor sweepings and bags

1C0028
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Material Estimated Quantity
«u

o Thoriated nickel ' <20 tons of combined waste

o Dirt contaminated with zinc ore several hundred tons.
o Raw materials left in bag liners several hundred tons

and drums and leaks from drums

- Quinacridone a few tons
- Copper phthalocyanine a few tons
- "Aff lair" a few tons
- Magnetic Products a few tons

o Laboratory waste including resins a few tons
from Quinacridone, copper
phthalocyanine, "Afflair", and
Magnetic Products

o Scrap amounts of the following materials (maximum several tons).

- Graphite (thick pieces-carbon 3' x 1-1/2' rock) + shavings + powder
- Titanium - metal
- Sodium (burned or exploded) •
- "Baxtron" (tungsten carbide cobalt) °̂fj
- Tiper-sul" (potassium titanate (PKT) £°
- "Fibex" (TiO2)
- "Erif on"
-Silica
- Silicon
- Zirconium
- Columbium
- Titanium bisteric - synthetic oil - antifreeze
- Tetra-isopropyltitanate

Iw87-104tl -2-



SECTION 4
REGIONAL SETTING

4.1 PHYSIOGRAPHY

The Newport Landfill is located within the Atlantic Coastal Plain Province,
proximal to the Appalachian Piedmont Province (Figure 4-1). The Coastal Plain is
a relatively flat and low area with elevations not exceeding 100 feet above mean
sea level. The area adjacent to the Delaware Bay is exposed to tidal flooding and
is characterized by conspicuous marshes and estuaries. Most of the streams in
this zone are tidal or have at least a tidal segment. Stream valleys are shallow
compared with those of the Piedmont.

By comparison, the Piedmont Province is an area of diversified relief
dissected by narrow and deep stream valleys with residual high areas rising above
the general upland level. It is composed of folded Paleozoic and Precambrian
metamorphoric and igneous rocks consisting predominantly of banded gneiss and
schist. The surface of these crystalline rocks of the Piedmont slopes southward
and southeastward forming the basement upon which lies the wedge-shaped mass
of sedimentary rocks of the Coastal Plain.

The Piedmont and Coastal Plain Provinces are separated by the Fall Zone,
which divides the area of predominant erosion (Piedmont Province) from the area
of predominant deposition (Coastal Plain Province). The Piedmont streams are
characterized by relatively steep gradients and, therefore, most of their sediment
load is transported out into the Coastal Plain and only a minor part is deposited in
.their channels and flood plains. The gradients of the Coastal Plain streams
draining into the Delaware Bay, however, are very gentle and a large part of their
sediment load is deposited before reaching the bay. The process of deposition is
particularly effective in the tidal marsh area along the bay or its tributaries.

Iw87-104-3 4-1
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4.2 COASTAL PLAIN GEOLOGY ,

The wedge-shaped mass of sedimentary deposits comprising the Coastal Plain
in the Newport area consists of the Pleistocene Columbia Formation and the
Cretaceous Potomac Formation. The diverse structural features present in the
crystalline basement rocks that caused the complex geological framework of the
Fall Zone have also exerted a considerable influence on the distribution of the
overlying sediments of the Coastal Plain.

4.2.1 Columbia Formation

The Pleistocene (Quaternary) sediments of the Columbia Formation were
deposited on the eroded surface of the underlying Potomac Formation sediments
in the area. The Formation includes gravelly coarse and medium sands with some
interbedded silts and clays. The sands are moderately to poorly sorted, cross-
bedded, yellow to brownish-yellow in color, and contain on the average about 5
percent clay and silty matrix. Fine sediments are abundant locally and gravels are
subordinate.

The Columbia sediments were deposited in stream channels, flood plains, and
associated environments.

The aerial distribution of the Columbia lithologies appears to have been
controlled by the topography and composition of the underlying Potomac surface.
The valleys in this surface often were developed in the areas composed of fine
Potomac deposits, such as clays and silts. For this reason these areas were the
location of the main Pleistocene stream system and the transport routes of the
Columbia sands. Thus, the Columbia sands are often directly underlain by
Potomac fine sediments. Although the Columbia deposits can differ widely in
color, the differentiation of the Columbia deposits from the underlying Potomac

lw87-104-3 4-2
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units can usually be made on a lithologic basis in northern Delaware. However,
some difficulty can be encountered when the color of the Columbia sediments,
deposited in channels eroded into Potomac channels, are similar to the color of
the Potomac sediments (Johnston, 1973).

In northern New Castle County, the Columbia Formation is generally thin,
having an average thickness of about 30 feet, except in paleochannels where the
maximum known thickness is about 105 feet. The Columbia thickens to the south
and reaches a maximum thickness in excess of 150 feet. In the Newport area, the
reported range of Columbia sediments thickness is 0 to in excess of 20 feet
(Woodruff and Thompson, 1975).

Quaternary deposits that are younger than the Columbia Formation are
apparently widespread near the Fall Zone. These Hoiocene sediments are mostly
brown to yellow-brown sands, poorly sorted, cross-bedded, coarse to fine, contain-
large mica flakes, and on the average about 2 percent clay matrix. The geometry
and the form of these sedimentary bodies, and their relationship to the stream
valleys of the Piedmont, are strong indications that the Hoiocene sediments were
deposited as alluvial fans. The deposition of the alluvial fans may have occurred
during the last extensive Pleistocene flooding when a large volume of the
sediments was brought into this area by the Piedmont streams (Spoljaric, 1972).
For the purposes of this report, all of the deposits younger than the Potomac
Formation are referred to as Columbia sediments.

4.2.2 Potomac Formation

The Potomac Formation consists of south eastward thickening wedge of sand,
silt, and clay beds that were deposited by ancient streams as floodplain, channel,
bar deposits, and perhaps by alluvial fans on crystalline bedrock. The Formation
and its stratigraphic equivalents extend from Long Island southward to the mid-
Atlantic States. The Potomac sand beds are important aquifers throughout the
eastern United States provided they contain potable water.

lw87-104-3 4-3
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Within the area of interest, the Potomac sediments comprise more than 50
percent of the total sequence of the Coastal Plain sediments. The geometry of
the sand bodies is characterized by shoestring form, are discontinuous, and thus,
they are difficult to correlate laterally. In other words, distinct marker beds,
which are so important for a proper subsurface correlation of sedimentary units,
are missing in the Potomac Formation (Spoljaric, 1979). The Potomac Formation
thickens to the southeast and sandy units tend to occur in the lower half of the
formation.

As part of the Chesapeake-Delaware embayment, a structural low which is
largely filled with Potomac sediments, the fluvial environment responsible for the
deposition of the Potomac Formation probably consisted of a meandering stream
system as evidenced by the relatively low ratios of sand to clay, the presence of
fine-grained overbank deposits, and abundant lignite. Another reference as to the
depositional environmental of the Potomac Formation deposits indicates that they
were laid down by a system of coalescing alluvial fans and, therefore, the sand
beds tend to have lenticular geometry, limited lateral continuity, and interbedded
finer sediments (Martin and Denver, 1982).

The Potomac typically is divided into an upper and lower sandy section. The
thickness of the upper sandy section may include thin interbedded clays or silts
and is measured from the first Potomac sand lying beneath the Columbia
Formation downward to the top of a mappable clay. The clay underlying the upper
sandy interval occupies about the middle one-third of the Potomac Formation and
hydrologically separates the upper sands from the lower sandy unit (Woodruff,
1985). Some workers have further subdivided the Potomac Formation by
suggesting a middle sandy zone, but this seems inapplicable in the area of
Newport. The upper sandy unit is in direct contact with the overlying sediments
of the Columbia Formation from the Greater Wilmington Airport area northward
to the Christina River. Thus, in this area upper Potomac sands can be in direct
contact with overlying Columbia sand beds and form a single hydrologic unit

lw87-104-3 4-4
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(aquifer). The Christina River is located approximately on the northernwest edge
of these upp€t-sand beds (Woodruff, 19S5).

\

By comparison, the lower sandy zone of the Potomac Formation extends
further north than the upper sandy zone and underlies Columbia sediments in the
entire area surrounding the Newport site until they pinch out at the Fall Zone.
The relative positions of these various stratigraphic units are shown schematically
in Figure 4-2, derived from Woodruff, 1985.

Well sorted, fine to medium sands generally make up the sandy fraction of the
upper part of the formation, but sands may locally be coarse in channels. The
lower part of the Potomac Formation is typically described as variegated red,
gray, purple, yellow, and white, frequently lignitic, silt and clays containing
interbedded white, gray, and rust-brown coarse sands and some gravel (Woodruff
and Thompson, 1975). . .

4.3 HYDROGEOLOGY

Because Hoiocene age sediments are not extensive or thick enough to be
considered as significant sources of water supply, the Columbia and Potomac
sands consititute the aquifers in this region. The Columbia deposits are part of an
interdependent stream-aquifer system in the Delaware Coastal Plain. They
comprise the uppermost, and most permeable, section of saturated sand in the
water table aquifer throughout most of Delaware. These Pleistocene deposits
receive most recharge reaching the water table and are the outlet for most
ground-water discharge. The small Coastal Plain streams that are incised into the
upper part of the Columbia deposits derive much of their flow from ground-water
runoff. Except for periods of overland runoff, the streams act as shallow drains
from the aquifer. Precipitation and evapotranspiration rates determine the
recharge rate to the aquifer, and, in turn, changes in storage in the aquifer closely
control the base flow of the draining streams (Johnston, 1973). Much vertical
recharge to deeper aquifers probably takes place through the Columbia Formation.

Iw87-104-3 4-5
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Althougfrnot in the Newport area,' many shallow domestic wells and irrigation
wells tap Columbia sands in northern Delaware. There are even some high-
yielding industrial wells where drilling has encountered thick Columbia
paleochannels (Woodruff, 1969). However, due to the relatively thin nature of the
Columbia sands near the Newport area, they are not considered a significant
source of water supply in this area. Perhaps their most important hydrologic
function here is to provide recharge to deeper underlying lower aquifer of the
Potomac Formation (Woodruff, 1984).

;

The sands of the Potomac Formation in the northern part of the Coastal Plain
are generally thin and irregular in extent and thickness. Although the average
grain size of individual sandy units is usually constant over short lateral distances,
the grain size varies widely among sands of the Potomac Formation as a whole
and, therefore, the yield from the Potomac aquifers is highly variable. Despite
the yield variability, the Potomac aquifers serves as the major sources of water
supply in the area.

As mentioned earlier, the upper and lower sands of the Potomac Formation
typically operate as separate hydrologic units (Woodruff, 1984). Because the
upper sandy zone appears to subcrop to the south of the Newport area, the lower
Potomac aquifer is apparently the only Potomac unit encountered at the Newport
site. The potential for recharging water into both the upper and lower Potomac
aquifers has been evaluated on the basis of physical properties of the sediments
and on water table evaluations and flow directions. The lower Potomac aquifer is
largely recharged in an area north of the Newport site when major ground water
withdrawals from the lower Potomac are not occurring in adjacent areas (which
condition presently exists). The upper Potomac aquifer is probably recharged in a
large area southwest and northeast from the Greater Wilmington Airport
(Woodruff, 1984). Consequently, the Newport site is not located in the recharge
area of the upper or lower Potomac aquifer.
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From an analysis of ground water flow between hydrologic basins, the
Newport ai*ia along the Christina River has been specifically noted in the
literature for its lack of flow in the lower Potomac aquifer into adjoining areas.
In fact there is "excess ground water in the Potomac Formation which appears to
be discharging to the Christina River" (Woodruff, 1984). Figure 4-3 shows the
general area of probable discharge in the vicinity of Newport that has been
mapped by the Delaware Geological Survey (Petty et al; 1983). The prime
significance of this data is that ground water (and contaminants) in the lower
Potomac aquifer at the Newport Landfill site is apparently discharging to the
Christina River and not flowing south or southeastward toward the Greater
Wilmington Airport or Wiimington Manor areas where active public water supply
wells are located.
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SECTION 5
SITE HYDROGEOLOGY

Some hydrogeologic investigations have been conducted at, and in the
immediate vicinity of, the north disposal site. On the basis of monitoring well and
boring descriptions, as well as the ground-water level monitoring program
conducted by Du Pont, an initial model of ground water flow can be made. These
hydrogeologic deductions provide the basis for inferring the fate of contaminants
introduced into the ground-water system can be evaluated in terms of migration
potential.

