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ABSTRACT

The Yﬁrk-James Peninsula is the portion of the Embayed Coastal
Plain which lies between the York and Mattaponi Rivers on the north
and the James River on the south. The land area of the Peninsula
is about 1,752 square miles. The population is 707,125, of
which more than 70% live in the areas of Newport News, Hampton and
Richmond. The average annual precipitation of the area is about 42
inches. (

Ground water in the York-James Peninsula occurs in the unconsol-
idated sediments of Tertiary and Quaternary age. These sediments
~ have been deposited on a basement-rock complex of pre-Cretaceous age.

The basement-rock complex consists of severa} types of crystal-
line rock and scattered Triassic sedimentary rocks.  Generally,; the
basement-rock complex dips eastward. Recent gravity and magnetic
surveys of the area indicate that the surface of the basement-rock
complex may exhibit some structural and erosional relief. There is
evidence of tectonically active hingeline zones in the basement complex.

Sediments of Cretaceous age, which range in thickness from 20
feet in the west to 1700 feet in the east have been deposited on the
basement-rock complex by fluvial and deltaic depositional processes.
Some local marine deposition and reworking has probably occurred
during the depositional history of the érea.

Tributary channel, meandering channel, delta distributary and
delta front facies have been observed in geophysical logs. The
lithology of the Cretaceous deposits consists of discontinuous sands

interbedded with silts and clays. The ratio of sand to silt and clay



and the size and sorting of the sand is variable and dependent upon
the depositional environment.

Overlying the Cretaceous are Paleocene sediments which were
deposited in a transgressive environment. The Paleocene, which is
from 50 to J0O0 feet thick, consists of characteristically glauconitic
silts and find-grained sands.

Deposits of Eocene sediments are found in parts of the York-James
Peninsula. The Eocene, Which consists of fine-grained sand and silt
containing. some glauconite, was deposited disconformably upon the
underlying Paleocene by two marine transgressions.

The Miocene deposits of the York-James Peninsula reach a maximum
thickness of more than 300 feet in the eastern part of the area. The
Miocene is comprised of deposits of dark-golored silt and clay which
grade transitionally upward into a unit composed of sands and shell
fragments. A basal sand, 20 to 40 feet thick, occurs in the central
and eastern part of the Peninsula.

Ground water in the York-James Peninsula is found in water table
aquifers, an upper artesian aquifer system and the principal artesian
aquifer system. The upper system, which is made up of Eocene and bésa]
Miocene sands, is regionally artesian in the eastern part of the area
and locally. artesian in the central part of the area. This system
is a reliable source of ground water for domestic, agricultural and
institutional use. The principal artesian aquifer system, which occurs
in the Cretaceous and lower Paleocene deposits, is found throughout

the York-James Peninsula. In most areas this system has sufficient

aquifer potential to supply ground water for municipal and industrial

use.




Evidence indicates that much of the recharge to the principal
aquifer system is derived from vertical leakage through confining
beds. Potentiometric surface maps show a geohydrologic anomoly in
the area between West Point and Williamsburg which is probably caused
both by thinning of the aquifer system and by a decrease in permea-
bility. Transmissibility in the principal aquifer is estimated to
average from 3000 gpd/ft to 50,000 gpd/ft. Much of the recharge to
the upper aquifer system probably is derived from vertical leakage
through confining layers. “The estimated transmissibility of this
system is between 5000 gpd/ft and 15,000 gpd/ft.

Water from the upper artesian system is characteristically low
~in total dissolved solids but high in hardness. Thé ﬁrincipal arrésiaﬁ
aquifer yields ground water which is low in hardness. Total dissolved
solids and chloride increase to the east. In some parts of the eastern
York-James Peninsula, total dissolved solids and chloride may make
the ground water undesirable for some uses.

Throughout the York-James Peninsula withdrawals from the principal
artesian aquifer system have lowered water levels about 50 feet since
1900. Large withdrawals of ground water in the West Point area and
the Williamsburg area have lowered water levels about 80 feet

The ground water resources of the study area are largely undevel-
oped. Large quantities of high quality ground water are available
in Charles City and New Kent Counties. East of Williamsburg there

are even greater quantities of mineralized ground water.
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CHAPTER |
INTRODUCTION
Location

The physical boundaries of the area of study are the Mattaponi
and York Rivers on the north, the James River on the south, the Chesa-
peake Bay on the east, and the Fall Zone, which roughly corresponds
to the location of Interstate 95, on the west (Plate 1).

The political subdivisions of the York-James Peninsula include
the counties of Henricé, Hanover, King William, New Kent, Charles
City, James City and York and the cities of Richmond, Williamsburg,
Newport News and Hampton.

The major population centers of the study area incliude the cities
of Richmond, Williamsburg, Hampton and Newport News and the towns of
Ashland and West Point (Table 1).

Scope of Investigation

This report will establish the present artesian ground-water
situation of the York-James Peninsula in terms of quantity and quality
of ground water, and its present use and development and interrelated
effects. In addition, it is intended that the report will be used as
an effective aid to future planning and development of the ground-water
reéource of the area. A third objective of the report is to furnish
the basic data necessary for the construction of a computerized ground=
water model of the York-James Peninsula.

{n order to establish the geologic framework of the artesian
aquifers, available publications, geologic or geophysical data and
other current investigations were utilized. Sources of information

available on the hydrology of the area include observation well data,
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measurements of water levels from privately owned wells, pumpage

records, pumping tests and previous publications.

Throughout this report, wells are identified by Bureau of Water
Control Management (BWCM) well numbers. Each well number consists
of two parts, e.g. 147-22. The first number, 147, denotes the county
in which the well is located, and the second number, 22, is the
sequential well number in the county. On the well location maps
(Plates 2-7), the county number is shown in parentheses with the
county name. Key wells are located on the maps.

All wells are located by the Virginfa Plane Coordinate System
(see Appendix B). In this grid system, coordinates refer to the

distance east and north of the origin. Grid coordinate lines are

shown on well location maps..
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CHAPTER I}

GEOLOGY

The York-James Peninsula lies wholly within the embayed section
of the Atlantic Coastal Plain Province. The geologic formations of
the area consist of unconsolidated sediments of Cretaceous, Tertiary
and Quaternary age deposited on a basement complex of sedimentary,
igneous and metamorphic rocks older than Cretaceous (Plate 8).

In this report, certainAdeterminations of age and stratigraphy
of the artesian aquifers which were/fnvestigated are made.

The formational boundaries used in this report are based on
information from previous publications and-on lithostratigraphic
correlations and interpretations of geophysical logs, with the aid
of well cuttings in selected areas.

Geologic Units

Pre-Cretaceous. The pre-Cretaceous basement-rock complex of the

York-James Peninsula consists of consolidated sedimentary rocks and
various types of crystalline rocks, similar to the Piedmont. Wells
which have been drilled to basement have recovered granite, diorite
and several varieties of Triassic sediﬁentary rocks.

Recent geophysical studies, including a magnetic survey conducted
by the U. S. Naval Oceanographic Office (1964-1966) and a gravity
survey conducted by Mohamed Sabet (personal communication, 1972),
indicates that the basement complex may display considerable structural
and topographic relief. The magnetic survey map (Plate 9) shows the
magnetic trends of the basement complex of the York-James Peninsula.

Sabet's gravity survey shows many similar trends. Intensity varia-
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tions which appear on the magnetic and gravity surveys may, in the
absence of control daya be caused by one or more of three things:

1) The intensity could be reflecting lithological

differences in the pre-Cretaceous rocks.

2) The intensity may refer to anomolous densities

within the rocks.

3) The intensity may reflect erosional and structural

configuration of the pre-Cretaceous surface.

In the western part of the York-James Peninsula, a large Triassic
basin has been found in the subsurface. This basin forms the base-
ment in the eastern part of Chesterfield, Henrico and Hanover Counties
and western King William County (Plate 10).

Magnetic and gravity surveys indicate khe presence of a north-
trending high area in western Charles City County. Two wells drilled
to basement on this area, Wells 118-48 and 118-49, recovered altered
chloritic diorite from the basement.

Pre-Cretaceous rock forming the basement complex in the area
of West Point consists of Triassic sediments. A deep well in West
Point encountered the characteristically red Triassic sandstones
and shales at approximately 1255 feet below sea level. This Triassic
trough may be the hingeline of a fault block (graben) along which
active crustal deformation has occurred from Triassic through Miocene
ages (Brown 1972). The hingeline controlled subsequent deposition
in the West Point area.

The magnetic map shows a low magnetic intensity from the West

Point area southward through eastern Charles City and western James

City County. The low variation in magnetic intensity in this area
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may represent an extension of the Triassic basin found at West Point.
No wells to date have been drilled to the pre-Cretaceous surface in
this area. The depth to the basement complex is estimated to range
from 800 feet below sea level in eastern Charles City County to 1,400
feet below sea level in central James City County.

The only information on the nature of the basement-rock complex
east of Williamsburg is data from gravity and magnetic surveys and the
record of Well 211-2 at Fort Monroe, in which crystalline rock was
found at a depth of 2,243 feet,pelow sea level. The magnetic and
gravfty surveys have located a high-intensity area centered in
Gloucester County, north of the York-James Peninsula (Plate 9), and
extending southward into York and eastern James City Countiés.r The
geometry and areal extent of this anomoly indicate that the high
intensity readings may be caused more by density differences in the
basement rock complex than by variations in basement topography.

Cretaceous. In previous reports of the York-James Peninsula,
the Cretaceous has been subdivided into the Lower Cretaceous Potomac
group and the Upper Cretaceous Mattaponi formation. |In a recent report
by Brown (1972), the Cretaceous has been subdivided into three units
named Unit H, Unit G and Unit F (Plate 8). Units H and G correspond
to the classical Potomac group, while Unit F comprises both the uppe}
portion of the Potomac group and the lower portion of the Mattaponi
formation.

The Cretaceous of the York-James Peninsula was deposited in a

fluvial-deltaic environment (Cederstrom, 1945). The facies which have

been preserved are the meandering channel facies of the fluvial en-




vironment and the delta distributary, and delta front facies of the
deltaic environment. Characteristic of all these facies are discon-
tinuous sand bodies interbedded with silts and clays.

The slightly meandering channel facies (Fisher and McGowen, 1967),
found in eastern Henrico and Hanover Counties and western King William,
New Kent and Charles City Counties, is characterized by channel sand
bodies which are coarse-grained at the base and become finer-grained
upward. Geologic correlations made for this report indicate that the
channel sands are 50 to 70 feet thick, one to three miles wide, and
up to ten miles long (Plates 13, 17 and 21). In addition, smaller
sands resulting from crevasse deposits overbank spills and tributary
stream channels are found (Plate 11, Wells 143-8 and 143-15). The
fluvial sands are generally subordinate to coarsé and fine inter-
channel silt. The channel sands generally are good aguifers if the
total sand thickness exceeds 100 feet.” lInterchannel deposits usually
will not vyield large quantities of ground water (Plates 15 and 19).

The sands of the highly meandering channel facies (Fisher and

McGowen, 1967), found in eastern King William, New Kent, and Charles
City Counties; James City County and western York County, are medium
to coarse grained, moderately well sorted, and have an average thick-
ness of about 100 feet (Plate 11, Wells 150-1 and 147-22). Sand
bodies are discontinucus as shown in the geclogic correlation of

Well 150-1, 149-4, and 149-5 (Plate 17). Smaller sands associated
with crevasse deposits and overbank spills are found. Overbank silts
and clays are subordinate to sands in this facies. The dominant thick

sands of this facies are generally good to excellent aquifers, from
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which a properly constru;ted well can draw large quantities of ground
water,

The delta distributary facies is characterized by medium-grained,
moderately well-sorted sands, about 50 feet thick, with linear trends.
In certain parts of this facies, interchannel swamp deposits, consist-
ing of dark-colored silts and clays with sand stringers, are found.
One such area is the extreme eastern tip of the Peninsula (Plate 15).
Delta distributary sands are generally high yield aquifers, but the
interchannel swamp deposits have very poor aquifer characteristics.

