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GROUND-WATER RESOURCES OF CHOWAN COUNTY
NORTH CAROL INA
By

Orville B, Llovd, Je.

ABSTRACT

Chowap County is,loqateddin the northeastern part of the Coastal
Plaiggpfovince of Norfh Caroliﬁa; and includeé an area of agéut 180
square miles. The county is in the humid subtiopical climatic belt
of the eastern Unitel States, Average annual temperature is about
61° F. and average annual precipitation is approximately 50 inches.

The topography of Chowan County is controlled by two mariune
terraces and the streams that dissect them. Remnants of 6ne terrace
form a topographic ridge, between 30 and 50 feet above mean sea level,
that trends in a north-northeast direction across the county. The
second terrace, about 15 feet above mean sea level, occurs in the
southeastern section of the area. The topographic ridge forms a
drainage divide in the area, west of which all streams flow to the
Chowan River and east of which all streams flow to Albemarle Sound,

About 2,000 feet of sediments, composed of unconsolidated to
paftially consolidated sand,silt, clay, limestone and shell layers,
occur between basement rock and land surface in the area. These
sediments range from Early Cretaceous to post-Miocene in age. The
deposits older than late Miocene generally strike north-northeast
and dip and thicken toward the east and southeast. Upper Miocene
‘and younger deposits are essentially flat iying° Five water-bearing

zZones (Aquifers A, B, C, D, and E) occur in the sedimentary section



INTRODUCTiON

General Setting

Chowan is located in northeastern North Carolina and includes
an area of about 180 square miles. It is bounded on the north and
east by Gates and Perquimans Counties, and on the south and west
by Albemarle Sound and the Chowan River (fig. 1). Approximately
2,000 feet of unconsolidated to partially consolidated sedimen-
tary rocks occur between land surface and basement rock in the county.
The rocks are composed of interbedded sand, silt, clay, and limestone,
and shell beds, and are part of the Coastal Plain sediments which
dip generally eastward, and thickens from the west edge of the
Coastal Plain to about 10,000 feet at Cape Hatteras (fig. 1). These
sediments constitute a vast reservoir for ground water, and the
physical and chemical character of the sedimentary material controls
~the availability, occurrence and, to a great extent, the chemical

quality of the ground water.

Purpose and Scope of Investigation

The purpose of this inwstigation was to determine the lithic
character, areal extent, depth, and thickness of the water-bearing
formations in Chowan County; to estimate the capacity and ability
of the formations to store and transmit water, and to determine the
quality of the ground water.

An ever increasing use of ground water, and an emphasis on
industrial growth in Chowan County, led to the need for a more com—

plete knowledge of the ground-water resources of the county. The
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Chowan County Board of Commissioners under the direction of their

chairman, W. E. Bond, and the Edenton Chamber of Commerce recognized

this need. 1In 1961, the Board requested the U. S. Geological Survey

to make a detailed investigation of the county's ground-water resources.
The work was done during the L-year period from June 1961 to

June 1965. The funds were established by cooperative agreement be-

tween the Chowan County Board of Commissioners, the State of North

Carolina, and the U. S. Geological Survey.

Previous Investigations

The geology and ground-water resources of Chowan County have not
been studied in detail prior to this report. However, several reports
published by the U. S. Geological Survey and the North Carolina Depart-
ment of(Conservation and Development discuss the geologic formations
and the occurrence of ground-water in Chowan County.

Mundorff (1645) reports the Yorkiown Formation to be the major
aquifer in Chowan County. His raport includes one complete water
analysis and six inventoried wells from the former Edenton Naval Air
Base property and the town: of Edenton. P. M. Brown {1958) describes
in detail the lithology and microfossils (Ostracoda) in the material
penetrated in a 460-foot test well drilled on the former Edenton
Naval Air Base property. In addition Brown {1959) describes the
geology and ground-water resources of Chowan County in a reconnais-
sance veport which includes data on 0Y inventoried wells and 8 complete

chemical analyses of water samples from Chowan Ceunty.



Well-Numbering System

The well-numbering eystem used in Norith Carclina conforms to the
system adopted by the U. S. Geological Survey for the data card pro-
cessing of well information. This numbering system is intended to
locate”ths position of a given well on the earth® surface.

Positions on the sarth's surface may be located by a system of
coordinates known as parallels of latitude and meridians of longitude.
The parallels of latitude circle fthe sarth parallQI to the equator
and are numbered from the equator to the poleg in degrees, miunutes,
and seconds, depending upoun the angular distance between them and the
equator. The meridians of longitude traverze the earth north and
south and are numberéd east or west from the Greenwich, England,
prime meridian in degrees, minutes, and seconds.

The well-numbering system, derived from longitude and latitude
coordinates, is based on a grid "¢f 1-second meridians of longitude
and paralliels of latitude. The wells in a l-second guadraungle are

aumbered counsecutively in the owder luvenvoried.

The well nmumber is composed of f1 en numbers and letters: the

first six numbers and one letier composs the digite of the degrees,
minutes, sedonds, and iudicate wnorthern (N} or southern (S) hemisphere

that define the latitude of the l-second guadrangle:; the next seven

minutes, and secounds that

§

numbers.: compose the digits of the de

define the lougitude cn the east side of the I-second guadrangle: the

in which wells

lagt oumber, following a decimal, iadicates tie or
were inventoried within the l-second guadrangle (fig. 2).

A latitude <longitude well number can be assigned to each well



inventoried in Chowan County from the information given in table 3.

The altitude and longitude part of the number is determined by the
location of the well, and the last digit, following a decimal, is

the sequential number shown in table 3. For example, the latitude~
longitude number for the first well listed in table 3 is 362028N@763346.1.
The column listed "Well No." in table 3 gives simple reference numbers
for the inventoried wells that are shown on plate 3 and referred to

in this report.
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GEOGRAPHY

Area and Population

Approximately 80 square miles of Chowan County is cleared land,
of which about 64 square miles are in cropland and pasture, and 16
gquare miles are in urban development and miscellaneous uses. The
remaining 100 square miles are forested with pine, cypress, cedar,
gum, yellow poplar, and ocak.

The total population of the area was 11,913 in 1960, according
to the U, S, Bureau of Census. About 38 percent of the population
is urban, residing in the town of Edenton, and 62 percent is rural.
A total of 3,3783h0mes are found in the county and of these, 1,450
are classified as urban, The homes in the urban area get their water
supply from the Edenton municipal supply wells. In the rural areas,
individual wells are the main source of water supply, and an average

of 2.3 homes are supplied by each well.

Economy

The economy of Chowan County is predominantly agricultural.
Main crops are peanuts, cotten, soybeans, and tobacco. These and
other agricultural products, together with livestock (particularly
swire and beef cattle}, account for nearly 50 percent of the annual
cash income in the county. The remainder of the annual income is
provided by local businesses and approximately 25 industries., The
industries manufacture or process textile, wood, peannt, metal,

chemical, and fish preducts.
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Ciimate

Chowan County is located in the bumid subtropical climatic belt
of the eastern United States. This regicn is characterized by warm
summers, mild winters, and precipitation that iz well distributed
throughout the year.

The average amnual temperature at Ed

om iz about 61°F, (Fahrevheit).
The average temperature between May and Ociober is 73°F., and for the

remaining months 1s 49°F. Average annual precipitation at Edeston,

®

ter

is approximately 50 inches. The gre af precipitatloen occurs

between June and September, when the averags 1s about 5.5 inches per

month, During the remsinder of the vear the precipitation is rather

evenly distributed, and averages about %.% iches per month.

(=8
e

in figure 3. The graphs

A climatic summary of Edenton is g

were prepared from the climatelogical records of the U, 8. Weather

Bureau.

Physiography

Chowan County is inciuded in ithe Atlautic Coaztal Plain proviunce
of North Caroliuna. Generally the Coastal Plain is characterized by

a relatively flat surface that szlopes geotly to the scoutheast. This

nearly flat surface is compssed of a number of tervaceg that were

formed by wave and current actlion during periods woen portions of the

Coastal Plain were subumerged beneath the terrace surfaces

have been eroded and drained by stresms sad

retreated,

Two such terraces, and the stresms that di om, coatrel the

of these

topoegraphici features in Chowan County. Begnants of
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terraces forms a fopographic ridge betweeu 30 and 50 feet above mean
sea level that trends in 2 north-unortheast direction across the
county, along a line draw  between Emperor lLanding, Tyner, aund the
northeastern tip of the county. This topographic feature widens from
about half a mile at Valhalla to about 4 miles in the northern part
of the area. Stream density west of the ridge is relatively high,
At the eastern limits of this ridge an escarpmeunt of 20 to 30 feet is
found. Thie escarpment marks the wesitern extent of ihp second terrace
in the county. The elevations on this second surface asre generally
less than 20 feet above mean sea level, and the stream density on
this surface is low. Much of this area is occupied by Bear Swamp.
All the drainage in the area is divided by the topographic ridge
that transects the county. Streams to the west of the ridge, Warwick
Creek, Dillard Creek, and Rockyhock Crezk, flow west or south te the
Chowan River and Albemarle Sound. Streams to the east of the ridge,
Pollock Swamp-Pembroke Creek, Queen Anse Creek and Burnt Mill Creek-—

Yeopim River, flow south and eagt te Albemarle Scound (pl. 3).
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GECLOGY

The Relation of Geology to Ground Water

A thorough understanding of the geology of the area is the first
step toward evaluating the availability, occurrence, and chemical
quality of the ground water in the county. This is true because
the void spaces between the rock materials that underlie Chowar:™
County constitute the reservoir in which the water is stored and
the conduits through which the water moves.

Because the rocks in the area are sedimentary and for the mest
part unconsolidated, the wvoid spaces occur between clay, silt,sand,
and shell particles. With a change in the physical character and
arrangement of these rock constituents, there is a change in the
availability and occurrence of the ground water. Thus, the amount
of ground water that can be stored and transmitted by the rocks is
determined by the size, shape, and assortment of the rock particles
and the type of rock materials.

The chemical comstituents of the rocks have a direct bearing on
the quality of the ground water. Many rock constituents are dissolved,
transported in solution, and redeposited by greound water. Therefore, a
change in the character of the sedimentary particles will result in a

similar change in the dissolved solids found in the ground water.

Metheds of Investigation

Geologic mapping was restricted to subsurface methods because
Chowan County is blanketed with post-Miocene sediments which were

mapped as one surficial unit for the purposes of this report. Three
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stratigraphic test wells ranging in depth from 604 to 946 feet and
48 auger holes ranging in depth from 77 to 167 feet were drilled in
the area (fig. 4). Samples of the penetrated material were collected
at 5-foot depth intervals for the dtermination of mineral character
and microfossil content. The microfossil identifications were made
by Philip M. Brown.

Five electric well logs and 31 gamma-ray well logs were made
and correlated with lithic and paleontelogical infermation to define
and map the geologic formations and the water-bearing zpnes. An elec-
tric log shows the electrical properties, resistivity and spontaneous
potential, of rock material penetrated in a well. Such a log is made
by passing energized electrodes down the uncased and saturated portion
of a well or bore hole and recording the electirical properties on a
graph, Resistivity, measured in ohms, is generally recorded on the
right side of the graph and spentansous potential, measured in milli-
bolts, on the left. The electrical properties largely depend upon the
kind of fluids that saturate the rock materials and the kinds of fluid
used in drilling the well (Levorsen, 1958). When formation and drill-
ing fluids are fresh water, resistivity is usually low in clay and high
in sand and limestone,and spontaneous potential is high (positive) in
clay and low (negative) in sand and limestone. High concentrations
of dissolved salts in formation fluids will greatly reduce the resis-
tivity of sands and permeable limestene and, if the formation water
is more saline than the drilling fluid, the spontaneous potential will
generally be more negative. The correlation between electric logs

and the rock material in Chowan County is shown in plate 1.
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Gamm»ray logs show the relative concentration of natural gamma-
radiation emitting elements in rock material. Generally the concen~
tration of these radioactive elements in Chowan County is low in sand,
limestone, and shell, high in silt, higher in clay, and higher in sedi-
ments that contain phosphate. A gamma-ray log, unlike an electric log,
may be made in cased and/or unsaturated wells and bore holes. The in-
tensity of the ganﬁbray emission is measured in milliroentgens per hour
(MR/H) and recorded on the same type graph used for electric logging.
Plate 1 illustrates the correlation between gama-ray logs and the rock

material in Chowan County.

General Geology

The materials that comprise the sedimentary rocks that underlie
Chowan County were derived from the crystalline rocks of the Blue Ridge
and Piedmont provinces. The crystalline rocks were weathered and eroded,
and the resulting rock fragments were transported by streams and rivers
to the sea. Here the sedimentary particles were. sorted by wave and
current action, mixed with chemical precipitates and shells, and de-
positied at the bottom of the sea. With time, the earlier deposits
were buried by later accumulations.

Deposition of the sediments at any particular place was not al-
ways continuous. Intermittently, an elevation of the land mass caused
the sea to retreat or regress, and exposed the latest deposits to
weathering. These expesed sedimentary deposits were subsequently
stripped away by erosion processes until the land mass subsided and
again allowed the sea to encroach or transgress upoun the land. The
eroded sediments were then buried beneath newer depesits that accumu-

lated on the sea floor.
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The rock material that accumulated in this way has been divided
into a number of separate, mappable, units called formations. A
formation can be identified by its position in the sedimentary se-
gquence, its lithic composition, and its fossil content. Formations
overlying one another are separated by surfaces known as contacts.
Where there is no significant time lapse between the deposition of

two their contact is referred to as conformable. If there is a time

lapse between the deposition of two formations the contact is known

as an unconformity. When bedding in a formation above an unconformity
is parallel to that of the formation below, the contact is referred

to as a disconformity, If the bedding in the two formations is not
parallel the contact between them is called an angular uncenformity.
Uncontormities are formed during periods of nondeposition or erosion
and are generally represented by undulating surfaces. The geologic
formations that underlie Chowan County and‘their contact relationships

are discussed in the following section.

Geologic Formations

The sediments of the Coastal Plgin province were deposited on
crystalline basement rocks that are similar to those found in the
Piedmont province. The sediments form a wedge that thickens from a
feather edge at the western edge of the Coastal Plain to about 10,000
feet at Cape Hatteras. At Chowan County this wedge is approximately
2,000 feet thick. Only the upper half of this sedimentary wedge was

penetrated by test drilling in Chowan County.



19

The penetrated sediments have been assigned to six separate series;
oldest to youngest, they are the Lower Cretaceous, Upper Cretaceous,
Paleocene, Focene, Miocene, and post-Miocene. The Lower Cretaceous is,
at present, undifferentiated; the Upper Cretaceous includes the Tusca-
loosa, Black Creek, and Peedee Formations; the Paleocene includes the
Beaufort Formation; the Eocene includes the Castle Hayne Limestone;
the Miocene includes the Pungo River and Yorktown Formations; the post-
‘Miocenerincludes relatively thin deposits of undifferentiated clay,
silt, and sand.

The Lower Cretaceous sediments, and the Tuscaloosa Formation of
the Upper Cretaceous Series are recognized only in the northernmost
stratigraphic test well Tl (inventoried well number 9) in the area.
Geologic control is at present too incomplete to establish the exact
depths to, and thicknesses of, these sediments. In addition, chemical
analyses of water samples taken from depths of 558 and 840 feet in the
test well indicate that water from these sediments contains excessively
high concentrations of chloride (table 4). Consequently, detailed
discussion of the Lower Cretaceous sediments and the Tuscaloosa Forma-

tion is omitted below.

Cretaceous System

Upper Cretaceous Series

Black Creek Formation.--~The major part of the Black Creek

Formation was deposited unconformably on the Tuscaloosa Formation,
underlies the entirety of Chowan County, and is confined to the sub-

surface throughout the area. The top of this formation has an average
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strike of N, 15° E. and dips about 28 feet per mile toward the east-
southeast (fig. 5).

The Black Creek sediments were fully penetrated in the northern-
most test well where they are approximately 210 feet thick (pl. 1).
These sediments consist chiefly of gray, fine- to medium-grained
glauconitic quartz sands interbedded with thin layers of light-gray
to reddish-brown clay. The sands commonly contain lignitized wood
fragments, amber and mica flakes.

Eighteen of the 344 inventoried wells in Chowan County draw

small, domestic water supplies from the Black Creek Formation.

Peedee Formation.--The Peedee Formation conformably overlies

the Black Creek Formation in the southern part of Chowan County and
is absent in the northern central part of the area. The upper sur-
face of the Peedee Formation strikes in an approximate north-south
direction and dips about 20 feet per mile toward the east (fig. 6),
This formation is 90 feet thick at test well T2, and pinches out be-
tween this well and test well T3, near Valhalla (pl. 1).

The Peedee Formation is composed of mottled red and gray clay
interbedded with fine- to very fine-grained quartz sand.

The inventoried wells in Chowan County do not tap the Peedee
Formation for water supply. Because of the fine-grained nature of
the Peedee sediments, and the brackish water contained in the forma-
tions above and below the Peedee sediments, it is presumed that this
formation will not yield potable er usable ameunts of water in Chowan
County.

A rising land mass caused the sea to retreat after the deposition



77°00'

|

76°30'

v I RG&EDNHTA

4

‘./

&@
P

36°00}—

SN O

—--<< ORI cAROLINE SO
L ]
36930 —

-360

<
-
-
[}
Z

0 2 4 & B Ii0OMies
[S==men
) SCALE

‘,__..-———\

~ EXPLANATION
— 300 — =

Structure contour
Represents altitude, in feet below
mean sea level, of the top of
the Black Creek Formation.

Dashed where inferred. Contour
interval 100 feet.

|

77°00

|

o380
Observotion well

Number represents altitude, in feet
below mean sea level, of the top
of the Black Creek Formation.
Bused on sample, drillers, electric
and gomma-ray logs of water
wells and water test wells.

—{36°30

36°00'

76°30

FIGURE 5.- MAP SHOWING THE APPROXIMATE ALTITUDE OF THE TOP

OF THE BLACK CREEK FORMATION.



76°30'

WA

CAROLINIA Ab\

36930 F—

36°00+—

/s WASHINGTON

MARTIN

0O 2 4 6 8 I0Miles
[ ey - amnan ~————]
SCALE -

’
_320/ - - -
®
P

EXPLANATION
\\\\"’,/

e = 30 e e

~N

Structure contour

Represents altitude, in feet below
mean sea ievel, of the top of
the Peedee Formation. Dashed
where inferred. Contour intrrval
100 feet.

|

-280

®
Observation well

Number represents altitude, in feet
below mean sea fevel, of the top
of the Peedee Formation. Based
on somple, drillers, electric and
gamma-roy logs of water wells
and water test wells

Peedee Formation absent north of
this line

36°30'

36°00'

77°00 76°30"

FIGURE 6.-MAP SHOWING THE APPROXIMATE ALTITUDE OF THE TOP

OF THE PEEDEE FORMATION.




23

of the Peedee Formation, and the Late Cretaceous sediments were ex-—
posed to a long period of weathering and erosion which marked the end

of the Cretaceous Period.

Tertiary System

Paleocene Series

Beaufort Formation.--The land was again inundated by the sea in

Paleocene time. The Beaufort Formation was unconformably deposited on
the Peedee Formation in the southern part of the county and on the Black
Creek Formation in the northern part of the county where the Peedee
gediments had been stripped away by erosion, The strike of the top

of the Beaufort Formation varies from N, 10° W., in the southern part

of the county, to N. 15° E. in the northern part. The dip averages

10 feet per mile toward the east (fig. 7), The Paleocene sediments
thicken toward the south and east. They are 120 feet thick at test
well T1, 150 feet thick at test well T3, and 230 feet thick at test
well T2 (pl. 1).

The Beaufort Formation is composed of interbedded greenish-gray,
fine- to medium~grained glauconitic quartz samd, glauconitic sandy
limestone, glaucenitic Hhey sandstone, and greenish-gray sandy silt
and clay. Concentrations of as much as 50 percent fine~ to medium-
grained glauconite are common in this formation in the northern part
of the county. Glaucenitic and calcareous sand, and glauconitic sandy
shell limestone are found at the top of the Paleocene section. This
unit is 45 feet thick at test well T2 and gradually thins to the north

where it is about 10 feet thick at test well T, Another thick unit
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of glauconitic.sand, calcareous sand, and glauconitic sandy shell lime-
stone is found near the middle of the Beaufort Formation. Sandy silt
and clay are found above and below this thick sand section (pl. 1),
Thirty-two of the inventeried wells in Chowan County tap the
Beaufort Formation for water supply.
After the retreat of the Paleocene sea the Beaufort Formation was
exposed to a period of erosion and weathering until the encrocachment
of the Eocene sea and the subsequent deposition of the Castle Hayne

Limestone.

Eocene Series

Castle Hayne Limestone.--The presence of the Castle Hayne Limestone
in the county is inferred by the correlation of electric well logs from
a stratigraphic test well in easternmost Martin County and test well T2
in Chowan County. There has been no positive identification of Eocene
fauna in Chowan County (written communication, P; M. Brown), Sparse
geologic control for this unit makes it difficult to determine whether
or not limestone found in the county is isclated from or continuous
with the main body of the Castle Hayne Limestone found farther to the
south.

The Castle Hayne Limestone is found oﬁly in the southern part of
the county where it lies unconformably on the Beaufort Formation. Eztrapo-
lation of data from Martin and Washington Counties indicate that the
top of the limestone strikes approximately N. 15° E. and dips about
10 feet per mile toward the east-southeast. It is about 20 feet thick

at test well T2 and pinches out between Edenton and Valhalla (pl. 1).
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Thin patches of the Castle Hayne Limestone isolated by erosion may occur
farther to the north.

In Chowan County the Castle Hayne Limestone is composed of light-
brown, calcareous, fine- to coarse-grained quartz sand, white shell
limestone and reddish-brown to gray clay. Traces of fine-grained brown
to black phosphate and fine-grained, dark- to light-green glauconite
are common.

The two municipal-supply wells at Edenton probably tap a thin sec-
tion of the Castle Hayne Limestone and also the Beaufort and Pungo
River Formations for water supply. In addition, a few small-diameter
domestic wells in the vicinity of Edenton may be screened in thinjsec—
tions of the Castle Hayne Limestone. The water from this formation -
iskgenerally hard, and contains high concentrations of chloride in the
extreme southern and southeastern parts of the county.

Extensive erosion and weathering followed the deposition of the
Castle Hayne Limestone, and these processes continued until middle

Miocene time and the deposition of the Pungo River Formation -

Miocene Series

Pungo River qumation.——The Pungo River Formation (Kimrey, 1964)
underlies the entire area of study. It unconformably overlies the
Beaufort Formation throughout most of the county, and the Castle Hayme
Limestone, where present, in the southern part of the area. Generally
the top of the formation strikes N, 10° W. and dips approximately 10
feet per mile toward the east (fig. 8). The average thickness of

the formation is about 25 feet.
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The Pungo River Formation consists of brown to greenish-gray, fine-
to medium-grained phephatic quartz sand,interbedded with indurated
" shell and calcareous sand beds and greenish-gray clay. The phosphate
occurs as fine- to medium-grained spherules of brown- to black-colored
collophane.

Domestic and municipal water supplies are pumped from the Pungo
River sediments in the southern part of the area, where the deposits
are coarsest. In the northern part of the county, only one of the
inventoried wells taps the Pungo River Formation for water supply
(table 3).

The Pungo River Formation was exposed to weathering and erosion
and then buried beneath the Yorktown Formation that was deposited in
a transgressive sea during late Miocene time.

Yorktown Formation.-—The Yorktown Formation over lies the Pungo

River Formation throughout Chowan County (pl. 1). The top of the
Yorktown sediments, primarily defined by the first occurrence of
upper Miocene microfossils, generally conforms to the land surface
topography in the county (fig. 9). The formation thickens from
aboﬁt 120 feet at the western part of the county to about 220 feet
near the eastern part.

The Yorktown Formation is composed chiefly of gray, fine- to
medium-grained quartz sand interbedded with blue-~gray silt and clay,
and unconsolidated to partially consolidated shell layers. Traces
of fine-grained brown or black phosphate and light- to dark-green
glauconite are common in the lower half of the formation. The

highest concentrations of sand are found in the upper 80 to 100
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feet of the sediments. Coarse sand and fine gravel are prominent
in the upper half of the formation near the central part of the
county, where the sands are thickest (fig. 10). One hundred and
five of the inventoried wells in Chowan County tap the Yorktown

Formation for water supply.

Quaternary System

Post-Miocene Series

Surficial deposits.~-From 10 to 35 feet of surficial deposits

overlie the Yorktown Formation in Chowan County (pl. 1). The lithic
character of these sediments varies from tany clay and silt to tan or
brown, to fine- to medium~grained gquartz sand. Approximately half of
the inventoried wells in Chowan County tap these surficial deposits

for water supply.
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GROUND WATER

Source and Occurrence

Water on the earth is kept in never-ending circulation between
the seas, atmosphere, and land by energy supplied from the sun. Water
is evaporated from the seas and remains in the atmosphere until it is
released as precipitation. O0f the precipitation that falls on the
land, some runs off inte streams and ri?érs, some is returned to the
atmosphere by evaporation or through transpiration by plants, and some
percolates downward to the zone of saturation and becomes ground water
(tig. 11).

The zone of saturation is the zone in which all available void
spaces in the rock or soil are filled with water. Water in this zone
is under pressure equal to or greater than atmospheric pressure. In
Chowan County this zone includes all the sedimentary formations from
basement rock, about 2,000 fget helow land surface, to the water table,
generally about 5 feet bhelow land surface. Ground water in the zone
of saturation occurs under non-artesian and artesian condition. Ground
water occurs under non-artesian or water—table conditions in the’upper
part of the zone of saturation, where the water is not confined by im-
permeable beds. Under these conditions the water level in a well de-
fines the top of the zone of saturation. Ground water occurs under
artesian conditions in the permeable parts of the zone of saturation
that are confined above and below by impermeable beds. Under artesian
conditions the water level in a well will rise above the top of the

water-bearing zone.,
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Aquifers

Formations or parts of formations in the zone of saturation that
will transmit usable quantities of water to wells or springs are called
aquifers. Aquifer is a relative term that connotes no fixed amount of
usuable water. Therefore, a rock unit: that yields only small amounts
of water may be considered an aquifer if the associated rock units
yield even less water. Conversely, a rock unit that yields small
amounts of water would not be considered an aquifer if it were found
in a sequence of rock units that yield large quantities of water.

The principal supplies of available ground water in Chowan County
occur in five aquifers within the various geologic formations that under-
lie the county. These zones are referred to by letter (A,B,C,D, and E)
rather than by formation because the different aquifers occur in more
than one formation or in. only part of a formation (pl. 1). The aquifers
are lettered from the surface downward because the complete sédimentary
sequence was only partially penetrated by test drilling and other water—

bearing zones exist between aquifer E and basement rock.

Aquifers A and B

Aquifer A includes all the post-Miocene sands from land surface
to depths ranging from 10 to 35 feet below land surface in Chowan County
(p1. 1). The water contained in this aquifer is under non-artesian or
water-table conditions, Aquifer A is composed of very fine-grained
to medium-grained tan quartz sand, interbedded with thin - layers of
brown to tan clay. Pumping tests were not made on wells that tap

Aquifer A, but reported sustained yields are generally less than 10
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gpm (gallons per minute) from 1%- to 36-inch diameter wells. The
water from this aquifer is corrosive and generally contains high con-
centrations of dissolved iron. Locally, however, water of relatively
good quality is available.

Aquifer B includes the sand and shell beds in the upper part of
the Yorktown Formation, and it is separated from Aquifer A by lentic-
ular layers of silt and clay (pl. 1). Where these silt and clay layers
are thick and continuous with high proportions of clay, the water in
Aquifer B is under artesian c%nditions. Where the separating layers
are thin and discontinuous, Aquifers A and B act as one unit, and
. the wpter in Aquifer B is under non-artesian or water-table conditions.