5.1 BORINGS/MONITORING WELLS

In addition to the previously existing supply wells WW-11 and WW-13, 16 test
borings and 13 monitoring wells were installed by Du Pont from 1975 to 1981 to
evaluate the geologic and hydrogeologic conditions in the vicinity of the site.
Table 5-1 provides a summary of the construction data and current operational
status of all of the monitoring wells and supply wells. In addition to WW-11 and
WW-13, ten of the original 13 monitoring wells are presently utilized to monitor
ground water quality and water levels. These data have been collected quarterly
and submitted to the Delaware Department of Natural Resources and
Environmental Control.

The locations of the two supply wells and 13 monitoring wells involved since
1975 in the ongoing evaluation program as shown in Figure 5-1. The majority of
the wells are located north of the Christina River. Boring logs for selected
representative wells are included in Appendix A.
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5.2 STRATIGRAPHY

Site stratigraphy is based on a number of borings and monitoring wells
constructed between 1969 and 1981. The deepest boring, DM-7, was drilled to a
depth of 155 feet on the south side of the Christina River. Material described as
variegated silty sand with mica and labeled "decomposed rock", was encountered
at a depth of 139 to 155 feet. In DM-8, which is located near the north end of the
site, decomposed rock described as variegated silty clay with fine sand was
identified from 84 feet to 125 feet below the surface. Thus the depth of bedrock,
and correspondingly the thickness of the sediments overlying decomposed bedrock,
increases from 85 feet on the north side of the site to 139 feet in a southerly
direction across the site.

The oldest deposits resting on bedrock are sands, silts, and clays of the
Potomac Formation and which range in thickness from approximately 50 to
100 feet across the site, with an average around 80 feet thick. Based on the
boring logs, the Potomac Formation consists of variegated brown, red, gray and
mostly medium to coarse sands and gravel with silt and clay; and red, white, gray
variegated clays with sand and silt. As demonstrated by the generalized cross-
section shown in Figure 5-2 (originally prepared by Du Pont) correlation between
individual sand beds within the lower Potomac is difficult from boring to boring.
Note that this cross-section is a compilation of most of the wells at the Newport
site, rather than a specific linear arrangement along a typical cross-section.

Sediments of the Columbia Formation unconformably overlie the Potomac
sediments; that is, they were deposited on an eroded, irregular Potomac surface.
The average thickness of the Columbia sediments is 20 to 30 feet based on the
boring logs. At specific locations the thickness can vary considerably in response
to erosion of the Pleistocene sediments prior to deposition of the younger deposits
or where Columbia channel sands have been deposited into deeply eroded into the
Potomac sediments. Boring DM-6, perhaps, gives some indication of this
possibility wherein Pleistocene sands and gravels might have been deposited in a
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channel lithologically similar Potomac sediments. Consequently, precise
identificatioff-of the top of the. Potorriac sediments can be difficult. If the

!,

complete interval of sands and gravels from 16 feet to 45 feet is considered
Columbia sediments, then DM-6 would represent the location of the thickest and
deepest Pleistocene deposits.

Based on the boring logs, the Columbia sediments are: gray, brown mostly
silts and fine to coarse sands with some gravel; and variegated clays. Correlation
of individual sands and/or clay beds in the Columbia between borings is difficult.
The irregular vertical and lateral distribution of the individual Columbia sand and
clay and is also suggested in Figure 5-2, where correlation of individual units
between borings is difficult.

Hoiocene deposits unconformably overlie the Columbia sediments. Although
the depth of this unconformity cannot, of course, be determined from the boring-
logs, these recent sediments are probably comprised of the relatively thin silts,
clays and organics identified in the uppermost intervals of many of the borings.
Some of the Hoiocene deposits likely to be indistinguishable from the uppermost
Columbia sediments. In this report, the Hoiocene deposits are included with the
Columbia sediments.

5.3 AQUIFERS

The aquifers at the site are the sand units of the Columbia and Potomac
Formations. The various sand beds in the Columbia are hydraulically connected
and therefore respond as a single unconfined, water table aquifer. This shallow
aquifer typically responds to variations in precipitation and is recharged directly
by rainfall. In addition, the tidal readings taken in the . Christina River in
conjunction with ground water level measurements suggest that the Columbia
aquifer also responds hydraulically to changes in tidal influence on water levels in
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Christina River. The depth to the water table below ground surface ranges from
approximately" 7 feet below ground at the north end of the site to ground surface

i

at the Christina River.

The sand units of the Potomac Formation constitute the lower aquifer at the
site. As suggested by the approximately 20 to 30 foot separation in screen depths
of the supply wells WW-11 and WW-13, several different Potomac sand beds
capable of commercial quantities of water appear to exist in this area. However,
based on water level measurements collected in the Potomac Formation from
monitoring wells screened in a variety of sand intervals, the Potomac Formation
does appear to act as a single hydrologic unit.

As discussed previously, the hydrologic units within the Potomac Formation
have been- separated into the lower Potomac, upper Potomac, and, perhaps a
middle Potomac aquifer. According to Woodruff (985), the upper sandy unit of the
Potomac is present south of the Christina River in the Newport area, but does not
extend north of the River. Consequently, the Cretaceous sand aquifer
encountered at the site appears to belong to the lower sandy zone or lower
Potomac aquifer.

The spatial distribution of the interbedded clay layers within and between the
Columbia and Potomac sediments determines the hydraulic communication
between the Columbia aquifer and the Potomac aquifer. The Delaware Geological
Survey has indicated that in some cases the sands of the Potomac Formation and
the sands of the Columbia Formation may act as single hydrologic unit (Woodruff,
1981). At the Newport site, the differences in the elevations of the water table in
the Columbia aquifer versus the potentiometric surface in the Potomac aquifer
indicate that these aquifers are separate hydrologic units. However, available
evidence suggests that hydraulic communication does occur between the Columbia
and Potomac aquifers.
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The 1976 Newport site hydrographs prepared by Du Pont (Figure 5-3)5s»- - -
corroborate this conclusion. The hydraulic communication between the two
aquifers is discerned by comparison of water levels in the middle of July when one
or both of the supply wells, WW-11 and WW-13, were turned off. Not only do the
water levels in the two supply wells quickly recover, but all of these monitoring
wells recover quickly when the pumping ceased. Thus, the interbedded clay layers
separating the Columbia and Potomac aquifers do serve as aquitards which retard
vertical movement of water between the two aquifers, but they apparently do not
prevent hydraulic communication between the aquifers. As previously discussed,
the clay beds are discontinuous, thus, no continuous barrier retarding vertical flow
is present at the site.

5.4 GROUND-WATER MOVEMENT

In order to evaluate more fully the movement of ground water at the Newport
site both laterally and vertically, the water level data collected over a number of
years by Du Pont was evaluated. Although a number of hydrologic factors, such as
rainfall, regional water levels, tidal influences, etc., impact the water levels of
both aquifers to varying degrees at the site, the most striking impact is associated
with ground water withdrawals from the supply wells WW-11 and WW-13. As an
example, Figure 5-4 (prepared by Du Pont personnel) has been included here to
demonstrate the magnitude of the cone of depression created by pumping
WW-11. Withdrawals from WW-13 have similar impacts on the potentiometric
surface of the Potomac aquifer. In constrast, a fairly uniform hydraulic gradient
within the Potomac aquifer exists across the site when neither of the supply wells
are being pumped.

Since 1980, WW-11 and WW-13 have not been pumped for supply purposes at
the Newport plant. Consequently, cones of depression previously present have
ceased to exist. To evaluate the movement of ground water at the site subsequent
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to 1980, wa|ej- table and potentiometric surface contour maps were prepared on
the available water level data. As representative examples, Figures 5-5 and 5-6
depict ground-water elevations measured on-site in October 1986.

Figure 5-5, which is superimposed over a base map for the site, shows the
typical contour pattern of the potentiometric surface in the Potomac aquifer.
The fairly uniform direction of ground-water movement in response to the existing
hydraulic gradients is toward the southeast on the north side of the Christina
River. The ground-water elevations in monitor wells DML-7 and DMU-7 do not
vary enough to make a strong definitive statement of the direction of ground-
water movement in the Potomac aquifer on the south side of the Christina River.
However, during measuring episodes when water levels were available for DM-5 or
DM-4, the majority of the water level data suggest a small degree of horizontal
flow component within the Potomac aquifer to the northwest (toward the
Christina River). These data are supported by Woodruff (1984), wherein excess
water in the lower Potomac aquifer is reported to discharge to the Christina
River.

In comparison, the contour map of the October 1986 ground-water elevations
in the Columbia aquifer (Figure 5-6) suggests a more intricate and varied
movement of ground water in response to hydraulic gradients in the water table
aquifer. This interpretation of the available data is based on the apparent
relationship between surface topography and the depth to the water table in the
Columbia aquifer. In the northern portion of the site, there is a fairly uniform
southerly flow of ground water. However, the apparent discharge of ground water
from the Columbia aquifer into the lowlands adjacent to the Christina River
appears to have a strong control over the radial direction of ground water flow
away from the mounded landfill area itself along the north side of the river. This
is not an unexpected phenomenon since the Columbia aquifer is commonly
considered the source of base flow in the streams in this area Uohnston, 1973).
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With respect to the north disposal site, precipitation infiltrates the fill materials
and then is discharged to the Christihâ Rfver and the intermittent tributary of the
River on the north and west sides 6f the landfill.

5.5 RECHARGE/DISCHARGE

As discussed earlier, on a regional basis the Columbia aquifer frequently
serves a very important hydrologic function by providing recharge to the deeper
underlying sand units of the Potomac Formation. This basically occurs in areas
where the elevation of the water table in the Columbia aquifer is higher than the
potentiometric surface elevation within the Potomac aquifer. The degree to
which this type of recharge occurs depends on the magnitude of the difference in
the water level elevations of the two aquifers and the vertical permeability of the
aquicludes, or lack of, which separate the two hydroiogic units.

Where the potentiometric surface elevation in the Potomac aquifer is higher
than the water table elevation in the Columbia aquifer, the potential exists for
the movement of ground water upward from the Potomac to the Columbia in
response to the vertical upward hydraulic gradient. Even if there is no net
vertical upward flow of Potomac water, the vertical gradient in this type of
situation prevents the downward movement of ground water from the Columbia
into the Potomac.

By overlaying the contour maps of the water level elevations in the Columbia
and Potomac aquifers, the relative head differences and direction of vertical
hydraulic gradients can be discerned. The net result of this comparison is shown
in Figure 5-7. As the available data suggest, the artificially mounded landfill on
the north side of the Christina River has higher water level elevations than the
Columbia aquifer. Consequently, the potential exists for localized downward
vertical movement of ground water.
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The general area to the north and northeast of the site also has head
differences stfggestive of a recharge area. In contrast, the Christina River and
associated lowlands surrounding the landfill have an apparent upward vertical
hydraulic gradient and thus are potential discharge areas as suggested by Woodruff
(1984). The areas identified in Figure 5-7 as discharge areas correspond to the
discharge area shown by Petty et al. (1983), but show the boundaries in greater
detail in accordance with the specific drainage patterns associated with the
Christina River lowlands at the Newport site.

5.6 CONTAMINANT MIGRATION

Monitoring wells in the area of the north disposal site typically show evidence
of contamination by barium, cadmium, and zinc. Available ground water quality
monitoring data and included as Appendix B.

Upgradient shallow wells (SM-2 and SM-5) show no or low levels of these
metals. However, shallow wells SM-3, and SM-4, at the southern limit of the
north disposal site typically contain these metals in concentrations at or above
their respective drinking water standards. Trichloroethylene and
tetrachioroethyiene have also been reported in SM-3, at concentrations between
10 and 100 ug/1. In SM-1, just north of the Christina River east of the north
disposal site, only barium appears in ground water in significant concentrations
(i.e., above its drinking water standards).

A somewhat similar pattern is seen in the deep (Potomac Formation) wells
north of the Christina River. Monitoring well DM-3, at the southern boundary of
the north disposal site, typically shows the highest levels of contamination
observed, with concentrations of cadmium and zinc well above their respective
drinking water standards, and concentrations of. tetrachioroethyiene typically
above 200 ug/1. Trichloroethylene has also been detected in low concentrations
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(less than 10 ug/1) at this location. Relatively low contaminant concentrations are
observed in DM-6, at the southwest corner of the site, with levels of cadmium
slightly above drinking water standards (typically 0.02 to 0.03 mg/1).