Delta front bar sands are found in Well 211-2 at Fort Monroe,
City of Hampton, and in several wells in the cities of Portsmouth,
Norfolk, and Virginia Beach. In general, ﬁhe;e sands are 50 to 7b
feet thick, fine to medium grained, and well sorted. Aquifer‘char-
acteristics of thé sands are good, but the ground water in the sands
is highly mineralized.

Paleocene. The sedimentary interval between the lower Cretaceous
Potomac group and the Miocene has classically been divided into the
Upper Cretaceous to Paleocene Mattaponi formation and the Aquia, Nan-
jemoy, and Chickahominy formations of Eocene age. These formations
and their boundaries have been described in a report by Cederstrom
(1957) . ,

In this report, the Mattaponi is described as being interbedded
sands and clays overlain by a glauconitic, occasionally fossiliferous
unit. Based on the presenée of Paleocene fossils in the upper member
and the lithologic similarity of the lower member to the Upper Cre-

taceous of southeastern Virginia and other areas, Cederstrom called




this unit the Mattaponi formation and assigned it to Upper Cretaceous
and Paleocene. Overlying the Mattaponi are, from east to west, the
Chickahominy, the Nanjemoy of Claiborne age, the Nanjemoy of Wilcox
age, and the Aquia. Cederstrom (1957) notes that a basal sand found
in the Aquia in the western part of the Peninsula correlates with a
sand member which is overlain by sediments containing Paleocene
foraminifera. His explanation is that the upper Mattaponi and Aquia
represent a transgressive marine deposition. With the aid of more
recent paleontological evidence and regional stratigraphy, Brown (1972)
has recognized the presence of a Paleocene unit of Midway age. Based
on a comparison of Cederstrom and Brown (Plate 8), the Paleocene,

as defined by Brown, includes fbe'glauconitic member of the Mattaponi
formation, the Aquia formation and that part of the Nanjemoy forma-
tion éssigned to Wilcox age by Cederstrom. Tectonic depositional
controls postulated by Brown resulted in nondeposition during middle
and late Cretaceous in the York-James Peninsula, and therefore the
nonglauconitic portion of the Mattaponi has been assigned to lower
Cretaceous. In his report, Cederstrom has cited evidence that such
an interpretation could be valid.

Sediments of Paleocene age are found overlying the Cretaceous
deposits throughout the western part of the York-James Peninsula ex-
cept in those areas near the Fall Zone where they have been removed by
erosion. The thickness of the Paleocene is between 50 and 100 feet
in the area. The Paleocene consists of fine to medium graihed sands
interbedded with dark-colored silts and clays. To the east, the lower

portion of the Paleocene is a fairly permeable sand which is hydro-
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logically a part of the Cretaceous aquifer system. Along the central
part of this area, there is an abrupt lithologic change as the sand
becomes very silty and glauconitic. Near the Fall Zone in Hanover
County, the Paleocene is almost entirely silt and clay.

In the central part of the York-James Peninsula, the Paleocene
sediments are fine grained quartz sand with 10-75% glauconite and
numerous relatively thin silty clay stringers. The Paleocene sedi-
ments are about 100 feet thick in the area.

In the eastern part of the Yorkaames Peninsula, the Paleocene
sediments are rather continuous as a whole throughout most of the
area, although various individual sands wedge in and out from place
to place. The Pa}eocene varies in thickness ffom about 100 feet in
western James City County to L0 to 50 feet in Newport News.

The sediments consist of fine to medium grained sands interbedded
with silty clays. In the Williamsburg area, some of the sands are
composed largely of dark green to black glauconitic sands. A few
scattered shells occur in the upper half of the Paleocene sediments.

Eocene. The Eocene is divided into Nanjemoy and Chickahominy
formations (Cederstrom 1957). These are equivalent to sediments of
Claiborne and Jackson age as they have been described by Brown
(1972).

The Eocene sediments have lithologic uniformity and lateral
continuity similar to the Paleocene sediments. The thickness of the
Eocene varies considerably. In the western part of the éeninsula, the
thickness averages about 75 feet. East of West Point the Claiborne

thins considerably and the Jackson age sediments are found. In James
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City County the Eocene thins to about 10-25 feet, and eastward it
wedges out before Well 216-19 in Newport News.

The Eocene is made up of fine to medium grained sand, with vary-
ing concentrations of glauconite. Some of the glauconitic material
is oxidized to a reddish-brown color. Silty material dispersed in
varying percentages throughout the unit gives it a characteristically
low amplitude curve on geophysical logs (Plate 11).

Both the Claiborne and Jackson units were deposited in a trans-
gressive shallow marine environment. Regional and local lithologic
correlations indicate that the sediments of Claiborne age are depos-
ited disconformably on the underlying Paleocene. Cederstrom states
that deposition during the Jackson age (Chickahominy formatfon) causea
erosional thinning of the Claiborne sediments in the eastern part of
the Peninsula. Brown {1972) shows a complete absence of Claiborne
in some areas.

Miocene. The Miocene deposits of the Virginia Coastal Plain are
divided into four formations which are the Calvert, the Choptank,

the St. Marys and the Yorktown. Of these, all but the Choptank have

been recognized in the York-James Peninsula.

The thickest Miocene deposits are found in the eastern part of
the Peninsula. They range in thickness from about 200 %eet in western
James City County to a little more than 300 feet in the Hampton area.
The top part of the Miocene consists of shells and shell fragments
cemented with calcite. This unit grades transitionally downward into
a fine-grained subround to round quartz grain sand, with a gradual
decrease in shell fragment content. Traces of biotite and glauconite

occur in the sand. At greater depth, the sand becomes more poorly
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sorted. Along with the increase in silt matrix there is a corresponding
decline in shell material. This part of the Miocene section is
characteristically dark in color and is often called blue sand or

blue clay in drillers' logs. Throughout most of this area there is

a basal sand with scattered fossil fragments. This unit is about

20 to 4O feet thick and has a higher porosity than the overlying
sediments. The base of the Calvert is marked by a marl or coquina

over much of this area. This limestone varies in thickness from a

few inches to a few feet.

Miocene deposits cover most of the central part of the York-James
Peninsula, but they become thin and irregular in the southern and |
western parts of this area. This is partly a result of removal of
the Miocene by erosion, and may be partly a result of nondeposition
caused by tectonic transition during early Miocene time (Brown 1972).
in the central part of the Peninsula, the lower portion of the Miocene
thickens to the northeast, reaching a thickness of about 100 feet in
the area of the Mattaponi River. The upper Miocene thickens to the
east, attaining a maximum thickness of 50 feet.

The lower part of the Miocene in the area is similar to that of
the eastern part of the Peninsula, consisting of a basal fossiliferous
sand, 20 to 40 feet thick, overlain by a dark, silty clay of variable
thickness. C]auconite is occasionally found in the clay. The de-
posit of shells and shell fragments which is characteristic of the
uppermost Miocene to the east, appears to grade laterally into a
fossiliferous, medium to coarse grained quartz sand in the central

part of the Peninsula.
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In the western part of the York-James Peninsula, the Miocene
forms a thin mantle less than 50 feet thick on the high stream divides.
It consists of gray clays which contain some shell fragments.

The Miocene sediments, having been deposited in a shallow marine
environment, are fairly consistent lithologically and have a wide
areal extent. The Miocene is easily identified on geophysical logs
by its characteristic resistivity curve (Plate 11).

Post-Miocene. The deposits which overlie the Yorktown formation

consist of sediments of the Pliocene and/or Pleistocene series (Bick
and Coch 1969), the Pleistocene series and the Holocene or Recent
series. Cederstrom (1957) describes the Columbia group of the Pleis-
tdcene'series in the western and central part of the Peninsula as being
deposits of sand, silt and clay of continental origin which form a
mantle 30 to 60 feet thick over the area. In the eastern part of the
Peninsula, Bick and Coch (1969), Coch (1971) and Johnson (1972) have
collectively recognized the Sedley and Bacons Castle formations of the
Pliocene and/or Pleistocene series, the Windsor, Norfolk and Sand

Ridge formations of the Pleistocene series and deposits of the Holo-
cene series. Each formation was subjected to erosion before deposition
of the next younger formation so that all of the formations are dis-
continuous. Collectively, the Sed!ey,rBacons Castle, Windsor, Norfolk
and.Sand Bridge formations are a series of sands, silts and clays

which were deposited in fluvial, estuarine and marginal marine environ-
ments. The collective thickness of the formations ranges from 25 to

75 feet in the inland areas, but along certain parts of the York and

James Rivers the Norfolk formation becomes much thicker.
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CHAPTER 11
OCCURENCE AND USE OF GROUND_WATER

in the York-James Peninsula, ground water occurs in three major
aquifer systems. The uppermost aquifer system is the water-table
aquifer found throughout the Peninsula. It consists of deposits of
Tertiary, Pleistocene and Recent age. This aquifer is a reliable
source of domestic ground-water supply in most of the area,. but sea-
sonal fluctuations and lack of sufficient storage make it impractical
for industrial or municipal supplies. The second aquifer system of

the York-James Peninsula is the PLATE 22: RELATIONSHIP OF PARTI AL
PENETRATI ON AND ATTAI NABLE SPECIFIC

. . CAPACI TY FOR WELLS I N HOMOGENEOUS
upper artesian aquifer system, ARTES! AN AQUI FERS ’

o

formed from sediments of Miocene D

and Eocene age. This system is art-
tesian on a regional scale in the R
eastern part of the Peninsula. It

is, however, locally artesian in

[

parts of the central and western

$OT0

Peninsula. The third aquifer sys-

tem is the principal artesian aqui- Lo

fer system comprising deposits of
Paleocene and Cretaceous age. This i

system is found throughout the en-

tire Peninsula. :

h
i

The most prevalent reliable e

o
g . Pzr cint of aqguifer screerned
hydrologic information available SOURCE: EDWARD E. JOHNSON, [NC.

for most wells in the York-James
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Peninsula is the specific capacity, which is defined as gallons per

minute of discharge per foot of drawdown (gpm/ft). Therefore, spec-

ific capacity is used in this report as an indicator of aquifer po- .
tential. It should be noted that variations in well construction will

have pronounced effects on the specific capacity of a well. However,

in those areas where specific capacities are reported and accurate

well completion information is available, specific capacities can be

used as a reasonable comparative parameter of aquifer potential.

For wells on which construction data and geophysical logs are
available, specific capacities have been corrected by means of a graph
(Plate 22), conétructed from the Kozeny formula, wﬁich compensates
for well diameter, well construction, and partial penetration of fhg
aquifer.

Water-Table Aquifers

The water-table aquifers are an important source of domestic
ground-water supply in the York-James Peninsula. In addition, these
aquifers supply ground water to some institutions, farms and other
small users in the area. Bureau of Water Control Management data
files show that the water table aquifers are the dominant source of
domestic ground water in King William County and in many parts of
Charles City, New Keqt, James City and York Counties. fhese aquifers
are not as dominant a source in eastern Henrico and Hanover Counties.

In parts of Newport News and Hampton, there are areas where domestic

ground water is supplied by wells 50-100 feet deep. Most of these

36




wells are probably completed in water-table aquifers, but insufficient
geologic data prevent accurate determination of aquifer type.

Upper Artesian Aquifer System

Geologic and hydrologic information indicate that this system
becomes regionally artesian along a line a few miles west of, and
parallel to, the western border of James City County. This system
is locally artesian in areas of higher elevation to the west as far
as extreme eastern Henrico and Hanover Counties.

This system has a fairly consistent thickness“of about 50 to 80
feet and a normal lithology of fine to medium grain sand moderately
to poorly sorted with glauconite, usually referred to as green sand
or black sand. The consistency of the system makes it a reliable
source of domestic and subdivision ground-water supply. Specific
capacities of wells completed in this system range from 1 gpm/ft to
10 gpm/ft. Depth to the top of this system varies from 60 feet above
sea level in eastern Hanover County to 340 feet below sea level in
Newport News (Table 2).

in James City and York Counties, this system is the ground-water
source for many of the domestic and subdivision artesian wells, in
addition to some institutional and agricultural supply wells. Most
of the flowing wells along the lower Chickahominy River are completed
in this system. An increasing number of domestic supply wells in
Charles City, New Kent and King William Counties are being completed
in the upper artesian aquifer system. In the western part of the

area, the system is too thin for practical development.
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Principal Artesian Aquifer System

The principal artesian aquifer system contains a very large
potential ground-water supply in the York-James Peninsula, although .
it is not presently developed in many areas. The system contains
many sands that have a high-yield potential, and in those areas where
aquifer transmissibility is low, the thickness of the system somewhat
compensates for the low transmissibility. Depths to the top of the
principal aquifer system vary from 90 feet above sea level in Henrico
County to 540 feet below sea level in Newport News (Table 2).