The top of Aquifer B is about 15 feet above msl in the northeastern
part of Chowan County, 30 feet below msl in the central part, and 5 to
29 feet below msl in the southern part of the camty (figs -12). Fhis water-
bearing zone thickens from 35 feet, along the Chowan River and in the
vicinity of Edenton, to 90 feet about 3 miles northeast of Valhalla,.
Average thickness of this aquifer is about 50 feet. Aquifer B is com~
posed of gray-colored, fine~ to coarse-grained quartz sand interbedded
with layers of shell and blue-gray silt and clay. Yields range from
2 to 20 gpm in lih and 2-inch diameter wells, and from 20 to more thgn
100 gpm in the larger diameter, gravel-packed wells. A properly con-
structed, naturally developed, 2~inch diameter well, screening 50 feet
of this aquifer, should yield about 3 gpm for each foot of drawdown in
water level after pumping for one day (table 1). Drawdown is the verti-
cal distance water levels are lowered in a well by pumping.

Chloride concentrations in water from Aquifer B are generally be-

low 30 ppm (parts per million). Total hardness and iron concentrations
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are locally high enough to require treatment of the water for most uses.
Plate 2 shows the depth, thickness, and average water-yielding capacity
of the Aquifer,B, and the general areas where concentrations of hardness

and iron in the water are above or below 120 ppm and 0.3 ppm, respectively.
Aquifer C

Aquifer C includes the upper part of the Beaufort Formation, the
Castle Hayne Limestone wﬁere it is present in the southern part of the
area, and the Pungo River Formation (pl. 1). Aquifers C and B are sepa—
rated from one another by thick, continuous layers of silt and blue-gray
clay of the Yorktown Formation. The thickness of these separating beds
ranges from 50 feet in the western part to about 170 feet in the south-
eastern part of the county. The water in Aquifer C is under artesian
conditions.

The top of this water-bearing zone strikes about N. 10% W. in the
southern part of the area, and N. 15° E. in the northern part, and dips
approximately 10 feet per mile toward the east (fig. 13). The aquifer
thing from the south, where it is 65 feet thick at test well T2, to the
north, where it is 35 feet thick at test well T1 (pl. 1). The thinning
occurs as a result of the erosional pinch out of the Castle Hayne Lime-
stone in the vicinity of Edenton and the erosional beveling of the top
of the Beaufort Formation. The thickness of the Pungo River Formation
remains relatively constant throughout the county.

The upper part of the Beaufort Formation consists of brown to gray,
indurated and partially censolidated calcareous quartz sand and sandy-

shell limestone, and unconsolidated fine- to medium-grained quartz sand.
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The Castle Hayne Limestone is composed of white and gray sandy-shell
limestone and light-brown medium-grained quartz sand. The Pungo River
Formation consists of interbeddel brown to green-gray, fine- to medium-
grained quartz sand, fine- to medium-grained phosphate, indurated shell
beds and green-gray clay. In addition to thinning toward the north,
the lithic texture of the aquifer becomes finer toward the north.

The shell and limestone in Aquifer C imparts hardness to the water.
However, in many places where the domestic wells tap the cleaner quartz
sand of this aquifer the water may be soft. High iron councentrations
in the water are encountered locally, and excessive councentrations of
chloride are found in water from this zone in the southern, eastern,
and northern part of the county.

Aquifer C is the most productive aquifer in the southern part of
Chowan County. It has not been developed in the northern part of the
area because of excessive concentrations of chloride in the water and
low permeability of the sands. Aquifer test data indicate that about
80 percent of the 500 gpm pumped from each of the municipal supply
wells at Edenton comes from this aquifer. Yields of 10 to 25 gpm are
common in domestic wells that range from 1% to 4 inches in diameter.

In the southern part of the county, a naturally developed, properly
constructed 2-inch diameter well, that screens the full thickness of

this aquifer, should yield about 10 gpm for each foot of drawdown in
water level after pumping for one day. Plate 2 shows the depth, thick-
ness, and average water-yielding capacity of Aquifer C in Chowan County.
This plate also shows the general areas where concentrations of chloride,
iron, and hardness-causing constituents in the water are above or below

250 ppm, 0.3 ppm, and 120 ppm, respectively.



Aguifer D

Aquifer D consists of a permeable zone found near the middle of

the Beaufort Formation (pl. 1), Aquifer D is separated from Aquifer

C by about 40 feet of glauconitic silt and clay, and the water in
Aquifer D is under artesian conditions. The top of this aquifer strikes

about N. 10° to 15° E. and dips approximately 12 feet per mile toward

the east (fig. 1%). Aquifer D thins slightly toward the north, from

70 feet at test well T2 to 60 feet at test well T1 (pl. 1). East of

a line drawn between test wells T1 and T2, Aquifer D is about 50 feet

th?ck; the average thickness of this water-bearing zone is about 55

feet.

Aquifer D is composed of light-gray, fine— to medium-grained quartz
sand, and fine- to medium-grained, dark- to light-green glauconite,
interbedded with indurated to partially consolidated cream to light gray,
glauconitic and sandy limestone. The top of Aquifer D is commonly
marked by the occurrence of one of these indurated limestone layers.
The water quality is g?nerally good in the central and western part‘of
the county, but chloride concentrations in the water increase rapidly
toward the north, south, and east.

Yields rangg between 3 and 25 gpm in 2-inch and 4-inch diameter
wells. Between 50 and 100 gpm are pumped from Aquifer D in the north-
ernmost municipal supply well at Edenton. The calculated yield from
a properly constructed, naturally developed well, 2 inches in diameter,
screening the full thickness of the aquifer, is about 4.6 gpm@&or each
foot of drawdown after pumping for omne day. Plate 2 shows the depth,

thickness and average water-yielding capacity of Aquifer D in Chowan
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County. This plate also shows the general areas where concentrations
of chloride, iron, and hardness—-causing constituents in the water are

above or below 250 ppm, 0.3 ppm, and 120 ppm, respectively.

Aquifer E

Aquifer E includes the sands found in the upper part of the Black
Creek Formation (pl. 1). Aquifers E and D are separated by 170 feet of
silt and clay in the southern part, and 30 feet of silt and clay in the
northern part of the area. The water in Aquifer E is under artesﬂul con-
ditions.

The top of Aquifer E nearly coincides with the top of the.BIack
Creek Formation, striking about N. 15° to 20° E. and dipping approximately
25 feet per mile to the east-—southeast (fig. 15). This aguifer is 120
feet thick at test well T2, about 110 feet thick at test well T3, and
about 100 feet thick at test well T1, thinning slightly toward the mnorth
(pl. 1). Average thickness throughout the county is about 100 feet.

Aquifer E consists of gray-colored, poorly sorted, fine- to medium-—
grained quartz sand, interbedded with thin shell beds and thin, gray to
black clay layers. The quality of water from this zone is generally good
in the western and central part of the county, but chloride concentrations
in the water are high in the southern, eastern, and northern parts of
the county.

Yields from inventoried wells screened in Aquifer E ranged from 1
to 5 gpm, and seemed exceptionally low for the texture of the sands in
this aquifer. Probably the screeus in these wells were zet in some of

the less permeable units in this water-bearing zone. Depth differences
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of as little as 5 feet in screen setting can be critical because of the
clay layers found in the sands of this aquifer. Screen settings were
determined by referring to lithic samples collected during drilling and
without the use of electric and/or gamma-ray logs. The amount of error
in determining screen settings by this method increases with the depth
of the hole because of the time lag between the bit cutting the material
and the return of the cuttings to land surface.

Plate 2 shows the depth to and approximate thickness of Aquifer E
in Chowan County and the general areas where concentrations of chloride,
iron, and hardness-causing constituents in the water are above or below

250 ppm, 0.3 ppm, and 120 ppm, respectively.

Aquifer Tests

Twenty-two aquifer tests were made from wells in Chowan County to
determine the hydraulie characteristics - the coefficients of storage
and the transmissibility - of the aquifers (table 1). These character—
istics were determined by applying the nonequilibrium and recovery for-
mulas (Theis, 1935) and the modified nonequilibrium formula (Jacob, 1950)
to the test data.

The coefficient of transmissibility is defined as the number of
gallons of water per day that will move through a saturated vertical
strip of an aquifer one foot wide under a hydraulic gradient of one foot
per foot at the prevailing temperature of the water. This value expresses
the ability of an aquifer to transmit water. The coefficient of storage
is defined as the volume of water released from or taken into storage in
each column of the aquifer having a base of one square foot and a height

equal to the thickness of the aquifer, when the head or water level is
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lowered or raised one foot. This value expresses the capacity of an
- aquifer to store water.

The hydraulic characteristics can be used to determine the water-
yvielding capacity of wells tapping an aquifer, the effects of pumping
on water 1e§els in an aquifer, and the volume and velocity of water
moving'through an aquifer,

The water-~yielding capacity of a well, the specific capacity, is
the amount of water in gallons per minute that a properly constructed
well will yield for each foot of drawdown in water level after a
specific period of pumping, generally one day. Table 1 lists the
average hydraulic characteristics aund calculated specific capacities,
etc., of Aquifers B, C, and D.

The measured specific capacity of a well, in many cases, will be
less than the calculated specific capacitiy- and, to a great extent, the
difference may be caused by improper construction and/or poor well de-
velopment. A comparison of the measured and calculated specific ca-
pacities of a well can be used to determine well efficiency. For ex-
ample, if a well were pumped at 1000 gpm for cne day and the drawdown
at the end of this period was 20 feet, the measured specific capacity
would be 50 gpm per foot of drawdown. If the calculated specific ca-
pacity was 100 gpm per foot of drawdown, the well would have 50 per-
cent efficiency.

Pumping water from an aquifer causes water levels to decline in
the vicinity of the pumped well. As a result, the pilezometric surface
or the water table of the aquifer is depressed so that it resembles the
shape of an inverted cone which has its apex at the center of the pumped

well. Such a piezometric or water-table configuration is referred to
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as a cone of depression (fig. 16)5 The characteristics (shape, size, and
growth rate) of the cone of depression depend to a large degree upon the
rate and duration of the pumping, the coefficients of storage and trans—
misgsibility of the aquifer, and the amount of ground water that leaks from
other aquifers to the zone from which water is being withdrawn during pump-
ing. Other factors remaining the same, the characteristics of the cone

of depressions are determined by the transmiszibility of the aquifer.

Flat cones that spread very rapidly develop in agquifers with high trans-
missibility and steep cones that spread slowly develep in aquifers with
low transmissibility.

Figures 17, 18, and 19 represent half-sections through calculated
cones of depression io Aquifers B, C, and D, respectively. These graphs
show the calculated drawdown in water level at selected times and various
distances from a well being pumped at a constant rate. In the formula
used for constructing these distance-drawdown plots it is assumed that
the coefficients of storage and transmissibility are constant and tge same
in all directions, the aquifer is infinitg in areal extent, homogeneous,
and confined between impermeable beds so that all the water is drawn from
storage in the aquifer, the well penetrates and draws water from the full
'thickness of the aquifer, and that ground water is released from storage
instantaneously with a decline in artesian head. Variations from thé;e
calculated plots can be expected because lhe above conditions are seldom
if. ever met, and because the distance-drawdown graphs are, far the most
part, constructed from average values of the hydraulic characleristics of
the aguifers. Therefore, when a well is constructed it is important to
pump it and determine the hydraulic charactﬁristics of the screened aquifer

e

in the viecinity of the well. Measured drawdown will geuneraily be less than
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the calculated drawdown after extended periocds of pumpage except where
barriers to recharge are intercepted by the cone of depression. This is
due to the fact that drawdown, caused by pumping, will induce the flow of
water from other aquifers to the pumped zone, thus increasing the rate of
recharge. As the cone of depression spreads, more and more recharge will
be intercepted until, if the pumping rate is constant, recharge to the a-
quifer equals the withdrawal. When recharge equals withdr@wal” the cone
of depression and drawdown will: stabilize.

The graphs as shown in figures 17, 18, and 19 are useful for esti-
mating drawdowns at short distances from a pumped well over short periods
of time. Similar plots can be.constructed for any desired yield, because
drawdown is approximately proportional to the pumping rate for wells
screened in artesian aguifers. To determine the calculated drawdown for
some desired yield other than that shownon the figures, divide the draw-
down shown on the graph by the indicated ytéld, then multiply by the de-
sired pumping rate, selecting values from the graph along the same time
plot. For example, the calculated drawdown 2,500 feet from a properly
constructed, naturally devel oped well screening the full thickness of
Aquifer D, pumping 200 gpm for 100 days can be determined as follows.
Select the drawdown 2,500 feet from the pumped well on the 100 days
curve on figure 19 (7 feet). Divide 7 feet by 100 gpm (the indicated
yield on figure 19) which gives 0.07 foot/gpm. Multiply 0.07 foot/gpm
by 200 gpm the (desired yield)ﬂ The gpm units cancel out, and the an-
swer is 14 feet of drawdown.

Such information is essential for estimating the spacing of two

or more wells to be constructed in the same area. When wells are spaced
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close together their cones of depression may overlap when they are pumped.
Where overlap occurs drawdown is additive. Thus, the calculated drawdown
half-way between two wells screening the full thickness of Aquifer D, spaced
5,000 feet apart and pumped at 500 gpm each for 10 days would be about 3
feet, or double the drawdown that would occur 2,500 feet from one well
pumped at 100 gpm for 10 days (fig. 19). Additive drawdown effects lower
the specific capacity of wells, and may cause excessive water-level declines.
It is desirable to reduce the overlap of cones of depression as much as
possible to insure maximum well and aquifer efficiensy. However, well
spacing invalves economics as well as hydrology and hydraulics. Costs of
installatien and maintenance of interconnecting pipeline and electrical
systems may be prohibitive if wells are spaced to completely eliminate
additive drawdown. Therefore, the distance between wells must be determined
by considering both the economic and hydrologic-hydraulic factors (Bentall,

1963).

Movement

Ground water moves through the geologic formations and aquifers in
Chowan County in response to gravity. It moves from areas where ground-
water levels are high (areas of reéharge) toward areas where the ground-
water levels are low (areas of discharge). Figures 20, 21, 22, and 23
show the water-level distributions in Aquifers A, B, C, D, and E, respec~
tively, during December 196k,

The direction of the ground-water flow in the aquifers is at right
angles to the contours of equal water level or head. In Aquifers A and

B the areas of high and low head coincide with topographic highs and lows,



5 Miles

76°40' 76035’ 76°30'
l I |
@ 0\)\\‘\( /\.
@GATES S (
\-w‘ 7
’ (& Gliden
= ,, ¢
) = ,
= -,
)
(@]
(&)
a
-
o
w
—
ac
LJ
I
36°15 — .
EXPLANATION
‘ /4 Water-table confour
Represents altitude, in feet above
® 187 ¢ mean sec level, of the water
™ 3 f table in December {964. Dashed
- 4 where inferred. Contaur interval
—~ / 10 feet.
36°0F — :
™
o § vaihag!
o o
[ 2 3 4
Z
—A A
36°05 —
36°00 t—

36°15'

36%10'

—36°05'

36°00'

FIGURE 20.-MAP SHOWING THE APPROXIMATE ALTITUDE OF THE

WATER TABLE FOR AQUIFERS A AND B, DECEMBER 1964.




76°30'

>
—
=
oD
o
©
(=]
[0y
S
Lo
—~
o
w
x
36915 b— —136°15'
Al
) o
SaliSse, <
Crossroads 3 = EXPLANATION
Rt g [
b Piezometric contour
® Represents height, in feet referred to
m [} mean sea level, to which water
= o will rise in tightly cased wells
il \ / “%2 that penetrate Aquifer C in
ook — December, 1964. Dashed o1
36710 m ‘ - = where inferred.  Contour —136710
Nozzg "1 —— =« interval 5 feet.
o [ vathalig—"—" \
o O ]
< 4 o] | 2 3 4 5 Miles
z ‘ .
A
&L
——10
36°05 f— ~436°05
36°00' +— 36°00'
76°35'

FIGURE 21.- MAP SHOWING THE APPROXIMATE ALTITUDE OF THE
PIEZOMETRIC SURFACE FOR AQUIFER C, DECEMBER 1964.



76°40" . 76°35' 76°30'

<::) 0\)“\‘( f‘
<>GATES ¢ /’ (
- . )
- j O _Gliden (
z = WA '
e
5 7
3 \ 37
- \ .
g A /
o y
h
= /
[99] /Q
' - (\/
6015 pmm
3 f ,
[
‘:D
O [=]
Tyner | © )
@ X z EXPLANATION
p=4
z ’—-—/0_—-'
@ / Piezometric contour
@ / Represents height, in feet above
m / o mean sea level, to which water
- /5 a will rise in tightly cased wells
o T = thot penetrate Aquifer D in
3>6|O—-,_T1 e = December, 1964. Doshed
d § where inferred. Contour
=< interval 5 feet.
\ ]
o NI Voihatig—"" ) -~
° 3 10"
c _ \ 0 2 3 4 S5Miles
z
A
L
36°05 —
36°00 +—

36°15'

—t 36910

436°05'

36°00°

FIGURE 22.-MAP SHOWING THE APPROXIMATE ALTITUDE OF THE

PIEZOMETRIC SURFACE FOR AQUIFER D, DECEMBER 1964.




76°30'

>
— L]
= q
oD }
o i
o
o f
- "LQ
w ’d
x / ’
36015 |— ~—136°15
[
2y
o EXPLANATION
ot
i > Piezometric contour
N g Represents height, in feet above
i mean sea level, to which woter
® i will rise in tightly cased wells
m [ thot penetrate Aquifer E. In
- o December, 1964. Dashed where
4 @ inferred. Contour infervol 5 feet.
i < . i
36°10 ) — = —1 36°10
m § )
s h
o i Vathallo
o Q
o 2 3 4 5 Miles
z
~A
e

36905 b

36°05'

36900 p—

36°00'

FIGURE 23.-MAP SHOWING THE APPROXIMATE ALTITUDE OF THE
PIEZOMETRIC SURFACE FOR AQUIFER E, DECEMBER 1964.



58

respectively, and movement is away from the hills.and ridges toward the
lakes, streams, rivers, swamps, and the sound. Generally the sime flow
pattern exists in the deeper aquifers (C, D, and E), but small topographic
features have little or no apparent control on the head distributions.

In Aquifer C, D, and E the ground water moves away from the northeastern
part of the county toward Chowan River, Albemarle Scund, and Perquimans
County.

In the cone of depressions that has developed in Aguifers C and D
fm%m pumpage in the Edenton area (fig. 21, and 22), the natural flow
direction, which is generally toward the south, has been interrupted.
Within the area of influence of this cone of depression, ground water
moves from all directions toward the center of pumpimg.

In additien to lateral movement within the aguifers, ground water
also moves vertically from one aquifer to another. This flow is much
slower than that within the water-bearing zones because it is retarded
by the silt and clay layers (aquicludes) that separate the aquifers.
However, when head differences are large over an extensive area, even
thick clay layers can transmit considerable quantities of water over
long periods of time. For example, in the northern part of Chowan
County, the water table in Agquifers A and B is generally 15 feet
higher than the piezometric surface in Aquifer C over about a 36 square-
mile area (fig, 20 and 21). The average thickness of the aquiclude be-
tween Aquifers B and C is about 120 feet. Assume thisbaquiclude trans-
mits 0.0002 gpd (gallons per day) through a cross-sectional area of
1 square foot under a differeunce of 1 foot. With this vertical per-

meability it would transmit about 21,600 gpd from Aquifer A and B to
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to Aquifer C for the 15 foot head difference over the 36 square mile arep
described above.

The example above illustrates a downward movement of water with re-
lation to land surface. In many cases, however, where the pressure head
is greater in the deeper than in the shallower aquifers, the ground-water
movement is upward with relation to land surface. Such conditions exist
in the southern half of Chowan County where there is a general upward move-
ment of water from Aquifer E to Aquifer D (fig. 23% and 22), and from A-
quifer D to Aquifer C (fig. 22 and 21). Whether the flow is upward or
downward with relation to land surface, the direction of movement is al-
ways down the hydraulic gradient.

The rate of ground-water movement is governed by head differences
and the transmissibility of the aquifer. The highest rates are asso-
ciated with high transmissibilities and large head differences that occur
over short distances. Lowest rates are associated with the, converse of
these conditions. The highest ground-water velocities in Chowan County
occur in Aquifers A, B, and C, In Aquifers A and B where hydraulic gra-
dients are steep (20 feet per mile or more) and in Aquifer C in the cone
of depression around Edenton, where transmissibilities are the highest
in the county, ground-water velecities are in the order of magnitude of
0.05 to 0.07 foot per day. The lowest ground-water velocities in Chowan
County occur in Aquifer E where head differences Bre only about 1 foot
per mile. The flow rates here are probably 10 to 100 times slower than

those cited above.
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Recharge

The principal source of ground—-water recharge to the aquifers in
Chowan County is rainfall. The greatest percentage of rainfall percolates
to the zone of saturation in areas where water levels are high. These
areas are generally outlined in figure 24. Major recharge to the artesian
aquifers occurs in the northern part of the county where the water table
is 15 to 20 feet higher than the piezometric surfaces. This area is gen-
erally outlined by the 20 foot piezometric contours in Aquifers C, D, and
E (fig. 21, 22, and 23).

Most of the ground-water recharge occurs between the months of
November and March. Even though rainfall is relatively light during +this
period of the year (fig. 3), greater percentages of rainfall reach the
ground-water reservoir during this time because very little water is lost
through evaporation and transpiration. This is shown in the hydrographs
for observation wells screened in the various aquifers in the area (fig.
25, and 26), and in table 2. The table indicates that the ground water
added to storage from 16.5 inches of rain in the winter and early spring
of 1963-64, was more than 4 times that added to storage from 25.9 inches
of rain during the late summer and fall of 1964. Table 2 further indicates
that about 75 percent of the recharge occurred from 7 inches of rain in
December and January when the water levels in the aquifer are relatively
low. The ratio of recharge to rainfall decreased with the filling of the
ground-wvater reservoir, and was least in March when the water level in the
aquifer was highest. Although the table was prepared for a well screening
Aquifer A and B, the same recharge pattern exists, with less water-level

fluctuation, in the deeper water-bearing zones.
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TABLE;%. RAINFALL AT EDENTON AND CORRESPONDING WATER-LEVEL RISE IN WELL

NO. 318, FOR SELECTED MONTHS IN 1963-0k.

Date Rainfall Water level
in inches at rise, in feet,
Edenton, N. C. in Well No. 318
December, 1963 2.5 1.1
January, 1964 4.5 2.1
February, 1964 . 6.7 1.0
March, 1964 2.8 0.3
Total 16.5 4.5
August, 1964 7.2 0.00
September, 1964 9.6 0.45
October, 1964 9.1 0.50

Total ‘ 25.9 0.95
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Discharge

Ground water is discharged continuously by evapotranspiration, by
effluent seepage into streams, ponds, the Chowan River, and Albermarle
Sound, and by pumpage from wells.

Evaporation of water from the soils and surface-water bodies, and
transpiration of water by plants, occurs everywhere in Chowan County. The
greatest evapotranspiration rates occur between May and October, when
temperatures are high and vegetation is dense. During this time of the
year these two processes account for at least two-thirds of the total dis-
charge from the zone of saturation (Meinzer, 1942). When evapotranspira-
tion rates are high in Chowan County, discharge exceeds recharge, and
water levels in the aquifers decline (fig. 25 and 26).

Ground water seeps from the zone of saturation into streams,rivers,
and the sound throughout the year. The principal areas of éffluent seep-
age are shown in figure 2k,

An estimated average of 152ﬁmgd (million gallons per day,) are pumped
from the aquifers in the area. O0f this, 0.7 mgd dre pumped from wells in
the rural part of the county, where withdrawal 1is distributed over a large
area. The effects of this pumping on water levels have been insignificant.
The remaining 0.5 mgd are pumped from the municipal supply wells and domestic
wells in and around Edenton, where the ground-water withdrawals are confined
to é small area. The greatest effects of this concentrated and increasing
pumpage are seen in the declining water levels in Aquifer C (fig. 27- Well
No. 268 is located about 0.5 mile south of the center of the cone of depres-
sion that has developed in the water levels in Aquifer ¢ and D (fig. 21
and 22). When first drilled, in the early 1900's Well No. 268 flowed, and

the water level was reported at approximately 8 feet above mean sea level,
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Since that time withdrawals from Aquifer C have caused the water level in
Well No. 268 to fall below mean sea level. Water level declines have oc-
curred in all wells screened in Aquifer C that are within the cone of de-
pression around Edenton. The declines reflect a spreading in the cone of
depression that will continue until pumpage ceases and/or becomes so con-
stant that equilibrium is reached between withdrawal from and recharge to
the water-bearing zones effected by the cone.

Discharge has generally exceeded recharge in Chowan County from 1961-
65. This is shown by a slight decline in the highest and the lowest water
levels recorded during each of these years (fig. 25 and 26), The decrease
in ground-water storage is probably due to the fact that total rainfall

during this period was 10 inches below normal.

Recovery of Ground Water

Wells are the primary source of domestic, municipal, and industrial
water supplies in Chowan County. Three types of wells are used to recover
ground water from the aquifers; dug or bored wells, driven wells, and drilled
wells.

Dug or bored wells are constructed by digging or boring a large dia-
meter hole that is deep enough to intersect the water table. The hole is
rgenerally cased with wood, brick, stone, concrete, or tile to prevent cav-
ing, and grout is placed around the outside of the casing to prevent sur-
face water and foreign matter from entering the well. Such wells are used
to recover ground water from Aguifers A and B in the county. They range
in depth from 5 feet to 25 feet, and are generally 24 to 36 inches in dia-

meter.
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Driven wells are constructed by attaching a drive screen to a length
of steel well casing and driving the screen into a sandy water-bearing zone.
If the exact depth of the water-bearing zone is not known, water can be ﬁ&ured
into the casing during 2- or 3-foot depth intervals until, when the screen
is in a water-bearing zone, the water flows down the casing and out the drive
screen as fast as it is introduced. When the desired depth is reached, the
well is surged, generally with a pitcher pump, to clear the fine sandy ma-
terial from the screen. Driven wells in Chowan County range from 8 to 65
feet in depth and from 1% to 2 inches in diameter. They are used tb recover
ground water from Aquifers A and B.

Drilled wells in the county are constructed by the open-end, natural-
development, and gravel-pack methods. The open-end method of construction
consists of drilling a hole from land surface into a consolidated rock unit,
and setting steel casing from land surface to the top of the rock unit.

The hole below the bottom of the casing remdins open, allowing water to flow
from the rock ints the well. The success of this method depends on the de-
gree of consclidation of the rock. When the rock is only partially censoli-
dated the sedimentiry material will pirobably cave iunto the uncased portion
of the hole and. xetard the flow of water into the well. Drilled open-end
wells are used to recover water from“the consolidated shell and sandy-lime-
stone units in Aquifers B, €, and D in the county. These wells range in
depth from 45 #o 360 feet and from 2 to 6 inches in diameter.