The deep wells upgradient of the north disposal site include the two former
water supply wells (WW-11'and WW-13), DM-1, which is just north of the north
disposal site, and DM-8, which is on the plant site to the northeast. The water
supply wells typically contained cadmium above 0.01 mg/1 while they were in
operation. Since these wells have stopped pumping, cadmium levels are generally
below the drinking water standard of 0.01 mg/1. Well DM-1, north of the disposal
site, also contained levels of barium and cadmium above drinking water standards
during 1977-1980, possibly as a result of flow to the north from the landfill
induced by the water supply wells during their operatin. Well DM-8, northeast of
the landfill, also shows evidence of contamination by cadmium, zinc, and
tetrachloroethylene.

Although the Christina River appears to represent a boundary to contaminant
migration from the north disposal site, some contamination has been observed in
monitoring wells in the Potomac Formation south of the river (DM-4/5, DML-7
and DMU-7). Cadmium, barium, and tetrachloroethylene have been observed in
the DM-4/5 well pair. The heavy metal contaminants associated with the site
(barium, cadmium, and zinc) have not been observed in the DML-7/DMU-7 pair
south of the north disposal site, indicating that southerly migration of these
contaminants has not occurred. However, recent data suggests the presence of
tetrachioroethyiene in the shallower well, DMU-7. Water quality data in wells
south of the Christina River suggests a separate source of contaminants in this
area.

Recent water quality data also indicates some localized ground water
containing radioactivity levels which exceed drinking water standards. Some
disposal of thoriated nickel (a radioactive substance in an insoluble metal matrix)
has occurred at the north disposal site. However, regional geologic data
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(less than 10 ug/1) at this location. Relatively low contaminant concentrations are
observed in DM-6, at the southwest corner of the site, with levels of cadmium
slightly above drinking water standards (typically 0.02 to 0.03 mg/1).

The deep wells upgradient of the north disposal site include the two former
water supply wells (WW-lTand WW-13), DM-1, which is just north of the north
disposal site, and DM-8, which is on the plant site to the northeast. The water
supply wells typically contained cadmium above 0.01 mg/1 while they were in
operation. Since these wells have stopped pumping, cadmium levels are generally
below the drinking water standard of 0.01 mg/1. Well DM-1, north of the disposal
site, also contained levels of barium and cadmium above drinking water standards
during 1977-1980, possibly as a result of flow to the north from the landfill
induced by the water supply wells during their operatin. Well DM-8, northeast of
the landfill, also shows evidence of contamination by cadmium, zinc, and
tetrachioroethyiene.

Although the Christina River appears to represent a boundary to contaminant
migration from the north disposal site, some contamination has been observed in
monitoring wells in the Potomac Formation south of the river (DM-4/5, DML-7
and DMU-7). Cadmium, barium, and tetrachloroethylene have been observed in
the DM-4/5 well pair. The heavy metal contaminants associated with the site
(barium, cadmium, and zinc) have not been observed in the DML-7/DMU-7 pair
south of the north disposal site, indicating that southerly migration of these
contaminants has not occurred. However, recent data suggests the presence of
tetrachloroethylene in the shallower well, DMU-7. Water quality data in wells
south of the Christina River suggests a separate source of contaminants in this
area.

Recent water quality data also indicates some localized ground water
containing radioactivity levels which exceed drinking water standards. Some
disposal of thoriated nickel (a radioactive substance in an insoluble metal matrix)
has occurred at the north disposal site. However, regional geologic data
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(Woodruff and Thompson, 1975) indicate the presence of pegmatitic veins and
lignitic clayfrthese geologic features are commonly associated with high levels of
naturally occurring background radiation. The available data are insufficient to
determine whether background radiation or waste disposal at the North Disposal
site are contributing to the observed levels of radioactivity.

%

The overall conclusions regarding the hydrogeology of the local Columbia and
Potomac Formations can be applied to an evaluation of the migration of
contaminants in the ground-water system relative to the north disposal site. For
example, if the concentrations of cadmium are historically reviewed for the
monitoring wells, DM-8 stands out as a well location where notable concentrations
of cadmium have continuously been measured in the Potomac Formation from
1981 to 1987. Because the adjacent Columbia monitor well, SM-5, has never
shown high cadmium concentrations, the cadmium source is not in the immediate
vicinity of DM-8. The most plausible explanation of cadmium concentrations at •
this location is related to the directional flow components of local ground-water
movement between and within the Columbia Formation and the Potomac
Formation associated with previous ground water withdrawals from supply wells
WW-11 and WW-13.

Recognizing the waste disposal in the area and ground water withdrawals
from WW-11 and WW-13 extended over a period of decades, the cadmium
concentrations in ground-water samples from DM-8 reflect: 1) the vertical
downward gradient between the Columbia aquifer and the Potomac aquifer at the
disposal site; and 2) the downward vertical gradient and northerly component of
horizontal flow Jn the Potomac aquifer temporarily created by the cone of
depression induced by ground water withdrawals in WW-11 and WW-13. Because
these supply wells were only taken out of service about 1980, the return of the
vertical and horizontal flow components to the apparent present day conditions
has not existed over a significantly long enough period of time to allow removal of
contaminants from the Potomac aquifer in the immediate vicinity of DM-8.
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Thus thf.JDM-8 cadmium concentrations reported since 1981 probably are
relics or artifacts of the downward and northward flow gradient that existed only
when WW-11 and WW-13 served as active water supply wells. Since their
abandonment, however, the flow gradients in the Potomac aquifer have reversed
to the normal southward horizontal flow and the normal vertical upward gradient
near the supply wells. In fact, the cadmium concentrations in DM-8 have
consistently declined since 1983. Although the cadmium levels in WW-11 and
WW-13 were never very high, they have likewise dropped significantly in the last
seven to ten years, along with decreasing levels of zinc and barium.

The hydrogeologic deductions can also be utilized with regard to the low
cadmium and zinc concentrations in DM-6, which lies at the immediate
southwestern edge of the north disposal site, versus the very high cadmium and
zinc concentrations at DM-3, in the main landfill area. The vertical downward
gradient from Columbia to the Potomac set up by the artificial mounding of
material on the landfill (to an elevation in excess of 25 feet above sea level) has
apparently been responsible for the movement of the contaminants down into the
Potomac aquifer at the DM-3 monitoring well location. In strong contrast, an
upward vertical gradient from the Potomac aquifer typically exists in the area of
discharge essentially surrounding the northern landfill site, as indicated by the
data reviewed for this analysis and corroborated by Woodruff's (1984) reporting of
Potomac aquifer discharge into the Christina River. This upward gradient in the
lowlands along the Christina River has apparently prevented any significant
downward movement of contaminants into the Potomac aquifer. Monitor well
SM-4 shows very high cadmium and zinc levels as does DM-3.

Another very interesting observation regarding SM-4 is that since at least
1982, this well has shown a decreasing trend in both cadmium and zinc. This
might reflect an increased upward gradient in trie Potomac aquifer since the
curtailment of pumpage from WW-11 and WW-13, which decreases movement of
contaminants into the Columbia adjacent to the landfill.
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Therefore, general contaminant migration scenario associated with the north ^^
disposal site could be described as follows. Within the mounded landfill perimeter
contaminants have likely migrated downward into the Potomac sediments in
response to the artificially induced vertical downward gradient. This "island of
recharge", however, is surrounded by an area of probable discharge from the
Potomac Formation due to the upward vertical gradients. As shown schematically
in Figure 5-8, the net effect of these hydrogeologic conditions could conceivably
be that virtually all of the contaminants in the Potomac aquifer derived from the
north disposal site are gradually being discharged into the Christina River.

The lack of contaminant migration in the Potomac aquifer southward beyond
the Christina River is indicated from the analyses of cadmium, barium, and zinc in
monitoring wells DMU-7 and DML-7, which are also located on the south side of
the Christina River. These wells, screened at 50-foot and 140-foot depths,
respectively, show no sign of any significant heavy metal contamination. The
recent observation of tetrachloroethylene concentrations in DMU-7 (but not
DML-7) suggest another source of ground-water contamination somewhere on the
south side of the Christina River. Presence of heavy metals (cadmium, zinc and
barium) and tetrachloroethylene at the DM-4/DM-5 location south of the river
also indicates a potential source on the south side of the river.

The results of this hydrogeologic evaluation address the potential for
contaminant migration from the northern landfill site to potential ground-water
users south of the Christina River. The probable source of water in the Columbia
aquifer along Old Airport Road is local infiltration of precipitation. At the
Newport plant site, all available evidence suggests that water in the Columbia
aquifer discharges locally to the Christina River or its tributaries. With respect
to the Artesian Water Company-Wilmington Airport wells, ground water flow is
upward in the lower Potomac near the north disposal site and apparently
discharges into the Christina River as Woodruff (1984) reported, whereas recharge
to the Potomac aquifer several miles south of the plant site is by local vertical
infiltration.
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TABLE 5-1

NEWPORT PLANT
c- MONITOR WELLS

(MSL)
Screened Ground

Designation • TD Interval Aquifer Elevation Status

SM-1 24' 17'-21' Columbia 21.1' Active
SM-2 25' 21'-25' Columbia 13.5' Active
SM-3 35' 33'-35' Columbia 25.0' Active
SM-4 51' 20'-25' Columbia 3.1' Active*1)
SM-5 20' 15'-20' Columbia 18.6' Active

DM-1 56' 27'-31' Columbia 16.0' Plugged
DM-3 63' 53'-62' Potomac 24.8' Plugged
DM-4 51' ?-51' Potomac 7.6' Active
DM-5 81' 53'-63' Potomac 7.7' Plugged
DM-6 70' 60'-70' Potomac 3.1' Active
DMU-7 50' 40' - 50' Potomac 9.5' Active
DML-7 155' 135'-145' Potomac 9.5' Active
DM-8 126' 45'-55' Potomac 18.0' Active

WW-11 65' 50'-60' Potomac 22.0' Active*2)
WW-13 112' 88'-99' Potomac 23.2' Active*2)

(1) Formerly DM-2; reclassified as SM-4 due to screened interval in Columbia
(2) Not utilized for supply purposes since approximately 1980

100051?



.1
o

i i
11
Tl
• as
<
'i

I

(A

g§

M "

IN
Si

12!

*u lr ssi*

!!

100053



SJyfeEl I &
^ ;;.*£•;;& a!rjrmp
X.totf»̂ '

«MH

«•>___*c
f* ———*- ê ex
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SECTION 6
, V

POTENTIAL RECEPTORS

Water supplies in the vicinity of the site were identified as potential
receptors of ground-water contamination from the north disposal site. Three
potential receptors were identified. These included two public water supplies in
the area - the Artesian Water Company, and Wilmington Suburban Water
Corporation. In addition, one area of local ground water usage via private wells
was identified - along Old Airport Road southwest of the site. The following
sections briefly describe available information concerning these potential
receptors. Figure 6-1 illustrates the locations of the ground-water supplies within
3 miles of the site.

6.1 WILMINGTON SUBURBAN WATER CORPORATION

The Wilmington Suburban Water Corporation currently uses only surface
water supplies although the Corporation formerly used ground water supplies. The
main surface water intake is located almost due west (upstream) of the Newport
facility at the junction of the White City and Red Clay Creeks (tributary to the
Christina River). Since the Wilmington Suburban intakes are located upstream of
the site on tributaries to the Christina River, no impact to these receptors from
the site is expected.

6.2 THE ARTESIAN WATER COMPANY

The Artesian Water Company, with offices in Newark, Delaware, operates a
water supply comprising 42 wells over an area of about 110 square miles. The
population served by the Artesian Water Company is approximately 150,000,
according to the HRS Scoring (USEPA, 1986). Total supply of the system averages
approximately 11,000,000 gpd.
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The weffe nearest to the site operated by Artesian Water Company are
located at the Wilmington Airport approximately 1-1/2 miles southeast of the site
(see Figure 6-1). Three wells are operated at this location on an intermittent
basis to meet the peak demand to meet the peak demand. (4-6 months during the
summer season). Quality o.f this water is considered to be poor due to high natural
background concentrations of iron and manganese. When operating, these wells
provide approximately 500,000 gpd, or less than 5% of the average system
supply. On an annual basis, these wells provide about 2% of the Artesian system
supply.