Near the Fall Zone,.the principal aquifer system is thin and
the hydro[ogy is spmewhat erratic. Some of the factors which control
the hydrology are the topography of the basement-rock complex, the |
presence of faults in the basement, the percentage of sand in the
aquifer, and the thickness of the aqguifer.

When the thickness of the system exceeds about 250 feet, the
parameters which affect well yield are the sand percentage of the
aquifer system, the-thickness of the aquifer system, and the con=-
struction of the well. Sand percentage of the aquifers is higher in
the area in whiqh the sands were deposited by meandering river channels
than in areas where sands were deposited by tributary stream channels
(see GEOLOGY). The thickness of the aquifer system increases to the
east and northeast in the area. The most efficient method of well
construction in this area is the installation of multiple short screens
in the various sands rather than a single long screen.

In the eastern portion of the York-James Peninsula, the princi-

pal aquifer system is very thick and has a great ground-water yield

Lo




potential, although this potential has not been developed in most of
the area. Geohydrologic information indicates that the only areas

in which poor aquifer characteristics exist are in the Newport News-
Hampton area and in the West Point area. In the Newport News-Hampton
area, a considerable portion of the principal aquifer system consists
of silts and clays with a low percentage of sand. At West Point, the
sands of the principal artesian aquifer system are poorly sorted,
extremely discontinuous, and apparently have low trangmissibilities.
Uncorrected specific capacities from wells completed in this system
range from L.6 gpm/ft to 25 gpm/ft.

Specific capacities of wells completed in the principal aquifer
system vary greatly. In parts of extreme eastern Henrico Cbunty,
specific capacities are as low as 0.17 gpm/ft in sand-poér wells.

In West Point, an industrial well completed wifhin the principal
aquifer has a corrected specific yield of 18.59 gpm/ft. Other wells

in West Point which are completed in both the upper and principal
aquifers have specific capacities as high as 30 gpm/ft. Near Wi]liams~
burg, specific capacities range from 11 gpm/ft to 20 gpm/ft. In
Newport News, a corrected specific capacity of 5.2 gpm/ft is reported.
Use

The most extensive development of the lower artesian aquifer
system has occurred in the Richmond Metropolitan Area of Henrico and
Hanover Counties, in the West Point area, and in the Williamsburg
area. In all three areas, the aquifer system has been under develop-
ment for some time.

Most of Henrico County is supplied by surface water; however,
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seventeen subdivisions and the towns of Sandston and Highland Springs
use ground water for municipal and domestic purposes. Ground water
supplied Sandston and Highland Springs in the 1940's (Cederstrom 1957).
However, no actual record of total withdrawals is available during or
prior to this time. During 1970-72, available records show the total
withdrawal of ground water from the Sandston and Highland Springs area
was about 1.0 million gallons per day.

The total pumpage from various subdivisions was estimated to be
1.66 million gallons per day in 1972. This figure was calculated from
the available records. There are no records prior to 13970 relating
to the withdrawal rates.

Hanover County receives most of its water from surface water
sources. However, a number of subdivisions withdraw ground water for
municipal and domestic purposes. Froml]950—l970 approximately 0.2
million gallons per day were withdrawn. In 1971 sixteen subdivisions
used approximately 0.3 million gallons per day.

From 1890-1930 the total withdrawals from the artesian aquifers
in the West Point area was estimated to be approximately 0.39 million
gallons per day (Plate 23). Wells were generally of small diameter
and free flowing. The domestic and municipal pumpage was found to
be approximately 0.35 million gallons per day-in 1972, according to
available records. In the 1930's the first high capacity industrial
wells were drilled which are developed in the upper and principal ar-
tesian aquifer systems. From 1931 to 1940 ground water withdrawals
increased to about 1.25 million gallons per day. From the period of

1941 to 1950 Cederstrom estimated the pumpage to be about 6.91 million
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gallons per day. With additional industrial well construction, ground
water withdrawals average 10.2 million gallons per day from 1951-1960.
Further development of the well field raised the total pumpage to an
average of 15.15 million gallons per day in 1972. During the period
from 1961-1972 the total ground water withdrawals in the West Point
area averaged 15.48 million gallons per day.

From the period of 1890-1920 the withdrawals from the artesian
aquifers in the Williamsburg area were estimated to be about 0.1 to
0.2 million gallons per day, most of which came from free flowing
wells. From 1921-1939 withdrawals increased to 0.7 million gallons
per day. Plate 23 shows the increase was due to the installation
of a well at William and Mary Co]lége in 1924, Most of the water from
the William and Mary well was used for cooling purposes. From 1940-1961
the average withdrawals from the principal aquifer was increased to
about 1.8 million gallons per day, due to the further development of
wells in the Colonial Williamsburg area. The water was used for
cooling and domestic purposes. With further development of Colonial
Williamsburg, the withdrawals increased to an average of 2.6 million
gallons per day during the summer months of 1972. The above figure
is reduced 90 percent during the rest of the year.

In 1957 a group of high capacity industrial wells which were de-
veloped in the upper and principal aquifer system were drilled near
Grove in James City County. 1In 1958 the total withdrawals from the
artesian aquifers was estimated to be approximately 0.7 mi]fion gallons
per day (Plate 23). From 1958-1964 there was an average lineal in-

crease in withdrawals of approximately 1.22 million gallons per year.
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There was a decrease in pumpage from 3.5 million gallons per day in
1964 to 3.3 million gallons per day in 1966. From 1967-1968 the total
withdrawals increased to 5.2 million gallons per day. As can be seen
from Plate 23 there was a slight decrease in total pumpage during
1971. At present the withdrawals average 5.1 million gallons per day.

Seven wells supplied Fort Eustis with water during the First
World War. There are no available historical records on pumpage for
this period.

Cederstrom reported that Fort Eustis was supplied during World
War |1 by four wells. During the early to mid forties, the wells
furnished 1.5 to 1.75 mjillion gallons per dgy. Approximately at the
same time, water from several wells was pumped into the Leé Hall and
Skiffs Creek Reservoirs to alleviate the water shortage. Again the
historical records on pumpage from the Fort Eustis area is not avail-
able however, an estimated quantity of 2 to 3 million gallons per
day would be a conservative figure. At present the water require-
ments are supplied by surface water.

There are no records available on the withdrawal history of the
Camp Peary area. However, most of the water was withdrawn between
1941 and 1950. Cederstrom estimated that approximately 2.00 million
gallons per day was withdrawn during World War 11. Most of the we!ls-
are dormant at present or on standby in case of fires. At present most
of the industrial and municipal water requirements are largely supplied
by surface water.

Current ground water withdrawal data is presented in Appendix D.

Most of the wells in this tabulation are completed in the principal

45



artesian aquifer system. In additicon to this listing there are scat-
tered domestic, agricultural and institutional supply wells throughout
the York-James Peninsula.

The only apparent impediment to more extensive development of the
principal aquifer system is that the mineral content, especially
chloride, increases in the eatern part of the Peninsula (see
WATER QUALITY). High amounts of total dissolved solids make the water
undesirable for some uses. In a subdivision east of Williamsburg,
the water quality problem has been satisfactorily solved by the con-
struction of a water supply system in which water of high mineral
content from an artesian well is mixed with water of low mineral

content from a water-table well. In areas where ground water from

the principal aquifer system is high in dissolved solids, quality
improvement by dilution with surface water or shallow ground water

may be a practical solution.
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CHAPTER = 1V

HYDROLOGY
Hydrologic data on the artesian aquifer systems in the York-James
Peninsula consist mainly of specific capacity determinations from
single-well pumping tests. Stratigraphic correlations, assembled from
geophysical well logs and geologic samples from wells, give a reason-

able picture of the hydrologic framework of the artesian aquifers.

Hydrology of the Principal Aquifer System

The principal aquifer system of the York-James Peninsula consists
of Cretaceous fluvial and deltaic deposits and lower Paleocene marine
sand;. lndiviQual aquifers.in the Cretaceous are thick, discontin=-
uous sand bodies interbedded with silt and clay, while the Paleocene
sands are thinner butlmore continuous. The confining beds overlying
the principal aquifer system consists of clay, silt and poorly sorted
sand in the upper part of the Paleocene.

In Henrico, Hanover and western King William Counties recharge to
artesian aquifers occurs near the outcrop area along the weﬁtern edge
of the Coastal Plain. For the remainder of the area substantial re-
charge occurs from vertica] leakage between adjacent aquifers through
aquitards. The rate of vertical flow is proportional to the difference
in water levels in adjacent aquifers and the effective vertical permeabiliity.

With heavy pumpage and increasing pressure differentials 1eakagé
can yield substantial quantities of water to pumped aquifers. |In the
West Point and Williamsburg areas water derived from vertfcal leakage
is probably greater than that derived from lateral migration and the

small amounts released from artesian storage.
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A minimum value for leakage through the confining layer of the

Principal aquifer System can be estimated by using Darcy's Law,
Q = PIA, where Q = recharge in gallons per day; P = permeability of
the confining layer; | = hydraulic gradient, which, in this case, is
the ratio of the head differential to the thickness of the confining
layer; and A = areal extent of confining layer (U.S5.G.S. Water Supply
Paper 1536-E).

~ Laboratory Permeameter tests of a core of a very Jow permeability
clay taken from Wel] 118-49 (Appendix A) show an average permeability
of 0.0025 inches per day, which is equal to 0.0015 gallons per day
per square foot. In the West Point area, head differentials between
two aquifers separéted by a 70 foot thick confining layer vary be-
éwéen 40 feet and 60 feet. Assuming an average head differential of
50 feet, the hydraulic gradient imposed on the confining layer is
50 ft/70 ft of 0.71. For an area of one square mile, the recharge
derived from leakage through the confining bed is:

0.0015 gpd/ft? x 0.71 x (5.28 x 103 fFe)2

[}

Q

Q = 0.0305 x 106 gpd = 30,500 gpd

f

As previously stated, this estimate of leakage is a minimum value.
Clay as impermeable as that in the core sample from Well 118-49 is not
often found. The confining layer is usually made up of more silty
material in which a permeability increase of one order of magnitude
can be expected. The head differential in the West Poiﬁt area is lower
than normal because of heavy pumpage in both of the aquifers separated
by the confining bed.

Estimates of the transmissibility of various portions of the
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TABLE 3

ESTIMATED TRANSMISSIBILITIES OF SELECTED WELLS
COMPLETED IN THE PRINCIPAL AQUIFER SYSTEM

WELL NO.  TRANSMISSIBILITY WELL NO. TRANSMISSIBILITY
143- 10 24,000 147- 99 10,000
143- 11 28,000 147- 17 10,000
143- 62 18,000 147- 19 14,000
150- 1 29,000 147-100 40,000
150~ 4 24,000 147- 98 28,000
142- 80 21,000 147-100 12,000
142-165 10,500 43— 2 13,000
142- 6 ' 3,000 - 143- 7 15,000
142- 7 8,000 143- 8 17,000
142- 14 20,000 143- 13 11,000
1h2- 68 - 8,000 143- 31 8,000
142- 13 5,500 143- 18 9,000
142- 8 8,500 143- 1 8,000
142-119 8,000 143- 4 13,000
142-126 8,000 143- 9 9,000
142-168 5,500 143- 6 15,000
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principal aquifer system have been made from available hydrologic
and geologic data (Table 3). In the western part of the York-James
Peninsula, transmissibilities vary from 3,000 gallons per day per
foot (gpd/ft) to 20,000 gpd/ft.
In the central and eastern parts of the Peninsula, transmissi-
bilities are probably in the range of 15,000 gpd/ft to 50,000 gpd/ft.