A naturally developed well is constructed by drilling a hole from land
surface down through a sand aquifer, casing the hole with steel casing and
an attached screen in the sand agquifer; surging the well se that fine sand

and clay particles ave washed from the aquifer; leaving the cearser material
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packed around the screen. For multiple-screen wells tapping more than one
aquifer, one screen at a time should be developed by the method described
above., The screens should have openings large enough to pass the finer 50
to 80 percent of the constituents in the aquifers, This method of construction
is most effective in aquifers that are composed of unconsolidated sedimentary
particles of widely varying size, Naturally developed wells are commonly
used to recover ground water from all the aquifers in the county; and they
‘range from 1y to 6 inches in diameter and from 30 to %70 feet in depth,
Gravel-packed wells are constructed by drilling a hole from land surface
down through a sand aquifer, reaming a large diameter hole in the aquifer,
setting a screen attached to a string of steel casing in the reamed portion
of the aquifer, pumping gravel into the large diameter hole between the a-
quifer material and the screen, and surging the well so that fine sand and
clay particles am washed from the gravel pack. If more than one aquifer is
to be used in the same well, each aquiferishould be reamed, screened, graveled,
and developed as described above. Only six gravel-packed wells are used for
the‘recovery of ground water in Chowan County; two municipal supply wells
and one abandoned well at Edenton, and three supply wells at the Edenton
Municipal Airport. The municipal supply wells tap Aquifers C and D, and
the other wells tap Aquifers A and B. These wells range from 77 to 360 feet
in depth and from 6 to 12 inches in diameter, and yield larger amounts of

water than any other type of well in/ Chowan County.,
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QUALITY OF GROUND WATER

The domestic, municipal, industrial, and agricultural use of ground
water in the county is determined by the chemical and physical quality of
the water., Chemical quality depends upon the type and amount of dissolved
mineral constituents in water, and physical quality on the color, taste,

odor, and % temperature of the water.

Chemical Quality

The chemical constituentsin ground water generally exist as positively
and negatively chargel particles referred to as cations and anions, respectively.
Exceptions to this mode of occurrence are found with iron, which may occur
as colloitkl-sized particles, and silica,;which is nonionic in most natural
watérs, The amount of cations, anions, and nonionic material in water is
measured by chemical analyses. Results of the analyses are reported in ppm
(parts per million), which is the concentration by weight of each constituent
in a million unit weights. of waterw-'ThQSy 4 water containing 34 ppm calcium
would contain 34 poundshof calcium in each million pounds of water. In
many cases the results of an analysis may be required in grains per U.S.
gallon. These units may be obtained by dividing the ppm by.17.1, Thus,
watacataining 34 ppm caléium would contain nearly 2 grains of calcium in
each U, S. gallon of water.

About 300 water samples were collected from wells that screen the major
aquifers in the area. All analyses were made in the laboratory by the Quality
o‘f Water Branch, U. S. Geological Survey, and the chemical and
geochemical interpretations were made by H. B. Wilder, Chemist, U. S. Geologi-
cal Survey. Results of the analyses are shown in table 3 and table 4. Each
of the principal constituents reported in table 4, and their significance

and relation to the aquifer, is discussed below.
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Silica

Silica is derived from the chemical decomposition of silicate minerals,
which are very abundant in rock and soil. The chemistry of the breakdown
of silicates is very complex and the form silica takes in ground water is
not- completely understood. At present it is thought that silica does not
occur in true ionic form in ground water.

Concentrations of silica found in ground water in Chowan County will
have little or no effect on the domestic and/or the general industrial
use of water. However, some industrial processes require water with less
than 5 ppm silica to prevent scale from forming in high pressure boilers
or on turbine blades. Silica concentrations in ground water sampled in
Chowan County ranged from 2.9 to 66 ppm, and were least in Aquifers A and

E, where the average was about 15 ppm (table 4).

Aluminum (Al)

Many minerals, particularly the alumino-silicates, contain significant
amounts of aluminum, but this cation is very resistant to removal by so-
lution during weathering. Aluminum is therefore found only in small amounts
in natural ground waters. Concentrations of aluminum in ground water sampled

in Chowan County ranged from trace amounts to 0.3 ppm, and have no effect on

the utilization of the water.
Iron (Fe)

Iron compounds are abundant in soil and rock materials, and they are
readily dissolved by the slightly acidic rainwater that percolates to the

zone of saturation. The acidic nature of the water is derived from the re-
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action of the water with carbon dioxide to form carbonic acid. The car-
bon dioxide is furnished by the atmosphere, and by decaying organic matter
and metabolic processes of plant roots in the unsaturated portion of the soil
(Hém. 1959). Iron dissolved in water generally occurs as ferrous iron, how-
ever, when exposed to oxygen in the air, the ferrous iron is oxidized to the
ferric state and precipitates as rust-colored ferric hydroxide. This red-
dish-brown precipitate is often seen in water samples containing large amounts
of iron.

The U. S. Public Health Service reécommends that the concentration of
iron in ground water should not exceed 0.3 ppm (U. S. HEW, 1962). Concen-
trations of iron greater than 0.3 ppm will generally stain laundry, por-
celain, utensils, and food, and may impart a disagreeable bitter taste to
beverages. Water with less than 0,3 ppm iron is usually acceptable for most
uses, however, some industries may require water with concentrations less
than 0.1 ppm. When encountered in excessive amounts, iron may be economically
removed from water by treatment (Nordeel, 1961).

In Chowan County, observed concentrations ef iron in ground water ranged
from trace amounts to 30 ppm. Generally the highest concentrations were
found 1in the shallower aquifers, and the lowest in the deep aquifers (tableQB)-
This is due to the fact that the ground water becomes more alkaline or basic
as it dissolves calcareous material from the deeper formations and, being more
basic, it is less able to keep iron in solution. As a result the iron is pre-

cipitated in the aquifers.
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Manganese (Mn)

Manganese is similar to iron in its chemical behavior in ground water.
However, manganese is much less abundant in rock-forming minerals, and con-
centrations of this cation in water are usually lower than those eof iron.
The U, S. Public Health Service recommends that drinking waters contain
no more than 0.05 ppm manganese. Concentrations of manganese above this
recommended maximum may cause a brown stain in laundry, and may impart a
disagreeable taste to coffeeand tea. Concentrations of manganese in fresh
ground-water samples from the area of study ranged from trace amounts to

0.1 ppm, and exceeded 0.05 ppm in one analysis only (table 4).

Calcium (£4) and Magnesium (Mg)

Compounds of calcium and magnesium, like those of iron are easily
dissolved by slightly acidic water or water containing carbon dioxide in
solution. Both calcium and magnesium are derived from the solution of
limestone,dolomite, shell, and other calcareous materials, and comprise
the major hardness-causing constituents in water. Although calcium is
more abundant than magnesium in most fresh ground water, it is less. soluble
than magnesium. Therefore, when present in large amounts, calcium may
precipitate and cause scaling on well screens, pipes, plumbing fixtures,
and boilers, etc. High concentrations of magnesium generally occur in
brackish and saline waters, and in waters contained by dolomite ore mag-
nesium limestone. Calcium and magnesium can be removed from water by
treatment (Nordell, 1961).

Observed concentrations of calcium and magnesium in ground water from
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Chowan County ranged from 3.2 to 133 ppm and 1.2 to 85 ppm, respectively,

Sodium (Na) and Potassium (K)

Sodium and potassium-bearing minerals are dissolved by water contain-
ing carbon dioxide. Once disso?ved, sodium tends to remain in solution
where as potassium will readily recombine with clay minerals (Hem, 1959).
Thus, sodium is more common than potassium in both natural ground water
and ocean water.

In ground-water samples from Chowan County concentrations of sodium
ranged from 1.4 to 2,880 ppm, and concentrations of potassium ranged from
0.7 to 79 ppm. The smallest amounts of these elements occur in water con-
tained by the shallower aquifers in the county. Higher concentrations are
found. in water in the deeper aquifers, particularly where these deeper
water-bearing zones contain brackish or saline water (table 4). Generally,
concentrations of thesemetals are not high enough to effect the utilization

of the fresh ground water in the area.

Bicarbonate (HCOB)

Bicarbonate is formed by the reacition or carbon dioxide (002) and dis-
solved shell material (CaCOS) with ground water. Shell is abundant in the
formations that underlie Chowan County and, therefore, bicarbonate is a
prominent anion in the ground water of the area. Where bicarbonate is the
prominent anion in the water, the most common catien is usually calcium or
sodium. Calcium—~bicarbonate water is hard and generally occurs in aquifers
that are composed of calcareous material. As water from calcareous forma-

tions moeves through clay and glauconitic material, the calcium ions are
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taken from solution and replaced by sodium ions. Clay minerals and glau-~
conite have a great capacity for such cation exchange. As a result, hard,
calcium-bicarbonate water is changed to soft, sodium-bicarbonate water.
When heated and pressurized, water with high concentrations of sodium
bicarbonate will attain high pH values, and my be objectionable for food-
processing and commercial-canning processes. Calcium bicarbonate in water
breaks down, when heated, to form calcium carbonate which may scale on

condensers, boilers, piping, and plumbing fixtures.

Sulfate (804)

Sulfate in ground water in the area comes from the sclution of calcium-—
and magnesium-~sulfate minerals in shell and limestone beds. In additfion,
any sulfide mineral that occur in the upper soil horizons are chemically de-
composed, and the sulfur is oxidized te a soluble sulfate form which:is leached
from the soil by water percolating to the zone of saturation. Water con-
taining sulfate, with calcium and/or magnesium, causes scaling and corrosion
in heated and pressurized plumbing systems. Thus, calcium- and magnesium-
sulfate water should be treated before it is used in steam boilers, etc. (Nordell,
1961). Sulfate in water may be reduced to hydrogen sulfide gas and sulfur
by bacterial pction., Hydrogeu sulfide gas has a disagreeable sdor character-
istic of rotten eggs, and when this gas is dissolved in water it forms a
weak acid that makes the water corrcsive. Hydrogen sulfide gas may be eco-
nomically removed from water by aeration and/or chlerination (Nerdell, 1961).
The U. S. Public Health Service recommends that drinking water contain

no more than 250 ppm sulfate. Councentrations of sulfate in ground water
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sampled in Chowan County ranged from O to 533 ppm, and exceeded 75 ppm
in only 16 percent of the analyses (table %). The highest sulfate contents
were found in water from Aquifer E, in test well T2, where the aquifer

contains residual sea water.

Chloride (C1)

In Chowan County, the principal source of clloride in ground water
is residual sea water in the aquifers. Comparatively small amounts of
chloride are dissolved from the sedimentary formations and from human
and animal wastes. The U, S. Public Health Service recommends that chloride
in drinking water should not exceed 250 ppm. At present there is no eco-
nomical method for removing excessive concentrations of chloride from
water.

Observed concentrations of chloride in ground water from the area
ranged from 3.8 to 4,140 ppm (table 3). The lowest amounts of chloride
occur in waiter from the shallower aquifers and the highest concentrations

occur in water from the deeper water-bearing zones.

Fluoride (F)

The solution of fluoride-bearing minerals such as apatite, phosphates,

micas, hornblendes, and fluorite, accounts for concentrations of fluorides
in ground water. The solubility of most fluorides is relatively low and,
therefore, the amount of fluoride found in water is usually small. Small
amounts of fluoride in water, about 1.0 to 1.5 ppm, will help prevent de-

cay in children's teeth, but concentrations greater than about 1.5 ppm
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may cause a permanent mottling of their teeth (Mair, 1950).

Fluoride concentrations in ground water in the area ranged from trace
amounts to 3.0 ppm. Eighty-three percent of the samples analyzed for fluoride
contained less than 1.5 ppm. Concentrations exceeding 1.5 ppm were found
only in water from Aquifers D and E, and most frequently in Aquifer E (table 4).
Excessive concentration of fluoride may be removed from water, but the de-

fluoridating process is generally very expensive (Nordell, 1961)@

Nitrate (ND3)

Although nitrate compounds are readily soluble in water, they are in-—
significant in. inorganic rock and s0il material in the area and, counsequently,
only small amounis of nitrate are found in most of the ground water in Chowan
County. High concentrations of nitrate in water may indicate pollution by
human or animal wastes, or the leaching of nitrate from fertilizers or organic
humus in the soil. -

Excessive nitrate in drinking water may cause cyanosis in infants. This
condition may be fatal, and it is recognized by a bluish-gray coler of the
skin, which is caused by a lack of oxygen in the blood. To aveid such occur-
rences, the U, S, Public Health Service recommends that water containing more
than 45 ppm nitrate should not be fed to infants, and should not be ingested
by mothers who are breast feeding infants.

Observed councentrations of nitrate in water from the area ranged from
trace amounts to 66 ppm. About 80 percent of the water samples analyzed
for this anion contained less than 45 ppm viitrate, and concentrations higher

than 45 ppm were found only in water from Aquifer A (table 4).
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Phosphate (P04)

Minerals containing phosphate are only partially soluble in water con-
taining carbon dioxide and, ohce in solution, the phosphate readily recom-
bines with clay minerals. Thus, high concentrations of phgsphate in natural
ground water are rare, and when they arve encountered they may indicate con-
teamination from phosphate detergents and/or fertilizers.

Concentrations of phosphate in the gampled ground water of the area

ranged from trace amounts to 1.1 ppm (table %), and have little or no effect

on the utilization of the water.

Hardness

The relative hardness of water is represented by its soap-consuming
power and can be recognized by the amount of curd formed with soap. The
soap consumption and curd results from the reaction of cations in the water
with the soap to form insoluble compounds. Haypdness of water may also
cause scaling in boilers and cooking utensils. All hardness-causing con-
stituents in water are reported together as an equivalent amount of cal-
cium carbonate (CaCOB). The following‘scale is used by the U. S. Geologi-

cal Survey to classify the hardness of waters:

Hardness as CaCOz Classification

0-60 ppm Soft water

61-120 ppm Mederately hard water
121-180 ppm Hard water

181+ ppm Very hard water
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When the hardness—causing cations total more than the equivalent amount
of carbonate and bicarbonate anions taken together, the remainder of the ca-
tions are reported as noncarbonate or permanent hardness. Calcium and mag-
nesium, the major hardness-—causing constituents, can be economically re-
moved from water by treatment (Nordell, 1961)0 Observed hardness in ground
water from Chowan County ranged from 12 %o 533 ppm, and was greatest where

calcareous material is prominent, in Aquifers B, C, and D (table 3).

Dissolved Solids

The amount of chemical constituents dissclved in water may be deter-
mined in two ways: (1) by evaperating a given volume of water and deter:
mining the amount of residue remaining after it is dried at some specified
temperature (180° C. by the U. S. Geological Survey) and, (2) by adding a—
bout half the amount of bicarbeonate to the sum of the other chemical con-
stituents, all being determined by chemical analysis. The results of these
methods should be approximately the same, and are reported as total dis-
solved solids and computed dissolved solids, respectively, Computed dis-
solved solids are used in table L,

The U, S, Public Health Service recommends that public supplies coun-
tain no more than 500 ppm dissolved solids. Computed dissolved solids in
_ground water from Chowan County ranged from 60 to 8,010 ppm. The highest
concentrations were found iu brackish and saline waters in Aquifers C, D,

and E (table 4).

Specific Conductance

Specific conductance is a measure of the amount of eliectyric curreunt
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water will conduct. The amount of current conducted depends upon the amount
of mineral constituents dissolved in the water and their degree of ionization.
Generally, highly mineralized water is a good conductor and pure water is a
poor conductor of electricity. Thus, specific conductance values are used

to estimate the total amount of solids dissoclved in water. Specific con-
ductance is expressed as micromhos, the reciprocal of ohms multiplied by

106, at 25° C. In ground water from Chowan County, it was foﬂnd that multi-

plying specific conductance by 0.6 would give a close approximation of the

amount of dissolved solids in the water.

Hydrogen-Ion Concentration (pH)

The hydrogen-iom concentration is a measure of the degree of acidity
or alkalinity of water. The pH of a solution is defined as the negative
logarithm of the concentration of free hydrogen ions in moles per liter.
The pH scale extends from 0 tol4, and water with a pH value of 7.0 is neu-
tral, above 7.0 is alkaline or basic, and below 7.0 is acid. Because the
pH values are set on a logarithm scale, water with a pH of 4.0 is ten
times as acidic as water with a pH.of 5.0 and, likewise, water with a pH
of 9.0 is ten times as basic as water with a pH of 8.0. Waters with low
pH vhlues are usually more corrosive than those with pH values of 7.0 or a-
bove., Acidic or basic waters may be economically neutralized (Nordell,
1961).

The observed pH values of ground water from the area ranged from 4.3
to 8.5,ad the water was generally acid in Aquifers A and B, and alkaline

in Aquifers C, D, and E (table 3).
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Physical Quality

Color

Color in water is thought to result from the decomposition of vege-
table matter, and is generally recognized as a brown or yellow hue. The
relative amount of color in water is determined by comparing the water
with standard platinum-cobalt solutions, and the results are reported in
color units. More than 15 units of color may make the water esthetically
undesirable, and may stain laundry and porcelain fixtures.

Observed color in ground water from Chowan County ranged from 1 to
70 units, and did not exceed 15 units in 90 percent of the analyses where

color was determined (table 4).

Taste and Odor

Disagreeable tastes in the ground water of the area are usually as-
sociated with excessive concentrations of chloride and/or iron. Generally,
when these chemical constituents are below the maximum amounts recommended
by the U, S. Public Health Service, the water has no objectionable taste.
Odor is primarily derived from hydrogen sulfide gas which can be removed

by aeration and/or chlorination.

Temperature

The observed temperature of ground water from the artesian aquifers in
Chowan County has little if any seasonal fluctuation, and ranged from 60 to

73° F.
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Quality of Ground Water in the Aquifers

Aquifer A

Computed concentrations of dissolved solids in water from Aquifer
A were in nearly all cases below 500 ppm and averaged about 171 ppm. How-
ever, this water commonly contains objectionable concentrations of iron
and is somewhat acid. Observed iron content in water from Aquifer A ranged
from 0.0% to 24 ppm and was above 0.3 ppm throughout most of the county.
In some places, particularly in areas of discharge, concentrations of iron
are below 0.3 ppm (fig. 28). The pH of the water averaged 5.5, and the
water is potentially corrosive. Locally, where wells are screened in shell
beds the water is hard, but most of the hardness values were below 100 ppm,
and hardness scalednd excessive soap consumption are uncommon. Water in
Aquifer A is subject to contamination from human and animal wastes, ferti-
lizers, detergents, etc,. Unusuall& high concentrations of nitrate, chloride,

or phosphate should be regarded as indicators of possible dangerous pollu-

tion.

Aquifer B

Concentrations of dissolved solids in water from Aquifer B ranged
from 192 to 435 ppm and averaged 296 ppm. Objectionable amounts of dis-
solved mineral matter, other than iron and hardness-causing constituents,
are uncommon in this water. Iron content ranged from 0.02 to 30 ppm and
was above 0.3 ppm in moest of the area. However, ireon content in water
from Aquifer B is generally below 0.3 ppm in areas of ground-water discharge

(fig. 29). Hardness rawmged from 16 to 397 ppm, and was above 180 ppm a-
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round Gliden and throughout the southern part and the southeastern part
of the county. TFigure 30 shows the distribution of observed hardness in
water from this aquifer. The pH values of the water average 6.8, and its

corrosive potential is relatively low.

Aquifer C

Water from Aquifer C contains objectionable amounts of hardness-
causing constituents, iron, and chloride in certain areas of Chowan County.
Hardnesé of the water ranged from 64 to 423 ppm; the distribution of hard-
ness in the southern part of the county is shown in figure 31. The iron
content in water from Aquifer C ranged from 0.03 to 5.5 ppm, and its dis-
tribution, in the southern part of the county is shown in figure 32. The
distribution of iron and hardness are not shown for the northern and cen-
tral parts of fhe county because available information was too sparse. The
lack of information is due to the fact that very few wells screen Aquifer
C for water supply in the central and northern part of the area.

Observed concentrations of chloride in the water ranged from 6 to
2,310 ppm and exceeded 250 ppm in the northern half, and the extreme south-
ern part of the county (fig. 33). Other dissolved constituents are not
present in excessive or objectionable amounts where the water from this

aquifer is fresh.

Aquifer D

The most common objectionable constituent in water from Aquifer D is

chloride. Observed concentrations ranged from 30 to 2,340 ppm and were a-
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SALT-WATER CONTAMINATION

The excessive concentrations of chloride in the water in the artesian
aquifers of the area are derived from residual sea water. The sediments,
laid down in a marine environment, were saturated with sea water during
and after deposition, After the most recent withdrawal of the sea, fresh
water percolating into the ground has diluted and partially flushed the
saline water from the deeper aquifers.

The flushing and dilution of residual sea water in aquifers genexally
occurs more rapidly in areas of recharge. Therefore, the occurrence of
the freshest water in the aquifers is usually defined by recharge areas.
However, a comparison of the piezometric maps (fig. 21, 22, and 23) with
the concentration of chlbride maps (fig. 33, 34, and 35) shows that the
areas of recharge and lowest chloride concentrations are not the same in
Chowan County. The piezometric surfaces indicate that most of the recharge
to the artesian aquifers is occurring ntrth of the county and in the north-
eastern part of the county, and the chloride concentrations indicate that
flushing of salt water from the aquifers is most complete in the western
and central part of the county.

This chioride-piezometric distribution was prebably caused by a re-
latively recent change in the hydrologic conditions in the area. Prior
to extensive erosion and dissection by streams; the high level terrace
that occurs between 50 and 75 feet above mean sea level in Bertie, Chowan,
and other counties in the northeastern part of the state, was connected
and continuous. The present distribution of chloride copcentrations (figy
33, 34, and 35) was established during this time, when the major recharge
was occurring in the higher topographic areas west of Chowan County, and

residual sea water in the aquifers was being flushed from the west toward
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the east. When sea level rose and the present drainage system was well
developed, this recharge and flushing patiterm was interrupted and divided
by the Chowan River. As a result, the major recharge to the artesian a-
quifers in Chowan County now occurs in the northeastern part of the county,
and residual sea water is now being flushed toward the east, south, and
west. The ,piezometric surfaces adjusted rapidly to the change, but the
redistribution of chloride concentrations, which will reflect the new flush-
ing pattern, has lagged behind because the actual movement of ground water
is extremely slow.

Under the present hydrologic conditions, the saline water contained
by the artesian aquifers in the area of recharge will slowly encreach upon
the areas where these aquifers contain fresh water. The highest level to
which chlorides can increase due to this encroachment is limited to about
1,000 ppm {the highest chloride concentrations encountered in water from
Aquifers C, D, and E, in the recharge area), and will most likely be less
than 1,000 ppm because of dilution by fresh water from the shallower water-
bearing zones, and by the freésh water already in the deeper aquifers. The
amount and rate of increase will depend upon the hydraulic gradients, which
will be steepened by pumpage, the transmissibilities of the aquifers, and
the movement of water from one aquifer to another. Both the level and rate
of increase of the chloride concentrations will be higher where hydraulic
gradients are steep, transmissibilities are high, and the aquifers are sepa-
rated by thick layers of clay so that the dilution by fresh water from the
shallow aquifers is retarded.

Water in the artesian aquifers is being naturally and artificially

discharged in the southern parﬁ of the county. The artificial discharge,
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ground-water withdrawals in the Edenton area, is exerting the major in-
fluence on ground-water movement. Within the area of influence of the

cone of depression water is drawn from all directions, vertically and la-
terally, toward the center of pumping. The upward leakage of saline water
from Aquifers D and E, and the downward leakage of fresh water from Aquifers
A and B is retarded by the clay layers that separate the water-bearing zones.
However, lateral movement of water in the aquifers is not retarded by clay
layers, and the saline water in Aquifer C is moving slowly from the south
and east toward the center of pumping. An estimate of the rate of encroach-
ment is difficult to make as long as pumpage in the Edenton area changes in
rate and the cone of depression continues to spread. However, frequent obser-
vations of water levels and of chloride content in water from Aquifer C east,
southeast, and southwest of Edenton would provide the information needed to
determine the rate of encroachment and, its potential to contaminate the mu-

nicipal water supply.
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SUMMARY AND CONCLUSIONS

The sedimentary formations that underlie Chowan County range from
Early Cretaceous to post-Miocene in age, and are composed of interbedded
sand, silt, elay, shell, and limestone beds that are saturated with water.

The sediments between land surface and about 450 feet below contain
fresh water and can be divided into five aquifers (A, B, C, D, and E) that
are generally separated by four aquicludes. Aquifer A is composed of very
fine— to medium-grained quartz sand that occurs between land surface and
about 25 feet below land surface. The top.and bottom of this aquifer at
any one place is marked by the water table and the. deepest occurrence of
the surficial sands, respectively. The ground water in Aquifer A is under
non-artesian or water-table conditions. Yields from dug, bored, and driven
wells screened in this aquifer are usually less than 10 gpm. Water from
this zone generally contains more than 0.3 ppm iron, but other dissolved
mineral constituents are usually below the maximums recommended by the
U. S. Public Health Service.

Aquifer B is composed of fine- to coarse-—grained quartz sand and shell
beds. The top of this zone‘occurs at approximately 30 feet and the bottom
occurs at about 80 feet below land surface, Water in Aquifer B is generally
under semiartesian conditions. Bored, driven, and drilled naturally-developed
and gravel-packed wells are used to recover water from Aquifer B. The
specific capacity of properly constructed, naturally-developed wells screen-
ing the full thickness of this aquifer should be about 3 gpm per foot of
drawdewn., Concentrations of iron in water from this zone are generally a=
bove 0.3 ppm, and the water is usually very hard in the southern and south-

eastern part of the county.
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Aquifer C is composed of sandy-shell limestone, glauconitic sand,
and sandy limestone and phosphatic quartz sand. The top of this water-
5earing zone occurs at about 150 feet and the bottom occurs at about 190
feet below land surface in the western part of the county, and these depths
increase about 10 feet per mile toward the east. The water in Aquifer C
is under artesian conditions. Drilled open-end, naturally developed, and
gravel-packed wells are used to recover ground water from this aquifer.

In the southern part of the county the specific capacity of gravel—packed

or naturally developed, properly constructed wells screening the full thick-
ness of Aquifer C should be about 10 gpm per foot drawdown. The specific
capacities of wells screening Aquifer C in the central and northern part

of the county will be much less because the Castle Hayne Limestone is ab-
sent and the general lithic texture of the aquifer is much finer in these
areas. Water from Aquifer C is very hard in the vicinity of Edenton, and
where hardness is below 180 ppm, concentrations of dissolved iron generally
exceed 0.3 ppm. Concentrations of chloride in this water exceed 250 ppm

in the northern half and the southeastern part of the county.

Aquifer D is composed of interbedded fine- to medium-grained quartz
sand, glauconite, and gluconitic and sandy limestone. The top of Aquifer
D occurs at about 220 feet and the bottom occurs at about 270 feet below
land surface in the western part of the area, and these depths increase
about 12 feet per mile toward the east. Drilled open-end and naturally
developed wells are used to recover water from this aquifer. Water con-
tained by Aquifer D is under artesian conditions. The specific capacity
for properly constructed, naturally-developed wells screening the full

thickness of Aquifer D should be about 5 gpm per foot of drawdown. Con-
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centrations of chloride in water from this aquifer are below 250 ppm only
in the central western part of the county and, locally the water is very
hard, contains more than 0.3 ppm iron, and more than 1.5 ppm fluoride.

Aquifer E consists of interbedded fine- to medium-grained quartz sand,
shell, and clay layers. The topr of this water-bearing zone occurs at a-
bout 320 feet and the bottom occurs at about 420 feet below land surface
in the western part of the county and these depths increase about 25 feet
per mile toward the east—southeast. Ground water in Aquifer E is under
artesian conditions. Drilled naturally-developed wells are used to re-
cover water from Aquifer D. Yields from wells screened in this zone are
exceptionally low {1 to 5 gpm) for the texture of the sands in this aquifer,
and could probably be improved if electric or gamma-ray well logs were used
to determine screen depths during well construction. Where the water from
this aquifer contains less than 250 ppm chloride (in a émall area north
of Rockyhock and generally west of Smalls Cross Roads), other dissolved
constituents are usually below the maximum concentrations recommended by
the U. S. Public Health Service,

Rainfall recharges the aquifers with ground water. More recharge
occurs during the winter and the early spring months than any other time
of the year, because evapotranspiration rates are low. Water levels gene-~
rally rise during this period. Most of the ground-water recharge occurs
in the elevated topographic areas in the county where the piezometric sur-
faces and the water table are high. The water moves away from these re-
charge areas toward areas of natural and artificial discharge where the
piezometric surfaces and the water table are low. Discharge usually ex-

ceeds recharge in the late spring, summer, and early fall months, because
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of high evapotranspiration rates. Therefore, water levels are generally
lowest during this time of the year.