The primary supply of the Artesian Water Company is provided by wells 3
miles or more from the site which are interconnected in the distribution system.
Figure 6-1 shows the permanently operated wells nearest the site, which are
located at Wilmington Manor, 3 miles southeast of the site.

As discussed in Section 5, there is no evidence that contamination from the
north disposal site is likely to migrate to the Artesian Water Company Wells
southeast of the site. In addition, the wells operated at the Wilmington Airport do
not appear to represent an irreplacable component of the Wilmington Supply, but
rather represent low quality water used for peaking purposes only.

6.3 PRIVATE RESIDENCES ON OLD AIRPORT ROAD

The potential ground-water receptors closest to the site are the
approximately 25 private residences along Old Airport Road southwest of the site
(see Figure 6-1). According to documentation collected by USEPA to support the
HRS scoring, at least 2 private wells with depths of about 20 to 25 feet are
operated in this area. The Artesian Water Company, which services this area, has
no records of connections to residents in this area. It is therefore reasonable to
assume that all residences are supplied with drinking water from private wells.
With the exception of the two relatively shallow wells documented by USEPA,
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depths of other wells in the area are unknown. Based upon the analysis of
hydrogeolog]p6f the area presented in Section 5 above, it is highly unlikely that
contamination from the north disposal site could impact private wells in this
area. Shallow ground water in this area is likely recharged by infiltration, with
discharge northward to the Christina River.

•(

If ground-water contamination is observed in the area of Old Airport Road, it
is likely to be related to local land use patterns, which includes a high density of
large automobile junkyards between Old Airport Road and the Christina River.

Although the Artesian Water Company does not currently supply water to
residents in this area, this company has a water main along Old Airport Road,
according to Mr. B. Lakshman, chief engineer of the company. If contamination is
observed in private wells along Old Airport Road, public water supply may be
readily available.
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SECTION 7
• LIMITATIONS

The -professional opinions presented in this report are based upon our
interpretation of available^ information. No new information was generated by
WCC. Primary sources of information included: description of regional
geohydrology developed by the Delaware Geological survey; information
concerning site history, waste characteristics, hydrogeology and ground water
quality collected by Du Pont; information available from USEPA files concerning
the site; and information provided by water purveyors in the area. We have
assumed that the information available to us is complete and accurate, and have
developed our interpretation based upon the best available data. In interpreting
available information, we have assumed that the data are representative of actual
prevailing geohydrologic conditions. Our conclusions are based upon our
understanding of site conditions and history and our general experience. Our
engineering work and judgements rendered meet current professional standards,
and reflect a degree of conservatism WCC deems proper for this project at this
time.
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.....SUPERVISOR ............... .

j DATE

1 DATUM

Driller's Description of Materials

*rsv Silt?r C? p.y -/Or̂ ?r.ic
n?c. 2.0
•5Wa ^j, p%ova r^.oft> ,.,%
-.rre p_e ?r?0^p "tic^rv
r̂ -.s *„ 9*̂ .*
•?r~̂  . tT^^J- --/-"To— i* ^' T ̂-'.r ^ «B-T

It II 11 II II M

-..„,. .-̂ j— r̂ ,̂ ,T r-r.->
,'—„,, C'-̂ sr'-T' C* i -:- ... /' r̂ . ̂^ - ,*•% -̂

T-.r-.~ „* r«-.--^ ...-..«-.. r.-.,^r--.j.>

P^np, +r> K,ftrf V*^«*«4^ e*T*,,

Sand ( 'ul̂t ̂
RCJ! C?.av (Stif.f)

-.-.•' (̂ t)

7v̂ .̂?̂ ^̂  ci«vfi-r -7^^ r - t)
y-^ --nJ-.J TS-.-^-T n — ,ri -./̂ ry-,0 O1 •

r-i->.'- 1i"iJ:-<'' T̂ ~-'
v,..̂..̂-.,* .:«!*„ cr-^ r--«-j-̂
~r:i. "5 it -/>. r-r?vtl

>ppcd 30 In. required to drive 2 in. split-spoon sampler

spp<d 18 In rvqulr ••* to drive ,,,.... i« eula* 12 inrh
lx% 5Q P*V»C. *010 S3
a. Or̂ .s.o.. .................
16.0-18.0

:

.ol. 20.. 0̂ 25.0

•Blows
A

:̂:d

x!h<

•* ,.

/
-r

T "V

IV'

^j_ \

for each of three

es.

GROUND WATER

itn

BLOWS OhCASING R
0. 1
1- 2
a- 3
3-4
4- 5
5-6
6-7
7- •
8- 9
9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
2S-S9
28-30
30-31
31-32
32-33
33-34
34-35
35-36
36-37
37-38
38-39
35-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
^ / *^o
48-49
49-50
50-51
51-52
52-53

64-55
55-58
56-57 ——
"57̂ 58 ———
68-59
8D-GI
SO-C1

078



~L ^ M -n
DRILLERS LOG PermU |49179

I /'fc/rc.. P/LL, \ Sĉ ô  f̂ fiiAirt&iJ)

"̂ u/ Ŝ rr /=/£ Ŝ fl *jJ&u&ShfiA
1
1
| Js-T 6. P.M. Clear (Across Rfver Site)

• *

Pressure Grouted 14.0-0'

Gravel Pack 14. -.20

1 Casing PVC 42 to 15' (4M)

1 'Screen PVC 15fto 20' (4")

1-3 — : ——————————
• *

. • i •

• - •: . . . . . .

^ • " • . " " * •

- - - * -

.

1 ——————————————————————————— 1 ———————————

THICKNESS OF
STRATUM

.̂0

/7.6
m

•

• "

-

T-.

•

-

— .

• - '

......

•

DEPTH TO BOTTC
OF STRATUM

3.o m
2£>.o

m

T ,= ,.

-_

• -

. .. , •
•

•

.

. - •

•

_A

IOQ079



Mto~* 4 f*"

Bk 12 Û

A/ >P. 0- BOX 1097, NEWARK, DELAWARE 19711 •

& JOEING LOG
DM-1

Pont Company..... ............... ........ ................FROJECT NO. ...............
* ...?.e.WP?.F*» ..P?A.« ....... .........................................SUPERVISOR ............

*"

•BORING NO. (DRILLER < JDATE
. DM-1 1 R. Srieksfm 1 7-16-75

'BATHER ISURFACE.ELEVAT10N (DATUM
Cloudy & Hot 1 I

Sample
j Mo.

1 S-l
'
j (Augtrr̂
1 ——
2

j_3

r̂::
6

i
.-?_
S-2
S-3

f_.8.__

9
.

•A Numb
C in. incj
» B Kum
JSMASE

Sample
Depth • Feet
From

0

er Sa

5.0
6.0
7.0
7.5
8.0

10.0
12.0
14.0
19.0
21.0
23.0
24.0
26.0
28.0

To

2.0

male

4.0

10.0

12.0
.4.0
16.0
n.o

?$iO

. Depth Strata
Feet

From

0

2.0

3.0

5.0

6.5

8.0

10.0

18.5

23-5
24. Q
26.5

To

2.0

3.0

5.0

6.5

8.0
10.0

18.5

23.5
?4.0
26.«>

3R.O

>cr of blows of 140 Ib. hammer dr<
rements.
t>cr of blows of 300 ib. hammer dr
S' ....................

^ .Driller's. Description of Materials

Brn. Silt w/Sorne Sand & Gravel
n n ii M M M it

(Rec. 1.5)
Lt. Brn. Silt v;/Gravel
Some Brn. Clay Some Pill (Brick)
Brn. & Gray Silt & Gravel w/Some
Pill & Gray Silty Clay
Brn. & Gray Silt w/Tr. Red Brick
Same as above
Brn. & Gray Silt
Same as above
Variegated Silt w/Some Clay Tr.
Gravel (Slightly Plastic)
Variegated Clay
Variesated Clav (Rec. 1.8)
Brn. & n^»v C1 a1" f^pr. "? 0^
u, _, / Organic;Gr?v C3 PVPV Si 1 ± "//̂ v. Sp>-iri %•
Same Ko Organic
r.̂ av cip~*v «?n* -/̂ n C^A

"^rn»_ S_i1 t , ̂ ??nrt ?? Hrpvpl TV. C1 py
^TI . COST^P ^prifl ^- (Vrpv. Somp'Si'
*^. Cnp^p qp^rt * r.r*v n̂n,0 «?V

>ppcd 30 in. required to drive 2 in. split-spoon sampler

Etpped 18 in. xcquirH to drive ....... in. casing 12 inch

•Blows
A

Auf
ii
ii
«

Sec

SDC
Srf
SHI
fSTDC

V.'fifJ
„

S-nr
f '
^

'T P\•JjCI

er

on

on
T.BY
1BY
on
j, S

n-n

ii

Sain1:——

»
-

inp"
it

SP'
it

for each of three

es.

.
I GROUND WATEB

•

/̂»oino n

0- 1
1- 2
3-
-
-
-
.
-
-
-10

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-13
18-19
19-30
20-21
21-22
22-23 .
23-24 •
24-25
25-28

b.ZS-27
27-23

29-30
30-31

32-33
33-34

35-36
35-37
37-38
38-39
39-<0
40-41
41-42
=42-43
43-44
44-45
45-48
43-47
'4T-13
48-49
49-50
50-51
51-52
52-55
53-54
54-55

~«7-SS ———
8S-5»
59-60

S0«l

10Q080



i

4?
3vJ?o.3.1f . .CDE

Drininp Contractor
P.O. OOX1097, NEWARK, DELAWARE 19711'

BOEING LOG

apny. ..................... ...................... ..FROJECT NO. ........

*
BORING NO. DRILLER ^ -̂>.

WEATHER SURFACE ELEVATION

Bampk
No.

10

11

12

^ •?

-

.

Bataplt
Depth - Fett
From

•50.0

:-i'-.o

.'•̂.o

-l'..n

To

•'-••i . o

J.--6. o

*X.n

• • •

Depth Strata
Feet

From

•'•? . 0

To

••••?. c

5^.f»

56,0

•A Number of blows of 140 Ib. hammer drc
C In, increments.
• B Number of blows of 300 Ib. hammer dr

• ZMARSS: ..Screen i.. ?« j&».. .Sch
Gravel Packi Morie f2 2

Driller's Description

4-

. . .SUPERVISOR ..........

DATE 7-17-75
DATUM

of Materials

v/~o-

Variscater* K€<?. "to Con.rr'S 3ilt"
Ŝ rd v/Tr. C?.«y (We1
75Ti?r«t?'' ?in= Til-

l.

j..

)
:• C*---/ZT .

•S.yr C'ct) . .. ""
-r —— *,̂ s*.., ̂ 0,-̂ e rr.̂  .../r.̂ ,TffT

•••;i«_v (7*i«!:r)

_

•

-- -

>pped 30 in. required to drive 2 in.

opped 18 in. requIrM to drive .....
t.....3P..P...Y<p.C......Q20..Sl<

!_5..0-31..0........ ..........
Grouti Bentonite Pellets 23.0-25.0
' Cement i 0 - 2̂ .0

r

split-spoon

. . in. caslnj
t 27—0—

•Blows
A

sampler for eacb of three

C 12 inches.

GROUND WATER

BLOWS
CASING
o. t
1- 2
2- 3

. S- •

.«- 7
1- •
•- •
9-10

10-11
11-12 .
12-13
13-14
14-15
15-18
16-17
17-11
18-10
19-20
20-21
21-22
22-23
23-24
.24-25

26-27
27-23

30-31
31-33
32-33
33-34
J4-35
35-35
3&-37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-45
40-47
47-48
46-49
43-50
50-51
51-52
51-53
53-54

S»-S»
s»-$»
CD-41



^

^
IAME .DuFoirt: -Con

• - Newport- •?]

^f
ipsn̂ "̂
a rvt . . .

r

/

BORtNG NO. ————————
fr§4*ttM —— QK-̂ 3 ——————

Cl ear /, ?. H rt

•unpk
No.

,
?