Fort Eustis Aquifer Test

An aquifer pump test was conducted at Fort Eustis from February
10, 1969 to February 12, 1969. This test utilized one pumped well
and three observation wells, all of which were screened in the upper-
most portion of the Cretacecus-Paleocene artesian'aquifer system
(Plate 24).

The test was initiated at 1:15 p.m. on February 10 with an initial
discharge of 1,142 gallons per minute (gpm). This rate gradually
diminished until 4:35 a.m., February 11, at which time the water level
fell below the pump intake. Discharge was cut back and the final
discharge was 884 gpm (Table 4). An average discharge of 1,060 gpm
is used for calculations.

O0f the three observation wells, only Well #1, 2,100 feet from
the pumped well, showed significant drawdown due to pumping. The
drawdown in this well is shown in Plate 25.

't was assumed that no localized pumping had an effect on the
results of the aquifer test. The nearest pumped wells, located five
miles away, had negligible influence on water levels for the duration
of the test.

The results of the aquifer test were calculated from values de-

rived from the Theis graphical superposition method. The field data
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LOCATION OF WELLS

EUSTIS

FORT

()symbol for well

AQUIFER TEST

b

2,500 feet

24

Board-LWCM PLATE NO.

Virginia State Water Control

Source:
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TABLE 4: DRAWDOWN IN WELL 1
FORT EUSTIS AQUIFER TEST

ELAPSED
TINE DEPTH TC
DATE HOUR at(min)  t(min) WATER (ft) As(ft) s(ft)
2/10/69 1:15 PM 0 0 61.4 0.0 -+ 0.0
% % 61.4 0.0 0.0
% ] 61.4 0.0 0.0 )
1 2 61.4 0.2 0.0
] 3 61.4 0.0 0.0
2 5 61.4 0.0 0.0
2 7 61.4 0.0 0.0
3 10 61.4 0.0 0.0
3 13 61.4 0.0 0.0
3 16 61.4 0.0 0.0
4 20 61.4 0.0 0.0
5 25 61.4 0.0 0.0
1:45 PM 5 30 61.4 0.0 0.0
5 35 61.4 0.0 0.0
10 40 61.5 0.1 0.0
10 50 - 61.6 0.1 0.2
2:45 PM 1o 60 61.6 c.0 0.2
10 70 61.7 0.1 0.3
10 - 80 61.8 0.1 0.4
2:45 PM 10 90 62.0 0.2 0.6
10 100 ——-- — ——
10 110 -—-- —— -
2/10/6 ;15 py 10 120 ---- -—— -
/10769 3:15 25 145 62.8 0.8 1.4
15 160 - - -
2C 180 63.3 0.5 1.9
20 200 63.6 0.3 2.2
2/10/69  5:45 PM 70 270 6L4.7 1.1 3.3
6:05 pM 20 290 64.9 0.2 3.5
7:00 PM 55 345 65.5 0.6 4.1
7:55 PM 55 400 66.0 0.5 4.6
9:00 PM 65 465 66.7 0.7 5.3
10:05 PM 65 530 67.1 0.4 . 5.7
10:57 PM 52 582 67.6 0.5 6.2
2/11/69 12:04 AM 67 649 68. 0.4 6.6
1:06 AM 02 71 68.2 0.2 6.8
2:05 AM 59 770 68.6 0.4 7.2
3:01 AM 56 826 68.8 0.2 7.4
4:00 AM 29 885 68.9 0.1 7.5
5:00 AH 60 945 69.1 0.2 7.7
7:05 A4 125 1070 69.7 0.4 8.1
8:30 AM 85 1155 69.7 0.2 8.3 .
11:30 AM 180 1335 71.2 0.5. 8.8
2/11/69 11:55 pu 745 2080 71.2 1.0 9.8
2/12/63 11:00 AM 725 2805 71.8 0.6 10.4
2/12/69  6:00 AM 360 3165 71.8 0.0 10.4
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is plotted on a logarithmic graph which is superimposed on a type-curve
graph of non-steady state leaky artesian aquifer curves (Plate 26).

The point at which the test curve most closely matches the type curve,
called a match point, is selected (Plate 27). From this point, it is
possible to select values for time and drawdown from the field data .
graph and the integral (u) and W(u), the well function of (u) from
the type curve graph. In addition, as the test curve begins to deviate
from the non-leaky aquifer type curve, it is possible to select the
leaky aquifer type curve which most closely corresponds to the test
curve.

The values used for calculations in the Theis formula are defined
as follows: |

Q = discharge of pumped well
r = distance to observation well
s = drawdown in test well in feet
t = time elapsed since initiating test in minutes
u = variable function of aquifer hydraulics
W(u,r/B) = well function of (u) for leaky aquifers
b' = thickness of aquifer in feet

r/B = function based on distance to observation well and
leakage factor of confining bed

= transmissibility in gallons per day per foot

T
S = storage coefficient

K = hydraulic conductivity of aquifer
K

= hydraulic conductivity of confining bed

The following data were measured:
Q = 1,060 gpm .
r =2,100 feet

The following data were taken from the match point by the

Theis superposition method:
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4.6 feet

S

t'= 400 minutes
u = 0.72
. W(u,r/B) =1
r/B = 0.3
. The following data were estimated based on available

geologic data:

b = approximately 400 feet
b' = approximately 100 feet

From the Theis formula for transmissibility

T=114.6 Q W(u,r/B)
s

= 114.6 x 1,060 x |
Te

= 121,476
L6

= 26,407.8 gpd/ft (26,400 rounded)
From the Theis formula for storage:

S = Tut

2,693r2
= (2.6k4 x 10“) (7.2 x 10") (4 x 102) 3
\
(s.693 x 103) (6.76 x 10°) 1
= 76.032 x 10° |
18.205 x 107

= 0.00042 Storage Coefficient

From the formula for hydraulic conductivity of a confining

bed:
) K' = Tb' (r/B)2
2
]
= (2.6L4 x lo“) (1 x 102) (9 x 10‘2)
6.76 x 10°
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= 23.7 X 1OA
6

6.76 x 10

0.035 gpd/ft2

From the formula for hydraulic conductivity of an aquifer:

K = T/b
- 2.64 x 10"
b ox 102
2
= 66 gpd/ft

Camp'Peary Pumping Tests

In 1946, a éeries of pumping tests were conducted at Camp Peary
in western York County. These tests were described by Cederstrom (1957)
in his report on the York-James Peninsula. |In ‘the pumping tests,
which utilized eight wells, the following values for transmissibiiity<
in gallons per day per foot were calculated: 22,000, 36,000, 39,000,
41,000, 46,000, 50,000, 52,000, and 85,000. Calculated coefficient
of storage ranged between 1.0 x 10_4 and 1.9 x 10-h.

Water Levels in the Principal Aquifer System

Ground-water resources studies of the York-James Peninsula have
been conducted by Sanford (1913) and Cederstrom (1957). Selected data
from these studies, along with subsequent investigation and study by
the Bureau of Water Control Management, were used to prepare historical
potentiometric-surface maps of the area (Plates 28 and 29). These
surfaces are, of course, approximations of the conditions for time
period indicated and may be in error. However, the surfaces are
necessary in order to determine historical trends in water levels and
they are necessary paramaters for construction of a computerized

ground-water model of the York-James Peninsula.
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TABLE 5

WATER LEVELS IN SELECTED WELLS
COMPLETED IN PRINCIPAL AQUIFER
Measured December 1972
Datum is Mean Sea Level

BWCM WATER BWCM WATER
COUNTY WELL #  LEVEL COUNTY. WELL #  LEVEL
Charles City 118- 6 - 6 Henrico 143- 11+ 4
118- 9 - 20 143- 93 + 22
118~ 13 - 14 143-124 + 7
118- 14 - 13 143-126 + 8
118- 18 - 16 143-128 + 19
118- 19 =10 James City 147- 18 - 37
118- 38 + 3 ﬁ 147- 19 - 28
118~ 4h - 12 147- 66 - 51
118- 45 - 16 147-100 - 52
118- 46 - 20 King & Queen 149- 4 - 79
Hanover T42- 3 4+ 9 149- 5 - 61
142- 5 + 9 King William  150-
142- 14+ &4 150- 23 - 75
142- 15 + 13 New Kent : 163- 5 - 24
142- 38 + 6 163- 9 - 69
142- 80 + 36 163- 17 - 21
142- 92 + 37 York 199- 3 -. 33
142-157  + 8 | 199- 12 - 59
142-160 + 32 199- 16 - 57
142-165  + 25 City of 216- 2 - 50
Newport News
142-182 + 36 216- 4 - 49
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On all three surfaces (Plates 28, 29 and 30), anomalous situa-
tions are found. On the 1900 surface, a depression is found between
West Point and Williamsburg. On the 1946-1949 surface, contour lines
in the eastern part of the Peninsula tend to follow the trend of the
James River. A similar situation was shown by Cederstrom (1945) in
southeastern Virginia. The December, 1972 surface shows that cones
of depression at West Point and in the Williamsburg area deviate from
the type of cone of depression found in fairly homogeneous aquifers.
These anomolous situations are probaETy a result of thinning and/or
permeability changes along the postulated hingeline zone near West
Point (Brown, 1972), thinning and/or permeability changes along the
James River, and a change in the dip direction of the top of the
principal aquifer system from east to northeast in the eastern part
of the York-James Peninsula.

Since about 1900, water levels in the principal aquifer system
have fallen about 50 feet. In the West Point area, water-level
declines range from 70 to 100 feet, and in the Williamsburg area,
water levels have fallen about 80 feet. Hydrographs from three ob-
servation wells at West Point show water-level trends in the area
(Plate 31).

Hydrology of the Upper Artesian Aquifer

The upper artesian aquifer system is made up of fairly homogenous
sands which are areally extensive. The sands are fine to medium
grained, moderately to poorly sorted (see GEOLOGY) with an average
thickness of about 50 feet. The overlying confining layer consists
of silts and clays which increase somewhat in thickness to the east.

Although there are many areas where, in the absence of a confining
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layer, this system is laterally recharged from water table aquifers,
much of the recharge to the system is probably derived from vertical
leakage through the confining silts and clays. This system in turn
supplies recharge to the principal aquifer system by vertical leakage
through the confining bed separating the two systems when a pressure
differential exists.

There is little available hydrogeologic information from which
estimates of transmissibility in the upper aquifer system can be made.
In James City County, the transmissibility of this system is about

10,000 gpd/ft. Transmissibility of the aquifer in other areas probably

is 5,000 gpd/ft to 15,000 gpd/ft.
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CHAPTER V
WATER QUALITY

Chemical quality data on the ground water of the York-James
Peninsula is shown in Appendix C. This data is in part a summary of
water quality surveys conducted by the Bureau of Water Control Manage-
ment and in part is a summary of chemical data collected by the Bureau
from other sources. An important chemical relationship in the chem-
ical analyses is the ratio of total solids to carbonate hardness,
because it serves as an indicator of the source of the ground water
(Table 6). Chemical analyses in which hardness is high and total
dissolved soliés are low indicate that the water is supplied by the
upper artesian aquifer system. The hardness of the ground water from
this system is caused by solution of calcite shells in the aquifer
sands. Ground water from the principal artesian aquifer has a very
low hardness and moderate to high amount of dissolved solids. Some
analyses show that the ground water is high in both hardness and
dissolved solids, indicating that the well from which the sample was
taken is screened in both aquifer systems. In the absence of well
completion data, the ratio of hardness to total dissolved solids can
be used to determine the aguifer system in which a well is completed.