The distribution of chloride concentrations in water in Aquifers C,
D, and E (the increase in chloride from west to east in the area) was e-
stablished before the present drainage system was developed, when major
recharge to these aquifers was occurring west of Chowan County. Since
the development of the present drainage system, major recharge to the ar-
tesian aquifers in the county has occurred in the northern and northeastern
part of the area, and water containing high concentrations of chloride
is now being diluted and flushed from the north toward the east, south,
and west.

Concentrated and increasing pumpage in the Edenton area has developed
a rather extensive cone of depression in the piezometric surface of Aquifer
C, the major artesian aquifer in the southern part of Chowan County. This
cone of depression is expanding, and will continue to expand as long as
pumping increases, and has already intercepted aress southeast of Edenton

wherethe water in Aquifer C contains excessive concentrations of chloride.
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BASIC DATA

Stratigraphic Test Well Number Ti1

Location: Gliden, Chowan County, North Carolina

Owner: U, S. Geological Survey

Date Drilled: September-October 1962

Elevation of Land Surface: 736 feet above mean sea level

Total Depth: 946 feet

Lop of Well
Depth (feet)
below land surface Quaternary - surficial sands
0-14 Sand, tan; very fine-grained subangular

to subrounded quartz sand. Light-
brown clay and limonite-stained
quartz sand prominent. Trace of
fine-grained dark- to light green
glauconite, fine-grained phosphate
and medium-grained quartz gravel.
Foraminifera rare, no Ostracoda.

... Upper Miocene - Yorktown Formation

14-49 Sand, light-gray; 90 percent very fine-
grained subangular to subrounded
quartz sand, 10 percent medium-
grained quartz sand. Coarse shell
fragments prominent. Trace of fine-
grained phosphate, limonite-stained
quartz and rose quartz. Foraminifera
rare from 1% to 39 feet and common
from 39 to 49 feet; no Ostracoda,

49-80 Sand and clay, medium-gray; 55 percent

very fine-grained angular to subangular
fquértz sand, 30 percent medium-gray
clay, 15 percent shell fragments.
Trace of smoky quartz, fine-grained
dark- to light—green glauconite and
fine~-grained brown phosphate. For-
aminifera abundant, ne Ostracoda.

80-136 Clay and shell, medium-gray; 40 percent
medium-gray clay, 30 percent very
fine—grained angular teo subangular
quartz sand, 30 percent coarse to
medipm shell fragments. Trace of
fine~grained phosphate, fine-grained
dark—~ to light-green glauconite,
medium grained rounded quartz gravel,
pyrite aggregates. Foraminifera a-
bundant, no Ustracoda.



Depth (feet)
below land surface

136-203

203-230

230-260

260-290

290-316
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Sand and clay, medium_gray; 50 percent

very fine-grained angular to sub-
angular quartz sand, 40 percent
medium-gray clay, 10 percent shell
fragments. Trace of fine-grained
brown phosphate, fine-grained dark-
to light-green glauconite, reddish-
breown clay and black clay. Fora-
minifera abundant, diatoms common,
ne Ostracoda.

Glauconitic sand and clay, dark-gray;

50 percent five-grained subangular
to subrounded guartz saund, 30 per-
cent médium~gray clay, 10 percent
coarse shell fragments, 10 perceunt
dark- to light-green glauconite.
Trace of pyrite aggregates, limo-
nite-stained gquartz and yellow-
brown clay. Foramiwnifera abundant,
diatoms common, no Ostracoda.

Middle Miocene - Pungo River Formation

Sand, light-gray; fiune-grained angular

to subangular gquartz sand. Fine-
grained dark— to light-green glau-
conite, fine- to medium-grained
phosphate prominent, Trace of
rose quartz and limonite-stained
guartz. Foraminifera common, no
Ustraceda or diatoma,

Paleocene - Beaufort Formation

Glaucounitic sand and shell, mediwum—

gray; 60 percent fine-grained sub-
angular vo svbrounded quartz sand,
20 perceunt medium~grained dark- to
light-green glauconite, 10 percent
fine to medium shell fragments.
Medium~grained phesphate prominent.
Trace of light-gray clav. rose
gquartz and limestone-and-sand aggre-
gates, Foraminifera sabundant, no
Ostracoda.

Glauwconite and sand, greeu-gray mottled;

70 percent medium-grained dark— to
light green glauconite, 30 percent
fine~ 1o medivm-grained subangular
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Bepth (feet)

below land snrface

316-341

341-367

367-390

390-480

to subrounded quartz sand. Trace
of medium-grained phosphate, medium
shell fragments, pyrite aggregates,
medium-gray limestone, and oxidized
glanconite grains. Foraminifera
rare, no Ostracoda.

Glauconite, sand and shell, dark-gray;
50 percent medium-grained dark- to
light-green glauconite, 25 percent
fine-grained quartz sand, 15 percent
coarse to medium shell fragments
and white limestone-and-sand aggre-

gates and 10 percent gray clay occuring
as alternating indurated and partially

consolidated layers. Medium-grained
guartz sand oxidized glauconite

prominent. Trace of pyrite aggre-
gates, and fine-grained phosphate.
Foraminifera common, ne Ostracoda.

Glauconitic sand and clay, medium-grays;
50 percent medium—-grained angular to
to subangular quartz sand, 25 per-
cent medium-grained dark- to light-
green glauconite, 15 perceunt gray
clay, 10 percent shell fragments
and white limestone-and-sand aggre—
gates. Trace of coarse-grained
guartz sand, limonite-stained quartz,
oxidized glauconite, pyrite aggre-—
gates and fine-grained phosphate.
Foraminifera common, no Ostracoda.

Glauconite sand and clay, medium-gray;
50 percent medium-graiuned angular
to subangular quartz sand, 30 per-
cent light-gray clay, 15 percent
medium-grained dark- to light-
green glauconite, 5 perdent shell
fragments. Trace of white lime-
stone-and-sand aggregates, oxidized
glauconite, fine-grained glauconite
and pyrite aggregates., Foraminifera
common, Ostracoda rare.

Upper Cretaceous -~ Black Creek ¥Formation

Glauceonitic sand and clay, medium-gray;
55 percent fine- to medium-grained
angular to subangular quartz sand,
30 percent. gra—w clay, 10 percent



Depth (feet)
below land surface

480-541

541-595

595-715

715-835
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medium-grained dark- to light-green
glauconite, 5 percent shell fragments.
Trace oxidized glauconite, pyrite
aggregates medium-grained phosphate,
rose quartz, hematite, yellow-brown
clay, black clay, lignitized wood,
light-gray limestone and amber. For-
aminifera common, Ustracoda rare.

Sand, light-gray; 80 percent medium-—

grained angular to subangular quartz
sand, 10 percent light-gray clay,

5 percent medium-grained dark-green
glauconite, 5 percent coarse-grained
quartz sand. Trace of shell frag-
ments, pyrite aggregates, black clay,
medium-grained phosphate, rose quartz,
lignitized wood fragments and amber.
Foraminifera cGommon, no Ostracoda.

Sand, light-gray; 90 percent medium-grained

subangular quartz sand, 5 percent
coarse-grained quartz sand, 5 percent
medium-grained dark-green glauconite.
Red and steel-gray hematite prominent.
Trace of limonite-stained guartz-pyrite
aggregates, black clay, white lime-
stone-and-sand aggregates and shell
fragments. Foraminifera common, no
Ostracoda.

Upper Cretaceous ~ Tuscaloosa (?) Formation

Sand, light-gray:; 85 percent medium- to

fine-grained angular to subangular
quartz sand, 15 percent coarse-grained
subangular quartz sand. Medium-
grained dark- to light-green glauconite
and gray clay prominent, Trace of

red hematite, hematite-stained quartz,
shell fragments, white limestone- and-
glauconite aggregates, rose quartz,
pyrite aggregates, black clay, musco-
vite and amber. Foraminifera common,
Ostracoda rare.

Sand and clay, lighit-gray; 40 percent fine-

grained subangular quartz sand, 20
percent medium-grained gquartz sand,
40 percent light-gray clay. Fine-
grained to medium-grained dark- to
light-green glauconite promiunent,
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Depth (feet)
below 1&nd_surface

835-855

855-920

920-946
(bottom)

Sand

Trace of medium-—grainel phosphate,
red hematite, shell fragments, rose
quartz, pyrite aggregates, hematite~
and limonite-stained quartz, white
limestone-and-glaunconite aggregates,
fine-grained muscovite, amber and
black clay. Foraminifera common
and diatoms rare, no Ostracoda.

, light-gray; 60 percent fine-grained
subangular quartz sand, 25 percent
light-gray clay, 15 percent medium-

to coarse-grained quartz sand. Trace
of fine-grained dark-green glauconite,
fine-grained phosphate, shell frag-
ments, red hematite, pyrite aggregates,
limonite-stained quartz, muscovite

and black clay. Foraminifera common,
diatoms rare, no Ostracoda.

Sand and clay, gray; 50 percent fine-

grained subangular quartz sand, 40
percent gray clay, 10 percent medinm-
to coarse~grained quartz sand. Trace
of fine-grained dark-green glauconite,
red hemitite, limonite-stained quartz,
shell fragments, pyrite aggregates,
white limestone-and-glauconite aggre-
gates and black clay. Foraminifera
common, diatoms and Ostracoda rare.

No representative sample.
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Stratigraphic Test Well Number T2

Location: 3.5 miles southeast of Edenton, Chowan County, North Carolina
Owner: U. S. Geological Survey

Date Drilled: August-September 1962

Flevation of Land Surface: 8 feet above mean sea level

Total Depth: 852 feet

Log of Well
Depth (feet)
below land surface Quaternary - surficial sands
0-15 Sand, tan; fine- to medium-grained sub~-

angular to subrounded gquartz sand
with iron staiuning common. Trace
of phosphate, glauconite, smoky
quartz, lignitized woed and brown
clay. No microfossils.

Upper Miocene ~ Yorktown Formation

15-42 Sand and shell, light-gray; 85 percent
fin¢- to medium~grained subangular teo
subrounded quartz sand, and 15 per-
cent medium to coarse shell fragments.
Trace of red garnet, phosphate, glau-
conite and brown clay. Foraminifera
rare, no Ostracoda.

4263 Shell and clay, light-gray; 65 percent
gshell fragmerts, 25 percent Bue-gray
clay, and 10 percent coarse quartz
sand., Trace coarse-—-grained phosphate,
fine-grained guartz sand and black
clay., TForaminifera rare, ne Ostracoda,

63-98, Clay and shell, light-gray; 50 percent blue-
gray clay, 40 percent ccarse shell
fragments and 10 percent fine~grained
quartz sand. Trace coarse guartz sand
and phosphate. Foraminifers abundant,
Ostracoda rare.

98-139 Shell and clay, light-gray; 00 percent
coarse shell fragmenis, 20 percent
blue-gray clay and 10 percent fine-
grained quarts sand. Trace phosphate.
Yoraminifera common, no Ustracods.
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Depth (feet)
bhelow land surface

139-174

174-215

215-235

235-255

255-288

288-350

Sand

Sand shell and clay, light-gray; 55 per-—

cent fine angular to subangular quartz
sand, 25 percent white shell fragments,
20, percent light-gray clay, Trace of
fine-grained phosphate and reddish-brown
clay., Foraminifera commoun, Ostracoda
rare.

and clay, tan; 50 percent fiune sukrounded
quartz sand, 35 percent brown clay, 15
percent dark- to light-gray shell frag-
ments. Trace of phosphate. Foyaminifera
common, Ostracoda rare.

Middle Miocene —~ Pungoe River Formation

Sand

and clay, reddish-brown; 60 percent

fine subrounded quaritz sand, 15 percent
white shell fragments, 10 percent reddish-
brown clay, 10 percent fine-grained phos-—
phate. Trace of fine-grained light-green
glauconite, Foraminifera abundant, Os-
tracoda rare.

Middle Eocene - Castle Hayne Limestone

Sand and shell, light-brown: 60 percent med-

ium subangular to subrounded quartz sand,
20 percent white to gray shell fragments.
15 percent fiune~grained gquartz sand, 5
percent brown clay occurringas alternating
indurated and partially consclidated
layers., Trace of fine-grained light-
green glauconite.

Paleocene - Beaufert Formation

Sand, reddish-brown; 70 percenﬁ medium- to

fine-grained subangular to sub-rounded
quartz sand, 20 percent regdish-brown
clay, 10 percent white to gray shell
fragments. Indurated and partially con-
solidated lavers of shell are common.
Trace of fine-grained phosphate and fine-
grained dark- te light-green glauconite.
Foraminifera commen, no Ostracodas

Sand, yellow-brown; 90 percent fine- to me-

dium-grained subangular teo sub-rounded
quartz sand, 5 perceunt fine- to medium-
grained dark-green glaucenite, 5 per-
cent reddish-brown clay. Trace of phos—
phate, shell fragments and rose quartz.
Foraminifera common, Ostracoda rare,
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Pepth (feet)
~below land surface

350-380 Glauconitic sand, gray-green; 00 percent
medium-~grained subangular to subrounded
quartz sand, 20 percent fine~grained
quartz sand, 15 percent medium-grained
dark—~ to ligh#-green glauconite, 5 per-
cent white shell fragments., Trace of
reddish-brown clay, phosphate and smoky
quartz. Foraminifera common, Ostracoda
rare.

380-432 Sand and shell, tan; 40 percent coarse quartez
sand to fine gravel, 25 percent medium
to coarse shell fragments, 20 percent
fine subangular to subrounded quartz
sand, 10 percent reddish-brown clay,

5 percent fine-grained dark-green glau-
conite. White limestone-and-sand aggre-
gates prominent. Trace of phosphate,
pyrite aggregates and limonite-stained
quartz. Foraminifera rare, no Ostracoda.

432490 Sand, shell and clay, tan; same as 380--432
foot interval with 20 percentdecrease
in cecarse sand and fine gravel and a
corresponding increase in fine sand and
clay. Trace of hematite and hematite-
stained quartz. Foraminifera rare, no
Ostracoda.

Upper Cretaceous - Peedee Formation

490-580 Sand and clay, red-gray mottled; 40 percent
fine~grained subangular to subrounded
quartz sand, 15 percent shell fragments,
10 percent coarse—graiuved quartz saand,
10 perceunt dark-gray clay, 20 percent
red clay and hematite aggregates, 5
percent fine-grained dark- to light-
green glauconite. Trace of pyrite
aggregates, limonite-and-sand aggregates,
muscovite, amber and lignitized wood.
Foraminifera common, Ostracoda rare.

580-678 Upper Cretaceous - Black Creek Formation

Sand and clay, mediuwm~gray; 4% perceunt fine
subangular to subrounded cnartz sand, 25
percent dark-gray clav, 20 pevcent shell
fragmeats, 5 percent coarse-grained gquartz
sand, 5 percent o-grained dark- to light-
green glauconite. Medium quartz gravel
reddish-brown clay prominent. Trace of
rose guartz, limeoniie-stained quartz, phos-
phate, pyrite aggregates, black clay, amber
muscovite. Foraminifera commor,no Ostracoda.
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Depth (feet)

below land sgrface

678-749

749-801

801-847

8L7-857

857
(bottom smaple)

Sand and clay, dark-gray; 70 percent fine-grained

subangular to subrounded quartz sand, 20
percent dark-green clay, 10 percent fine-
grained dark- to light-green glauconite.
Reddish-brown clay, shell fragments, and
coarse-grained quartz sand prominent.

Trace of phosphate, pyrite aggregates,
black clay, hematite-stained quartz, lime-
stone~and-sand aggregates, amber and musco-
vite, Foraminifera common, Ostraccda rare.

Sand, light-gray; 65 percent fine-grained sub-

angular to subrounded quartz sdnd, 30 per-
cent fine-grained dark- to light-green
glauconite,  Fine-grained phosphate and
coarse shell fragments prominent. Trace
of  light-gray clay, pyrite aggregates,
reddish-brown clay, rose quartz, limonite-
stained quartz, amber and black clay.
Foraminifera and Ostraceda rare.

Sand, tan; 75 percent fine-grained: subangular

to subrounded quartz saud; 15 percent coarse
grained quartz sand, 10 percent reddish-
brown clay. Fine-grained glauconite and
limonite-stained quartz prominent. Trace

of smoky quartz, fine-grained phosphate,
pyrite aggregates, amber and fine-grained
rounded quartz gravel. Foraminifera common,
no Ostracoda.

No sample.,

Glauconitic sand and clay, medium-gray; 50 per-

cent fine-grained angular to subangular
quartz sand, 30 percent medium-gray clay,
10 percent fine-grained dark- to light-
green glauconite. Trace of medium-grained
quartz gravel, fine-grained phosphate,
limonite-stained quartz and amber. Fora-—
minifera common, no Ostracoda.
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Stratigraphic Test Well Number T3

Location: .5 miles north Valhalla, Chowan County, North Carolina
Owner: U. S. Geological Survey

Date Drilled: dJune~July 1964

Elevation of Land Surface: 39 feet above mean sea level

Total Depth: 604 feet

Log of Well

Depth {feet)
below land surface Quaternary — surficial sands

0-35

35-40

L0-45

45-50

50-60

60-75

Sand, tan; 75 percent fine-grained angular
to subangular clear quartz sand, 25 per-
cent fine~ to medium-grained subangulser
limonite-stained quartz sand. Trace il-
menite, rose guartz and lignitized wood.
No microfossils.

_ Dpper Miocene — Yorktown Formation

Sand, tan; 60 percent medium-grained subangular
to subrounded quartz sand, 30 percent fine-
grained quartz sand, 10 percent coarse-
grained sand. Ilmenite, hematite— and limo-
nite-stained quartz prominent. Trace of
rose gquartz and shell fragments.

Sand, tan; 50 percent coarse-grained subrounded
quartz sand, 25 percent medium-grained
subangular te subrounded quartz sand, 25
percent fine-~ to very fine-grained sub-
rounded quartz sand. Limonite- and hema-
tite-stained quartz grains prominent.
Trace of ilmenite, rose quartz and shell
fragments.

Sand, light-gray; fine-grained subangular to
subrounded quartz sand. Limonite-stained
quartz grains prominent. Trace of coarse-
to medium-grained quartz,rose quartz and
ilmenite,

Sand, tan; 80 percent very fine-grained sub-
angular to subrounded quartz sand, 20 percent
fine to medivm- grained subrounded quartz
sand. Limonite-stained quartz grains promi-
nent, = Trace of ilmenite, hematite
grains and rose quartz.

Sand, brewnish-gray; 65 percent fine-grained
subrounded quartz sand, 15 percent medium-
grained quartz sand, 15 percent very fine-
grained quartz sand, 5 percent shell frag-
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Depth (feet)
below 1anﬂ surface

75-130

130-155

155-175

175-210

210-245

ments, Hematite- and 1im0nite;stained
Trace of rose quaritz, fine-grained light-
green glauconite and smoky quartz.

Sand, brownish-gray; 60 percent fine-grained

subrounded to subangular quartz sand, 20
percent gray clay, 20 percent very fine-
grained quartz. Shell fragments, limonite,
and hematite-stained guartz grains promi-
nent. Trace of rose quartz, ilmenite and
dark-green fine-grained glauwconite. Forae-
minifera and Ostracoda present.

Sand, brownish-gray; 75 percent fine-~ to very

fine-grained subrounded quartz sand, 20
percent gray clay, 5 percent medium-grained
quartz sand, Shell fragmentis prominent.
Trace of rose quartz, muscovite, limonite-
stained quartz, light- ts dark-green glau-
conite, and ilmenite. Foraminifera and
Ostracoda present.

Sand and clay, light-gray; 65 percent very fine-

to fine-grained /subrounded quartz sand,

30 . percent light-gray clay, 5 percent
medium-grained subrounded quartz sand.

Shell fragments prominent. Trace of
fine-grained dark- to light-green glauconite,
limenite~stained quartz, rose quartz, brown
to black fine-grained phosphate, ilmenite,
biotite and muscovite. Foraminifera com-
mon. ‘Ostracoda rare.

Same as 155-175 foot interval with 10 perceunt

increase in light-gray clay and correspond-
4.

ing decrease in very fine- to fine-grained
guartz sand.

Middle Miocene - Punge River Formation

Sand, hrownish-gray: 60 pevcent fine-grained

subrounded to subangular quartz sand,

15 percent brown to black fire- to coarse
grained phosphate, 15 perceunt brown clay,
5 percent medium- to coarse-grained quartz

“sand,5 percent cearse shell fragments.

Trace of light- to dark-green glauconite,
rose gquartz, muscovite, sand-and-glauconite
aggregates, and limonite~stained quartz.
Foraminifera rare, no Ostracods.
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Depth (feet)
below land surface Paleocene -~ Beaufort Formation

245-260 Sand and limestone, brownish, gray; indurated

‘ to partially consolidated fine-grained
quartz sand interbedded with shell lime-
stone. Trace of fine-grained dark-green
glauconite, glauconite~sand-and-limestone
aggregates, brown to black fine-grained
phosphate, and limonite-siained quartz
grains. No micrefossils.

260-300 Glauconite and dlay, dark-green and gray; 50
percent fine-grained dark- te light-green
glauconite,35 percent brownish-gray silt
and clay, 15 percent very fine-grained
subrounded guartz sand. Shell fragments
prominent. Trace of pyrite-~ and-glauconite
aggregates, fine-grained brown phosphate,
Foraminifera rare, no Ostracoda,

300~360 Sand, glauconite and limestone, cream to light-
gray; 50 percent fine-~ to medium-grained
subrounded quartz sand, 30 percent fine-
to medium~grained dark- to lighi-green
glauconite, 20 percent cream crystaliine
limestone occuming as alternating conso-—
lidated and partially consolidated layers.
Calcareous cemented sand-and-glauconite
aggregates prominent. Trace of rose, oxi-
dized glaucounite, pyrite, fine-grained
brown phosphate. Foraminifera rare, no
Ostracoda.

360-370 Sand and clay, dark-green and gray; 60 percent
very fine— to fine-grained subrounded quartz
sand, 30 percent brown clay, 10 percent
dark- to light-green fine-grained glauconite.
Cream—-colored coarse cystalline limestone
fragments prominent. Trace of rose guartz,
oxidized glauconite, pyrite, limonite-
stained quartz, limestone-sand-and-glauco-
nite aggresates, brown phosphate, musco-
vite, and hematite grains. Foraminifera
present, no Ostracoda.

370-390 Clay, dark-gray.

390-415 Sand and clay, dark gray; 5¢ percent fine-grained
subrounded to subangular quartz sand, %0
percent gray clay, 10 percent fine-grained
dark-green glauconiie. Trace of shell
fragments, rose guariz, oxidized glauconite,
brown phosphate, limonite~ and hematite-
stainedquartz., Foraminifera vare, no Ostra-
coda.
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Depth (feet)

below land surface
415-420

%20-%90

495-505

505-520

52D-530

530-550

550565

Clay, dark-gray. Foraminifera rare, no Ostra-
coda.,

Upper Cretaceous —~ Black Creek Formation

Sand and clay, dark gray; 60 percent very fine-
to fine-grained subrounded quartz sand,
30 percent light-gray clay, 10 percent
fine-grained dark-to light-green glauco-
nite, Trace of cream-colored crystalline
limestone, limonite-~stained quartz, oxi-
dized glauconite, marcasite aggregates,
brown phosphate, lignitized wood and amber.
Foraminifera present, no Ostracoda.

Sand and clay, dark-gray; 70 percent fine- to
- very.fine-grained subrounded quartz sand,

30 percent brown clay. Fine-grained dark-
to light-green glauconite, shell fragments
prominent., Trace of fine quartz gravel,
limestone-and-glauconite aggregates, mar:-
casite aggregates, rose quartz, brown phos-
phate, lignitized wood, muscovite. Fora-
minifera present, no Ostracoda,

Clay, dark-gray. Foraminifera present, neo
Ostracoda.

Sand and clay, dark-gray. Same as 495-505 foot
interval. Foraminifera present, no Ostra-
coda. :

Clay, dark-gray. Foraminifera preéent, no Ostra-—
coda.

Sand and clay, dark-gray; 40 percent fine-grained
gsubrounded quartz sand, 25 percent medium-
grained subrounded quartz sand, 25 percent
gra& to brown clay, 10 percent coarse-grained
subangular quartz sand and fine quartz
gravel. Dark-green glauconite and shell
fragments prominent. Trace of muscovite,
rose quartz, oxidize% glauconite, limonite-
stained quartz, limestonersand-and-glauce-
nite aggregates, marcasite-and-quartz aggre-
gates, brown fine-grained phosphate, biotite,
muscovite, hematite grains, lignitized wood
and amber. Foraminifera present, no Ostra-
coda.



Depth (feet)
below land surface

565-570

570-585

585-590

590601
(bottom)

113

Clay, dark-gray., Foraminifera present, no

Sand

Sand

Sand,

Ostracoda.

and clay, dark-gray; 40 percent fine-
grained quartz sand, 30 percent gray-
brown clay, 30 percent medium- to
coarse-grained guartz sand and fine quartz
gravel. Fine- to medium- grained dark-

to light-green glauconite prominent.

Trace of rose quartz, muscovite, oxidized
glauconite marcasite-and-quartz aggregates,
hematite grains, lignitized wood, and

amber, Foraminifera present, no Ostracoda,

and clay, dark-gray; 70 percent fine- to
very fine-grained subrounded quartz sand,
30 percent brown and gray glay. Fine-
grained glauconite prominent, Trace of
oxidized glauconite, marcasite aggregates,
rose quartz, fine quartz gravel, lignitized
wood and amber. Foraminifera rare, no Ostra-
coda.

light-gray; 50 percent fine-grained sub-
rounded quartz sand, %40 percent coarse-
to medium~-grained subangular to subrounded
quartz sand, 10 percent gray to brown clay.
Shell fragments, dark- to lighitgreen glau-
conite, and fine quartz gravel prominent.
Trace of rose quartz, limonite-stained
quartz, limestone-sand-and-glauconite aggre-
gates, marcasite-sand-and-limestone aggre-
gates, brown phesphate, lignitized wood
and amber. Foraminifera present, uo Ostra-
coda.