•a

4

X

7

8

g

to

11

•ample
Depth - Fatft
FrOBl

^< n
37 ..Q.
•so n

if5 <">

/I -3 n

/j r n

L.-J n

ZIQ n

51 n

53.0

55.0

To

•}£ 5

•*= <
^rn r

/tj C

^f Ii C

^\f c

/,c c

50. «;

52 5

5/i 5

56 5

vvMkiwn V'V̂ nr'v̂ RMi iun ^/ 1 "^
Drilling Contractor ŷ  vî

P. 0. BOX 1097, NEWARK, DELAWARE >^il U^

BOEING LOG [ V&U\« \<o°' /

........................................ .SUPERVISOR ;

1
*.».»»

DEILLEB DATE "~ ———————
ft T̂ T̂ l 1 VP T* ^ ? ̂ 7 A

SURFACE ELEVATION ————— DATUM '" ——————

Depth Strata
Feet

Fiuiu

0
35 n

39 n

/^n c

42 ^

'l< n
/fX C

iio n

5n 5

53 0

5'i

To

35 0

39 n
«;

42 «?

/, c A

lit f
49 n

<0, K.

53 0

5'i

56

•A Numfeer of blows of 140 Ib. hammer dr
6 in. increments.
• B Number of blows of 300 Ib. hammer dr
REMARKS- , .Pr̂  1 1 ̂ "^ ktf«*OT» T?<

..............Orill ing. Kud.. Firs

.«> A *̂  iJ <• u .'

Driller's Description of Materials

/s,~av.«,» r« f.̂ n̂̂ ., -r^v^ _

'jTRy rr'i ^ ân** & Gravel ( tat)

rrr C cur3 fi. "rivol v^"or"n it1
{ et ̂
Bm, I.iCif, .. ilty ^and w/?r. Jpav
f 'ot )
Brr i. Pod T'od "il*" ~a.rj w5 th
c«.ypv ^T^TTrr*! ^-^^-^

ilnr^o V * T * r'Tn'*

va ' ' t fl Cl " & S d" plC, " * — J ^* *" ' **»7 » ̂ ̂ .7

• w/Jorae Silt (..ot) ——————————

"la- ("9t̂
Variei;a'ted Sandv oil* w/aomo ——

i Hlay C,fct) ______________
Variegated ••Sandy Clay w/joreo ——

Variegated Glay w/uomo Jilt ———

•Blows
A

1̂

?<

'

,

^

?

^

-T2 — '

-ti-

-4-

2

?

f

-H-

4*-

I1

^

•MMî MH*

e

1O

jpped 30 in. required to drive 2 in. split-apoon sampler for each of thr*

opp«d 18 in. requir?'! to drive ....... in. eaatnf 13 inches.
.CS.t.AJSfcd.ii. .35̂ ^ ••••••••••••••••••••••••• ••••• ...........
+ ^% m A A A /1 4 A

GROUND WATER

10-9 £ n̂mrv")! a •»•;««

1

BLOWS ON
CASING B
0- 1
1- 3
2-
3-
4-
6-
0.
7-
t-
•-10

10-11
11-13
13-13
13-14
14-11
!*-!•
i«-n
17-lt
1*>U
1 A r̂ihlt-30
30-21
31-33
22-33
23-34
34-25
»i^»
26-37
27-33
21-29
29-M
30-31
31-32
32-33
33-34
34-3S
3S-36
J*-J7
S7-U
3*-3»
39-40
40-41 .
41-42
42-43
43-44
44-46
46-40
4*-47
47-a
44-49
49-50
M41
•1-13
fX-tt
H-M
S4-H
W-M

"Wl ———
iĴ
{̂)032



WALTON CORPORATIONty
i AME DuPont Coi

...tifiwport..P;
npan$r
Lan.t . .

uniunf vonirmcvor
P.O. BOX 1097, NEWARK, DELAWARE 19711

BOEING LOG

.......................................... .PROJECT NO. ......

............................................ .SUPEEVISOR .1".r̂ S-herrsan
BORtNGNO. DRILLEE DATE "" ———

•MAfTteR &—3 ———————————— SURFACE •tLRWft&l ̂ ™" ————— HATOM 3*30-7̂  ——————————IVBATSUK aUKTAVC> KUfcVAlHMV UATUJn

•Affipk
NO.

1 ?

1 *"(
|it

~4̂ -
1*..

— 1?-
Ifi .

•ampleDepth -Fwt

<A n

57 ̂
<P n
59 0
6̂ ^

61 0
<9 O

To

57 0

CP n

C9i n
60 0
61.0

62 0
6? 0

Depth Strata
Feet

nom To

&3 6

DrUler'i Description of Materials

Cont iw-iod f*T*oTTi Tinr̂ f* 1
..'ash Samples —— •• ———————————
Y&X*ift£T&̂ fi f5 P̂  Q*\T wXpftTOO SflTtl^ *̂

sfvrgl 1 ljT*Q.VQ'l

•f n it

F/i'./S Sand , Gravel ong aoir.e ——
VnT"T ff*n + cfl PI mr

« M M

Note i Vnr»h Ta-rgor* p-psvo"] ^5

TiT^nipl on fr̂ T̂ 1' MT̂ 'PflT* StT*3t3

56.0-59.0 Drilled Smooth ————

Hrlft "̂ ftftV itfp+ey* >̂ -̂' ^ ?JT3 S*^Sll

amounts thereafter.
Screen Set 61 . «; fHnlP navp^ f̂ ô
strata)
R'.ateT'l el s i
? - 2" Sch. RO x ?' Se-repnR .

•Blows
A

UT1 •̂ PT*1'" '

=

•tA/fre vr>
CASING!
0- 1
1- 2
_i __ A»- V
4-
6-
6-
7-
I-
t-10

10-11
11-13
12-13
13-14
14-16
15-16
16-17
17-11
18-11
11-30
30-31
31-23
32-33
23-24
84-48
»*m

26-37
27-23 ^̂
JS8-29_Ĵ I|
28-30 ̂
30-31
31-32
32-33
33-M
vV— 49

35-36
39-17
37-33
36-3t
30-40
40-41
41-42
42-43
43-44
44-46
46-4«
46-47
47-43
48-4»

•A Number of blows of 140 Ib. hammer dropped 30 in. required to drive 2 in. split-spoon sampler for each of thrM *****
• in. Increment*. I 61-63
• B NvBber of blows of 300 Ib. hammer dropped 18 In. require to drive ....... in. casing; 12 inches. | **-**

cs-

threJ.

GROUNDWATD

—— L-AA4

64-66 ^̂iprA
6647 ""̂
6746

Ai«« ——— —
•Ĵ *̂ ^

aw _



f
«AME ;>uPor

• -Newpc

r
t

it • GorcpanJF
rrt-vl-ant---

BORING NO. ———

WRAfURR --TT- u9«*.

•ampk
No.

•ample
Depth -Fett
Flulu

-

To

WVML.il/ra Wl/PCr~VJIf ATIOfM
Drilling Contractor

P. O. BOX 1097, NEWARK, DELAWARE 19711

BOEING LOG

................ .....,..„ /.-. .......... .PROJECT NO. .
t

........................................ .SUPERVISOR .Yj"V-C-heman
DRILLER " DATE " ""'" ——————

SURFACE ELEVATION ————————— DATUM ——— ——— ————— " ————

Depth Strata
Feet

From To

£.

c? n

1 . *
T̂ j_

•3

"'D
o
J

•A Number of blows of 140 Ib. hammer dr
0 in. increments.
• B Number of blows of 300 Ib. hammer dr

Driller's Description of Materials

on pVP CdT5

2" r-VC Goupoingo ———————————
2" 3 oh 'i ̂  PVC Pirs
V.ovoc FoT 1 p-f.e;

-95 — JJQITO Type I ^aoicod Comont ——
-̂3-3 — Bare ftran ——————————————

c-, - .„ - v t r • '
~~

'

•Blows
A

apped 30 in. required to drive 2 in. iplit-cpoon sampler for each of three

opp*d IB in. nquir »4 to drive ....... in. easing 13 inches.

GROUND WATKK

BLOWS ON
CASING B
0- 1
i- a
2-
3-
4-
5-
6-
7-
8-
8-10
10-11
11-13
13-13
13-14
14-15
15-16
16-17
17-18
16-18
18-30 _
30-31
31-23
32-33
23-34
34-36
»&«

36-37
37-23
33-28
28-30
30-31
31-32
32-33
33-34
34-35
35-36
39-37
37. ia
36-38
W-40
40-41
41-42
42-43
43-44
44-46
46-49
46-47
47-48
48-48
48-50
6*-51
51-63
63-63
6144
64-U
»*•*•
66-67

TRI ———
+*-n

OOu- tAfSAft/l



VAME . DuPon t . Comp
Newport • -Pla

WALTON CORPORATION
Drilling Contractor

P. O. BOX 1097, NEWARK, DELAWARE 19711

BOEING LOG

>any ............................................... .PROJECT NO. . .
Lnt.-..- ................. ........................... SUPERVISOR #lr. -Shai?mai

BORING NO. DRILLER (DATE

WfcAfflER * SURFACE ELEVATION *™ DATUM
Fair ^

•up*
No.

..

•anpte
Depth -Fe«t
From To

Depth Strata
Feet

PTOCB

3/?<,

To

If.

*A Number of blows of 140 Ib. hammer dr
• in. increment!.
• B Number of blows of 300 Ib. hammer di
W¥M AMES1

Driller's Description of Materials

p^am ,̂C9r H«T. t- 6"
4«.«4.n11 9n D»4A4. n«.n»,-1 I3««.v

/ .* T̂ *?̂ i"fc i^ c* 1 1 T^O r̂̂ *rti i T. **^ ' î ft T̂ T* i On n •- ̂ *^ ̂

c 'taT'̂ ftd !• T-idiinr* Ho3_s
TnnV rnf- frnr ^t?r+ r^nnti-'w^
+rt rM/3 hnl, t« 1/r c:h9rmaT1E s

:jesp Af^i^l't^onsl 1 n^r fn^ garni 05 P.-

} atsri?!^

•opped 18 in. requlr?̂  to drive ....... In. eaainf 12 inei

•Blows
A

nt

ias.

GROUND WATER

\QOO£5

BLOWS ON
CASING B
0-

"17 ~~
4-
6-
6-
7-
6-
8-10

10-11
11-13
13-13
13-14
14-16
15-18
16-17
117-18
18-18
18-30
30-21
31-33
22-33
23-34
34-36
36-36
36-37 —
27-38 ^̂
38-38 ^̂
28-30
30-31
31-32
32-33
33-34
34-36
35-36
39-37
37-38
36-38
S8-40
40-41
41-42
42-43
43-44
44-45
45 -4«
46-47
47-43
48-48
48-60
66-61

] 61*68
| 6B-63
1 6344 ̂ ^

-iS-w
•4-«

TBI ———
~§V«



HAME •Pur'-Ont -Goiiip

j*/ WALTON CORPORATION /^ , ̂
^/ , / Drilling Contractor Y uod
f̂fi/̂ tS- 0. BOX 1097, NEWARK, DELAWARE/f^IluJ^
>̂̂ î  / «L^ 1 /

/*$/ BOEING LOG [V \«* 0 /
*/ fj 0 " -~ ' /i' • \ ^ A\^ Xf _. / ' tr •-- y \/^ >^
>anv̂ .̂ ... ........,>.«... .....;......".......... --PRIUBCT wo. X̂>a"y d̂ 1̂̂  &, /-s /".,..

BORtNG NO. DRILLER

fflAfitEE —— D-=ji —————————— SUEFACB'Riaft&TffiK —————————

NO.

1
?
.,

L

t;
t

7
g

p

ln

11

12
1 3
1̂
1 r;

1*
17

18
10

•ample
Depth -Fwt
Fron

5 n n
1 ?, A
V i
1* n
} ? O

70 0

2? n

2/f n
2^ ^
2r n

7n n
T2 C
T/j. n
16 o
M n
/L^ A

45 . n

2iO. A

•A Number of blc
6 in. increments.
• B Number of U
UCHABXS- I)

To

11, <
1 i r

j«r r

1 7 5
10 ,.
21 1 5
•5-j e

2̂ 5-
2*5 <

2-9 5

31 5
_,
%̂

37 5
a? «
44
KX~

^r*

Depth Strata
Feet

From

Q
10,0

1/f o

20 o
21 5
. _

2- -
•57 e
•5') ^

*^ ̂ 0

r̂§-
34 o
35 5
^o o
•̂3 0
Zt< A
^ -

To

^ A, n

1/".O.