No current data is available on the chemical quality of ground
water of the principal aquifer system in the extreme eastern portion
of the York-James Peninsula, but historical data from Cederstrom {1957)
shows that chlorides in some deep wells exceed 1000 parts per million
{(ppm) and dissolved solids range from 1500 ppm to 9000 ppm. Current
data/show that total dissolved solids range from 1000 ppm to 2000 ppm

in a zone between Fort Eustis and Yorktown. In western York County
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and in Williamsburg area of James City County, total dissolved solids
in water from the upper part of the principal aquifer system range from
880 ppm to 1200 ppm. Several miles west of Williamsburg, total dissolved
solids drop abruptly to a range of 250 ppm to 450 ppm (Plates 16 and
20). In Charles City, New Kent, and King William Counties, total dis-=
solved solids in most samples are between 200 ppm and 400 ppm, but
water from the lower portion of the principal aquifer system at West
Point has about 990 ppm total dissolved solids. In the Richmond Metro-
politan Area, dissolved solids in ground water range from 100 ppm to
200 ppm. In this area, some samples from wells screened near basement
rock are high in iron, manganese, and calcium, which indicates that
some of the water is being drawn from the basement-rock comﬁ]ex.

Plates 16 and 20 show the spatial relationships of ground water
quality in the York-James Peninsula. The relationships shown, especial~
ly in the eastern part of the Peninsula, are based on available data
and on detailed water quality studies conducted by the Bureau of Water
Control Management in a similar area of southeastern Virginia.

The graphs in Plate 32 show the fluctuations in total
dissolved solids during a ten-year period in ground water from deep
wells at West Point. The general trend of the graphs indicate a de-
crease in dissolved solids during the period of record. This decrease
indicates that continuous pumping flushes the aquifer system of water
which is high in dissolved solids. Because much of the recharge to
the principal aquifer in this area is derived from vertical leakage
through the confining layers, the fluctuations may partially reflect
the amount of annual precipitation, but the period of record is too

short to defirne this relationship.
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TABLE 6

TOTAL DISSOLVED SOLIDS AND CARBONATE
HARDNESS N SELECTED CHEMICAL ANALYSES

Wells Completed in Principal Artesian Aguifer

WELL NO. T.D.S. HARDNESS RAT 10
147~ 1 1,067 29 36.7
149- 1 242 2 121.0
150-61 179 4 L4 .7
163- 9 456 17 : 26.8

Wells Completed in Upper Artesian Aquifer

147- 7 178 84 2.1

147-23 235 93 2.5
150-56 214 100 2.1
163-10 214 5] 4.2
163-35 167 120 1.4

Wells Completed in Both Aquifers

147-19 412 36 11.4
147-16 795 84 9.4

70




CHAPTER VI
CONCLUSIONS

The upper artesian aquifer system is found throughout much of the
York-James Peninsula. This system is a rzliable scurce of good quality
ground water throughout its extent. Aguifer thickness and hydraulic
conductivity of the aquifer preclude development of high-yield wells
or well fields in this aquifer in most places, but the fairly shallow
occurrence of the aquifer and the géod quality of its ground water
make the upber aquifer system an exce]]enf source of domestic ground-
water supply. This system has sufficient aquifer potential to be
developed for institutional, agricultural, and light municipal and
possibly light industrial uses. In addition, ground water from this
system can be used as a supplement to a ground water supp]y completed
in the principa] aquifer system, especially if the water from the
principal aquifer alone is of undesirable quality.

The principal aquifer system is found throughout the entire
York-James Peninsula and has a high yield potential throughout most
of the area. Quality of water in this system varies with location.
Records show that dissolved solids increase toward the eastern part
of the Penihsu]a. In addition, dissolved solids probably increase
with depth of the aguifer. Throughout most. of its extent, the prin-
cipal aquifer is capable of supplying high-yield wells or well fields,
but some locations are more favorable than othérs. Development of the
principal aquifer system at West Point and in the Williamsburg area
has caused a lowering of water levels in the system, the max imum
decline of about 120 feet occurring at West Point. However, ground
water withdrawals at this time seem to be well within the yield limits
of the principal aquifer.
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APPENDIX A
OBSERVATI0: WELL #66

The Bureau of Water Control Management Observation Well #66 is
located appfoximately one mile west of Charles City Courthouse on
the south side of State Route 5. The total depth of the well is 591
feet. The elevation of the well is 35 feet. Drilling was commenced
on March 2, 1973 and the well was completed on March 30, 1973.

Aquifers were found from 283 feet to 310 feet, 403 feet to
425 feet, L84 feet to 497 feet, and 510 feet to 530 feet.

During the drilling of the well, sand samples were taken and
described at lO;Foot intervals. In addition, a 13-foot section was
cored from 207 feet to 220 feet and a 5-foot section of crystalline
basement rock found at 583 feet was cored. Geophysical logs were
run, including an electric log, a gamma density log, a nuclear log,
a caliper log and a sonic log.

The screened aquifers were tested individually, and a composite
test was conducted. During the tests water samples were analyzed
for specifie conductivity, chloride content, and temperature. Water
samples were taken at intervals for laboratory analysis,

Geologic Description of Observation Well #66

The lower portion of the Cretaceous, approximately 160-170 feet
thick, contains very coarse-grained subangular quartz sand with
scattered mica, feldspar, pyrite, and traces of the chloritic dio-
rite found in the pre-Cretaceous basement. At the top of the coarse
sand interval, a gray silty clay with fossil fragments is found.

The sediments found within the lower portion of the Cretaceous



are characteristic of fluvial deposits. The occurrence of feldspars
and micas with subangular sands would indicate that the source was
not appreciably distant. The coarseness of the sediments and the
fact that they change very little in grain size upward would indi- -
cate a rather high-energy fluvial environment.

The absence of any indication of reducing environments such as
lignites or dark-colored clays is because the basin of deposition
was unstable and rapidly subsiding to such a degree that peat bogs
and swamps typically associated with channel deposits were not being
formed, or because the lignite deposits and dark-colored clays were
pOOf]y preserved.

The thin unit of gray silty fossiliferous clay overlying the
coarse sand may represent a period during which sediment transport
and deposition was negligible. Marine or brackish waters may have
encréached and deposited the silty clay in an estuarine environment,
as indicated by the fact that the silty clay contains marine shell
fragments rather small in size which may indicate a restricted en-
vironment, and the fact that the discontinuity of clays between wells
indicates limited areas of deposition.

The middle portion of the Cretaceous, approximately 70 feet
in thickness, contains medium-grained subangular quartz sand with
traces of muscovite and feldspar. It is somewhat poorly sorted and
overlain by a thin, gray silty clay containing fossil fragments. The
overall composition and texture indicates deposition in a lower=

energy deltaic environment.

About 85 feet of fine-grained quartz sand, well-sorted with about

N D
r <




5% glauconite, overlies the medium-grained sand. Ffrom the overall com-

position, texture and distribution of the sediment, it resembles a

marginal marine environment. It was subjected to brackish water en-

croachment, involving a reworking and winnowing of the sediments.
Overlying the fine-grained gquartz sand is about 10-20 feet

of gray-brown clay with tints of red, referred to as Marlboro by

Cederstrom (1957). The clay is burrowed and contains very fine mus-

covite flakes. The mineralogical composition of the clay indicates

that it was deposited as overbank mud in a meandering fluvial envi-

ronment.
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TABLE 2-A

COMPOSITE PUMP TEST

1200 Hours to 1630 Hours, March 30, 1973

PUMP SETTING: 244.64 Feet :
CONDUCTIVITY YIELD
TIME (Micromhos/cm) WATER LEVEL {gpm) v
1155 50.83 195
1200 1160 195
1202 650 195
1203 940 195
1205 950 90.76 195
1207 1135 195
1219 1270 195
1221 1260 - 195
1225 91.80 195
1232 1300 ' 195
1240 1300 195
1252 1320 195
1258 1310 195
1305 92.30 195
1321 1320 195
1333 1320 195
1400 1320 ‘ 195
1416 1300 92.70 195
1435 1320 195
1457 1320 195
1510 93.13 195

Source: Virginia State Water Control Board - BWCM
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PUMPING TEST
OBSERVATION WELL #66
MARCH 30, 1973
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APPEND!X B
Well Data
The following table is a listing of we]l‘data on wells in the
York-James Peninsula. This table and Appendices C and D can be used
to obfain detailed ground-water information in an area of interest
within the Peninsula. (The information in Appendix B includes:

Bureau of Water Control Management Well Number (BWCM No.)

Name and Location of the well

Virginia Plane Coordinate locations of the well. Virginia
Plain Coordinate location grids appear on the well loca-
tion maps in this report and on all U.S$.G.S. topographic
gquadrangles. The north and east coordinates provide the
exact location of the well

Static water level below land surface {(SWL LSD) in the well
and the date of measurement

Total Depth (TD).of the well

Elevation (ELEV) of the well ) .

Casing Diameter (CAS DIA)

Pump Test Data, which include the specific capacity (SP CAP)
in gallons per minute per foot of drawdown and the dura-
tion (HRS) of the pump test.

Available well logs, which include Drillers Log (D), Elec-
tric Log (E) and Gamma-Ray Log (G)

The depth of the screens in the well

The number of the U.S5.G.S. Topographic Quadrangle on which
the well is located (TOPO #) (See Table 1-B)

The information in Appendix B can be used to determine the depth
to aquifers, the water levels in the aquifers and the yield capabili-
ties of the aquifers. In addition, chemical analyses for many of the

wells listed are presented in Appendix C.




TABLE 1-8B

USGS TOPOGRAPHIC GUADRANGLE NAMES

BWCM
MAP #  QUADRANGLE NAME
35-B Newport News South
65-A Poquoson East
65-B  Poquoson West
65-C Newport News North
65-D Hamp ton

66-A  Yorktown

66-8 Hog lsland

66-D  Mulberry lsland
67-A  Surry

67-B  Claremont

96-8B Gressitt

96-C  Williamsburg
96-D ClayBank

97-A Toano

97-8  \Malkers

97-C Brandon

97-D Norge

96-A Providence Forge
98-8  Roxbury

98-C  Westover

98-D  Charles City

BWCM

MAP # QUADRANGLE NAME
99-A  Dutch Gap
99-B Drewrys Bluff
99-D Hopewel |
123~C Shacklefords
124-A Truhart

124-8 King and Queen
124-C New Kent
124-D  West Point
125-A King.Wil{iam
125-8 0ld Ch;rch
125-C Quinton

125-D Tunstall
126-A  Studley

126-B  Yellow Tavern
126-C  Richmond
126-D  Seven Pines
148-C  Beulahville
148-D  Aylett

149-C Ashland

149-0  Hanover

B-2




POOR
QUALITY

ORIGINAL(S) FOLLOW

THIS IS THE BEST COPY
AVAILABLE

VCE
DOCUMENT
CONVERSION






»

LR RS
Vo e
VN
H=t6
-t
EETAS
i
d=xe

o= R
H=r6
e
-1k
d-re
=16
1-1lb
V-Ho
=16

G-Ho
REA

4-L9
v-86
G=Hb
0-86
O=He
=1
(=it
a-H6
e
-6
Y-k
)=Pb
PR
=H6
v-86
JI-86
D-Hb
-6
I-He
d-66
CE T
AETEI
IR i

L

dnt

o/l aian

Wi

nv i

#)

©0

we

S

.0

20

20

kit

PARACINAFal H{y

20

0
€0
v0
0
4
20
w0
©0

L0
70
€0
70

90

kedd)
O

90
20

20

Zei0 2v10  3d b0 90
€0
Deln TRl 2710 2710 940 w00 127 »{)

i W0 SHH dV) dS  vid
& v o ox o 0T 1S3 dWid SY)

WAISAS TvAFITdLAY
INAWIOYMY A TOYENDD H3LTM

56
qut
tel

06
(624
56
0z
5
0?
0¢
o1
59

09

oz
01
o1
01
09
0
G
Gt
04

£G
0
04
o
(33
S
(74
(U4
0z
Se
(33
(44

LERE]