‘pd pue soywoadIW Ul POURIONPUOD dTFToadS

jdeoxs uoryiiw aad sjaied ur palirodsaa 19rem JO AITTen?) "SNOIDBIDID IBMOT pawent(]-dp
fouojsawly 2ukel 3TISBD-HD (I9ATY oBund-ud ‘UMOINIOZ-A ‘BUDDOTW ISOJ-Wd ‘uOTIIpWIOT FuTaesg-I13a3ep
Pwes 243 ST UMOYUs 183327 :12I1nby  ueo1ds 3TdIITNW-CW fU93A0s TeTOISUMIOD UITM JTBM T24RID-D ¢jutod puec-]
1ysTuTy 119¢ 5807 ABi-puwed pur ‘oTa3oale ‘1s1307009-% (So1 Lei-pwwed-r 307 271319273-3 ‘801 s,3181807099-

fesooTeOsSnNL-J ‘¥321] ¥or(g-04

HET-E So R

{j1o03neag-g
-3j1o0de1 STyl Ul poQIIDSdP SEB
fpua-usdp-Q
io1qelTear elep 801

ra3a1dwon-) ‘TeTiard-4 :91qeileae sisdyeue N jo adLl -pasnuf-N ‘Teralsnpul-N f{eUOTINITISUI-I ¢£1ddns 30035-5 (A1ddns o11qnd-4
t5731sowod-H fIeidisuwo)d-) @5 -uolleiodiod-N (L3unod-D (Aousfe 331e3S-¢ 93eaTid-d ‘1edioTuny-N ¢JusuIano) Telispad-d4 dIysiaumQ
‘I1om uoTIeAISEqOf WA | V| 08 we 8 €°G{ 08 === == Z vy O 9¢ | & S -1 d} nf 4| -- sniteuwaod vy " O¢ 1 W8T WEL9L1 Nuv0, £T,9¢
Wd V] €9 81 9 €9 ~=--- el B 4 87| & % €1 St -l d| H) d} ===~=~ A3119) UTAIY] 67 T W8%7. W€ .94 11,9¢
Wd V| 811 fA/] 8 0°¢S 01 R b 6% | L % LT 119 -{d| H| d} =~====~= queT "W "9} 8C 1 W0, PE 901 NGOG LT.9€
Wd Vi 6% 91 K 1°6] 8¢° el B v 1 9% 0 s¢€| 9 9 -ldj s| df --- 11°ddeud ' "M (T 1 W90,6€,9/) N.ZTT.81.9¢
Wd Vi €0t 69 12 T°6) 91° - < 4 A% Y %1 8 01 ~ 1 d|SH}| d} ==~---- §qqOoH "D "V] 9T 1 Wh0.6€,94| NuZG,8T.9¢€
Hd Vi ~mm-- bl Mialeiad Bl Sl el = Vi i 9¢| 9 9 -l N df e 23TUM "I ST 1 wlZ,68,941 NuTT.8T1,9¢
'9g61 ‘3se3 19TYeg 4 a| 06l€ 78 296 G'81 BS 07 [t} 6T| LE} O 9 01€] O1€ { £ | DISH} d{ ~=-=-=~ unifyg oewSI| %7 1 402, (8,94 Nu0O,8T,9¢
Wd v 9€s 2T} 9% [ % Rl Bl 8 2% 0] 72 11 11 -t dy BEd) ~emme- uewdiisg ‘1 €2 1 WETEE L9101 NuGv. 8T,
od q1 018C <e 0€s 18] 68" - 01 5l e S T-vi LeEYy iy~ O H Ay meemm Aaisd 'Y "D 7T T W0E L F€,941 Nul%.81,9¢
o€ d} 001¢ Y %9 0°81 ¢ bt 071 €1y %€} S Z-%1 186198t - | Dy H} d} =-==—~~ suIml "3 "ThH 1¢ 1 G160 28,940 NaST.8T.9¢
Wd Vi 61l 9T €1 971 C1 fadl Bl 12§ 0€} © 9¢ | 22 T -1 dl H] d] ===--- 22fod "4 "3 0T H WR0,88,.940 NuOT,81,.9¢
A g 101 8¢ 8 AT ENA S - T 0z} L %1 6T [43 ~1dt Hy df -zjxed "M "€ "SIK 61 1 w687 ,9Lf Ni,BO.BT,9¢
Wd Vi €91 29 8 LSy BT et Bt € 0T & % 1 St -+ dl B d} -~--- 1121181 "4 '[} 81 1 WE%, 68,94 NuG0,8T,9¢€
“11°m uoljenlssqQi Wd Viewy 7ST | 9¢ 891 %y Rl Bt 7 0E | 0 % 01 01 -idr 0 df e paep "V A4 [T 1 2GT. 88,97 Nu6l.61,9¢
69/L/% 3893 1971nby
*119m uollea1ssqQ] 04 41 00S¢E I49 00z €°8] L6 0T 9 L CYAIRS 2% =-=1 C%9¢ | | d| H{ d]| -==-=""~ preM 'V "d 91 T S1.,8€,94 N,IZ.61,9¢
X a1 8yl LS %71 Z°9 ogy --- L2 kg Z€1 S Z1 49 SS -1 d{H} d| -===~- 2ITYUM poonTd &1 1 Wi L8941 NGTT 6T,
Wd V| 291 6C ST L'9 T =mm| e} e e | L %1 11 71 =1 d| H} d} =====- {ITYM "V "0 %1 1 07, £€.92) NLETL6T,9¢C
Wd V| 6%1 € 81 S'Hy ----- - S | = oe ] L %1 8T 12T -l dal | df ===--=~ pIeM d V| €1 1 [£:,9L] NubT.61,9€
Wd Vi 611 9¢ 11 g%y Le° - 1 I+ 0T | L %1 S 8 ~idaln)pdf --e---- paem "0 "V Z1 T WCTiLEL9L) NWLE,6T,9€
Wa Vi LTT LE 8 0°'9] 1¢ ST S 1 og | o 7T | 81 81 -{d} H| d] ==--- Aaat1ds qooefy 11 4 WH0.LE.90) NLOT. 6T,9€
Wad | ¥ ----- et IR BEEE BEEEEE SRl BELE L joglo o | 1T {11 |-}~y df ----- Laa1dg qooerf 01 11 WwH0,£€,92) N.0T . 61.9€
‘ITo#8 UOTIBRAIRSqQ| Ud 0| 0€1Y G681 | 000T| L°L} 1S~ === 1 €°6T!1 9¢ | S 4 Z€Tl THC RO Ny A memmmmmmm B AR R ¢ Y 1 166, 9€,9L Nu90.6T1,9¢
T3¥ Twe-TeT e 3°S
u9910s pue oeq pa1Ind} 0g a4} 0.9¢ LS <e8 s'8] 10 01 S §°914§ 9¢1 S 4 6| sov (Al D n| A] ~==m--mrm '§'0°8°N| 6 1 W66, 9€,9L( N.90,6T,9¢
8ursed -313 0%6 uyidep; I - 10892 € 00§ ¢'8| 10° - 4 zT) 9¢€| S 4 €661 €96 1 A0 Ny A =====mmm- *S'0°S°0| 6 T 166,98, H,,90,61,9¢
183031 ‘¢l 1194 3Is91] O1 -1 006% St 0021 5°8) 00" - 4 8z} 9¢ | § 4 GEQY SR 1A | O N} A =====mmm- *8'9°s°nf 6 1 166,9€.,9/) Nu90,61,9¢€
X a4 €8¢ o€z | 21 A B AR O BRI Se{ S | %1 (e} st {-|d|D]d|-==-- s88711g pLo1Tl 8 1 066.9€.9L) NuTT 61,9€
A g /8G 1524 ¢t ST L) os8” ---] S| ----- Gels | % (e | st [-jd|B|d|----" s8371ag p4oTT) L 1 n€6.9€.92| NuTI, 61,9€
Wd V| 0Z¢ 8ET | €1 L9 FAN R B B ety et X %1 L1 0T -|d}{H|d]| --- 112ddeyd @ "N|9 1 w€€9€.,9L| N,OO,6T,9¢
Wd Vvl 149 11 19 L'y - S L'z €l O %2 0T 0z -td|{H|d} ==~ uepiolf "J ¥ ¢ T W6T.9€,97) Nu96,81,9¢
Wd | V] o€t vz | €1 VAKE BERANAN BEEER BN SRR 7€ L | %1 | ¢1 {oT {-{d|H|{df----- 1391ydun "M ¥ 1 WT19€,92 ) Nu®T,61,9€
Wd LA AT 09 81 §'¢) ot el Bl ST ogel 0 %C1 8 8 ~|d{H| d| --==~~ young "L “H € T 160,5€,9L] NuB8%.6T,9¢
A d| 8.1 (44 (Al <9 A Bl B 9°'1 9¢ | O %Z | ST (4 -{djH} d} -==~--- young "3 ¥ ¢ 1 W€D, SE€,9L| NuSG,6T,9¢€
X a1 011 24 8 VAR 81} --- S € 16| & %1 LE Iy 91 d|H| d] -°o=213punoy 'S SSIR T 1 WI%,€€,9/| N,u8Z.0T,9¢
CElZ| % g1 2% -0 - IO I o b ol E L - e L A N T R ER .
noe e 4 - " o © © e borl b © ool o 1w ol o — |.0 Ppniteuo] 2pnatavd
g0 - o o) =] & e o G [ B o t o 0] - =
[CE ko (@] =] 2} (=9 o £ H ot o ® [RAn=2 = [B) e} Q 2] ]
(a2} © o il - (o] el =2 (nd ~ [} w [} 1% L el
L= ia] =3 i [=5 & ~ o o © (e ~ Tt Lot j=x (o] (2]
o © o [} [} &3 7% v m [ [ [ oo [N b e . o]
® 5 ~ 3] 98 o ~ ol & ol I 2
5 g ~ o ™ jay L B el e 1aumQ ° UOTIROOT TT0H
03 19jes JQ ® ) + <
£311TRD < Mv S
3
- 0 °N n%uGSOU uemoy) ul sSyism JO Spx023Y ¢ °o1d9el



115

Wdj v} 112 ZL {91 1°6] %0° -- - -----l €21 I} %1 L7 | 0€ -} a} vy al -~---- young “f ‘M4 €9 1 n6T.,0%7,9Z] NuTE€,S9T.9€
Wd | vy 0121 L0Z| 061 6°G{ 90° -- - 8 {¢] 0 9¢| 01 01 -y dal sy df -=----- uoXIN 'O ‘¥ 279 1 WZT1:0%,94) NWT€,ST,9¢
WA} V| %4C 68 [ €1 9°G6{ ST° == i Bihbdatt (z|l 1] %1 f44 A -1 at gl dj -=--- - wnikg "L [} 19 1 W0T,0%7,94] Nu0G.ST.9¢
og a{ 050C 43 0€s 18 1°€ - -- €1 T€ st z-%#| €zv| €ev | £} OiSH| 4| 30TT13 'N " "SIW 09 1 WST,6E,9L] NuTE€,ST.9€
4d | 0§ 00%C %01 | 829 8 /] 80° -- - w1l e 0ol T 1%Z| tvT| -{ 9| H| d} =~==-~ a193d ¥ "H 69 1 LZT, 68,32 NuZTY GT.9¢
Wd v ~—---- EEEE Bt IRt Eiadaiahoiell Ml - Vi 0z 0 9¢€ | €1 [ -1 -1 8| d| -- TT9MOTIOH "H "[} 8§ T WZT.BE.94] RuGE,ST,9€
WA | V| 8yl 91 92z € €1 -- -- Y Gz 0 9¢| 01 01 - | d{sH} dj ~---- 3017718 " "M LS 1 W8Y, 1€,94] NuOE,ST.9¢
WAl Vv§iTL 9% Y 9°¢l €°1 - - 1 7t O 9€i ¢ 9 -1 dal s| d} =-==-=~ sted 'a ‘N o9s |1 w16,9€,9L
Wd | V| 691 9¢ ST 1°9) 6T° ---{ % 1 v I %1 €1 ST -1 3| H{ df ====-=~- sueT ‘[ "FH GG | T uP€ V€9 L
Wd | V] 6.1 16 | 11 6°%71 82" - S VARY os| I %1 €1 <1 -] alsu} a| ----- 11R@ PuOWAEY ¥¢ 1 S1T.7€,9L
w4 Vi Ll 61 Vi 8%l wv° -- S S'¢ % Il %1 LT 02z -1 a|shg| 4| --- pueradod "M "D €S T £E,6€,91
WA | v] 01 29 o1 0°s¢] 0°1 -- -- -----1 0cf L| %1 6 11 -1 d|sH| d| --=-- uepiof uoulap zg | 1 nl0,9€,9L

°69/Z1/% 1581 1331nby] OF q| 00zZ¢ 85 | 09/ L7l 0°Z § 81 4 8 x4 sl z-4! ---} gec | r| djsH| af ~---~~ wnakg ‘I "# 19 1 L2 E€L9L
WA | v L 61 Vs 647 OT" - - S 1 I7| O0f %Ti L L - di S} d] w=mm=m- piem "I °"H 0§ 1 9, 0€,94] NuZE€.9T,9¢
joi:s qi 000¢ %8 cEL | €74 TOT -= R kbt o€ S z | vewl| wov | - | d|sH| 4| ---- uemaled ‘T "W 6V |1 S0,9€,94] ,90,91.9¢€
Wd | V] 62C Z6 | 11 €°g1 01T -- - —mm==| O] I| % €1 ST - | Q|SH| d| ===="=~ piep "1 "Ligy |1 0T, 85,92 0ST.9T,5¢
Wd | v} 2T e 1 2% 91 -- - z | ze| O 9€ 6 6 -1 dy S 4| ~=--- paeyouelq "d /% | 1 HT8E9L
od q] 00%E 16 | 0S¢ 8"/ [ -~ S 91 L€ si z-%| tzyvl 1€y | -4 d|sH| 4| ----- paeyoueld "@ 9% |1 W88 9L
Wd | Vi ===-~ Etl BEEtd BEEL L bbb B - L 1€l 0| 9¢€ 8 8 - =] 8 df -=--m-- XTIpUusH “fj s% | 1 46T, 6,94 HuT0,9T.9€
Joi:4 q§ 009¢C Z€ 0SS | 97 L] wT° -- - €1} %€ S| %1 oty| ozv | -1 0} H{ 4| ---- XTIpusH ¥ "Wy | 1 wST.6€,54] NWTIT.9T,9€
od q] 0012 6% | 00§ 6°Lf 8T -- 1T 91 0¢ s] Z |otgy08€f -0 H| d} ~-m=~~ unidg ‘d "V €Y 1 wlZ6€,9L Nu6G.6T.9¢
WA | V| =--~--~ Ehil BEEEES B A RS Bt -- -- { | 9zf ©| 9¢| 8 8 =l -l npay e---- UITPOW "W "# 2% | T W86, 6€,9L] NuT0.9T,9€
Wd | V| 89T 43 ST 1°6}] 81" -- -- %1{ 9z| I} %1 L1 0z -1 9| H{ d| ---- %xTIPUBH "W "N 1% | 1 100,0%,941 Nuv0,9T,9¢
WA} V| viz €8 j ¢l 6°%| 91° -- S | =---- 11| I %1 ST 81 -] df H} d} ==-==~ £1xad *qd WOy |1 WG%.6€,9L] NuBS.9T.9€
o a1 0012 88 ey <'8 9°q e 8 | =---- 1€ S| z-%| sww} GSw | - | O|SH| dj =-~-—"~ paem ‘W " 6€ T WOT,6€,9L| NulGi9T.9€
Wd | v} 012 16 | 8 6°%| 0Z° -- V4 1 01| 1 %1 Z1 ST ~|d{ H} d{| -==~-- ya1aM "D "Qf 8¢ 1 19T.,6€,971 Nubhv, L1,9¢
q al ooze S6 | 0.8 6L [Ant -- -- 1| 1€ ol % | swe} S¥€ | - d|SH} d| -=--=~-- aovey "d N} L€ 1 WG9, 86,0/ NuE€T./LT1,9¢
Wd{ v zze <9 61 Sht €71 -- - € 1€t 0 %Z|[ 8 8 -] di{SH| dj -=—-=~ 19deqg sSowel] 9¢ 1 W8E.8E,9L| NuSE,LTL9€

*69/91/% 3591 1931nby| € aj 00l¢ 00T} 066 | 9°L| 81" ST 9 c1l vl Of Z jowe| ObE|-|dj H| d| ==-=-=~ paep ‘L "Q S€ 1 196, L€,9L NuZTiLT1,9€
WA | V[ ==--- LR Rl BT B -- < stz | vt 1% 61 [44 -| -t H| d} --~- TT211eH U0ITY H€ 1 w6€,9€,9L1 NuZSi9T,9¢€
Wd | v 8Tl zZ€ 01 6°6] T°1 - -- Z 7] O} %Z|9 9 -14al nl aj --- 11°ddeyd ra "Nl €€ 1 w06, S€,9L| NuBT.LT.9€
Wd | Vi8I €L 1 €6} o1’ -- - € (v L] %1 €1 ST -| d|SH| d| ~===== 11eddeq)y ‘[ Z€ 1 wSY,S€,9241 NaZT.L1,9¢€
3 g (01 Y L 2’6l 99 .- -- 9 6% s] %1 /8 | 06 -|ajn| d| --- puetedod r [ 1€ 1 1W9Z,S€,92) Nu€Z L1.9¢€
SE Al W S I - S BT B - o o R O oy = F 2 B 5|8 | spngis .
"o e . H - o © ®© et e 3l g |ov]l v |e ol — .0 pr3TeuoT opnITIv]
36 - =9 Q o S — c 0 o e g ® T ® © - =4
ool om o 5 A o o R bl ow o el oo lolojol| R o©
[ =t A P | ~ | e FEl 7] 8 [Tl o~ 21805 z I8
o 0 [a¥ w © =) ol [ w Lo} [ h (SIS I B - . ©
] ) ~ 1B %81 ¢ ~ | ® o z

sesyg oy s ~ o ™ ) Ll R 1o0ump ° uoTIwO0] T4
0o 19188 3O w © = =
Ly1Tend N2 mw 5




Wd | v | 191 81 6 2°91 6€" - 9 Lo | 1% €1 |91 ~idlg}jd|------ 231TYyM ‘€ ‘D G611 T w62, LE,9L | Nu9G. TT,9€
Rd v 10T St A 6°G L1 —-—f - S (94 L %1 11 €T -idiy- ] usouwul| %6 T w60, L€.,9L | NuST,2T,9€
Rd v £€4e 8 €T €91 L8 L L Bl LYy L|% 8¢ o] -itdiH|ld |-~ unxdg 'y W[ €6 T w6%,9€,9/4 | Nu1S,21,9€
*69/61/€ 35931 1931Inby| % g 0191 8€Z 1962 Z°L 11 “--- 161 ¢t | 1 o|% ~~- 108 - |d ]S |[d|--- young yerwriysN| 76 T WbZ,S€L,9L | N0y, TT,9€
X i 69¢C €%T | 0T 7L VARt bl IR O it 91 Ii% 0¢C £z - tdlH{d |--- spunol ueisaid| 16 T uG%, 66,9, | Nu€0,€T,9€
Wd v 06Z Z6 0C 0°'9 %1 - € 8 8y L% €1 91 - |DiSHd |-~---~--- sue1 Loyl 06 T u02.9€,9. | Nu6%,21,9¢€
g a i 06eT LS {961 8/ {20 - ST g9z i9v | ol 2 |egejece ir {olui{d|- @d4Log "I ‘r "saW| 68 | 1 wEEL9€,9L | NWEO,ET,9€
Hd v 181 €l 9 G| [T" R Bt B Gh L% 11 1 - |dj{H}]d}|=---- 3308Tad ' "M| 88 T u8%,9€,9/ | NuGEE€T,9¢€
Wd | V| ==-=- R e B | - 9 Sy | L 1%T 6 11 “ = DN - £3Tunumo) )
TTTH 393uad| /8 1 1 u0%,9€,9L | N,9€,€T,9€
- Wd v 9€T (% 6 S*y 71 Sl EEE LR Bt bl I ° 174 I|% ST 81 - |dln{d]|--- uosxe80y 4 'r| 98 1 1u20,9€,9L | Nu%T,€1,9¢
Wd | v | 8€1 €T L Z°s} 0°¢ e Vi | L% |8 01 = ld o] e 9aeH 319q0¥| S8 | 1 WET I GEL9L | NalT,7T1,9€
Wd | v i o€t €5 tT1 L% 125" bl Bl c'e 1oy | L% 01 €1 - |d[SH d|-- UIFITID "¥ "SIN| 48 | 1 whTi9€,9L | Nu6S i 7T,9€
Wd | v | 861 L LT 6°% 8¢ - VARREEES te | 1|31 81 0t - |disHd|~----- unifg sewoyl| €8 | 1 ah%.9€,94 | NLEE HT,.9€
Wd [ V| 96 7 19 9°6¢| ¥%'¢ s - S {we| O} %T |9 9 - ld s ]|df=mm--- sohog "q ‘L) z8 | 1 WCT LE,9L | NWOT WT,9€
Wd | v | 611 [/ ] 0°6] 88 |-~ |--- 9 e | o 9¢ |8 8 = |d [SH g |-mmmmem——— aTe@ ‘H| 18 | 1 106, L€,9L | NuBO, ¥T,9€
e q Q| 0CTC | 8ST |O%y | L7} LT R e € 1 O ¥ [09€ {09€ |- |D |SHd |-==---- °Ted "M "H| 08 | 1 w0%7,8€,9L | NWOE,E€T,9€
= Rd v 62¢C 66 01 EE SRR It Rk T ¢ 0] 9€ {1 6 6 ~-{d|S{d|{------ 89qqO0H 'V ‘[| 6/ T u8%,8€,9L | N.,9E,E€T,9¢
R4 v rAAN € 6 el Baedatab il B S'1 7€ [¢] %7 1 €T €T - |d|H!{d {=-="="~ 8qQQqoH 'V ‘[} 8¢ T WHG.8€,9L | Nul€,€T,9¢
X et 10% 159 101 £ ST |~~~ =} - 1€ S | %1 A% oY - 10 JH |N}|----~- jusuwiaedaq
SaTd TTTH I23U3)y [/ T WET 68,921 Nu9E, €T, 9€
*69/%1/% 31s831 as3Inby ] 0g g1 08¢T 81 YT | 8L} 66" ST szl 671 | 1€ S|Z-%{zey jevy (L |D|H {d {-- TI3MOTTIOH ‘94 "[] 9¢ 1 nGZ.,6€,9. | N\TE.E€T,9€
X d | 90z € <1 EET TR —-- [ 1€ s | %1 ol LY ~jd|H}d]|----~ suead UTAT?H| G/ T 1SZ.6€,9L ] NuOY,ET,9€
‘TTom uoTleaxasqO| Wd | Vv | 021 Z1 o1 --- 1 9% il Bl Vi zZ€ 0] 9¢ |91 91 - ld|njd|-- TT®MOTIOH "H ¥} %/ T wlZ.6€,9L | Nu0S,€T,9€
Wd v €8 0z 01 --- 199" mem f e | e o€ I | %1 2 (¥4 - 1d|SHd|~=mm-~=~ 91ed 'H "I} €L T wb%,6€,9/ | NuTEET9€
od a 00/1 SE 81¢ - 0'1 R L R Bt ¢ S Vi === {0G% |~ {d |H|d |-- TI°MOTTOH "H "¥} T/ 4 nlZT,6€,9L | Nu0G,ET,9€
"$9/1/% 3s°1 1931nby
‘T1°M uotleaissqo| 4 Q| ====--| L6 [068 | S L] -~~=-~ €1 g 01 | L2 S| 9 --- 119z {rf |d|{n|D |-~~~ A3unopy uemoyd| 1/ | 1 u%2,6€,9L | N80, %1.9¢
pa3xodax p1atX| D€ | A | 0091 % |S6C | 0°8 | 6€° === 1 0L| ==--- 8C S| % (ot? {ozh {- {D|L|D |~---- KJunod uemoyd| O/ 1 wE€T6€,9L | NuTT 71,9€
Wd | Vv | I%T 8 |61 0's}| %1 == - [ A 0} %Z |01 01 ~id s id|mme--- QueT 19ITeM| 69 1 u6T,0%,9L | Nu¥%,€1,9€
Wd | v | 1% 96 |T1 AN A === §°¢ ZT | L |41 T ST ~ [d | SHd |=="~~ pieyouelq D 89 1 WHTi0%,9L | N0, %T,9€
Wd | v | 691 9L |01 VAR I T4 R LR BT S 9T | I | %1 8T (014 - {d|H|d |-~~~ Sur ‘I 9| £9 1 wCT1.0%,9¢ | Nu6€ . 71,9¢€
Hd | V| €11 7€ 8 --- 102 EER oy | Ip%T g 01 - |djHid|----- - ®IBH 31990} 99 T w60, 1%,94 | Nul0,%1,9¢€
Wd | v | 8€1 €T L 6} 0°¢ -] - 9 oz} I}|%1 ST 81 = d [N e usouqufl{ 69 T WCT,0%,97 | NuS%,%1,9¢€
Hd v 06¢ LST |81 0'9 } 16" --- S jom-=-- x4 I |% LT o¢ -~ [dSHd |[-~~~-"- UOXIN "D “¥| %9 1 wIT,0%,92 | Nu€Z,S1,9¢€
g C jav] (9} vm_ 4 (w] - 5} (@) —~ T [w} [ \ﬂ (=g o] kN v
£ B T A R B AR REIENANDE £ |8 | epmazduon | opnaravy
o g1 = - Bl vl s (A5 5 |elBiel R ~lE
ST A ¢ LTI R Dol o 121808 g3
[¢H u [ 53 [ lat [ Ll fo < EN Fe . ©
. « © w ) gl
sy L ™ 2 = ol = vl . g o
' © =) ~ = aoung . HoTIRO0] TioN
s o ~
N G