?0 0

01 t

2 A' °
25 5
27 5
2Q o
3Q Q

71 5
T >r A

T«;"C
39 n
•̂3» °
4̂ rO-

50. <

ws of 140 Ib. hammer dr

BWI of 300 Ib. hammer dr
rilling . y/atar. . &

....SUPERVISOR {,r«--«>hei

)
(DATE

DATUM ^ "

Driller's Description of Materials

fl,,p*ro* TI« ̂a^lo* Tfllrê

rj-pŝ y f iinV1 w/̂ -r. f.'r/Tani r.Q

'.e-.e V'/Tr r 1"?

-•̂ -o yf/-Y ' i ̂ »

r"v,-3-r "nr-V î /~̂ -r> '. - r»a

11 ii ii .. it

r, „,.,,. , ,,rtl. ,.,/"«-« -«̂

"„,>„. 70+,. 01 «„ ..,/n_

Vfi T* ^^T+ Vif-'?iP3 ^^^

i/ences
it «i ii

anicc Tr.'lio
. 5 and & Fiio

Gra.nf Fins S il't'"' ^BBtid
Cray ?''od» Sand (Wot)

5ri &. Cray Il/C Saaid,

P fff^ cilt" "
Vs»r«^ o—jŝ of' H^ay J5- ̂ •]

Variegated Clay w/̂ o

Varicgatad Silty San
n N n

/-, «__.. / 1 1

SyaViSi.it * ( •''

-4M) ——— j

3iitt
d.,,., . „ _,_.. ...._„

opped 30 in. required to drive 2 in. split-spoon aampler

opped 18 in. r»quir?'t to drive ....... in. eaainf 12 inch
JJud First Aisad. 2 .30

ri /J rt <

«

•Blows
A

• •::

-TK
- r

...

...

_

..

•1

J t )'

* ?J

ê

r

R

...
•-.

H"

"n*

1

. ..

"3

3
2

c

f 11
' 9
5«
f

-3-

23
iq

1
1
1
^
..
1
^

-4-

-3-

^

-44
p,
nn
e
^

-12.
-21.

for each of threi

at.

GROUND WATER

BLOWS OI
CASING!
0- 1
i- a
2- 3
3- 4
4- ft
6-f
6- 7
7- 8
8- 9
9-10
10-11
11-13
13-13
13-14
14-15
15-16
19-17
17-13
16-18
13-30
30-31
31-33
22-33
33-34
34-36
•K ——

39-27
37-33
38-28
38-30
30-31
31-33
33-33
33-34
34-36
35-M
39-37
37-36
39-38
39-40
40-41
41-42
42-43
43-44
44-46
46-46
46-47
47-43
48-48
48-50
69-61
81-63
•3-63
63-64
8**8
6*-M
a**r

"KB ———
•9*91



WALTON CORPORATION
9 F̂ JK *t

CAME . .DuPont -Cor
-Viewport -PI

pany — •
an-t-------

BORING NO.

WtAfflRR D?̂ J< ————————————
————————— F€fc4* ———————————

•amplt
No.

•ample
Depth -F«*t
Frott

-

TO

Drilling Contractor
P. 0. BOX 1097, NEWARK, DELAWARE 19711

BOEING LOG

..........................'............. .PROJECT NO. ......
}

........................................ .SUPERVISOR [,rjr»--ohenaan
DRILLER DATE

SURFACE &kvSfirA*soa ———— PATH* k-?-?1* ———————9vftr Av>fi ttuKT ATM/ft DATUM

Depth Strata
Feet

VlTOffi To
Driller's Description of Materials

2 " Po int

Point Swt 5^ A« 'i i?«ttnTr )

' B'tffrisls t

2 2" PVr Sch 8n x 3* 012 31o
1 _ •?" p-̂ r. r.an
«C _ 9M PVP. Ar,iip1 l^r-t;

ky.A' 9" PVf. .^oV^, A. A p^po

1 — ?" P̂ T. 'poyna'̂ e Ar1ap + ej<

1-2" PYr Pluc
6 0' 3" Steal Pip9
4 ^H C-+Q15T r-a-n Vav\ + ar*

1 /i Ss-f̂ p ?nT*f̂  e *i ĉ  ^firrflT^t

3 Bago Sand Mix —————————————
1< Cni , fti v«ri» •Î P»T'
?i Gal Bantonitft Pellets

•Blows
A

. n
I^AC V^

BLOWS ON
CASING!
0- 1

_1- 3

4-
6-
6-
7-
8-
9-10
10-11
11-13
13-18
13-14
14-16
16-16
ia.it
17-11
18-11
19-30
30-31
31-33
22-33
23-24
34-26
fk8f •>•25-24
39-27

28-30
30-31
11-33
32-33
33-34
34-36
35-39
39-37
37-38
39-39
39-40
40-41
41-42
43-43
43-44
44-46
46-46
49-47
47-48
48-48

•A Number of blows of 140 Ib. hammer dropped 30 in. required to drive 2 in. split-spoon sampler for each of _ ___
• in. increment!. I 81-63
B Number of blows of 300 Ib. hammer dropped 18 in. require to drive ....... in. easlnc 12 inches. I 91-63

<. it \ '•- . f \ t » t

GROUND WATER

f Ahr\i

"H4| — ̂̂ p
6947 Ê-
67-68

THRi ——— '•̂ ^̂ 6W

&*«AW y v \j i



SIKC USED FOR * WALTON CORPORATION #£/*-£"
5 S. BV5 Drilling Contractor
PVC SCHEDUL3 40 P.O. BOX 1097. KEVARK. DELAWARE 19711

_. BORING LOG
Tj DM-5

I*AM£ ...... r*»PPS*..Q.°.9®Wy..... ............ ................. ..fROJKCTNO.

l?PP.r.t*..?i.?nt.................... ....................... SUPERVISOR•
BORING NO. ^XsHrv^ «- J»HIU,EKCWect. 2.r fc/W-s 1 R. Erickson
WEATHER ..... (SURFACE ELEVATION

Julia 1

BanpJe
No.

1
2
3
4
5
6
7

c,
10
11

12
1^

1ft

15

Sample
Depth -Pert
FllUA

0
5.0
10.0
15.0
20.0
25.0
1P.O

40.0
45.0
50.0

*< o
rlO.O

^5 n

70.0

To

5,0
10.0
15,0
20.0
25,0
30.0
?«J.O
40»Q
4*>.0
«JO.O
55.0

n̂.n
6^10
yn.o

81.0

Depth Strata
Feet

From

0

12̂ O
18.0

50,0

•* n
?6.0
8̂.0

To

32.0
8̂.0

•

0̂.0
53.0

7? n
7* n
78,0
81.0

DATE

DATUM
3-31-77

Driller's Description of Materials

Gray & Brn. Silty Clay w/Organic
Same w/Sand Lenses
Same
Same Less F Sand
Same More F Sand
Same More F/M Sand
Brn. F/M Sand w/Clav Lenses
Var.- C Sand w/Clav Lenses
Same
Same
Same More F/M Sand
Clay T,ense

FMC *T*n_ S.-nrf

FMC Bm. Sand
FT.̂ n Pt-n. Rflr^f! IV. HI

Sand Lense Brn. F/M
Gray Clay

sy

Sand
•

Brn. F/M Sand & Gray Clay
•

•A Number of blows of 140 Ib. hammer dropped 30 in. required to drive 2 In
B In. Increments.
» fi Number of blows of 300 Ib. hammer dropped 18 in. requlryi to drive ....
}:EHARK5»- . 2j*jXjLP.*. . J?YC, ,*i6.S3

Pres
rel. Pack. ̂.3.JO«50«X)..̂ S
isure Grouted w/Cemer

,ot Wê i Screen 53. Q-

. split-spoon

. . in. r*Tf n
$3*0

•

•Blows
A

S

.

sampler for each of thrc<

f 12 ip̂ TT.

>*.Q.-.5.Q».0. .Ben toni.te. .Eelle.ts. .......
it 49 to 0

<v'̂  . i&oaa
GROUND WATETJ

H

BLOWS
CASJJiG
- 1
- 2
-
-
.
*-
«-

8-
3-10
10-11
11-12
13-13
13-14
14-15
15-18
1C-17
17-1S
18-19
19-20
20-21
31-22

23-21
24-26
Zfr-ZG

SC-27
27-25
23-29
28-30
SO-S1

32-33
33-34 .
34-<i5
35-36
36-37

3H-3S
3S-40
40-41
41-43
42-43
43-44
«-45
45-4C
48-47
47-43
48-49
4S-50
M-S1
51-52
52-55
£3-54

1 5-5(5
S64E7 —— "
"ffftMJ —— "
6S-53 ———
J3-53



*

NAME ..PuP.ont.Coji
Newport Pi

loanv
ant..."'" ..

Ofell Pt. #lW-̂
WEATHER I
Sunny & Warm 1

Sample
Ho.

1 "\

Sample
Depth -Feet
FSotn

r"

•

To

Vtf AL.I U;M ^»uKi~w/tM i iwi<i "-fifa-*
Drilling Contractor

P. 0. BOX J097, NEWARK, DELAWARE 19711

BORING LOG
DM-6

....... . ........................FROJECTNO. ..........."..

1

DRILLER S. Bethard
SURFACE ELEVATION

Depth Strata
Feet

From

0

1,0

10.0
16.0
21.0
30.0
35.0
41.0
45.0
50.0
57,0
60.0

"

To

1,
5,
0

0

10,0
16.0
21.0
30.0
35-0
41.0
45.0
50.0
57,o
60
70

.0

.0

•A Number of blows of 140 Ib. hammer dn
6 in. increments.
> B Number of blows of 300 Ib. hammer dr
REMARKS- 2-xlO1 PVC #J.$ STl\& m ffcr ajâ ir i *•*••»• ••• ••••••*•» ••• ~» a • • • •<

Pressure. .Cro.u.te.d. .v/Csiaen.1

. . . .SUPERVISOR .............

i DATE

1 DATUM

•

5-2-77

V

Driller's Description of Materials

Top Marsh Orgenies

Gray Clayey Silt v//OrgamV«? .....
Grav Clavey Silt w/Or£ar^R«$
Gray Clayey Silt w/Organics
Brn. F/te Sand
Brn. F/C Sand & Gravel \v/Cl
Same

ay

Same
Brn. Clavey F/C Sand & Gravol
Red & Brn. Clav w/Sand
Same
Red ft Brn. S an fly may
Brn. P/n Sonrl * O-ravol w/TV. His

.

apped 30 in. required to drive 2 in. split-spoon

opped 18 in. requlrH to drive ..'..... In. caslni
,P.t. ... .S.e.t ..W.eH. 5cr.eer
hr:55. JBsn-tonite. .Pellet
• «>4 0-0

1.60»ar7.

ts...

•Blows
A

v

•

sampler for each of three

E 12 laches.
O.Q......... ..........

GROUND WATER

F>M

BLOWS
CASINO
0- 1
1-3
3- 3

33*
••-*
7- •
S- t
0-10
10-11
11-12
12-13
13-14 *
14-15
15-16
16-17
17-18
16-19
IB-20
23-21
SI-22
22-23
23-24
24-25
25-28
26-27
27-25

30-31
31-32
32-33
23-34
34-25 '
3S-35
3B-37
37-3tf
35-20
39-40
<0-41
41-43
42-43
43-44
44-tfi
45-46
4C-47
W Î TlO

4G-49
49-50
50-51
51-52
&Z-5S
53-54

10
"«.bt-

"B̂ i —



g^ r r

t IE .......... ZJ....I

Newpor
JuPpjit. J)e.
•t Plant,

KING NO.

Cloudy

8*mpk
No.

i _.,_ „
1
2
3

4
I* 5

I•n
* 7
8

k 9
: 10
L 11

1?

13

14
15

Sample
Depth -Feet
From

4.0
9.0

14.0

19.0
24.0

29.0

34.0
39.0
W.O
9.0
?4 n
;<?.n
54.0

9,0
A n

To

5.5
10.5
15.5

20.5
25.5

30;5

35.5
40.5
45.5
50 5
„ ̂

fin 5
fi5 5

?n 5
yr- 5

•A Number of blows of 14
P in. increments.
i j Number of blows of X
f *ABXe' * ̂

. AU-u

0 U

OCG'

P

Jfen
Ne*

WALTON CORPORATION
Drilling Contractor

O. BOX 1097, NEWARK, DELAWARE 19711

BOEING LOG

lours &. Company .....r.. . ....FEDJECTNO.
fP.Qrt l.P.E: ..........'............... SUFEKVISOK ...........