P

v

06y G
ooy Icl
00¢ vl
EYRA A
0%r
09¢
qed
ot¢
ote
e
o6l
LTt
842
sZZ L
062
8%
0se
00¢
ote
wle 02
03¢ N
0v€
02Z 6t
th
0Zf &9
00f 6%
[4°24
"0z
582 L9
v0f 011
LSt el
L1 81
(22!
08e
(313
612 vt
sl
sl S%
ti4) asi
a1 IMS
F ow % %%
T4M

aAvig A0HINGD) HILVM

g-2 378vl

06106 ¢
0669 1y
00220%¢
000695 ¢
Qs 9L e
00809 ¢
V0GP ywe
0904 1n¢

2l S0
0045652

(23 05006t
0045 =¢
nG8s G4 e

143 00¢Lhne
06494464 ¢

Gt QoLeYye
009%2%¢
N0809~¢

6t 009¢lve
002% 142
008e64¢
006079
aeoterne

G0 06€03%¢
0GL4H24He

0z 008¢c %2

0c¢ ooLeve
0069142
0068 1%¢

(4 00L8IY e

94 06enine

L9 06646t ¢

19 04966¢ ¢

59 06916t e

09 06699¢7¢

[ 00299 ¢

133 QorLove

L 00822%¢
0sseReEl
006€8¢ ¢
0s888EL

0t 00ee6el

/0 00819¢€¢

59 4 0svwLSel

£33 00608%.¢

89 9 0019L%¢

A OW Lsvd

Jivd GH00D) INYId VA

ELR R EREN
$.0 v 3yng

QG
OU6RCS
04 6CR¢
Q007 vy
QO f =
0U00H
0utelt
0c19Ls

0osH L
Qo0s Ly
007 RG¢
04960
0006t¢
QgELE
09865
001 66¢%
0s56bLE
05956¢
00996¢
00RZEE
00u8G¢
009% 1%
008af¢
00L66¢
00L16¢E
0olZse
00»14¢
00lesE
0utest
00L69¢
062wt
0494989¢
00049¢
0069LY
00Zult
008%9¢
006G96¢%
00e09¢
00809¢
00v89¢E
00986t
0061LE
00LE9¢
00289¢
00 149%

HLYON

4

N

~

ENIONE

AN NN N NN N NN N NN AN AN N NN NN N AN N N AN N AN N

7

S5 ANV
MyTESTas s oA
MY WY 3L
LAV YY)
Ay d R
TNMOG
NT"Y) SNt INAH S1YE
SAVMHOTH 1) Ld4d VA
SH3A0g AOSINEM
AAFHS T AMNEXTHY
HOS

07 S OHE v
VIO NINY
NOSTHEYY d

ERRS B

NSO A W

RNt

LSHAH M

NYMOY D H

NOSWHHYE ANNIH

HLTWS D f

SiAly L SdWvr

JINYN 8 ]

v AIMVES

INAY 30

STM4 1 3DONIYMY T
STM3I 3INIYMY T
YOIAVL

A AT I BRI
NV 40D 9 v

TOOHDS W3ITT 1S3l
Nid40d v T

Nidd4Ny v ©

MEg40d v T
NOSTHYVH

L14HIVS

NYWAT09 YU
NGSUYVHITY O 2
A313%439 Yv3IN
IERERT-ER:ER-A AL
ASAAL)

ANVY) UHVHOTY
d0Sv

SWYIITIM ¥3Ldvd
AYIHDILVH HSTS LVUN
INONYA =M gAYV VIWA

ALTD S4MVHD

NUOTLY IO UNV dWYN

)

It
i
we
(213
e
1§
O
68

0¢
61
g1
L1
71
ER

1
a1
11
01

—_tNn e O

uN
wWOMY

CARY

B-3




-1 LS G 0 150 1820 900 9N kI¥4 «91 19 <
(=91 ClE0 4060 O G100 6y° a0 07e vl 29 9
U-971 SIE0 G080 w0 0% 91 29 9
-9 Re 70 €240 0120 000 Ja %20 oRt 809 %91 29 %
1-9/1 470 G820 DR/70 6240 0140 0020 34 90 OBt 9L7 S61 19 %
-l 0 L0 %91 90 01 0¢r G211 2L ¢
H~-9 g 0to 95° ) Q0 01g 12 69 L
HGe0 9HE0
=971 6660 1260 €180 8670 o8IO 6L20 qQ L00 462 %0 90 081 oLf 69 ¥
A=-971 6870 %970 1 100 "G* 90 0¢1 »0¢ 69 Y
3 %29 19
H-9c1 H20 %9° 90 061 00f¢ 89 9
v-9¢1 9920 9%20 Qg 10 19°1 90 OH1 992 621 89 11
0-921 0L€0 02%0 930 100 06° 90 0Ll 21 0%1 89 ¢
[AEAra| HOEN HHeN £ 1EN €080 40 %00 6G6* 40 061 Yhh B4l 69 21
N-971 S0FG D670 €770 60 €520 £€20 30 /00 ¢2°1 Q0 90 061 10% G6e1 %9 1

H-971 NHTIO G210 0910 S510 €210 BEIO 40 600 L0° 90 S8t 0%9 01l L9 ¥
1] 1" %0 SLU 6%2 641 0L ¢
H=271 7670 7%20 9120 92R1T0 930 500 G2° 0 00 G6F L6199 21
H-971 J 900 €£1° 0 0%t 804 GE1 L9 1
H-Q7( SEAO 2040 210 5910 10 8O0 95° 90 481 GLZ 4zt L9 1
v-a/1 00F0 0720 B220 8€20 30 500 69°7 20 20 o8l ole  £%21 w9 ¢21
£L70 862N REZO ®RZZO 8120 4610 10 900 0% 90 091 w0t Let
-9t 0120 6520 30 100 92° Y0 90 941 08¢ el 29
4 EARS 86 @
=971 $17N 8GN LSO Lo G w20 €R® 90 061 u6?  6u1 29 4
=971 6020 %810 a 800 g99°1 90 0%1 009 L&t B9 ¢t
a-o/t 1020 190 020 6020 44 12 “0 GO 00t 621 L9 1
=ve 0y 164 €1 ¢
0ESD 0190
(-84 G0 9650 9Ry0 %290 H0%0 010 930 on 20 0% €66 062 £ €
1 01 8¢ 09L 12t
B0 G4t (42!

N Wi Nl Wit 01 wOodd SHH dVD dS  VId (14) ST ¥A W
S = SNPAMDS % 5 % % ¢ 90T 1S dWd SYD A L MS 11v0

R % ko

viva M

WAHILSAS TWAdfd-td AT LD S
INFWIOVNY W iR bR L) A4 yM 0 v ddd
AVENE TR INGD) I UM

A REVAS A ]

(*1u0)) g-7 318Vl

00%¢2¢ ¢ 0GBGGY

~

0078l ¢ 098Gy

Y]

05048l 00869%

~

006077 00F09% ¢

0029Ced 04ROy 2

06e0€ed 091Y1G

0621882 0089LY
0018%¢< 000864%

4
00y 0%el 0090LY 2
Z
4

00901€Z 0£L06% ¢

N0K9Te s 000T18%
0699182 06SLLY
06991{rd 0949/1%
0026282 04828Y

NN N

00616t d 0¢hLGY ¢
0alvivd DYIEIY €
00Le2e e D00ELy 2

068618 00L69Y% 2
0050€€Z 00199y ¢

004%9L19¢ 0415%9¢ ¢
00%L 172 0s1%9¢ ¢

0004L8¢ 009868 ¢

1sv3 HIMEIN 7
AW D INVId VA

001 A CANNGAT 49
ANy M
AWtld 7 TUIM S THHT

AR dHhMa0g
dwnd 2 CHTAHDLLW 0

SHIH AUNTM
ALHOY AJAONYH 16

SATEH AUNIM
AINDIY HAAINYH 06

WYV TITIH NddSY
SHIHLOAY ¥HLIr &

SWAV S INOMH DT
d¥0D AYIS QUOMHIIAE L *

SWYVH INTd HITH

HONOLS He
4A0HD LOMIYM SUONOAS Lt
N0 AYINGOD ¥IAONVH 62
INT AUWOI04OLI0L BZ
Nuvd WIW T1T1H TYNIES 61
FIVOANYAHD *HONUAS 6
¥IINIS S H T
SWHVd YIAINGH HONGAS €1

SWAVS (inMH 49
d¥0) Ad1S QuuMpDIAg
07 6 OJONNNS

V1S3 ONVIST AdNvYE)

03 ¥31vM Y3AUNTH 01
SAH0LS CUHY ONUWHD Y
SIH0LS BN ANOWHITY
80S FTVANIAY  HONUAS

SLYY MOUVIW * JONUAS
N33 LISTA ¥uddyH (702
SWAY (1T 1 JAVW S HONDAS
SWHV A (I THL AV JONGAS

HAS 42GTHdMOOVAN

JUvM 9 3 ¢
WYL MY
YIAUNYH

—~y

Cde 0~

A33IM LS4 W D Mg 0y

994 T1IM NUTLIVAMISHO 6%
AOQOVY “LYAddl T 8y
e

T IHVHD

ALTD

[
NOTLYT G4y AWYN WMy

(44!

Wt

B-4




H-ul1 1570 1¢20 1 900 Q0 sL¢  “91 L9 ¢ J001H A T BT P AUNGAC 49
AN Gt o
(=91 GHEO 060 G G710 64" a0 0l %1 29 9 AWitd 3 IAM ST HHDTTW (9
TR MO G
d-971 HGIE0 §0v 0 90 0 2l 29 9 dWitd 3 T8 S DLW e
SANTH AUNIM
I1-91 Re 7O €240 0120 0000 Jt %20 081 809 %91 29 &% 0Q0%FZt+<l 09859% ¢ ALNDNDY AJAONYH 1S
SATIH AUNTM
=971 G0 GH20 0520 4220 0140 000 30 9 OBL  9LZ S61 19 &  00%€lrd 049869% ¢ ALNDTY NIAGNYH 09
WHYS TTIH NS4SV
a-us] 0 ¢20 %91 90 041 (133 sl 2L 2 0601 ¢el 00£69% ¢ SHIHLOYY 93130 6%
SwWivd WKH DI
=971 a 0ro 6%° ) ote 12 69 L dd03 A¥IS GUOMHO3AR L~
H6E0 9HEQ :
SWYV S AINTUAd HOIH
=971 6650 17280 €180 B6C0 GHZ0 6LI0 g 100 %G6°2 %0 90 081 0l¢ 69 % 0060%¢¢ 00£09% 2 HYONGAS d%
0=-971 6820 %970 9 L00 HS" 90 0¢l 20¢ 69 % 00CHCEZ 0SRE9Y 2 4A0¥D INNIVM S HONUAS Lt
3 »29 1% N1 AUINGOD YIAONVH 67
@#-9ct H70 49° 90 061  0O0F 89 9 INT AOWOL0d0L0L 82
v-971 9920 9%20 g %10 19°1 9N 081 992 621 89 11 0GEQEEZ 061%16 2 WYvd WIW 171H TUNIIS 61
0-921 QLE0 0250 930 10D 06" 90 01 21% 0%1 89 G 00%0%ed 0090L% ¢ JIVAAHYIHD “HONOAS 61
g-471 HOEN HHEN 1E0 £0E0 30 %00 gG6* 20 061 ghy o1 69 21 0621887 0089ty ¢ H4IHIdS S H w1
A=971 OFO D620 §1720 RGO €620 €420 30 100 ¢7°1 a0 Q0 041 T0y  GE1 %9 1. 0018%6¢ 00086% ¢ SWHVA YIAINVH *HONGAS €I
SWAV S HEL IS IV At
A-971 NHIO G710 0910 6510 €210 8110 30 600 (0° 90 SR1 0%9 01t L9 % 00901€Z 0£L06% ¢ dy(1) A4S JUOMED33G 21
1) e ®0 SLY S§%2 6%1 0L ¢ 07 1t ODONNOS 1T
- VIS ONVIST AANVHD
H-91 2670 2520 Q120 9810 930 600 ¢Z2° an 002 G6f L6199 201 00R9ly . Q00TR- 2 03 ¥IJvM Y3AONYH 01
H=-971 0 %00 €17 90 091 80L 9€1 L9 1 0G991¢2 06G21% ¢ S3¥0LS 004 ONOWHDTY &
q4-97 ¢ JEA0 2040 2210 5910 20 800 956”7 90 981 612 92t L9 1 049918¢ 065015 & SIHOLS HINY UNOWHIIY § =+
V=471 00F 0 07¢0 8520 €20 30 SO0 49°¢ 20 °0 481 0LeE f%1 99 €1 00262F¢ 04828% ¢ 8NS ITIVANOAY *YONUAS / '
FL70 94520 8E20 RZ0 BIZ0 8610 310 900 0%° 90 091 90t Lsl J199 MOUYIW “dURUAS 9 @
(=971 0120 6920 30 L00 972° 2090 LT 08Z €l 29 % 005168 0¢6L6% 2 N3IJ LISTA dHUYEYH 40D o
3 . qie 8BS % 0GLvlrd 0GLElY% 2 SWHVS (0TI THAVYNS 4ONTAS &
H-971 $170 £620 17220 L1co () %20 €r* 90 061 062 61 29 4 00L€2t¢ 000€L% 2 SWYVH (141 FAVW  HONGAS <
. YOS FAGEMIOY W
-9z 6020 $810 g 800 99°{ 90 021 009 L1 89 21 0SB86lEd 00L69Y% ¢ d0vM 9 4 ¢
a-97% 1220 1940 0220 6020 Ja e 0 60 []e]9 62l L9 1 0060€€l 00159% 2 INYVIC Moo L
HIAUNVH 2ot
RIS 0y 164 € ¢ 00%L1ve 06).%9¢ ¢ T33M 1SHT w3 M 9 Ow
0es0 0150
=86 G0 9650 9rH0 H790 %0%0 01t0 930 on 20 0% €66 062 €L € 00%L %2 0St%9¢ ¢ 99% F1IM NUTIVANISHO 6%
£l 01 8t 09L | PR AQOve “1¥3dd17 8%
0 G4t A1 000482 00986¢ ¢ - L
ALED SATHORY vl
Towodd N1 wWie! 01 wioudd SHH dVDY dS via (14) dST ¥A 0w 1Sv3 HIWON 7 o
& fare) S s SNANDS = o w2 o 90T 1S L dWd SYD O AT O TMS 4LYa Y003 ANYId YA NDTLIYI0T g4y AWYN WMy