Ra | vi 6L1 65 |21 16§ 8¢” et Bt IR (e TF%1 {91 |81 |- |djH|d}---""- ueBtuxar ‘&l 921 T | «¥T.8€.9/ | Nu€%,01.9¢€
Wd | ¥] =====f === =men] ===} ~mmmef === b sz {ew) 21%1 |61 |22 |- i-|H[d]|------ sutal 'V ‘#l SZT! 1] .20,8€.,9¢ | NuIT,TT.9¢€
wa | v| osee 88 | %z =1 ch R B T v | 0f wTis S - lajaldf- car ‘young "M M| HTT} T} u6€,6€,9L| Nu0G,0T,9€
A g} 0ge 081} % €L 11| O1 z 61lve | 2121 lve g [-lajn|lal------ s 9 s a| €21} 1| 9%, 6€,9L]| Nu¥7%,0T,9€
Wd | v| 8ST | st ---1 89" L I SR oc | 1{%1 jo1 |81 |- |a[H|d}------ young " 9| ZZI{ 1| o00,0%,9L | Nul%01,9¢€
Wa | vi| €T 29 |zv ELEE IR N BED TN BEEE v let ! of wz {11 b11 |- lajs|dal---- 330a12d "0 "¥} 121} T| uT0:0%.9L | Nu9E,TT9€
Wad | v| ----- R I e el T ¢l ¢% log) 1i%1 |S1 t¢1 - |- H|d[|--~--- woxIN ‘3 "0} 02T T | .O%,6€,9L] Nu0S,TT1,9¢€
A g =-=-- Ee B B R --- Gf ~---- gz | sizt |¢s log j-f{ajolaj------ uoxIN "0 "Of 61T} T | »0%.6€,9Z} Nu9S, T1,9¢€
Wa | v| %og 611 | 02 =120 aeefe==} g bevb T t% l1T (€U |- falH|d|---- 330A11d 'O " 8IT| T | «¥T1.0%.9L| Nu€€,TT.9¢€
wa vl 11 %9 | €1 ---1 65" e - ¢ terl L% |€1 |ST [-(d|R|jdjf------ uoxIN L M| £11] T | #8%.0%,9/| Nu8E,TT.9¢
Wd | vl 16¢ €%1 | 92 ---160" - ¢l ¢¢c loz| al% loz {zz |- |ajsydf----ustaxed "1 'rf 91T T WT€:T%,9L} Ni0T,2T.9¢€
Wa | v} vz 701 | €1 ELal B AN BEEES BCLE 9 joc! of 9¢ |21 |21 |- {d{S|dj-~---~ young L "M{ GTT| T | 160,279 | NalE€:TT,9¢€
Wa| vi{ zs (1 |s XY DAY AN BEE 9 ¢ {ez] 1% st jev |-ja|Hjd|=------- 330ATad "D) HIT| T | ub€,T%,9L| NuBO.(2T.9¢
od | @} ozzr | 88 | 191 | 8°Lf 91" --- 1 €+ ST | Sjz-y tHoe | %€ |- (D NN | =-=-~==-~ syaom 24Q
pue 29314 pa3Tunf €17 T | .06.2%,94| NuT€,2T.9¢€
Wa | vl 8y 91 ¢ ---1¢€€" wmef eme| eeee-lgg |} 1| %T {81 |OT |- |d|H|d}------ young "0 ¥} ZIT| T .82.2%.9L | Nu€#.2T,9¢€
*07/S1/€ 3591 1ayInby i
*T1°M uoT1vAl19SqO|EDE [AF [ 00ST €17 | wee 6° L) 1% === gl Gc'et| ¢ |SW| z {sovjompir|oinfd|=-----~---1383¢ OWdZ} 1T} 1 WG9 T, 94 | NGO, €T, 9€
WA | V| ==--- e IRahbd BETT BET L ——- | --- stlozi L1%1 |1 {61 j-1-la|N|=-===- UOTIBIDOSSY
i yoeag uemoyd| OTT| T | wE%.TW.9L | Nuv0,€T1,9¢€
Rd | v| €€1 gy |7 =i 9" BT R zel L% |sz jtz |[-ja|ju{d}------ young £oxaT| 60T| T | v60,Z%.94 | Nu€T.€T,9€
*69/(1/¢ 1s91 1231nby} 4 at it 98 |9¢ 18| o¢" -1 T t+19 s| % |otzfo8z |- |0|d|N}-----~ UOTIBIDOSSY
r yoeag pesH moxay| @0T| T | w6T.Z%,9L ] NuO¥,€T,9¢€
Wa | v| 60z 96 | 0T S g} Lz B A ¢zl I!%1 {81 joz {-|O|SH d|------ sueAd "L "W £0T| T { uwi€,1%,9¢ | Nu%Z,€T,9€
Ra | v| ovy 9¢ | 08 --- ztl ~--1 ---1 ¢1 |61t 1|21 €z {cz |-id|H|d]--- ouioquiMm "H "#Mf 90T} T | o¥0,T%.9L| Nu€T,ETL9€
Wa| vi{ 611 9z | 81 EETS B30 Sl EERC BEEE v logc] 1%t log |eg |- {a|sH al-- 1TeMOTTOH "W "T| SOT| T | u€€,0%.9L | NuST.€1.9¢€
Wd | V| --===fum=e | =mm=f =-=] -====} -=~=1 G . tocl L% {zg fsg |- {-|¢cH d]-- 1T°MOTTOH "W "T| %OT| T | uTT1.0%.9L | NulT,ET.9¢€
wa| v| %9 8T |8 Va9 €T == | ===| v l1e | 1% {% |9g |- |d|I|N{|- udoanyd 3e0 23Tum| €0T| T | 195,6€,9L} NuGT.€T,9¢
Wa| vl <6 91 |22 wee| 1@ | == | e==| <=~ €z | si%1 |2g | |- |da|1]0|=---~ Lgunod uemoyd! zOT{ T | wi¥%.6€.9L ) Nu€%.T1,9¢
WA | v| 86y %7 | 821 | ---{ 65" SR S v szt of 9¢ (%1 {%1 - |d|S]|d]}|-----~ Lazed "v "M| T0T] T} w2€.6€,9L] Nu€E,ZT,9¢
og { 7] over | zz |sez | 8¢ &1 | === --~{ <8 | 4T} S| T [8Ey[|8yy L [D{CH L [-----" 93TUM 'V “d] 00T} T 1§ w%72.6€,9L | N, 21,9¢€
X a1 os¥ 91Z | €1 ---| 1'% [ 0T |§S s'c |6z s|%1 {95 |65 |- |aiH|d[----~ weueag ‘D ‘9| 66 | 1] uST.6€,9L | Nul€,TT,9¢€
*$9/01/8 3591 1a3Inby| 0d | A | 06ST | €% [T106 | L7 L] 80" 81 | € otlszl slz-v{ezv|6c% [r (D |SH & |-~~~ wnikg TT02IeD| 86 | T | W%€,6€,9L | NulT,1T1,9€
Wd | v | sve 0 | %T t'9l 81 | ---| =--] =--=-}1€| T{%T [O1 |21 |- |d[sHd{--~-=- uoxIN ApueA| (6 | T | u€S.8€,9L | NuET, TT,9¢€
Rd | v| 06T 1z |0z 1'9] 8% | ---{¢ ¢ oy}t Li%T {9 8 -{alatay} vrddor T 9 "SAWf 96 | T | w0E€,8€.9L | NuGH TT.9€
DEIEL Y = S = RO e NSl ol B -G B B R R ol It 5 1% | opnyvaue apnITIvT
sele) aloE sletel vabkolal glesls ek B E- N I
[ h (@] =3 H o n a2 H rort w [¢] (s =3 fav it o n ©
oo | & S @ o 2 —~ P =0 T A N IR B O B S = g |3
w m (a9 [ (e =] mcu W@ m w H ww W; [~ r,m m ,_nu . ©
il ~ 3] W [e] ~ [ © L Bl =
5 o ~ o " o er 8 el e TounQ o uotjvOeT TIoH
o = & L ~
N o S




.ﬁmko>oomu
usa10s pue Buised | € a i o9t |18 00 | Lt 11" cee b1 == ec | s | % lowe |sse & o [nd {-=--=- 5 D 7S 0| HGTH T | w8T,6€.9L N.8Z,80,9€
3997 €09 yidap
Te303 gl TTom 3s9L|0d | ® | 0822 |29 wey |97 L {Le” -~ wzlec | s| v loww fesw |8 o |n|a |==-=-= "8 "D "8 "R | #ST} T { u8T,6€,9L N,18¢2,80,9€
wat | v | cmmee | eee | mmm | mem | mmeme j e | === ] 7T BT ] O] WT |9 9 - |- |n{d l-~---- sueam "0 "W{EST| T | nO¥.8E€,9L | Nu9E,80,9¢
X 4 | 15¢ 711 | ¢ 2'9 zidl---] ¢ |~=-==|s1 | 2 {%1 ([2c Jov |- |a [u {& |----~- SuEAZ "0 "¥|TSGT; 1 WEE, 8E 9L | NuOE,80,9€
Wd {v | 2L L 91 }g'§]ce” -——- Y ce let | xlzr let |ot |- la |suja |----- eutIuatea | 16Ty T | n87,L€.9L N,120,80,9€
Wd |V | %ig 0L €z 1< 9129° B e o1 | ol oc f11 |11 |- la {o|a {~----- wTan “¥ "8 06T{ T | uly,l€.9L | N.OT,80,9€
i € | I%S s6T | L 89 o1 |~~- | ===} =---- 91 | s {%1 199 |69 |- |d |sH}d |------ - s3z9q0y ‘C| 69T T | w9% L£,9L | Nu¥T,80,9€
‘polBUT i g | ow% sz | v 'L ]€9° woe fmmm | eeee=dgT | S |%T {2z |08 |- id |SH{d {===--=- 1T8H 9 ‘£ 91} T | u0S.L€,9L | Nu8E,80,9¢€
~mejuod oq Aew 193eM | Wd |V | Zv¢ 181 | 00T |29} ¢'8 |=-=|--- € |stio} vzt L - la s jd fr==--- 93TuM ‘€ "M LYT] T | WI€.L€.9L | NuT%,160,9€
A g | 01L 86 v | 8L ]8T --- 18 1 1zt 1 si % l-==1cot |- [o {0 ]d |---=-- 23148 & "M] 99T| T | «2E,LE9L N 6%, 60,9€
Wd [ v | 9§ 91 7 1°6 |60 e R ¢ tov | 1 1%1 o1 fzr |- |4 1® fd j--==- IBTTIK "1 "M} SH1L T | u90.68.9L N,i00, 60,9€
WA | v} 0S z1 S 9'¢| %'y [---109 v {1l 1% let |s1 |- la |z |s |-==--=- 3uemiaedad
femyB1H 'O "N #9T{ T | u%0,6€,97 | Nu05.60,9¢
Wd |V | 2T1 oY S --- | LT coe Jmmemmre= 21tz 1% 2t Jet |- |@d {H |d [----=~--- AzeOT "@ | EYT| T | ul%:0%.9¢L Ni22, 60,9€
Wd |V | 911 9% L LR R A e fmem | emme== {1 ] T %1 |OT 2T |- |d |{H |d j=m---= KaeoT "D G eHT] T | wi%.0%.9L | NuTZ,60.9€
¥a | o | oos oy | 8 ---] 179 | === |--- g ivz | sl z leor |zt |£ 1@ JT |N jm==mm=mm-== EELLb)
*#9/€/% 3se3 3231nbY 3s13deg Noouk®ooy | 1H#1| 1 | «00,1%,9L | NuTh,60,9¢
“119m uotTIBAIISqO | ¥d | O | 099 00% | 9 6L 1°T {91 11 t lez sl z leot fort jr |a L N j--=--=--- £3TUDMDO]
woouykyooy | o1} T | 190.1%.9L | Nu9¥%,60,9¢
Wa | v | oT% 9% % | -=-t TT1 |--~}| ¢ v |lzz | ol {11 ler |- |a|a|d |------- young T2eH| 66T} T | .0Z.1%.9L N, 0% 60,9€
~1{2# UOTIBAIISGO | WA |V | =====| === | === === |- | == |--- ¢ lot | o %z |9 9 - l-injd l-~--- ooxead ‘H "M| 8ET| T | uST.TI%,9L | Nu0¥%,60,9¢
Wd |V | 6£T Ly 6 L' 1€T" e el et | zi%1 111 |oz |- lajsmld |---- 11e3zen D | LET] T | wL€.T7.9L | NulZ,60,9¢€
Wd |V | 6g€ 18 [ LT B weef=eel ¢'¢ loz | 0] vz o1 loT |- ld |SH|Q {--=--- suBAT "W "D| 9T} T | u80.3%.9L NuET,0T.9€
Wd | v | €61 Hg S 09 |Le° o e 2o o b T ler et Vet |- |alm|a {------- 1T2328H "D | GET| T | n65.T%,9L | Nu¥HT,01.9¢
g al €19 €L1 ] €5 |82 ZT1 €I 91 et lez | o le-v Josz |2tz |- |0 [H |d |---- =192d @orTTeM| %€T| T | W¥7.T%,9L | Nu¥5,01,9¢
€ a | w9 %91 | 19 (% L }6E" --=19 o1 le1 | s |z-% lssz {coz |ario |H |d |---=-- 2192 @ "I €ET] T ; 165.:27,9L N,95,01,9€
a a |l 89s 0zZz | O | S°L |95 ST ST ot lez 1l ol v lowz swz {r o |sH|d |=--==- 3199 ¥ "L TET} T & uG%.T%:.9L N,€0, TT1,9€
Ra | v | LL1 19 L e 1 S % |8zt 0| vt |8 8 - lalsia|-------sueag z "H| 1€T| T | uO%,1%7,9L | Nu€O,TT,9€
b3 4| zot 59 721 | ---1 g2 l---1 ¢ |---=- ez | s |21 |5 jo9 |- |d {0 d |------ wItus "3 "#} 0T 1 WEEL 17,92 | NuZ0,TT,.9€
Wd |V ] €8 H1 o1 {%'¢| €1 f[---}|--- 7 t11 | 2. |%1 |e1 jst |- |0 |H |d |-=--=- WITES £o39d ) 62T T | uwI% 19,94 | NuTG,01,9¢€
HAd | v | 192 98 LT | === |%0" e e ¢ |w»z | o wzlir 11 |- |a|s|d|--- vewoarum @ "¥| 82T} T | u1Z:17:.9L M, L€, 0T,9€
WA |V | 8% 9¢ L £°clon ey je---=|6E | L |%FT |¢ ot |- lalz|o |---- Kqunop uemoud | LZT| T | uS€.16€.9L | NubS:60,9¢
relzl s [ sl elel slg ] efpe 2 8 288 88¢2 512
Hoe| e . [ = o 0 o —eo o] B o o] © |w oD — {.o epn313uo] °pn3TIeT]
3 o - a9 [e] =1 ES = O o b P =] o [as 0 @ (= c
L I B 5 . g le| 2n polal & o T ARIEIR G = |5
o Lo} 3 ©w [o9 £ ~ [l [<% o} [} ~ o = [e) O
o ~ 2] © =} 0Q v (] a4 [~ H o < < - . [
N 2R ’ ~ | B <3 o ~ o] & AT R =
shxeway m ﬂc: o \,H.L Hh m [<% o %) .m 19UMQ .o uor3Ed07 TI°M
0 a23em JO o @ = o
£317END N4 o S :

118



119

X g €gs 80 | €1 f 1°4) wL | ===} S z e 1% {---]os |-lalu}ayj--- urmpood prespd| Z8T} T ST.LE.9(
X a1 z€s Gtz) €1 1 6°9) 0°¢€ | === === ===~ s1) si%1 ter st |-|dlsHd}----11T02ds g V| 18T) T} .€%7.L€.9!
X g =---- el Bt BTN T T ---1 € +lst] si% |¢v los t-|-1sid|----111nads ¥ "v{ 081} 1| .05.L€,9/
X €4 8SS oge § 1T j 02 9T | -~} T 9+ 9 sl%t sy |ty |-1ainlalurapood *1 "9 "saw} 6/Tf 1| wI¥.i€.9L
*69/91/¢ 3593 1331Inby
*T19m UOTIBAIISQ0} X g1 009 Lo} €¢ | ---| 1 szt 8 01 %1 js% sy (-ld|Djdi-----~ young pLOTT| BLT) T ! .75.£€.9¢
wd | O 6T¥ e R TR B ¢'9 {12} S| T {981 ]96T |L {d|SH d} —~==-~-~ sxeR *® Ly LLT) 1 3
WA | V| 16€ S AN Rl IEETE BEL LR 0z| S{%t |€c {6 {~-i{DiH|&]|-~-= 1T338H 'V "M 9/T§ T, ¢
i g ove 0°L] 66" ---1 £ $°9 081 SI%T 166 20T i~ {diSRA| -=-==r Lxzeg 1 "fy SLT| T €
i g1 126 69 €L | ===} ==~ 6 {zz! sizr 'z¢ log9 i-{d|H|d|~--- mnikg [Tessnyd] /T T . ¢
A g v L] T°§ | ommm ) mem] e 1z s1%1 JotlorT |- 1d) SE 4] -~-- Tnakg TTaSSTE €11 1! £
X S A T4 IS NN e B czloc ! sl z jor ter 1-lalujaj-~-puewpzeg 0 "op 721 7! ¢
wa | Vi 00z [SL AN el A Rt /70 L1%T i8T 307 |- id;H|d |~ DURYBRIOL "0 "D} TLTE T €
Wd | v 017 0°¢ 80 EERE L BT B &A% SN A - S NV A o C /A S ER RS I®g YV ¥ 04T T i
Had L v o9yl A AN -t e PR A O BV BTl B & A B & A S 4 G f e 5971 %
Wa | v ¢z 776} iz SRS BT IR ) R I A VR G A d§ e ge7! 1
X g1 3z A B A B B A e ] Sy %1 T | 5w 4 d e oW T :
i 4. 1wz T4} 0% === § | memee 8 Sy %1 7y L Sw fa TOH 9 T =
Wd ¥ 109 T°6 61” meedmme emeem 2T L %T [ 0T 1 T2 ER T R B ca et og T a0
Wl Y Bé AR B el T LT 3% £1 16T (-~ (4 H || -rmemn- aorl oy 1 20
Wa | v ogr g gy 18’ e I LR L e ST T % (€1 {81 (- d H;d ---- BT Il € T 80
Wd | V| T L% €17 el Il B Lt 0T 1 Li%t |61 [81 (- djH &) -=-m=== ue3fe] “El 7 1 80
®d | V! 002 [ o Rl ICERE BT 21 L% loz tze [-laiEigle-----wnakg "y CE OT97 T .80
W | v o0it ¢ gt zer e €T{ L %1 107 22 [~ d|H|d|-memmen wn1dg L=y 0971 1| O%.514 80
Wad | v| %81 761 60° Al BT % 19T O 90|11 JIT [~ [d]S1dj-meome- 19GQ PIA®RQ, 661 T ! %G1 &
X g =m--- B B Bkl BEEEL B gzlgel -1 7z l-~--teorriri-tn|dl- -2r ‘unzkg "N M| 86T 1! N80:806,9%
WA | V| 081 9§ 6 16§ 80" R I cet LlzT igr o1 {-1dlH] !~ car ‘wnxkg ‘M CMP LGY T W¥E, 68,971 Nu/D.BG9E
WI | V] 111 92 07 { 1°64 %" B e B e (€ Li%1 T 9T - a0 d] e Lugdmo)
oonpoad eITeYTeA{ 961 1| .8Y,6€.,9/| Nu0G,80,9€
W | v 1.2 37 ¢e | 16| 1 | ~~-]---] € |8| L|% |81 [0C {~{d{D|dyj-m=-=rr--r Kaedmo)
oonpoxgd =ITeUTBA| GGTl T £T.68,94 | N,0OC,80,9€
4d | 0| 148 37 8T | 8L} LE” ---1 oclec| S| # {csgzisez (A {ojnidf------ 'S D s | we1 1 81.,6€,9( | Mu8T,80,9€
g | aj 0921 | vz 00T 6°L} 11" ---1 g 62l 661 S| v 1962190¢ R |0 dj----=" 'S "9 g "] #ST| 1! u8T1.6€.,9L] NuBZ,80,9€
Fh ] =] O o] - fw] < [o2 N e Y e ] ~ [w] [l Pal =i e = (%]
%A v % S S SO I - S B O A IR R R A 218 | epnat8uog opn3TaET]
g o [a% Q [} 5 — o D He =] O r [ w® — =3
S g 5 . - R N 2 A - A A I A w |5
g ] 1] o 5 ~ o o © ¢] ~ rto ] =3 o) 0
o ® o w w 5] o [ ) © 2 o (S ] - [ . [c]
- ) ~ | B ©3 o ~ ol o I B =
SALEuDd 5 O A R ™ 5 a8 I S 29UR0 o uo1Iwd0] TIoM
02 as3en JO ] © t ~
s [t w2
£311ER0Y ~ o S|




ud o (YA 98¢ €1 8°9 | L% €1 1 ST | L1 0% 9¢€T 9¢Z|f |d |H |d --- upmdleq ‘I "L} TIZ|{ 1 4.€0,9€,9/. | NiwZ0,60,9¢
ad o] 00L %92 61 L 11 e m-- 01 | 0T S Z 061 00z}~ (d [H |d -mm-- 33IUM ‘€ "M| TTIZ] T Wi, L€,9L | NuGE,G0,9€
ad o} w16 68 €6 S LY - 01 | 0T S [ 8L1 {8T}- |d jH |d wem-- [TE@S *d D] O0TZ] 1 wl€,8€,9L | NuL1,50,9¢
A q L6T 09 91 z°s LS wmw | ===} =e=== 1 0T S | %1 Le o% |- |d [SH|d ~--== TTBWES "M "M{ 60Z] T nS€.8€,9L | NuSZ,50,9¢€
Hd v €11 L1 91 Y v'e LEE RSl Balabbds 02 L {%1 Z1 ¢T |- |d |H|d | ===-- yoted *d "0 80| 1 1$0,6€,9L | NuT%,60,9¢€
€ a oov1 219 o¢T|1°8{ --~-- 108 ¢T 0T | 82 S [ 06T ooglr jd L }|S neweme juawliedsd
Aemy3TH 'O "Nj £0T| T | u¥€.,6€,9L | Nu9E,G0,9€
s g TL1 €9 11 A BEAN --=t ¢ | ~==--log | Si%T |O8 z8 |- |a{suld | ----- 11®WS Nuead| 90z] T | «€€,0%,9L | Nu8BZ,50,9€
RHd v 81Y 86 6T 6°G | 1T hiahdl bk S 019 o] %Z | 01 0T |- jd (nj}d -~w== TTeWS YUBIJ| GOZ| T wE€.10%,9L | N\w8Z,50,9€
Rd v smeme | === R BEt bl BED Rl Bl S 9 91 L[ %1 %1 91 - {-{Std ~-- K1xag s01stad]| %07| 1 uv0,1%,9L | NiOE,S0,9¢€
Rd v LR bt el B R R L € -~==-= 1907 S %1 LT o¢ |- |- 1L iN A3Tunumo) adueApPY| €0Z| 1 180,0%,9Z | NuwL0,90,9€
Wd v 07 €9 €T LY °7 mme | mm  ~==== 10T L% [ ST |- (d jH {d mmwe=-= 193304 "IH| Z20T| 1 wGS 07,9 | N\S0,90,9¢
Wd v 292 6L 8T 1°61]68° il LA SR L L A4 L% k44 6T |- |d |SH{d ~---== 888G "L ‘M| T0Z]| 1 1n06,0%,9L | NuTT,90,9¢
Wd | V| O1¢ 74 6¢ | TGI8 e femef em--e lZT | L (%1 |81 0z |- io |suld | ------ sseq "L "m| 00Z| T | +9%.0%.9L | Nn0OZ,90,9€
ad o} 019 0T¢ 01 €L} 1S - S 6 61 S [ S61 00Z|f |d {H |d “--=- UOXIA ‘L "D 66T] T weh. L€,9L | Nu90,90,9€
i q -w=-- 1687 <1 29| L1 01 01 6 61 4] ®T |12 12 |- {d |SH|d w---- young D *T{ 861} T u16,L€,9L | NWZT.90,9€
Rd | V| =mmmm | === | === === | o= --=1 ¥ € ST | L |%1 |¢€1 6T |- |- |H |d | ----- K233 "4 "] L6T| 1 191,8€,92 | NuTE,90,9¢
A q 9¢¢S 70¢ A4 1L L°€ = | oo | e 1 OT S | %1 8 68 - |d | SHjd --- upMpood ‘M 'L} 96T} 1 W%, LE,9L | Nu%5,90,9¢
i q 81¢ 99T 12 L 0°¢ mm- fe=={ =~ | O] S %1 29 69 |- |d |SH|d ar ‘urmpood ‘r "N| 66T 1 w€TLE,9L | Nu9E,90,9¢
‘TTeM UOTIBRAISSQQ | ¥Wd o 209 21¢ 6 VAN A (389 ] - 9 L1 S Z 6LT 68T)- |d |H |d -- uimpood 881029 | %61| 1 wl€.L€,9L | NuED,90,9€
ad 0 6496 €8T 11 0L 0% --- € L 81 S [ 881 €6T{~- |d |SHjd | ===="~- -~ sueT Aoel| €61 T 196,6€,9L | Nu6%,60,9¢
A € 819 21¢ 01 0" L 1°¢ | e | wmeee QT S |%1 0fT GET{~ |d | SH|d ---- @371UM A2upIS| 76T| 1 WSS S€,9Z |.Ni£0,90,9€
i q €29 2133 L 6°9 VAN A e | e | mm-e 18T S | %1 98 68 |- (d (H |d -=---- UOlIOH uyof 1671 1 n€6.6€,9L | NuTT,90,9¢
y S € (319 182 €T L 8°6 bt S 9 61 S | %1 8y 0§ |- |d |SHd ---- 8T1IEH ‘W "M| 06T T nCSiS€,9L | Ni8Z,90,9¢
B I B R B sl Eoottl ECT B o |61 | s|z1 |ze | s€ |- |- |B|S | ------ &z01®10GET
otasouSetd "D ‘N| 681{ T | ul%.S€,9L | Nu9%,90,9¢
172 S (R (RN R B R atanl Rl I 9 |e1| s|%t |gc | ¢ |- - |u|s | ------ Kz03E10qET
o1ysoudetd 'O "N| 88T| T | ui%,S€,9L | Nu9%.:90,9€
S q 126 L8T L [N [ - |- L1 -5 - 6L |- |d|H |d 93TYM "4 'L "SIW) (811 1 WEEI1SEL9L | NWLT, L09E
i q 0gs 88T 01 1L 1 - L LT s %1 LS 09 (- {d |SHld | ===-~ a8uy paesmoH| 981| 1 u8%,6€,9L | NWTE,£0,9€
i q 9.G 60t 71 1L 11 Rl L SEE L A § S | %1 LS 09 |~ [d |SHjd mm———— sseqg "L "T| S8T} 1T u6%,6€,9L | NuT¥,£0,9€
X g | svy 87T | L1 [0°L 61 {---{---|=--~-=]81 | O0{%1 L8 06 |- |aisula] ~----- ssed *A "H| %81} T | 0€,9€,9L | NuST,L0,9€
i 10 [P RO P RIPRR [P e fae 9 |t | 2i%1 |29 ¢9 |- {-lnjal] ------ sseq "A "Hj €8T| T | u0€.9€,9L | NuGT,20,9€
55l 2| ¢ | Bl el2| 5% |c|cEbel2 ¢ e8] 5 |5l8El¢ = 1%
" orlc . = - o ® ® O = ® ool o |l le]s - |.o 2pn178uoT epniTle]
Rl wl o Lo - Pl E el ¢8R ERl V! B IAE] 5 |alB|eln “
ot © o 0] P Q M =3 [nd ~ IR S N ) 2z a4
S a H & gl b | & i1 1 RO O P I S
2R ) ~1 B 9% 1 ~ o] & A =
S)1ewey m N, ~ \7): — Fh m o o » m TaUMD o uoT3Ed0] TIOM
3 1938H J0 © © - =
f3tend e Bk