[DRILLER ' DATE

UltFACE feJvATTolT ———————— DATCM ————— ̂^ —————————

Depth Strata
Feet

From

n
9 ft

a n

12.5

24.5
27.5

32.5
37.0
42.0

fi5 p

75 *>

Tt>

? n
A n

12.5

24.5
27.5
32.5

37.0
A? n

fi5 9

7C 2

»0 Ib. hammer on

JO Ib. hammer dn
at. on. Rods..?.
jb -Water- -Us e<

Driller's DeseripUon of Materials

firay ^4 It ki/Cftma Play

'''"By ̂ Ity Cl9y "'Tr Vfin
Cray «H1ty ri?y w/V9n
Same
Grav Siltv Clav w/Sand Lenses & Tr.
Vegetation
Same
Same
Grav F/M Sand w/Miea * Tr. Silt
Grav F/C Sand w/Clav LPDSPS , Vpg. A
Tr. Gravel
Gray F/r Sanrt ft Rravel

RpH P/M ^anrfy flay w/Tv Rrgv?l

Var Claypy F/f Sanrf w/Tr ^ilt * Rrav
Nn Pornvery T? a+'^pmn^y)

"fid F ^and w'Tr GravBl
^amo (Tr ^llt)
^ama /Ty. c<1tj

PoH P <anrf\/ ria»/ «,/T̂  C^1 +

-S*ama —————————————————————
Same
y.,r n*ivr\.' F ^anrf w/Tr Ci1t

>pped 80 in. required to drive 2 in. split-spoon sampler

Bpped 18 in. required to drive ....... in. easinf 12 inehi
17 £

•Blows
A

1
<]
1

1

WH

1

Ifl
Ifi

fl
5
HP'
4
g

-5-
q

1
•j
1

VI1

1

5?
p
?
2
r
?

g

q

2
p
p

o
1

i

iq
Q

4
.

?
-

45-
4S-

for each of three

ts.

j............... .....................................................
. CUtOCND WATEK

BLOWS ON
CASING B '

r o- 1 ;
1- 2
2-
-
-
-
»
-
-
-10

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-1*
19-20
20-21
21-22
22-23
23-24
24-25 .
25-26
26-27
27-28
28-39
29-30
30-31
31-33
32-33
33-34
34-3S
35-36
36-37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51
51*52
52-53
53*54
54-55
55-56
54-57
17*51
55-51
IMI
60-61

100D90



LME ....E.J...DuPont.De. Demurs
Newport plant* Newport

W ALTON CORPORATION
Drilling Contractor

O. BOX 1097, NEWARK, DELAWARE 19711

BORING LOG

.&. .Company.......... ......... ......PBOJECT NO. ............ .....
i. .PE •. .............................. .SUPEEV1SOK .............

CMlINGr NO. IDRILLEX DATE
DM-7 Tnnt 1

AJLATtt£K (SURFACE ELEVATION DATUM

laample
No.

hr
i —
17

1 18
19

1 ——
20

K1-
?2

h23-1 24
25
U
27

(| 28
( 29
(] 30
< 3]

1 ———

*A Numb
• in. ioa
B Kuml

-JEMABX

Bample
Depth -Feat
From

79.0

84.0
89.0
94.0

99.0
104.0
109.0
114 n
119.0
124.0
129.0
134.0
139.0
.44.0
149,0
54.0

To

80.5

85,5
90.5
05.5

•

inn. 5
105.5
no 5
1}5 5

120.5
125.5
130. 3E
135.5
40.5
45.5
50.5
5.5.5

Depth Strata
Feet

From

75.2

80.0
80
81 .0
86.5

Od ?
Qfi 5

107 0

11? 0
117.0
122.5

133.5
137.0

TO

80.0

81.0
86 5

94 7
Qfi 5

107 0

11? n
117 0
122.5

133.5
137.0
•

255,5

er of blows of 140 Ib. hammer dn
nements.
»er of blows of 300 Ib. hammer dn
s. X Decomposed Rock

Driller's Description of Materials

Var, Clayev F Sand wflr. snt .
Same
Whit* Silty Clav w/Tr. F Sand
White Silty Hay w/Tr F *anrf
Var Clsypy F/r Sanrf w/Tr ^ilt
Rpd * White Sil-ry Play

Samo

Whiff r1ayoy P/M ̂r\* w^r 5ilt
Var în-y f*lay w'Tr F Sind
^amo

Rray ̂ Ity Clay W'Tf V93

Lioht Griv F/M Sand w/Vca Tr Clavy — • jf » — •— ••— -./ .*-y. . ** * u^
Grav Clavev F/M Sand w/Veg.
Dk. Grav Oraanic Clav w/Silt
Same & Wood
Var. riaypy F/M 5anrtw/<o1t
Var 5i1ty ^anrt w/Mira

Same
c,amo
_5ame

•Blows
A

p

7
j]
5

g
5
7
?3
f)
?n
?9
i?
11
15
43-
-Ifi-

l9

1-0
R

g

U
10
15
??
n
?5
=;n i
ift
IA
>4
JZ—
»— .

î

1̂
1?
^

15
-3-3-
20
™
?n
a^

•)n/n
??
?•?
4̂
-40-
-66-

>pped 30 in. required to drive 2 in. split-spoon sampler for each of three

opped IS in. rtqulrvi to drive ....... in. easinf 12 inches.

GfcOTJND WATEE
•

j

BLOWS ONCASING B
o. i
1- 3
2-

5-
6-
1-
8*
9-10
10-11
11-12
13-13
13-14
14-15
16-16
16-17
17-11
18-11
19-20
20-21
21-22 ^
23-33
23-24
24-25
25-26
26-37
27-28
28-20
_28-3p___Ĵ |
30-31 -̂H
-11 _*•»

32-33
33-34
34-35
35-36
39-37
Jfc-18
38-3B
36-40
40-41
41-43
A*)-Â

43-44
44-45
45-46
46-47
47-48
48-419
49-50
50-51
5I*9Z
5Z-H
•9-M
*f-»S
•5-M Sjĵ i—jiFi_____ — ̂̂ B1

58-51
6*>4t
»»-il



_J
———— —"*«•» «____ __ ._ ___«_.________________'

I THICKNESS OFI DEPTH TO BOTTO™*t"'" "~ Permit 149178

fe C==̂ f̂ £/z_rY CLAY «*»[ \JeG,*T£nt>*l
\ Grk&t S/LTT Q(

1 * Vojû ô fcfi F/M
1

| 1-3 G.P.M. Clear

Pressure Grouted 39

Gravel Pack 39.0 to

| Casing PVC +2 to 40

. Screen "PVC 40 to 50

i .

.-** w /$A.-vĴ  keu Ss£
MO A u) [fau»A. T*_oFQ£T

5a«)'oV CtAV W/SAMDl«»P

(plant Site)

1 to 0 . ,

50. 01

(4")

(4")

STRATI* OF STRATUM

//.o //.*
73.0 .̂e>
f?.& "37. o
/3,o 5b.o
'

•

•

coo



. _j ->. W ALTON CORPORATION
* I r Drilling Contractor

/A/ P.O. BOX 1097, NEWARK, DELAWARE 19711

N£ jt' BOEING LOO
«

_rr E.I. OuPont.de Nemours & Comoany --AJBCTMO,
Newport Plant, Newport, DE. • i SUFEKVISOK

>KINGNO. ^ IDRILLKK DATE " ————
DM-8 1 G. Truver 9-11-81

*KAf fiKK . ———— -— ————— I —— iftUKfrAtfe ELEVATION —————————— BXflJM ———— =jLt— ~ ———————Sunny & Warm 1

ji-mpk
No.

1 —
IT"
i ?
3

U_
1 —
6

1
7

1 8
9

l| 10
11

•

1?

1

Sample _
Depth • F**t
fxooi

4.0

9.0
14 n
is n

24 n
29 0

34.0
39.0
44. n
49.0
54.0

50 n
&4 n

•A Number of bio
• in. increments.
B Number of bl<

I

To

5.5

10.5
15 R
?n 5

7«. 5

30 5

35.5
40.5
45.5
5n.5
55 5

fin 5
fc; c;

Depth Strata
Peel

From

0
0.1
0.3
4.0
45
R.n
i? s;
I7 ft

19.4

?? n
?R n
5>Q 9
31.5
37.0
4? n
47 n
5? n

63 5
65/2

ws of 140 Ib. hai

>ws el 200 Ib. hai
Wet .oa .Spnor
Wash. Water- 1
Washed aheac

To

0.1
0.3
4.0
4.5
K n
t? 5
]7 n
1° 4

22.0

28 0
?Q ?
î «;
37.0
42. 0
47 n
5? n

£7 £

65 2
67. n
nmer dn

nmer dr
i.e. 14.
ieo/i

Driller's DescripUon of Materials

Gravel Fill
Fill fF/M Sand)
Rrn. Silt w/Tr. F SanH
Rrn Silty F/M Sanri w/Rravpl

Rrn Silt w/Tr Play 1 Mira

Rrn Silty F/P Sanrt ui/R-rjiYpI * Mirg

Brn. Siltv F Sand w/Mica & Tr. Gravel
P1V 1ipi'*ftpus Silt w'Clav 1 Tr F
Sand
Var. F/C Sand w/Clay & Tr. Gravel
Var. Plavpy F Sanrt w/5i1t
RpH SanHy f*1̂ y y/Silt

Varionat-^^ S*J*|̂ y F ĵ|f|(J yj/Tr CllY

VaHeaated F Sandv Clav nr/Silt
Var. Claypy F/M Sanrf w/Silt

Vnr. F Sanrly Hay ,/Silt _______
Rrn F/M Sanrf w/^ilt

& Gravel
C &TMQ

Vir Sandv Cliv w/Silt
Dk. Grav F Sandy Silt w/Tr Clay

>pped 30 in. required to drive 2 in. split-spoon sampler

opp«d 11 in. nquire't to drive ....... in. eaainf 12 inch
a.................... ..............................................

•Blows
A

c;

7
2
g

7
fi

4
5
,
7
,.

in
45-

p

16
4
Q

?

3

4
4

-£__
p
1?

44-
45-

?

_7
2

-9—

C;

3

7
fi

_£_
in
1?

?o
42-

for each of thre«

ea.

t Of fliers GKOUNDWATXK

^ . ̂  / j /*\ *

BLOWS ON
CASING B
0- 1
1- 2
3- 3

~̂«*•• T
•- 7
7- •
»- 1
1-10
10-11
11-12
12-13
13-14
14-15
15-lf
16-17
17-11
18-lt
IB-20
20-21
21-22
22-22
23-24
24-26
25-26
26-27
27-21
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V

CO
OvCoin

SCMCO
00 >

It

oinat in— or-
?5«>
•v

I

r
1

•
£
Ej
IB
Q.