EEEE T T
viva

WALTCAS WA dl4d AATLD TS
INAGW FOUNYW a0 ) 445 ¥M 40 v ddian
Avied TORING) MNP um

BN RV L R U

(*3uo0g) g-¢ 379Vl




AESTN 206G 06y 1 84 06106%¢ 04w/, ¢ A0S AAVEWHW L LGN 9y
(RS RICIE-TVR SRR TC R P 06G91ne OUeket & LR RS RIITERNR I B
Vo s 1l 00 vl QOH20%¢ Bs6s Y HOYOHD wv 14 411
g-16 v 00059%¢ 000/%¢ CIAVYY
- e P apeune 00l ALY N
Y= 20 008094¢ VLOVRE CNMOG
Y=tk 20 004Pq¢ 0utelr ¢ NTYYY bt vi
(=4t ’ 70 a90% 19 041915 2 SAUMHOLH 4 Ld-d VA
210 2970 70 Gtz ¢vt 2L %0 SHINIAG HOSINTM
H-He 00be6ed VOSYEr & AW ST AMOEXIT
H-H6 06 [P EX (39 NG0068 ¢ VOONTY ¢ HIEY
50 0¢ 09 Q0v7eng 00284 2 an Ming vdiuie o
Ry g6 134 0GRt Gaye 099hLE & ARy N NNg w¢
=16 20 02 ole 2t 00¢L ¢ 000688 & NS YY) d bE
-6 €0 S% 01¢ 0g%85 e 06Eeve & 41vL 3 v lx
R A-] v 02 Zte X1 00LB%~Z 0GR6EE ¢ NDSLNG 9 W LE
V-Ho <0 0¢ 061 009%2%¢ 001665 ¢ LAY 40 O
-k zZ0 0t L1t 0080942 0966LE € L1SHNH M 6!

. 20 69 gve [33 009€2%¢ Q49668 ¢ NYMOYW ) H 3¢
d=Ho 0 002%1%2 00%%6¢C ¢ NOSUHY S ANNIH L7
H-w €0 S sZ2 L2 008€6%2 0062EE HETWS 3 f 97

%0 09 0060c%¢ 00uBGE € STAY L SAIWVD 62

0 062 ap0lece 009%1% ¢ JIWNYN Y T vE
d-19 %0 892 S0 06€037¢ 008s¢E ¢ v AIMYLS £F
V=86 €0 0¢ 042 0G6.%2%2 00L66€ C LNGY WG 22
G-HE 20 01 002 0¢ 008c 152 00L15¢ 2 SILEERERLERLA-ANRT
(J-86 %0 0t ote 0c 00LE1%2 V0O1Z2sE ¢ STM3IN AINIYMYI 07
U=HE Y0 01 BEA 0z 00621%¢ 00714t ¢ d0IAVL 61
(=4t 09 03¢ 9¢ 0061 1% wolese ¢ UNYI4DD Qv 8l
=x6 y0 0L 0% e ae 00L81Y2 00lese & ANV 40D 9 v Lt
-H6 0 9% 0¢Z 6t 9% 062%1%2 00Le9t TO0HIS W43 1S3 31 oM
D-Ho . G €y L9 0G6u6E¢ 062998 ¢ Nid44fiy ¥V £ 61 1
1-"6 04 0ce €9 19 06966t 06989t ¢ Nid4d40y v € vl [2a}
RET ¢ 00f 6% S9 0651682 00099¢ 2 Miadng v F el
IR £4 %¢ 09 05699¢¢ 0049LF ¢ NOSTHYYH 21
N-Re 90 0% %02 € 00299+ ¢ 002uLr 2 L114HD0¥S 11
(=46 <0 0% 4t L9 E¥ Qo%L0% 008%9¢ 2 NYWGIu9 ¥0 01
v-R6 Uo Y0 011 9% 0082Z%¢ V06G6E NGSUYYHDIY G D 6
R ue Ltel 21 0GGEREC 00e09E ¢ A933NY38 YU3IN 8
D=ub . Sy Ls1 Rt 006€8¢2 00809t ¢ A11INY 48 ¥OAN L
-k 0¢ €ert 0GBBRES VO¥BSE NJvg 9
=46 20 02 uRe ot 00EL6r ¢ 0098Ge ¢ INVYD UAVHOLIY ¢
d-66 0¢e 69¢ 80 00819€¢ Qo06lLE ¢ d0Sv ¥
H-R6 2810 2%10 30 50 90 St 6lZ e 69 ¥ 05%yLE¢ O0LE9E 2 SWYIT1TIM ¥31¥VI ¢
-6 €0 0t 0sl L33 00508% ¢ 00289¢ ¢ AdIHILYH HSTd LUN ¢
(S DeTo TREN 2210 2210 940 800G 12° 70 02 G1Z 6% 89 ¥ 0019L¥¢ 00149f ¢ IYONVA-MN gAY D VIWA 1

ALED S4MvHD vl
UL wi 01 Wit RIERTAE ] SHH dv) A4S vid (£4) S ¥r OW ESv4 HLYON 7 uN
M0t e o e ow e CNJENTS s s o= owox 901 1§31 dWid SYD A3 dl IMS 31vd GA00D ANV VA NUTLY IO UNY AWTN WOMY
¢o% ko k% % P A

Vi M
WAISAS qvAFTdL I IATLIITIS
I[N 1OYNY A TOYLNGDY HIALYM ) Nvddung
AV INHINGD HILVM
wp b

g-¢ 319Vl




“

(1=

J=-9/1 GL0 NECO ¢REN 2LT10
ZHEOD 2850 Z2¢0 Z1t0
00€0 0670 0RZO 0,20 °220 €220
€40 11%0
91€0 9620
HH20 €rZO HL79 AGZO wEl0 EELO
2920 1420
<120 0070
-921
g-9¢1
a-6%1 9020 9810
0LE0 01e0 $60 S8ZO
J-921
U-061
a-usl
J-6471
v-921 2BEN 2%€0
a-921
-9t Q0€0 NBZO 9520 9%0
H=971 JE20 220 wgio 89LIO
750 ZHED S9€0 §6GE0
v-921 Z2Een Z0e0 0920 0£70
9610 1610
H-671
H-hnl
01 wWid4 N1 Wodd 1 W04
frA0 ) Lon 2 e x SNAI ), % e o2 & %
VA R VAT R

40Q
34

Qoo

3qa

¢}
¢

Q07

G20 LZT¢
®.°1
ey 21°¢
%20 02°
S00 0Lt
210 $0°
210 €0°
%20 41°%
8%0 06°
%Z0 21”
€g*
1er
Ls*
%20 91°1
280 L6°*2
L00 80
800 1671
%20 96°1
»20 So°
210 £9°
800 88°1
800 LO'%
©Z0 99°¢
SHH dVD dS
1531 dwWind
LA

g0 091 20e 691 Y9 ¢ 00€lltd
90 091 82 L7l 64 % 0085ted
90 g le 9t L 1
90 Ive  gxl 2L 11
0 ey 081 Z: of
90 N DA RANS
90 0ed
Q0 02 1%e 9¢ 00€€9%2
90 “gke L1 2L %0
0t 0¢ (13
(412 0% (13
0 62z 09 19
90 00z 08 L9
90 262 001 65 §
S0 891 0t 8s 1
20 w2z 0¢cl 6t 6
90 822 S11 4¢
90 26z 2t
80 201 01 G99 009%¢E ¢
00t 17 ot
<! S0%  s6 1L 11
20 90 2te 61 1L 6
90 061 S61 13 00584%¢€2
20 091 091 G4 0022¢cel
90 00¢ 0051628
90 091 00s16c¢
20 %81 0%l Lt 00R1 612
90 061 %6f 8Ll 2L 8 0066ted
01l uvs% 611 oo%esel
90 691 29¢ €% 2L L 0590¢€l
$0 022 00/ ¢
90 Lt a9t oL 21
90 0Lt esv g%l 0L &
90 061 Is% 9%t 0L % 008Gt/
90 961 121 LL & 08Leled
G471 00L86¢¢
00ZHulLl
vt (14 ST HA Ow 1Sv3
SY2  AJI3 Ot NS EFRAUNERIE 1418 2¢]
* 3 . . 3 * ¥ 5 ’ ¥
vivad 11-m
AS WAL 4A 4AT1 4745
SNV W TORINGT AL TM 4 v deid
QAVOH TOath ) HdpuM

("3uo0)) 9-7 378Vl

00LTYYy <
QO10¢y ¢

05116y ¢

001621 ¢

00e32s ¢

000%LY ¢
00t1i9% 2
00€1%S
0oviby ¢
00ZERS Z
001€L5 ¢
00965% ¢
00G+w8% ¢

00148Y
06500%
051284
Qnciny

~en NN

HLYON 7
ANV 4 VA

OV TUTA 40 DgM
dAud HILYA Ul sulve 2

U LN ETS HHL L
U YNIH
INGD dUHS 1A %IAONVH 60
SWEVd YIAUNVE *dONGAS L0O2
HIS W33 AYNAH “HSVM 992
IDOHIS d3NH0D NOsSHYdd 20<

SWyvd (3144701 ve

AN $A0NYH 00¢
SAVMHOIH 4U 1430 VA 661
80S 3901y WEeod 86i
YONCGAS 161
AdINNYD SUYH MONEVID S61
AYINNYD SOuY MONYVIZ Y61
TO0HIS W43 INOWTI 261
100H2S 1TIRS00 161
TOOHIS W3 13 N3 LSV3 681
JOOHIS W14 ANVHLIE 881
HIS W34 AUNAH “HSYM 981
HIS T3 Std 014134478010 vd 921
JO0HIS HOLH STAVA-33T €81
F9VTTIA UWSOY
SAUB d04 =S YIAUNVH 281
INTD AUAUL0dNL0L 6LT
GvaINs O 1 sLl
13374 SvIaN0g L4t
S H A¥V4g 03 143Lve 9oLl
IM0T A Y SLT
NOLY3IHWId N ® 901
NOLHIWId N o €41
NOJY4dW g S VAT 2L 1
JIVOAYYAHD CBONOAS 1L
dYH 01020 A3 14w LWN 0L
dans JIWANIAY P PJONUAS 89T
(INYIHSY 40 NMOL 191
S4Y30LS Q0Ud JNOWHDIY 991
SHLIVEISE WIINV A HONOAS 491
$41VLISI VUNINNYMS
WONUAS 91
FOISAVH HIAONVH €91
A3TSNIH ¢91t
AJISNIH 191
HAANUNYH
31N}
NOTEYIUT Gy JWYN WIMY

el

Al

B-6




H-9/{

-6l
g-971
0-921

U-971

H-9221

a-921

g-921

d-927

H-921

0L W4

b 0A4AN] 3

VA S WA

ERE

AR

0080 w80 8170

1620 1820 1610

0c¢0
1920

021 0110 9600
L810

00€0

6810
6200

6160 £0e0 670
5920

PRIO 6920 L1820
1elo

G280

’2TE0
167

I WO 23}

t SNAIIHIS 2 s e

4520

2810

s6t10
L1220

9L00

1910

0020

YL10
6100

9820
6770

120
1810

S0e0

2620
0iLa

Wi ¥4
* %

a

)