120




121

X g | 65S ccz | vz lz-z {----- |=== {==- [-==== o1 | S |%T €% [S% | 2 lg la | - 11o12ed poomutT | 667 | T | 18€.9€.9L |NuET, 709
A g | ----- R BT e R --- |8 ¢ Jot I s izt |s9 oz |- |- (N & | mmmemomes Kuedwo)
qnueag oT1eweqlV | 82| T | w€Z,9€.9L |NuTZ,¥0,9¢
bR K B EEEEEE T IEEEI B YA bl Redeeieblll Inbdal It 9 o1 | s izt [es L8 |- j@ | ld | -memmemme Luedwo)
qnueag o1IewqTV | LEZ| T | u€2.9€.9L |NuT1Z,%0,9¢
X g | =emme j=mm | e} e S cae-= 191 | 5 {81 o€ j2z€ |- |- [N |4 | -=mmmmmos KLuedwo)
pue 1seqg ‘g ‘¥ |9€z| T | w00,9€,9L [N,ST,¥0,9¢
X g | z6z 91 | €1 (0L | T'6 j-o-- |- . et Is 1z1 (g9 99 |- @ i@ [d | -7-- -==~ Kuedwo)d
pue xoeg g ‘A | S€2| T | 1w00,9€,9L |Nub1,70.9€
‘pa1dA0Ddl HO‘¥Y O | ----- 96z | oz gL joE” --- fOY c-g1 {91 | s 19 |tez |ve pald |n [N | -- Avedwod uTISTY | 9ET | T WOE L SE,9L | Nul% %0,9€
susa12s pue Suised | € a | ----- 0z1 | sst |ttt joT” --- {9 c61 |91 | s 1o lzez |zoe lpzfa |n [N | -- Auedwop urisny ) weg 1 W0E L, G€,9L | Nulh 90,9€
[19n 31803 KieuywiTaid | 4 aj ----- ozz | oset| 6L |ST” --- |o€ i1 lor 1 s ]9 |ece |goe |paja |n [N | -- Auedwo) urasny | 9€7) 1 WOE, SE.97L [ Nul%,70,9€
X g § ----- e EECt i ELEIE EEE L ---|€ z vt tolst v v §- |- |Hjd | ---- vepaol Lxuan | gez| T | w87, T€,9L | NuhT, %0,9€
wd | D | 0041 |%ST | OET [€°8 [L0° --- lot ; lvt s |z lotz fosz e lo |u ja | ---- 2o338d "1 "D} T€T1 1 wCELT€,94 | NuST %0,9€
X g | 109 €91 | €2 let | €€ j--- |- z1 | s i1 levw |sv |- |0 |sH|d | --- °Tqqea@ T "M | T€T| 1 WwGT, T€.97 | NuZh,%0,9€
s 4 L6Y el 81 2L (197 N T R e S %1 Le oY - 1d |SH|d --- u0312A0 ‘H® "TT{ 07| T W86,0€,94 | Nu8T . %0,9¢
X g | €Ll Te | 1L 1L 1z | === |--- v lzi | s |%1 jew sy - (@ |H |d | -~~~ 10hmes "H ‘M| 622 T | u05,0€,9L | Nu6Z,%0,9€
X g | €zL (1€ | € (12| 8% (- ¥ o lz1 | ¢ %1 |ev sw |- |a |sajd | --- urmpood 'L A 8zzl T | w60, 0,92 | NWGT,70,9€
X g | 0.9 e vz |12l 2z |-=- === |-=--- |21 | S [&1 ‘{s% |87 - |d ula | --- ugmpoon ¢ M| 222 T | wZ€.,62,9L | Nu¥0:%0,9€
X g €19 91c | 6€ {12 0°9 j---1---| &% |ST | S %1 log |8¢ |- @ {H {d | ----- - puog "L 9]9z7z| 1T | wTT:6T.9L | Nu6G,€0,9€E
Wd |V | £92 9/ 9z {19 9w |- |-==j=rm=n ot |z 121 le1 le1 |- |p |n|a ] ---- cauzer "1 "G} ST} 1 wl1,£2,9L | NuEG€0,9€
wa | v | 212 65 9T | ¥'S eV’ ~-- |€ meee= 1T | L % g1 loz |- | |H [d | ---- o0xuIdL "1 " | H2T] 1 126.92,94 | Nu80,%0,9€
Wa | v { €02 65 91 |6'¢ | T°T j=---1{¥ g ler {1 %1 ot |81 |- |d |H {4} ——=~ sTI8ul "¥ ‘@] €2Z] 1 | n82,92,9L [ NuO0T,%70,9€
Wa | v | 292 €S 9€ | LS 19T Sl ek t lzt ol vz fgr jz1 f- |d s |d | ===~ sTT8UT ¥ Q| 22Z| T | 82,92,9L | Nu60,%0,9€
Wa |V | 881 49 [} N VAR A “me e v {11l xi% ez sz |- j@a jujd | ------ 998 "1 ‘al 1zz] T | 19T,0€,9L | NulT,60,9€
i g | 9s¢ 88z | w1 T L | w'E j--- |1 o1 | 3 |% z¢ lege |- |d |s |a | - poom3iward "M "L| 0ZT| 1 LT, T1€,9L | NuTh,60,9¢€
X g | ----- B T I Rkt ———| - ¢ let | s |zt |fs¢ e |- |- jH |4 | --- 330a11d L2180 6T2] T | uST,2€,9L | NuST:60,9€
X g | 109 c6z | €1 [€°¢ ]SS oo e fecem= g1 | 0 {%1 lco1 lOTT |- |4 {H |d | --- 330ATI Koxen | TZ| T | w2T.T€.9L | Ni6T,50,9€
X 4 | %S¢ cit b1t {1 e| oo |ee-|-emfemmmm {21 LS {RT 09 j29 |- glulal ----- ookog “r 7| L1Z] T | u8%:T€.9L | Nul%,60,9€
X g | ---=- U IO IS NI I Iy IR N -0 A - 2 S K- N A R o 00 S Bl £991d 0 r] 9TZ] T | wbT.€€,9L | Nu0¥,60,9€
WA { v | 06 V4 Y 9°¢ |o%’ et et T |41 1 0| 9€ i@ 8 S daintal ----- 213 "0 'r| s1Z| T | w0S.€€,9L | NuEE,G0,9¢
Wa | v 21s 96z | LT | €L} €6 |-~ ¢ z ler 2|z et |12 - (2 {H{d [ --—-- ookog "W M| v1Z| T | nSE.WEL9L | NuTZ,60.9€
¥a | 0| 149 n9z | ot 1L T f--- S ~e--= {61 | S 1%1 |oOTT |STT |- {d |H |d 2100K "M S "sIX| €12] T | wE¥1S€9L | NuTT,50,9¢
LI B (2] ) o s=} (= o < (=2 oNI--3 v [~ PNl o] ~|lolal o wn
sele| sl e gl |k 2hBRal By g8 S QI=18]3 & % | opratguor | eprataet
5o iy o | M I e 3 © rr [ad Y o = c
o [0} Ie) ® I Y o £n o 4 4 o= 5oz o s °
g ) 2 w o % ~ = W. = ° o —~ AN T z 2
o © 2% v [ j=} a2 w ® Lo o Ea)) m .Kl... < w .o wc
ol =1 . <
sy 1eU0Y o ~ ./mx <% o ~ el ® - =
2 1or0m 30 wm_ m . ” /M\ Ll BN vl g 12URQ o uo132201 TIoM
£311RNY < - &




Hf3al o0 0011 L€1 €6 SL} L0 === 41 8 [ W1 S| 9 061 |00z |-{dj{H]d}| ----- 10T393Ul jFO
juemyaedaq S 0} 192f T ] uw€E€.8€,9L§ Nu¥€,€0,9¢
g:HD .
*69/6z/€ 3523 aeyInbyi ¥4l O OLTT £ev1 ¢oT} % L] LO® T Y4 g | vl St 9 té61| L0z |-}djala| =----- aorasjujy jyo
jusmizedag S ‘nf 09¢f 1 uwC€,8€,9L | Nu¥v€,€0,9€
LHO
d4] 2] 0011 LE€1 98 | §°L} (O’ -1 61 8 | %1 S| 9 061 |00Z |- |diH{d --=-- 10T183UT 3O
juewmjxedad S ‘Nf 657 1 WI€.8€,92 | Nuh€,€0,9¢
nd| Vv mmmm—t wmw] wemm | wmmem ] e} —-— 6 91 Li%l %1 91 -f-{H{N - uor8e7 ueotaowy| 867 1 160,6€,92] NuZZ,£0,9¢
g;HD| O] 00/1 VA 8¢ ST L] €9° ~--=18 “mme-] QT S 4 00z} 01|~ |d|H|d] =--- uosyoer °D "H| (6| 1 w6T 1 6€,9L | NuhZ,€0,9¢
gZHD§ O} %86 L0T 6L | 9L ¥&° == == ==--=-] 91 S| ¢ 98T } 96T | {d ]} O d| =~ T®IOW oTxeweqlV| 962 1 wl€.6€,9L ) NWIE,€0,9€
HWaf v| oe1 Vi S 8:G| LL” el IEETY BETEEES N T4 N - 14 €1 ST ~-|d{sHd} ----- --~ souUOl “Hl 6§67 1 wITi0%,9L) Nu2Z€,€0,9€
Hd} v 68 81 8 1°61 09° bl Bl L 191 L%t 91 81 -{d|H|d ueB10| YIny “SAN} %97 1 w1 09,92} Nu€6,€0,9€
Waj v 8hT 101 11 €6} 0T —== ===] ~===--107 1| %t rA4A (YA ~-Jd|H|d] --==-= L1xad ‘M 'O} €67 1 n0Z,0%,9/| N,G0,%0,9E
Wdj v 86T L6 9T S'q} ST ——-1 € -----10¢ 1| %t 8T 0z -]d{H| d -w-- 888129 ¥ °r} 262 1 WwET. 0%, 971 N,ZT.%0,9¢
i o] €96 9 67 | 8L} LO° b B 8 | 7T S| 2 161} 10Z |L |D| SH 4 --- JTeWS €2TIBYD| 167 1 uwlS,6€,9L ] Nu9%,%0,9¢€
Al 4 492 9.1 z1 - €9 - m-- I wT ] T| %I 97 8¢ -lda|H|d} --- 1TeWS sataeyd} 067 1 WBY . 6€,9L 1 NuBE,%0,9€
Wa} v 18T oy 44 6"t T1°1 o] = g | 11 L%t 11 €1 ~-{d|SH d}| =--- ulFITIO ‘D V| 6%¢ 1 w82,6€,9L| N,TO,%0,9¢€
q 2] 0§11 921 06 ---10T" -==19 --==-1 71 0] ¢ 0121 0ZZ |- |d|H| d] =--- ®3ITUYM saTaey)d| 847 1 u€E€,8€,9L | NyWIT,%0,9€
X 9] 99¢ 911 01 --~1 9°C === G -e===1171 S 4 19 8 -1d|H|d} =-~- sToueag ¥ I /%7 1 W9€,8€.,92| NuET,¥0,9€
Wd] v | veéc L6 ST 8% 09° wee | mem meeee | €1 Il %t 0z F44 - |ld|H|d{| =----- PUuOg "d ‘M| O 1 100,8€,9L | NuvS,%0,9€
Waf v| L2z% [A8} 19 L°SY1 0°¢ == - 9 €1 0} %Z| 11 11 -|dajnl|d ------ puod "H "M WY 1 WlSiLE,9L ] NulG,%0,9¢€
*G9/zz/€ 3823 1a3Inby{diHD| O] O%L (¥4 91 WL} 6T €1 9 S$'9T | 81 S} T (1el gz ir|d| s 4 - KouuaTdoW ‘A ‘3| wwyU 1 n0T,LE,9L| Nu8%,%0,9¢
LHD
‘adf 0] 106 A v =1 9T m———] - 91| L1 S Z ogz{ohz{-{d| SH d| =------2@1eH ‘D "€} €%Y 1 WSTL€.9L ] NLEE, ¥0,9€
4] 2§ 02L €22 ST v Ly 9T” ===l G “=e==1 97 S| T gogtLoc|-tdlogd -~~~ §3199q04 “° "L} ¢HY 1 wCTiL€,9L] NWTIG ¥0,9€
LHD
‘adf o| 1%L 91T} 0Z | % L] 88" el o ST LT 91 S Z 9zz | 9cz |~ |d|{H| d} ~--- STIIOK "S "M TvY 1 u8G.9€,.9L | N.6E,¥0,9€
‘%9/0€/% 3593
1931Inby - gGe-GEE
€€9Z-092 ‘6£Z-61Z} 9 HO
:8utazes ueexds] ‘ud|a‘d 096 861 90T} %8| 11° 0s 00s 6T | L1 9! g-o1 ---|gse |-]0|d| W] - uojuspd yo L31D| Oovg 1 n82,9€,9/| Nu60,%0,9¢€
cslz| ¢ | gl el sl esbelel ezl loleldle g %
5l c . Ia] = o o o = oo | oD ) e0] v jwm| lol|3 ~ |.a apnitduo] epnitle]
3 o - o e} =} < = o o o H e = o rt t =) © - [
R Y 2] = 1 o o E8 kol o o |zl o> jafisloln o
L I B DA VR A R el D e 5 |&
o0 o [ © =} o] w @© 2} [ Hh [SIE A A i . ®
. 75 ) ~1E3 193810 ~ ol 6 I z
SATEHY 9 O B el ™ 5 Ll B el e 19UMQ ©° uoile20] I19M
[i=] a21es JO [l o = g
£111end N o S

122



123

A d 009 gz | w1 e e} o1 | --- kS mmme- et | s izt lic loo |- la |njat ------ sneqduiiug
) ‘g o 0 "53| 987 T | wTT.82,9L | NuTT,€0,9€
11o# uoliealssqo | X | B T BT BT R e B ¢ let b stz |v8 o8 |- {-injdj ---- ‘s 9 s *n{ 68zl T [ 1828294 | Nu90.,€0,9¢
Ajd 625 69z | z1 €2} 61 {---fj--- =" e1 | s (%1 tze |8 |- {d {H |a | -- sweriiTm "1 "4 ¥8Z] 1 W0E, 82,92 | Nu®T, €T,9€
Ha v 761 0s AR - BN S LS z |v1 1ol oefor Jot [- [a|s|a ] --- 330872d "3 "D} €8C] 1 WBE,T€,97 | Nu€0,€0,9€
Mg z08 1z | 9y |8 L 19" el v tot | s izt loc [ee |- {d@ |n |4 | -- 1TePUIAS "Q "L} 28T 1 W€, TE€L9Z | NuLT,€0,9€
A g B IRt BT TR IEL L Rt e gy == o1 | 8 1%T |ew {Ssv |- - (H {4} oo seruxsz) L[ 18z) 1 | 1€2.2€,9L | Nu8Z,€0,9¢
P Z6€ 791 | 9 7L |S9° el L2 it 91 | s |% /0 {or |- la|n{a ] - zoreeum TTessMu| 082} T | wES.EE€L9L N, 26, 20,9€
g 88¢ 791 | 8 891 #'¢g {---[¢€ co lot | s|% lss |ss |- fa |u|da ]| ---- vospn "1 "} 6.2} 1 wGG,€€,94 | NuEO,€0,9¢€
Ald LTS 29z | ST | 0°¢L z1 | === === | -==-- st | s |31 |ec |s& |- {& |su|d | --- TIS1IH ‘o] 8rg] T | WI6.€€.9L | NuTT.€0,9€
w w NMMH wwH S ¢t €1 - |mmm o ¢t t et%t |8s o9 |- |d |H }d | -- 203TSSEL Kaxen | 242 T } u60.%€,9L | Nu90,€0,9€
zz | 99z iv el 11 |- -} ct | -ty j--- lete |- la |smja} --- tresseH "1 "L} 9lg) 1 L0, 7€,92 | Nu»Z,€0,9€
©9/GT /% 1593 123T0nbY [dIHD |D 00/1 68T | TIc €L T %1 {$ zt ot | s | ¢ j1sz {9sz Ir {d {H {d sqqoy ‘D W SIW| 6/T| T [ wSE.WEL9L | Null,€0.9¢
®a v €Ll 8¢ 9z |zo}j zv |---|--- 9 lot | 1%t |ez |sz |- |2 |H|d | ---- uound 3QOA| Vig| T W82, WE€,9L | NuSh,€0,9€
(HD ‘
‘¥d [o “---=]09Z | TLT]|--~ |ET" -—-log }-----tfct { 5| Tz (scz |owe |- |d {H |d | ~-==== Trews 4 S| €42} T | 8BS ¥E€L9L | NuST,€0,9¢
na |v (Y44 6L /1 j§'6tee” e fmea | wmmee T I S |%T fLT {OE i~ |d |H |d -ar ‘young 7 "H| 22T T | wT0,S€.9L | NuGT,€0.9¢
ord A 61% woz | 21 oL} 66 [---|---|----- |€T | S AT (26 |S6 |- aiula| --- wBreds =3 "m| TL7] T | #9€:5€,9L | Nu&Y,€0,9¢
*juetd e
aze syyem yons XIST A |d 69Y oz | ts 0L 1 | === | ~-=f ===~ ¢t | stz 1 Jow |- lafola | -=-----m-m- SI0M
eg-187 “102-15 gurrazog smoxxed | 0/Z] T | wET:9€,9L | Nu6Z,£0,9¢
‘evZ-€€T ‘67T-71T [E°HD
.mwwwﬂwwwmamWwwmw .mm a‘o| 0061 | 8wZ | w11 {8 L|1T" 001 1006 { ==--- o1 | ® | 21 [--- {162 [Or|0 |d |W | - ue3UePH 30 £310] 692) T | 1€€.9€.9L | NuB%,€0,9¢
Hao\ou\m 3s93 1831nby | ‘¥d |0 Bl el B B bt € 91 L {9 ol g8 |--- et ir |- |A jw | - wojuspd 3O £110] 897) T | 16£.9€,9L | NuST €0,9¢
%9/17/€ 3se3 19FInbyl X |4 el IR B4 § B AL L bt 91 T |9 s| v ltw low |- lajn|a| ---- xe8u0d "H "[] 192] 1 1S%,9€,97 | Nu9Z,£0,9¢€
ad {0 el B BT B LA bl e L R otrlo| % |sozlsoz |- |- |nid yB1ap (0 @ -xal 99z] T | wTh L€.9L | NuET,€0.9¢
¢mo b I T <A IRl EELEE IEEDN It bl St ot |ofz log |oo |-jdin]d JuBTam (0 @ “xA} §97| T | w0, LE.9L | Nu€T.€0.9€
14
-fisyddeHd ysid ‘SAf ‘¥d[O | ~---- “m- ] €07 === | ~7=-- e EEal R ot | o ¢ ls61 f9ge |- {a (n}d JuBTIM "0 @ "x0| #97] T | w6€,L€.9L | Nu€ET,€0.9€
qﬂo,mﬂﬂow@wwﬂww>wmew 4 o wmmme b e} EGT | == Lo el el IR ot l ol » {88 |9tz |- |d 04 JyBtaM ‘0 Q "3| €92¢] T | «8E.LE9L  NuTT.E0.9¢
‘9/z/y 1503 193Inby| A [@°V| GI€ 621 | 61 |6°L1 T°T ¢ 8 ct |1l ol o Jeo | |rfojn|w| - uojuspd 3o umoli 292 1 W0 LE,9L | NWET,€0,9€
(s W w3 = Q hel = o +d o = b~ &) [~ PN o |3l SR e ) = or
salz| ¢ Bl 2= 0 B IR B O SR Il Bl IR P S 5 g | spratBuot | epmatari
w m ﬂ o o o = 4 — o m AN . ] © rt ' I ) [ c
silel ¢ | B % S I IR 3 B O R B R - S 2 |2
sel R R | BB o tar 8l T E sl niE|ds e |8
S % ! g g S < 4 I R e B ) ) e
siaeuay o S E L AN o = 21 = al® 3
& 191em 30 ud fa3 - 2 Z " I0UMQ ° uorieo0T 1194
Katpendy N2 o S




©3993 6§ yadep
HNUOH .ﬁmhw\/OOwH
usaad>s pue Furse)d
*119M 3593 AmeN| X |9 Rl Bl BT BT B -1t cmewwdc1 | st % lsg JOY |- i-injd| =----- £aeN 'S ‘0| SO€] T | wl0.,%€,9L | Nu00LTO,9¢€
X |4 B EEE N L BEEE N ALl 12 | ST ¢ lot| el z e v |-1-jm|a} -- 1awestad *s 0| %0€} T | #90,%€.9L | N1, 10,9¢
*1719# uoIlenlssqQ| X i€ 0s/ 6.1 |8 o'g| 1z --= 19 g* 8 sl z (e6ct|6wt |Xx {0 |nfdj ---=- 'S '9 'S 'nf €0€| T | ul0,%€,9L ) NuE€T,T0,9€
‘31993 641-6€T {€iHD
je 3195 uaaios pue| ‘¥d|D 08/L | z€w |01€T| 9°L ] 90" ---16€ €1 |8 Ssi ¢z (oczjowz A |ojnjd | ---=- ‘s 9 s 'af €og| T} wi0i¥E9L | NWET,T0,9€
yoeq patind Sutrsen| € |@ 0847 1 0S¢ |OwET | L7L | OT° ---18 T 18 S| z jewelzse jxjojnjal ----- ‘S 9 " "0N) €0€] T | wlO0%€9L | Nu€T,T0,9€
*1993 168 yidep| 0° {4 000TT| ¥8€ | 09¢€€| 6°L | 9T° - 16 0T+ 8 Si{ z {26slzoo |xio|nlay ----- *S 9 S "N} €0€ T | wl0/WEL9L | NuET, T0,9¢
teiol gl 11°m 3sel} D€ {4 000€T | €26 {O%Iv| €81 99" ---|C 114 8 s| z 18/9(889 |Xx|o|njd | ----- 'S 9 s "nf €ogf T | wl0wWEL9L | NWET.T0,9€
‘17194 u0OTIBAIASQO} X € | =---- PR B Bl Bkt --- 12 6 |»1 | 0o]%1 |zi1 {911 |or|-in{d | ----- *c 9 s nj TOE| T | u8%. WEL,9/. | NuTS.00,9¢€
Gy61 031 1o0tad paT11aQ
3991 692 yidap
HNUOH p2a3aacdoax *
u9xId8 pue wc..mwmo q4¢HD
*1T1e4 3833 »mmz ‘¥d|o et BEE T BN ) /A BEE TN EEEEE wmefmee] meem- 6T | St 8 jrST|LET |- lain}d | - AneN S *fi] T0E] T | wZ€.WEL9L | NuwE,10,9€
‘3993 871 4Y3Idep
1830l 'pPa2adA0d91| X {d | -~---- -—- Rl BRE BEE T --- 18 | mem-- [ st 8 |1 vy - l-lnjaq ------ AneN S "0} 00€] 1 WlEWEL9L | NLWLELTO,9E
uas10os pue 3uised} X € | w---~ R BT BEET EEELET ¢z a1 | ~---- st| sl ¢ |w9 toe |-|-|ala} ------ AaeN S 0 00€| T | WlE€.%€,9L | Nul€,T0,9€
*1T19m 3523 LaeN| X |4 | ----- P T BT e v | 9w g l¢t| s| 8 |€6 |66 (- |-(n|df ~----~ AneN "€ 'nj 00€] T | wl€.%€.9L | Nul€,10,9€
A ld 582 se1 | 91 | €] €6 | ---16§ 6 |ST} Si% jovw |[ew |- i{di{H|d]| =----- poop "F [ 66Z] T | n9T.5€,9L | NuZT.:20,9€
X lg L6/ t6c | 9% t 89| S% {---|G | ----- c1| si21 lce loc |- |ajsyd| -- uoTom L3TUIWOR| 867 T | u€E,TE9L | NuZ1,2009¢
X |4 z€S Ttz 91 { €L} 9w | --- 1€ 9 [e1| sl=1 |9¢ lge |- |ojn|d| --- moazeqd 312Q1V| /62| T | wEE,TE9L ' N.9%,T10,9€
Wd ¥ 627 Z11 ) 0€ | 8'S| €T |-—-}|--- S vt | X% |11 j€1 |- d|H]|d staxey euwyg “sIH| 96Z| T | u8%,0€,9L | NuZG,T0,9¢€
W |V 91¢ w7l (e | €9 2T === ==~ 9 |1l o |%1 let {21 |- |d|sHd]| Aquead @13ed "SI G6T] T | u9%,6C,9L) NutT,20,9¢
Wa v 6.1 Vi 0 | 6°6] 68" e B 9 {6 1121 et |st |-|alu|a]| ~--- ButpxeH "H D) 62| 1| n9T.LTo974 | NulZ,T0,9¢
Wd {¥ £0¢ 9% 16 | 676 Hlj -==| ==~] -==-= 16 2121 |91 |81 |-{aim|da| ----Butpxed H '9f €62| T | .6T,LT,9L Nu0E,TO0,9¢
Wd |V 681 99 1T [ 04} 29 | ===} --- T {8 0 9¢€ {6 9 ~tajsfd| ~----- pooM "0 9y T6T] T | u€T.9Z.9L | Nu%T.€0,9¢
A |4 €£9¢€ (T} €T § %L} SO° e | e o1 | s1% l¢9 {¢c9 |-tajulal ------ poom "0 9| 162 T | WT€,9Z.9L | NuBT,€0,9¢
X |9 £He 0/T1{ 6 €L 6¢€ | ---19 cem== 1111 sl21 2o oy |- 1a|u|N| uorieaodiop 132aq| 062f T | nl0,LT,9L | NuBL,€0,.9¢
Wa |V w6 (€1 sc1| 96| €% { ~==| -] ==~ 211 zl=%r |11 et |-ialn|a| ----- 3oed 3 "¥| 68Z] T | nSTiLT.9L| Nub€.€0,9¢
wa ly | ----- I R T | e z 1zt ol oelor [o1 |- ]-|s]|al| ----- aoved -3 ¥} 887 1| w¥T.LT.9L{ NuZ€,€0,9¢
Wa |V 019 66 071} €79 YT === | -~ z lotl 202t {ev fs1 |- |dals]|a| uszomspaen uworttH| ¢82) T | 65,4294 NuZ€,€0,9¢
o W %] =y 2] o, o o r< o N> ' o ~ g @] ritolal @ = W
[T (&) O =] 2 <% [« £ H ot © © =2 = [a W =) [e] 51 - m
o [ [e] [0} " @] M C o t ~ [ ) ] 0 b2 o]
g " W @ o £ ~ o o ® o ~ ||zl o o
56 : 2 3 S < °® " L S o S B e ' ®
& C
syaenny - N B ~ & o - 5 jogl IEAY =
cw 13788 30 % . - a2 -~ H IaumQ B ueTIIVD0T TN
£fy11end Z M.m\ @

124



125

*3993 09 yadep te3oyf A (€ | ----- | mmee} eee] emeee] == 8Z | ---=-] T} SI 9 [6€ | 6% |- -) 0] N| -mememmeos Auedwo))
zequnT S 'of 9Tg T} w6%.,2€,9L| NuG0,10.9€
*3993 09 yidep Teloll A | € | mee | cee] aee] emmee} - 2T} =eee-fp 2T S| 9 | 8€ |87 |- -| O} N} mmmmmmees Auedwo)
zoqunt S | sty 1| w10,€€.,97) Nul0,T0.9€
*3993 1% ydep Telol} X |4 | ----- B IRt T e I Bt zil st 9 fgz tze {-]~] Al N} =--mmmmemm Kueduo))
zequnt S ‘ol #ig 1! u%0.,€€,9Z] NuZI,10.9¢
‘3993 gy yadep Teloll X |4 B T IRt I IS It ARt ztl st o j1e by yol-| 0y Nf--=mmmmmn - Luedwod)
zoqunt S ‘0 €€ T| .80,€€,9Lf Nu€T.T10,9¢
.w.mn_.m.mﬂ.m\rm mOAUAH‘.ﬂANOE
-13d pIoTd ‘Po1DA0DBI
usoads pue Juise)
*119m 1593 AaeN) X € | ----- B e et Hitaate B B BT €1l sl g | ==~ v1v|9)-| )&} ------- AaeN S "0l Z18 T ol%.T€,9L| Nu6T,10,9¢€
‘GyeT 03 2otad paryIag
*3993 0ozy uldep| A | d el IEE TS BT IR LR --=1 0T | =---- w1} s| 9 tootles {9|-{0f d&f------- Anen S ral 116 T| w8Z.€€.9L] Nul0,T10.9€
18301 ‘P219A0d9I GIHO| D | <---- ---| o006 | ---} ----- -=-109 | ----- HT] S| 9 | syz| oSz |Oo|d| nf 4] ~----=- Anen S 'af 1T1€ Tl .8T.€€,9L] Nul0,T0.9¢
uaaios pue Juisen € o] wmme=] —-- | OO%Z} === -----] -- [} mwmeel BT S| 9 987 162 |9 | d| N| A} ==-~==" AneN S nf 116 1 +82,6€,9/| Nul0,T0,9¢
c119m 3593 AneNl € 1 —ewwal ---t 000€| ---f =----| ---| OT } ---=- H1l S| 9 | g6y 00n{O|dl o df —=-=--- KaeN 'S 'n| 118 1| 82.€€.9L] N.l0,10,9¢€
‘H9 /7T /Y Ise1
193Tnby ‘31qBIIRAR
sat3T1Iqeomiad pyatd
*76-28 “%.-69 ‘19-9¢
1s8uT3398 U9VIADY
‘3993 zI1 uldep Tedory X |4 | ----- z82) 11| 6°9f 1°L | 7% | 0T1 g |l ctl o 8 [96 | %6 {9 |d| d| N} =-=mm===--- Auedwod
zoquny 'S 0| 0T1¢l 1| «€E€,€€.94) Niul0,10,9¢€
X |4 meeeof === BE | --- 7z| 12 | oy 9 | er| s| 9 log |2v |-jals|dl- uduey "d puoweTd 60¢ 1| ubl.EE.9L Nu1Z,10,9¢€
X j4 6% st1) t€ | 8°9] 08 | 0T | O% 9 | ctl s| 9 |ogc Lz | -|da| s|da|- uouey -a puowerd 808 T| wIT.E€.9L N.uT12,10,9€
*31993 0/ yadep
1eaol ‘P2ABA0DIT
ussids pue 3utsed X |€ | -~---- -==] mee] ===] -----]18 8 g | ¢tl st % o€ jsg {-|~-}0fd|-----m- AneN S 'nf 20§ 1| u8T.€€,9.| Nu9¥.T10,9€
‘T1oM 1891 LaeN| K [ € | ----- e B BEEE BELEEL —=-l 1 | -e-- st|l sl v {ew e |-~ 0| &) ~~----~ KaeN s tnf £0f] 1| w8T.E€E€.9L| Nu9¥,T0,9€
‘pPaidA0291
u991ds pue Jurse)d
*11om 3593 LaeN| X {€ | ----- R Lt BRSBTS BT I | wame=f el St % {2y LTS |9y -1 0] &} - Kaeny ‘S ‘n| 90€ 1| u6S.€€,9L) Nu€0.,20,9¢€
e [glele] vlele|gspe| 22|08 8 |85 ¢ 5% ; ,
[4 . s o o [ o] O A a1 oy o el m e = . 2pmITLUO] apnaTIe]
P [=% o] =1 b - o m Ko e = o rt <) ] — [«
by (¢ =] 2l o o g1 ot [ 19 (a2 = [aVN Ry [} [ o]
w o] «© [ o M C =y ot ~ [ Y [ P 3
s o] A (=% £ ~ o [o% © [e] ~ (ol Bl o [« el
o. w o =] 0Q w e w iai [ Hh [ £ e . o
. ~12]| %8¢ ~1 &l & |E8l" 2
syaeway t = or Fh 4 ol vio 10UnQ o uo13ed07 T1oH
a3alen uO [ aw m ~
£3T1end N /ﬁ.‘w &