— mf̂  ̂f ~̂
n vo i in i i

o*r m ^H
^-B w

vo vo i m i — i
"~

„

oov o
o vo i in i i

s
V ~

0*9- 0

tn r- • Lf) i i
00 —

^ w

— in 1
OV 0 1

U) t- i ro i i

• •
— CM

O 00 1 O 1 1\n «_ Ĥ.
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ŝ  ŝ
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Û *S%
fV ^̂
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>

I

*1

•
ti
fe1%a

rooCM o ro
i i Ok i i i i i .*• i i^ *••

v

CM•o
o — ro

i i i Oi i * < i i ro i i

i "
V

CM
O

<M 0 CM CM

r o i t O k i i i i i o i i— —
s

v

co inr- O ro o
f t l o i i i i i r o i i

CM

in
vo 0 r-0 0 r- CM

i i cji t i i i i ro i i

CM r-
— O Ok CM
C M ) I C T l l l l l i r — I I

LO
0 CO

Ok o ro o
1 1 0\ 1 1 1 1 1 CJk 1 1

^

0 CM
CM O

I I i i I 1 I > O > >
VO

V

EEEELu3EE33>£Ew

VIfc,
0)
01 01
E ' cn 01 at
L. -̂  C
10 XV

a> oo--' x
w *J COCO OI.C
3 (0 O*Jo 3 vi w L. at • —0) 10 ic o o n . * r\ 4 4 f\
C 0 —u— : /UUljU
— " E E 3 3 *» •* y «- 1 -«4 ^~—i 3 3 — i -i .c io « m £ LU
u fc.fc.-ox)ae>— ;-^-j'<cc
VI IOIOlQfOO>fc-330}fc-*^j-4!X!•"4 f̂t ̂ rt QJ ̂j f*̂  i.̂  {/̂  i/) î . ̂ ^ fs4 r%j ̂
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(Ĉ.X
Ul1

oo
vo
CM
CM
OCM

LULU

22

c
oa
o>
a
(0
CO
^__

•̂ ™ ̂*7
v̂ A)ot;a_o>jysj
1?
Z w
§Ur

t"

cow
ẑ
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in .J COCO 0) >̂
3 10 0

oi ic 10 o -o Iu7)lf1
»3 E E 4-1 « OI.C 0) *"
-H EE33 .-wo -M
—l 33-1 -<£ « IO IO Lu

O L.fc,-O-OQO— 4-^-^CC
vi ioiaiQioaifc.33ai-4.-ix-« eo oo o u o -i co co (— MM a



311

oo
VO
CM

CMom

LULU

22

«»-*c
0a
a>
a
E
CO
CO

§-•0
tt«>

a o>
UJQ>

£*
OK*"*

§1
cow
I—I fl)
Z m
UcSc

(0u £<n <o
<*<z •"**ĵ <3!
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Q) O) 4) Ĉ  f_k f̂ k C k *£ CO Ob fc1E ELU aaaa3EE«

w
L.
Ok
fciimu
10

• O 1 -" *• to / ̂S A t K Oa M a IB r-1/t/X.JCi0 "XXXIOIO « — « " " *- w V** aa-j fc. « *o
C O— »»^ Ol 4) —1
-H e 3 .- -H
-4 3 -4 X 4ft «« 4fl 4fl 10 LL.

U UTJO.OOOOO— 1C

«; CO CJ O t3 O O C5 1-4 CO Ivl a



.
i «--*

.

r~
•
F

i

i
L
c
KML

r
V

!lf
"̂

^

I

C
F

>j«c->
Ul1occ~
Ul

i

eo
voo
COom

LULU

22:

"c
"oa
0
I
(0
CO

tt|

a 0
I-J *S\
tV VrW
^̂ _

50z*-*-

•• L-B~j '
CO W_.
»-.£
w"
UJ k*f̂ R rtj
<^\

mam
^̂ ^

mm ••••»
^t ̂

2o
^ >«J
p̂_BJ f̂ ^

< 0
tO ui
X

o '1 ii i
£ Z
U) f\o «•,
c
o
2

uh.

>.,,,*.
•l k> -

_.

1
I
«i ^

sl
•VI A

»
| 2j || 5 *»

w•̂  JC
9 S *
K <̂ » "***

1 i i
*
5*̂
41

%.

1s iT
* a
* 1-> t>
• <->
Q
X•o ^
4» O

f\ — ̂

e
C h-45 |j

° .

48 «t
{—

w
b
2
41
a
I
u
Ul
•o

5"
3g>c
'•g
r*

IB

|0,
4)
a|

_
-1000

Scoec

.»•-»-

*.»«*2
JOf-ES;
Ok
4V Ok•*— -o-lor-rvoro

T*

to
-•NO
_IOC-Evoro
— *** *̂
>,

SO

-CMOj — r-5LOr->
00 >

•*

i

: I

Pa
ra
me
te
rs

•
>

*

i
6O — 'VD CM CM"* -«VOVO CM CM CMVO COeoookmcMvoooro-ttookinincMo-woovO'-rcocMror-oroooo

OO CM — CMCM CM — — — CMCM — — — CMCMCM
CMCM

1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

.̂•w

A|

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

33333333333333333333333333333333

.VI Ol 1^ . s g •
-H L. C C « — 1
fc> 4» • 4t IO — 4 X« L. x c — i x x • a—i • 4J <e x *• x o> oi c oo x • • « 4»x • a • .a c c 10 u .^> 4J -o c c-w e a o o « m n 10 x a v73
fc. .-> L. x x x E c c— < « a *o o « uw fci wai u |f7c —4 o 4-1 e fc> o « w x a o -4—4—4 o • 01 c E o
« X -4 41 -4 • t-XXX 0 u «> ux X -i 0 0 (D 0 -4 **H._r_&
fci X X t > EOfc.fc.fc.UO •T3 0 OX X L. L.-4 U OIX 4TV _^Hs • 4J u • o — 4 o 3 o< a> oj a— 4 -c--4-4iofc. 000x0*00 k̂̂ H
— i —l • IOCCCX «— i O O O OX «-4 UX u 4) ~4-4—iX :•-"•-< iTX̂ D—i -4 E t- oj o ex o-fc. L. L. L. L. i> c E o u fc> o •oxXfc'— UQ V)/^n
O k O 4-< N L. Mfcl C L.--4, O O O O-4 « O«*4 C L, 1 t> (J 4) *- O 1 >-/.a. 4- u e B) ejax « L.ja-0— 1—4— 4—10 KI ux •*— o w— i— " o o— <ro "•*-»!

C-4 Ofc.fc«Oi-4fc.OOOOXXXXlCXit>Ci-4 c u u u UX •x -4 e e»-4 o J3T- • u... u u <j o o oco o» «r\ix oi «i— i- o o o—w c o ex**- e o o o o o o o— 4—4--1—4 >xt— i— i— 4 -u c u > i -1—4 i
-4 ——-H «U O O L. L. L.-4 L.--4— 1QOOO — *-4 X X XCM IO Olt— — (MXX-4 <"
U OXNfc-'EX-OOOXOXXl l l l l XX XX - L - 3 I - -OUXC
e L. U c Vk O L.—4-4— l(J>-4 U O — CM — CM vlXfc.fc.fc>— fci — CM — —--4 •« C lO
•-4 OOOJ--4fc»IOXXXlX— 4-«-4 - . - --**fc»Q)OlQ) -OIO - - -L.L.--4UL. «eojaeocjOsJ(J<MOQQ— — — — oLuzars: — I— 1— — — -(—(->-'
ft



-j

f

CO--
VOo
•fcfc
ro
OVO

LULU
r-C5
22

-*.<c
"oa
0"5.
TO
CO

H-TJ
tt«>ota 0yj-j;
ScS
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ô-«

ico>

.— CO

Dor-
ECMro

to
CMCM

-CM —Dor-

-*

eo
.̂.v — —

fc* ..— •—
-5 «-• r—E— r-i
•>,

*«*i

•
4>

I
*
W

C?

CO
O VDroo oo •» —

CO i i i i i r-- i
i

^
<—-•> vo ^̂ ^̂ ^

f*) o oo ro ^̂ ^̂ H... . mmmw
*X i i i i. r a* i •̂•••̂

„ ' .

CMOOO —

r- i i i i i CM i

^
V

— LO
CMOOO — ;

oo i i i i i co i

— CM
CMO"-* —

eo i i i i i o i

— 00
CMO— —

r- i i i i i — i

_r——————————— n— Ok
CMOOk —

r— i i i i i o i
CM

^

— CM
CMOO CM

00 1 1 1 1 1 — 1
CM

^

—1—4— 4—4
—4 -4 1 fci fcfc.--.--.— fc-4 — 4 -4
•—.—fc . 0) -*4 '*4 -*4 -*»l •— .— ..— ̂T3edCBO)OOC)o cflCocBfc*EELuaaaasEEvn

u
fci
I
10u
" — _̂_.u. — "f ĤiB.
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«Î
0 _̂
% 3

|ii6 if
* °
<B

Q
(«

Jjj
fc.

|
"-5 x2. 68" S
« 1ft e_• oS
x
o fe
• o
3 Cu

n. 2

*5 *fc»

1 «it» - - - .;:"--
•.-.-• ; -:i'; <>

.... , : =:'St:''-ji• 5
2 °"fc

CC "*̂MM fc..
^ tO2uiLUK

O
5 J % »

,.

b
2
jj
a
I
sj
Ul

?
IB
ft

|

A
C

1
(4

1
OCL

ae
S

o
CM?

DO OCO
Er— ̂
00 CC

•*

^̂
COO

DOVD

iciS

CM a
OOVO

§85
>.*

LO
CMOS
CMOO

OOVO

§85-*

VD
•CMI"»
<MOOe— voELDro

>,

O
Ok tO

OOVO
Svoro00>
Mf

• •*1

l»
|4)
fc.
•CL

p
co trvo CM CM -a- trvovo vo OkvocooOkmcMvoooco-^ookmincMotrooLOfc^mcMt—r-ovoooo

OO CM — CMCM CM — — — CMCM — VO — — ' — OCMCMCM
CMCM -• —

^

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

• -

1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1

A'

1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 l 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

33333333333333333333333333333333

M 0)
• • C-4 • • e o>
-4 k C C • — <
f c i • • • « — < X« k xe —< x x « o.
— 1 B) 4 - 1 0 X fc> X 4t • C 0
O X • 4» 4» «X Ot O. • fc> C C TO L.
> 4 X - 9 C C<-> COO O 01 9 «3 rO X O.o> -*<4 « 1-4 tooiaioiaick cue oxx 4- o
fci — k x X X E C C — i « O. -OO* kfcifc.010) kc —4 o 4- c -womiexao -̂ -̂ .-1 o • » c E o

"
^

*•

*

*•

C

•

;
nJl

u

I
I
^

•

i

i
1
u
*

i
0
JT

a x— i • -4 gkxxxok * u x x — 4Ooa>o — < >_ .
•*- X X C > t O fc> 4- .-• u o »T3 o OX X U U— < u f»-C _l_k3 • 4- uvo -H o 3 • • • a-H -o --H — 4 IB «-. o o o x o ~o o ^_H
—4 -^ • IBCfCX C—— > O O O OX *-4 UX k « -4-4—— IX 3-4-4 \
—i -4 E U 4) 5 CX O>fc.UkuuocEO<j4-O "OXX *-"-4 uQo k 5 fciMkiBfciCk^4oooo-**4*o>-4 • u i o o ai»- o i
O. fci k £ • CJ3X • k .O.-O--4— 4— 4— «Q H UX •(— O W-4-H O O— 4C*3

C-4 OUfci*-p44-OOOOXXXXiCX'OCi— i CkkkkX •
X •*« C •— > O JO~O • k»- k k u o o oro • *CMX • IBt— t— O O O —
fc. *OCX—COOOOOOO--4-^-^-4 -Ji-4— 4— 1 • O C U 1 1—4-4 1
^4 <-4-4 «U O O k k k*^ k^^OOOO — — l XXXCM A •)— — CMXX-4 VIk o XN— ex- oooxoxxi i i i i xxx x - k s i --<J"xc»'/Nffc.<
It »c<.o JseocjocjocMODQ — — — — OLU^XZ — Kt-- — — — KU->-J

wf
I
Jj

q
u.



1;

r— •
CO

vO
0

roovo

LULU
r-O
22

.Mc
oa
jy
a
«
CO

fc.,-0
ff 0

9»a 0
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tCB BUCJU 03DD CDfc.
EU. AAAaEEM

M
k
ft
4—
y
ftk
10a. k -4T

ft 0
•» 4- tO3 « mo ix 10 10 v> —
ft CV4-4- IB *O
C O— ( 0) 01 — 4
n •*-><oo.co • « l -ATS 1 r^O"^ * 3 ** "* L i/lf L f o
ft — 4E4-4HVI4/IC'4-C>—'
W UTS Q. O O O O— l C
vi ieiao7uukk3.-4x
-4 COOQC3C3C5*-iCOM 0.



I

i

eo
voo
COoco

LULU
r-C9
22

+-»c
oa
01
•V
CO

cc a*
075a 0
IJJI ̂2*

^ 0
Zw
_̂ R %!l

COW
*-.2
weJJK C
jjj *»

/n IB^^ *— j
4<t *""'••• ̂̂
mm ••—
<^
Z*"̂

?
•̂ £r

fc. >»
2-2
X

2 1
O1 ift i
8 ow •»— »•
•

4>

3
i

«s> *4_
- w *
a "-"* ̂
| 3 5
s-
E
9U

\ll§ a
^
H

I
L

Ul

•2
_»*
v «
2 ft
? ift 0
Q

O jjj
% o

5 2
«

S1* *
-_bl

fc> ;. ::::/
• d
•- --«S

if_i IV•£ «a

*fc

2
fĉ
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