‘3993 0/ yadep 1e3of
‘asn o1nyny 1oy pedde)
*T119m 3593 AneN| X g | ==--- R CRE BETE IEETET EEET AN BT R €T | 9| % L€ % | |- {0|N| ==m==-m-- Luedwo)
IaqunT S ‘(} 8¢C| T n€C:i2€,9L | Nuwl0,10,9€
‘3993 20T yadep| X d it b S Bk e | IT | e £T S Vi 13 Y - t=-intd ----~= AneN S "0} £2€] 1 W9C.2€,94 | NuOT,T0,9¢
1e30] peiancdail X g ----- R B A IR bt ~-- T =---- €T | s v (%S %9 |- [~{n|d| =====~ AneN S "nf fz€l T | ¥T.2€,94 | NuOT,T0,9€
u9910s pue Sursen| i g | —==w- - R T o | ¢ | ewean €1 s| % |sz log |-{-1n|d]| ===--- AneN 'S ‘0| fLz€] 1 whTiT€,9L | Nu01,T10,9€
‘T119m 3593 KAeN| & g | ==--- PR R B e A ~== 1 G OT €T | S| % |L8 |26 |- |-infad| -==--~ AneN S "nf £T€ T | wYT.C€,9L | NuOT.T0,9€
*p2i2a0d91
us91os pue 3ursed
s11om 3593 KAeN| X gl ----- [ I N T QR - 192 6 1¢1 st 9 1¢6 10T {~|-in|d]| ==---- AaeN s 0} 92¢] T | uwlZ.2€,9L | NuO1,10,9€
‘21qeTieAe $2I11]Tqesw
»19d p1ald ‘poaIsAsodd1
us913s pue Julse)d
‘11oM 15931 Aaen| X G| wmm-- DI T R U IS SN R g €1 ] -t ¢ |---lzt1 i |-{nla| ------ AneN S ‘nf €Z¢| T | uSZ.2€,9L | NuBO, T0,9€
‘3993 ¢ yidep Te3roL| A g | =---- mmm | mme | mmm e -== 19T | -=-=- IT1 S| 9 {9z |9€ - [~10|N]| --=-mm=mm Auedmo)
1qunT S "0} ¥gep T uB%.2¢,9L | NuT0,10,9¢
3993 zH uyadep TeIOL| A | € | ----- S BT B I --- g | ----- Z1| s| 9 |9z [9¢ |- |-10|N| -=--mm-m- Lueduo)
IaqunT € ‘() €£2€) 1T Wb%,2€,94 | Nu90,T70,9¢
‘3993 1% yidep 1el0L| X I B e il It e [ TR | mmee- ZT ] S| 9 {92 }9¢ |- |- |0 |N| -~----==-- Auedwo)
AaqunT S ‘(] TTE] 1 w8%.,2€,9/ | Ni\,80,T0.9¢
*%9/0Z/% 35931 1931nby
*3993 211 yidep 1eloLl| X g S9¢€ Vans i3 7'8 7'8 L1 (4 8 €1 9 8 0L 06 (2 |d[N]| —===r==-- Aueduwo)
AoqunT S "Ny T¢E| T uCS.i1C€,9L | NuT0,10,9€
3993 g% yadep Tel0L| & | d | ----- SR BEETE IS IREEEE == 17T | e TT | S| 9 [92 [9€ |- [~ |D|N| ~=====--- Luedmo)
IaqunT S “(f 0TE| T a%6.2€,9L | Nu£0,10,9¢
3093 6¢ yidep TBIOL| X | € | =-=--] wem | wme| -mm ] -moe- -] gE | ----- 21| s 9 jez |eg |- |- |0|N]| ---mmmmen Luedwoy
dequnT S ‘N 6I€| T uS6.2€,9/ | Nu90,10,9€
*31993 (% yadsp [eioL
*1194 uolIBAILSQO| K g ----- ERrl T BEET IEEEE --- 182 9 11| s| 9 |%Z {% L [= {0 |N| =-mew-=-- £ueduo)
asquaT 'S "N} BIE] T whG,2€,9L | Nu60,T0,9€
2993 0¢ ydop Te30L| A | A | -~--- e e B R --- |81 | ----- Zr| s| 9 |s¢ fsv |[-l-|aN} --mmmmmm- Lueduwop
BquaT ‘S N LTE] T n8%,7¢,94 | Nu€0,T0,9€
A S I IS LR 0 RERE B 2 DR B O(BIE| Y g gl 2 e
et [+ . H o . o & [ N c =} o [oiest o wl Jeo|3 AT v spnatouo] epnaTiv’
3 o [ (% o] jul < = o (. I =3 o " o [t - c
oo Eal) (@] jo3 ial o [aB € H Xt rt 1 6] L=a jon [aVn =1 o} g} ©
Y 3 [ e Sl o~ o P& 7] B |Tol ~ (0275 g {3
o e w e =1 o2 w © o I Hh S R ) - . o
& ~ 1B %8 ¢ ~ sl el |elE” z
SALemDd = o >~ o o = Il N 218 12us0 ° uoTIed0T TIon
G aaivn JO © 6] = g
A31(end < m\ m

126



127

pS 1 <09 162 [44 1L 'y il B 0t} 21 S| %t 1S 1) ~{djH}] d} ===m"= suTysoy woll weel T 1w0T.82,92| N.0Z,T0.9€
A d s 852 LE SLj 60" --=1 € Y S S| %1 e LE -7d|d|d yoeag jutod Apues| €€¢l T wESGH0E 94| Nul€,00,9€
X q LY %027 LT v L] LO° EER A Rl Lt A st %1 6€ tA/; -|lalu|al----uosyder '3 "y ey 1 W6Z.1€,924] NuGE,00,9€
A q (443 291 61 AN AN Ll Bl B 21 sl %1 L€ oY ~ldiuldl----uvosyoer °r "I 1€¢ T WEh, 16,921 Nu8E€.00,9¢€
A g1 8ot --= 1876 1°L} €€ EEEd BEA A bbbl I At S| %t LL | 08 -laln|da|------- pooM '€ "Lj Otg 1 u6T,2€,97] Nul€,00,9€
X b Q1Y 902 €1 6°9 S'€ --=| ¥ ~em==] 61 s! %1 Wy LY -lalu|lal-~----- pooM "9 "I} 62¢ 1 WhELT€,92] Nu%0,T10,9€
[ v jar] (o] o, I @] o [l T N o] w —~ o [l ESl =l el E wn
B 5 Z I I B O S I B R A E A A R A £ |8 | opnatBuot | epnaTIET
2] I o o] o) ES = o ® o b Fe =] o (s o m i =3
© o Hn O o = 9 [a5 ZH prort » ¢ o =3 alz| o n
oo [0} o 1 e ) - [ B o lh|mie 2 =]
b G 2 =) w [a% % ~ ol . o] 0 ~ rt | Ea = o) 2]
o O 0. ®» (o) o} o2 [ () sl o LA [N N S . 0
506 . st o < w o ol

U " —~ 2 @ o —~ o ® v { er P

SATTEIY 5 P o " o ol B2 c1 g PERTY) ° uoIIE00T TIoM
i 19384 JO © I = <
£311ENd Z & S




128

[
al - m . o . ¢96l
0| 2¢ 0SET; - T°e - 0 0 9°'1 | 0§ 9t | Ti% L1 S1G) L°% s 1?6 €L | 1'8 | osoz| eey| et/L| 09
! } €961
o] - 0 | vo1 | 09%1 - | 80" - or |zo 1°1| 829 6Tt v ot 806 S1 A 61] 99 | 8°L | 09€T| (I%T| TT/L| 6S
, 2961
Vi 9 7T | 9¢ 66 § - | ST - 0 61| 1°0/¢tT 6T | LT |€°§ 91 [4 11] 6°2 - 1°9 | 691 ST | €1/9| SS
- £961
v - 09 | 29 A0S B o - 0 9z | 0" |€1 €| 2 1T j€°S z°s 91} €°§ - 8% | 112 0z | Lz/8| €S
; 2961
v z 06 | 26 oy1 - ot - 0 o€ 170 1T [A T I z's 1% (A8 621 S°S - €6 | 622 ST | €1/9] 8%
. £961
! - 0] ze oyl - T - 1°0 - 81 | 0SS 6€ | 96% 12 796 1'% | 079 o1| - 9°( | 009T| OzT¥|IE/TT| "%
€961
g - 0 | 6% 062t - | 8T° - 0- z°0 €°1 | 00§ 113 6% 0z 8% 9°9 | 8°8 [t 9 6L | 0161 08€ | CTI/L| &%
2961
v 1 Lz | ot 68 - st - 0 €T | Z°0 st ve | o€ 8L T | 2117609 - 16 | 81 oz | €1/9| 1%
. £961
a4 - 0 | 88 €421 - 9°¢ - T°04{1°0 T°T | %eY Ly | 06% L1 69%}1 876 61 6¢| 89 '8 | O11¢] 6GS¥%| [Z/8| 6L
£961
. a - 0 | %8 0s12 - .88 - z°040° 9'1 | 296 ze | Tss o€ 018 71 Al 91| %9 | §°8 | 06/E| OIEL} L2/8| T
€961
s - 0 { st 0£91 - 68" - 0’ 0’ 6°T |0ES 88 | 0tL 61 §19) §°9 | 2°¢ 01| 99 { 18 | 018T1 S¥¥| LZ/8 T
€961
4 - 0 | 2% 0981 - e - 1°0(0° 8T | 2%9 L6 | %eL 12 8TL} 9 | £79 01 (9 | o'g | 0o01E| 08€| [Z/8| 12
- 2961
- 9 0 st 0s8zf T°0O| O 1°0{ 0 - 9°0 {0021 8ST{ 0€9 9z | S60T| 9°6 A8 VAN - S'8 { 006v| Ow8| 1/0T{ 6
- ) 2961
- S o |zt 0€91 Y4 80" | 10° 1°0¢ O - L1 |00s 9z1| €0L 81 819 6°¢ | 1°9 | 8L |S'%9 | T8 | 089Z| 8SS| Z/0T| 6
2961
4 L 0 | L& 0€1Z | SO° 10° 0’ 0- - 0°¢ |6e8 70T €09 97 0?8 1'8 | 9°6 | 8°6 99 '8 | 0L9€| o00% | €/01 6
, 2961
o] L 0 | s81 josez) 1°0|1§° €0 0 - Z°1 | 0001 we | el 8¢ 0/8] 1°0 1€ cz| 19 | L't | OETH| (L€T| S/OT| 6
> £z 5 ~ ' 5
s |55 85 8B _E| 5| B |35 a8 a2 | E IR I EleE| 8 B|LE| ®|8%|5%|eE| B
o o a0 ool kol | 3 Vm g (W ~E. | o S%:.mm ﬂ W %ﬂ ﬂ ﬂ &m W% ﬁm Ua U
g - Sop oW .00 3w o (@)e] ~ 21 ~ Q0 a4 (7] Nyl =8 le] o = o o i ]
3 [ ] s 3 ~ |~ jaxdiis s o+ e He (B oot oo 4] m 7] o H Q 'l oo =3
" n o 7 - @ i c ~— ® Q Q. |~0 pjF O - - m © ot oW BP= IR =
uw 2 [ ® w @ 3 o (] [\ s — o —~ 34 ®» O b m
=1 w0 o @ ~ ¢ [N m = 3 ~—~ w o > o o
w. o m (a8 = Q - e} [e] = ©
@ o ® o ~ I (e o] ® H
- = e N
‘D "N ‘4A3uno) uemoyp ur siajyinbe (ediourad 5yl ul pousoids s](om woiF 1o3em JO saskleuy 4 31qElL



129

) 7967
o] 09 0. LGE £y ] - 1°1 - 0 L0 209 0 1s%1 9°¢ £€°6 £€°9 £eT ta, 99 6° L 079 01 €/% Ovl
| . 967
a Vi 0 [ A 1€ - (AN} 2°0 0 9°'0 S0y €S v'e 06¢ 6T 09 13 a3 9¢ - 8L €19 [4x4 7/8 Y€l
96T
a - 0 022 09¢ - 96° 1°0 0° 1°0 %°0| 0€ VAV 21¢ VAl Le LY 09 Y .9 (A 896 062 €2/l TET
2967
v S 11 71 09 - €1 - 0 1°0 1°0(6°6 91 Vi L°0 6°8 1 8°¢ 91 - %S €8 St €1/9 621
A ) %961
q S 0 88 689 - 91" 1°0 0 7’0 €0 191 13 91% 9¢ [AA4 7 9T 91 %9 8L 0z21 %L€ | 1Z/0T) €11
. 2961
a‘d € 0 £1¢e 868 - 1% - 0" 0 %0 | %ee 1¢ e 74 017 % v, (019 - 6°L 0061 0/% zr/g8 111
G961
a L 0 98 9T% - o’ 1°0 0 €0 6°0{ 9¢ (A8 0LE 81 911 T LT 1€ - "8 1L 08¢ L1/€] 801
2961
v 1 s 9¢ (44l - LT - 0° 9¢ T°01 02 8% € S 8L [ 01} €76 - (989 60¢ 0¢ €1/9; (01
7961
a1 - o] 44 443 - 8’1 0 0" g2'0 8°0 4 S€T 8T | TLE L1 887 9°C| &% 01 89| 82| OvETy 0§y | L[1/4 001
7961
el - 0 £y %16 - 80" 0° 20181 6°0 1 10€ 18 %8¢ 1%4 LEEL WL S 9°6 0L -t 06ST| 0O%% 0¢/if 86
, 2961
v T s8 26 161 - VAR - 0 [A% 1°010¢ £y 6 18 [ 6°9 9Z| 6°¢ - 8°9 06¢ 91 £€1/9| 06
2961
a - 0 LS 828 - 20’ 0 0" T'1 6°0 | 961 9 VA 0?7 68C] 6°L 8°6 0Z 0L 8L 06€T] €€€ €C/L 68
. 2961
a - 0 86T 0671 - (1" 1°0 0" 9°0 €°0 | O%Yy Sw TLE e 1y (a4 9zl (44 89 L L 0€1Z| 09¢ €C/1} 08
: 2961
d € 119 16 A4 - Y4 - 0" 0° 1°0]101 €T 0 [ 0s L°8 9 £e - [ 10% oy €1/9) 1L
7961
g - 0 |1 808 - 66° - T°0 - ST | LY%e 9T 79¢ 0t 88¢C{ ¥'C VA% oY - 8°L 08€T| 0OfY Z/1f 9L
G961
g L 0 Wy 6.8 20’ 6€° - 0 1°0 €T |S6C €T [ %A 1¢ GZel 9°Y 01 11 - 0°8 0091} 0OT% 81/6| 0L
z e |55 ezl egl v wl o zlegiglae| 2 8] 3| 8125 8 2] 8 2|gg5¢2\88| &
< = 942 an Hollao3 ] \/m ~0 o =g Qs e Q ot B %moa — | o3 30 o 3 = o -
= o] a0 o o W o il =0 =] = Wy WIS ] Urkh i o 53 Q3 Ie} b NS 20 t'd =o |
m ] S| W3 .ol ® P Od |~ ~ ow QR 7] m -~ @ o o @ o oy e Lo
13 ® " 4 il ~— D ~ i~ | [ - He j o oo 4] 4] m 4] o] Q o o O Z
o] n & 7} g [ = m ~— D o o3 [e% ~— 0 3 O - o ) ok [o3 o m
n 9 ) ® 1] ® c*r ® ® N1 m —~ c —~ ot [ et e
= v ® ~ ® o] =4 =3 — w =} 3 o c’
@ i1} m ct by Q ol o] [e] =} o
t w (4] ~~ S~ [ (] » [+ -
® . £ ~ N



! =] m oM
130 | wymby | | ¥ A A m < < A < < @™ O s~ O & -
|
JOT0) ' ' ! 1 1 U2l el o [Val ~ [T vy r~ [ (=} ~
~N ~N —
SsseupdRf!] © © © © © ® &§ O o ® o o o o o o
o~ ~ [Ta) —
83LBUOQIEDUON —
©® N &+ ~H4 N & N 0 W OV M N o F o ®
! : £0aRD o M N ;e 9~ 1non o~ ® ¥ o v N I
| — o~ — — — — o~
S® SSVUPIBH
: '\B o o2 Y o S ~ — — — — 8 — ~ ~N o
H n — ~N — ~ ~N ~N e o) N N o~ [«} (=)
mg iSPITOS | ¥ 4 R & & & A ® & = 0&dA 3 A o A2 32
DPATOSST( - "y e
H T — — N
: (u) o o o o o
‘ asoueduey. | ! : ' ! J I I . 1 ! ! . . . .
0 ~ ~ — ~ N ™ ~ o~ —
N M A A~ ®» A © m ~ ® 5 38 ~ «
(ed) uoar n o F e —
(IV> < — — —
- i 1 H t ] ¥ ¥ I 1 1 i . » 1 .
WAUTUNT Y s o s
(Mod) o © 4 ©o© o o © o 0o o © A O - o
ejeydsouq o~ o o
(gON n o 0w A < N 0O o O M &N O
O © o o O Ww Mm o o o - o o
93BI3TN O fsa)
(dI) — vy — — — [a'] — ™~ o~ — o) o] oo} (s8] — [
SPTIPTY | & 4 4 A A4 6 6 A~ o o o 6 o A4 o =
(10)
¢ W O O & ® N ® ~ &+ M 4 v oo o O
BPTIOTUD | 8 & & & oo N =™ F —~ d& & & O T A oa
R I ) - N = faa}
(Mos) < <
9318ITNS | w —~+ F ©O M ~ O W H4 M N n A O O
RS - T T ) © P e W T BT - )
omala 335383 ~"832885% 85
N N I n
a@q4BuU0QIRBOTYH I < Iy 2] f2a) N hal ~ Ne] 3] [7a) = 1
: IS n 0 N @
wy ~ ~N & o el (o)} — — (s8] — ee) —
(f) umtssegod | 9 0§ I 2 o 9 b Q
P T - - T e T e s Tt T A T -« S BT U )
(eN) umtpog N ® ~ m ®d® H4 N o A o & o O A A N
-~ A N o N A~ el
(3) < e @~ ® B
M O M™m VW ® N VW o H H & O & o N ™
wntseudey | O = - - > ]
© OV © ™
® ~ ® o —~ + o W 4 @M »n o o o © o
(en) umtoTRD — -~ = A ® -~ W N & A 3
N [s0) —
| N Vo) ) o © o N o 7o) @ Nl ~ < hal O o
(CoTg) eoTTES | 2 2 Q S & & Q& v A ¥ &+ = 3
\ro wn 1 1 1 1 1 ¥ t ] 1 [ s — O 1 i
sunyexadua] o oo~ 0
[o ] [o2] )} ~ O [e) o~ — oy — (32 (@] N [oe] o)} [oe]
Hd ~ ~ ~ ~ ~ < [ [ee] ~ <] ~ [ee] o] ~ ~ ~
o H o o0 O A4 A o o &N o 9O 9 o un 9
|80UB{ONPUC] 5~ 9% 5 @ o o @ 4 v g 85 © w4 3
- 1) ™
ofytoedg | ™ *® o 9§ 5 0w A= 3
inda n © © © © n o ~ 1 o o n O 0 A w»n o
yiasq e A S ’n nh M & O A A & © »n O 9~ o
pordueg —~ N A o & 5] N Mo N ~
; )
UOTQOGT'[OQ O N W ~3 FTOANNMTANNF AN NNNAGF AN N g~ ™M
v ~ NO A D AO0VAONOAYW—AOAOAOAO~AO O —AONDONDYAHD
JOo a%eq R A = T T R =
. NN AN AN AN A0 AV A0 A O ALY A O~ A0~ ~—AF 0
23 %% %285 28983853588
n vy ™~ - wy
Jequoi TTeml 5 0 40 0 4 5 & & & & 6 O & & & N




123 Tnby

< <« m O A =\ @m M
o
J0T0D " o fe'e) ~ e} & o =)
— —
4 O © ~ O 4 o o
ssaupaejr | — n ~ 3
59BU0QIROUON
i . =) fe o] {eN (o2 o~ (@] & 3] ~t
EOO}‘O A I~m ~ ™o @n o o
SEB SSIUPIBK N~ 3 . mnon
78 588¢8 2 3
: [l
ung :SPTIog ~ MM A N 9 O o
DAATOSST( 3 4 0w ®
¥ © n 0 o
{u) -~ & A o ©o o
osoueIuEl ' ! : . . . : .
=)
— O o v
N VO N © A N v
(8d) uoay - 4 ©
-
( LV) -~ MM N N ™
1 i . . . . . ]
wnutumTy © o o o o
(og)
eqeydsoyg | © 2 2 2 2 2 <2 <
(o) | o o <
. . 1 H ] 1 1 -
eIyIN | S o s
(1) “~ N - N & o~ o ™
SPIAE | 6 6 S -~ A ~ o o
g 2823883
QPTJIOTYD el el ) —
N N
o
(T083) =) o
- ™~ ~N N
2383IINS — —~  © 0 N
— — ~3 wy
(€OOH) X L v R ® 2 o 9
(=) wy vy ~
84 BUOQIEDTY AN
r~ @ O
(3) umtsseqod - o~ © ~ N o o
< [ r~ ~
=2 3I'2 88 8 S
; ~ )
(eN) umpog n O X ©
- = N N
(3 - ~
= o] ~ — o n =]
wntsauldey X 2 3 A T 9
~N
0w &N © @ N N o
(e0) umtote)d 3 % 3 4 ¥ 3 A
o~ ™
N A & N M o~ O
(¢org) eotis | & @A F & 2 N
I © :
Ge vy o [o2) o
sanqegadua], ' L
~N [28} Q e ™~ [=3) o o~
Hd e ™~ 0 ™~ ™~ ™~ 0 e »]
T 8 238 3838 ¢
~
8OUBONPUOY m AR R R3S 8 A
T ad —
oTyTo8dg -~ =~ o =
- n on 9 o
yadeq 2 98 %2 3 3 8 8 =
poTduEg - N @A v e A
SoT AN NN NANTANTNONN N D
UOT30oTT0) R TR B B0 B B B Bl =S
J0 8ae(q B N e e o e e
< ~ 8 2 9 8 N e
* ™~ [=) Q Q o~
Jaqumi TTsM N N A A @A A A e

131



132

REFERENCES

Bentall, R.,, 1963, Spacing of wells by C. V. Theis: U. S. Geol. Survey
Water-Supply Paper 1545-C,

Brown, P. M., 1958, Well logs from the Coastal Plain of North Carolina:
North Carclina Dept. Conserv. Devel. Buil. 72,68 p,

, 1959, Geology and ground-water resources in the Greenvillé

area, North Carolina: North Carolina Dept. Conserv. Devel, Bull. 73,
87 p.

Hem, J. D., 1959, Study and iaterpretation of the chemical characteristics
of natural water: U. S. Geol. Survey Water-Supply Paper 1473, 269 p.

Jacob, C. E., 1950, Flow of ground water, chapt. 5 in Rouse, Hunter,
Engineering hydraulics: New York, John Wiley & Sons.

Kimrey, J. 0., 1964, The Pungo River formation, a new name for Middle Miocene
phosphorites in Beauwfort County, Morth Carolina: Southeastern Geology,
v. 5, no. 4, p. 195--205,

Levorsen, A. 1., 1958, Geology of Petroleum: W. H. Freeman and Co. 703 p.

Maier, F. J., 1950, Fluoridaticun of pubklic water supplies: Am. Water Works
Assoc. Jour., v. %2, pt. 1, p. 1120-1132.

Meinzer, 0, E., and others, 1942, Hydrologv: New York, McGraw Hill Book Co.
Ine., 712 p.

Mundorff, M, J., 1945, Progress Report on Ground Water in North Carolina:
North Carclina Dept. Consevv, Devel., Bull., 47, 78 p.

Nordell, E., 1961, Water treatment for industrial and other uses: New York,
Reinhold Publishiung Co., 598 p.

Swain, ¥, M. and Brown, P. M., 1964, Cretaceous Ostracoda from wells in the



133

southeastern United States: North Carolina Dept. Conserv. Devel. Bull. 78,
55 p-

Theis, C. V. 1935, Relation between the lowering of the piezometric surface and
the rate duration of discharge of a well using ground-water storage: Am.

Geophys, Union Trans., pt. 2, p. 519-524; dupl. as U. S. Geol. Survey Ground

Water Note 5, 1952,

U. S. Dept. of Commerce; U. S. Bureau of Census, 1960, Census of Housing, v. 1,
pt. 6, tables 29, 31, 33, and 35.

U. S. Dept. of Commerce; U. S. Bureau of Census, 1960, Census of Populations,
v. 1, pt. A, table 6,

U. S. Dept. of Health, Education, and Welfare; Public Health Service, 1962,
Public Health Service drinking water standards: Public Health service Pub.
956, 61 p.

Wyrick, G. G. 1966, Ground-water resources of Martin County, North Carolina:

North Carolina Dept. Water Resources Ground-Water Bull. No. 9, 85 p.



et

N 500

Land surface

50 mv
—p— - T3

Tl }.;.[

N __/ Aqui/fer A
[ S APy S

—

TN

Post-Miocene

Yorktown Fm.

/'/“ - /

A ﬂf\/\

M,/\L 4

i e ————e e e
ST Zaaltel o
" :.:'. ._;:_/___ A AN SR

[l L L

V7SS A/ qu 4; ZD 7//
L)L

Pungo River Fm.

AVS

7

A L

RIS

[R%]
||-':I{,|'-'.'. R
A4

hite

(VY AN A R TAY i

(R
ltity
AN
\f

LA

AT
alil

IEUTH]

i Ij.'hl.'.";ljl'lljllIIII”];[II

Easil i it

|

w2, AALA AV I

=— 0025 MR/ H

MAP SHOWING LOCATION OF SECTION

}l— 0025 MR/H

Formation contacts
Aquifer

\\\\\\\

A A
~
—~ ~

Shell  Sand Clay

Sandy
Limestone

ELECTRIC LOG

Spontaneaus poteniial

N

GAMMA-RAY LOG
Radiaactivity increases
D E— e

Costle Hayne Ls.

Beaufort Fm.

Peedee Fm.

Black Creek Fm.

vv‘vw\/w Vv‘v\[v"__:;; of

—  |~— 0025 MR/H

SECTION SHOWING THE CORRELATION OF GEOLOGIC FORMATIONS AND

AQUIFERS BY USING ELECTRIC, GAMMA-RAY, AND LITHIC LOGS.
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MAP SHOWING CHARACTER OF PRINCIPAL AQUIFERS IN CHOWAN COUNTY.
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