O

a

RITH

600

500

Loo

800

700

kXAl

210

oto

870
9t 0
316G
200
SO0

1541

02E €51 0001ere VePE6y 2
90 o€ 00l 21 ¢
05T 06+ 2%t 00889€2 QUEELY ¢
001 0 0%1  02¢ 6E1 69 % 0092¢€2 00L$9% ¢
GHT 0GE9EEZ 00069 ¢
591 0Ovt 89 8 0GEHEEZ 008L9% ¢
Gt %0 95€  UET 05 9 004$SEZ 00285 7
91 86l 00F6LEC 0GELGY ¢
90 86%
80 522
[} 192
%0 9eT 8L 69 9 .
90 091 €59 69 b
GE*° 90 009 01 $9 01 0S01ZEC 00658% 7
2e" 90 40t  BZU RS 6
50 sL1 oLe LS 1 0slelse 06leLy ¢
50 08z 9 ¢
RO*Z 90 982 0%1 69 ¢
v0 0zt %5 8
0" 90 062 €€ $5 1
Y0 081 961 %9 9
89°* %0 L6l L11 65 0l
08 %7 <9 0612242 002225 2
90 05t
92°1 90 92¢ w11 65 9
Lat7 W0 G2l 112 vl 6% 21 0GLZEEZ UV0E90G 2
0Z°1 90 106 (91 19 9
%0 051 661 19 21 00S0USEZ 008EsH 2
L9 QU 02¢ Ryt 29 9
90 S2f  GUl 69 €
68° M 92 89 9
g1 %0 90 69f 61 $9 Z1
AN 50 S0 016€ 01¢ L9 01
N0 G0Z  ¢+9 Gh1 L9 1 00112¢¢ 00SLLy 2
SHH dvD dS - vid (14) 057 A OWw  I1SV3  HiyON 7
dwfid Sv) A413 al RLAY JI¥G (¥ INVI4 VA
EE A N T T A T T I 1
. VIVO 1M
WILSAS VA3 Y LY AT LD 3148

INAANI9VNYR

vy

HEEND)

THAIND) AT UM 40

LER R4

ny 4uny

(*3uo)) g-7 378Vl

153304 Ivien00)
ALINOKAS
INT AUWULLGOLTL

FAVCANY I dNUA S
SALVLISH T4 ey
dHU Y wiNfv ) v
SMUOVY IR GNTuds  dONUAS
SMUUVIW ONTHdS YUNTDAS
JOVINLA ORSUN
SMOAVIW INTHAS! JONUAS
AQUUMEYOd 2 A
0SSV 3IN3IE 1Silave 1ST
10 NVS 3TTIASIINYHIINW
10 NVS 3TTEASDINVHIIW
JO NVS 3VTTASDINVHIIW
SWYvd GoOMY333g
d¥0) AYIS GUOMHDIIQ
SWYV4 (100MED33Y
4303 AYIS AUOMHIIIY
S3LVLSI Wv(iS J018
ONT SNOS
V1S3 UNVIAST AdnvdD)
d¥03 WIS YAAUNTH
SIivv3 4 d
SHYYS 30T SNYAH® JONJAS
Oddlld o YNHiYy
TO0HIS HI1H STAVU-33T
SguoM -7 0 3
T310W 3NV MOONT VY
MHYG ANLLVE UNOWH I Y

AINAVG 4 3L TvM
FYLIVIHL 37vaSYvY
SANDPS Moo

AGUEN N

OOH3S 113dYvY 4 3JINVD
SILVIST MHAIA490 T
AENOUD YIAONWH
A¥IS HYY4 LN
L¥1S3 %334YD AUNVYSY
dWitd 3 T1I4M STIIHOLEW
IVLSS M33¥D AONVHA
dwWiid 3 T13M SAVIHOLIW
¥3L13e0vain 0 ¢
14314 G S
dNS YILVM SHMOIYVE Ild
JOGTY AT UM HONGAS

09t
651
841

{41
sl
241
151
A
921
Gt
kE4q!
€21

<21
1at

6

1

L1t

EA St
601
71
6
06
bH

oL
69
89
19
99

HIAUNVIH i

NOTIVIQT UNY JWUN

UN
WMy

[Kp¥
1
an]




0-921

a-921

0-921 9%%0 %0%0 09¢€0 81le0

2-921

0=-921
a-9¢1 6520 6%20
a-921
g-921
a-921
a-921
a-921

a-921

01 WOYd 01 WOW4

4 0401 » = = 2 &% SNIIHIS

/0 /90 41V

Sel0

L1Z0
2920
L920

0920
Lo

Z21€0

LEZ0
8e20
9020

0920

LLeo

2920

a1
& &

8410

0610
2820
€€l0

L610
2620

70€0

9020

8120

SL10

oleo

Leeo

2220

WO Hd
x %

acoaca

30

30

3a

30

a

201

Lo
810

910
2€0
c10
810
%20

210
800

2L0
210

%20

S00
%20
220
€E0

%20

SuH

1S31 dWnd SvI

€Lt 6t LOT 0%
s0° ¢ 90 962 9tl 6%

Bl ¢ 0 9s
s9* 90 tee sel 0s
18°1 80 892 lcil 6%
sL* 80 06t  0€ 6%
16° 80 292 vl 6%
11 40 90 192 Sel 6%
80°1 80 091 05 %91 19
%8 80 062 0t 89
001 90 092 8¢l 6%
L6* %0 061 98Z 291 69

£0° € 80 01 05T 045 S$S1 69

SLTY 90 20t 211 8%
00°¢ 80 062 021 L%
BHE
90 68€ 729 €Y
Lo*¢ 90 80 0ee 971 <S
80 (X4
80 BEE
€8¢ - 80 041 L€Z %21 95
149° 90 091 oO%e »s1 09
[A 0 80 091 21z et s&
Y9t 21 90 091 00t 8€l 19
oL+ 80 251 267 091 %9
19°¢ 80 861 22t ¢gst 19
Lt 80 €91 21¢ GEl g%

189 80 01 $91 ZLZz 821 81

dv) dS vIQ (141 0SS YA
A3T3 0L NS 31

ook ok ok & ¥ mté & &k X ko ¥
Viva 113m
WAISAS IVAIIYLIY FATLDI3TIS
INFWAIYNYW FOHINOD ¥ILIVM 40 NV
aA¥vHe TOHINOD HILWM

(*3u0)) g-z 318Vl

€ VINIOYTIA JO HIMNOWWOD 9L
9 331dL v NITDINVYS L
ONE SY3IHL0YE NVHONVE 4L
Z NY¥3IAVL INITHIV €L
9nsS 1H Nvo
6 AINAUD OJ1uNIH 2L
Z S3TVS NOLLING3Y Yiv 1L
Y IJ1YL ¥ NIDINVYS 0L
8 321¥1 v NITINVYY 69
2 0G86E£E€Z 098Z%% ¢ HIS SONIYIS ONVIHOIH 89
Y SAVMHOIH 40 1430 VA (9
S 3J1¥4 ¥V NITHNVYS 99
01 00962€Z2 008EHY ¢ INVYNYLSIY SeATIIN €9
NULSUNVS
S 0L29%EZ 0009ty 2 ALINNOD OJIY¥N3IH 29
SNIQYVO 1¥487119
9 94903 2 8 19
SN3IQYv9o 1438719
S 9802 2 9 09
YONVW QOOMLSIMYONGAS 66
SWHY4 NMV1000M ¢ 4ONGAS 8S
SWYV4 NMVTUGOM* YONGAS 16
£53¥) 39018 “YONGAS 95
L¥N0D 13v4vy NvS
153492 39018 *HONOAS S§
1t NOLONIYYYD M N 1S
9ns 1IH VD
6 AINNOGD OJ1YNIH 0§
9NS QI3ITJAVW *YONGAS o+
. NS GI31JAVW ‘YONOAS €%
33V1d YOSONIM
€ 08292¢2 0SY6Ey 2 ALINNOD O21dN3IH 2%
SLHITIH VINIONIA
L 096%€EZ 000%Ey ¢ AINNOD OD1UNIH 14
SIHITIH VINIOYIA
€ 056%€€Z 000%€H 2 ALNNOD ODI1Y¥NIH 0%
SiH VA ‘QO0UHNI80Y
¢ 00ceceZ 0SSYEy 2 AINNGD 0DI1UNIH 6E
NOLSONVS
S 006L%E2 001S€EY 2 ALNND)D OJJuNIH L€
NOLSONVS
1 0Z289%€2 sLieey ¢ AINNOD ODIYN3IH 9¢
NULSUNVS
9 Gl2sveZ 0022ty ¢ ALNNOD O0J1YN3H S€
NUL1SONVYS
0009%€2 06%GEH ¢ ALNOD ODTYNIH HE
O21YN3H
oW 1Sv3 HLYON 7 ON
VO  Q¥00J 3NVId VA NOI1vI071 ONV 3IWVUN HWIOME

¥ "

Jund

€41

B-8




. NULSUNYS

4-9¢1 1920 1420 90 80 $91 192 81 0G8E9EZ 05649EY T ALNAUD UDTUNAH ke
NS NYVd INYNENYS
0-9¢ 1 9 0 %20 00°¢ 80 061 0Lf GL1 €9 9 00%9€¢¢ 0026EY 2 AINGUD GOTYNIH e
0-921 01€0 $0e0
" B8NS MYVd INYNHUNYS
0-921 0620 0HZO €520 BZZO 0220 170 3Q 210 8%" . 8D 65T 05 €T %9 8 OOOREEZ 05T%Ew 7 AENAUD UJTYNIH Tt
SWEVY JIVONMY Y
8¥20 €120 80 762 021 L5 € AINMUD 0OD18NIH OE
ans 4 1vUNMY
0-9¢71 3 $91  00¢ 29 € 00262t¢ 026EFY 2 ALNAUD UDJUNIH 62
) SONI YIS (INVIHOIH
0-921 #LZ0 €920 0 0E0 91°S 80 £S1 0S€ €91 85 9 0G66£€2 00014y 2 ALNNUD OJD1YNIH 8¢
SONIY¥dS ONVIIIH
a-971 90€0 $120 90 01 0St 90¢ €€1 S¢ 0511562 QSuuyy 2 ALNNUD OD1YNIH 92
. SONIYAS JINVIHOLTH
0-921 6920 %20 80 01 697 111 0086%€2 00054 2 ALNNUD ODTEN3H G2
: SNIOYYD ¥IADLISYI
a-921 30 01 551 592 66 11 006L2¢Z 00SGEY Z YONOAS 22
/ . €1 00t 89 Z1 SV LVYN HLIIVIMNOWWOD 12
SON[YAS (NVIHOIH
A-921 RZEO TIE0. L0€0 L1620 0620 €920 0 %20 68°Z 0 0GT O%€E LE€1 $9 € 0O0T%€EZ 008BEY ¢ AINDOD UJTYN3M 02
a-921 8820 8420 0 1€0 €€°€ 80 891 92¢ S91 19 € 0002Z%€Z 0e%6€% 2 TOUHIS ALNNDD ODIUNIH 61
(-921 €120 8920 %920 %$20 $%20 0520 30 90 091 10€ €51 €9 8 00B9¢t¢ 00SZEY 2 ¥UD YIS SNJOYVY SIMIT 81
. AWLYYJY OvOy SIM3ITD
0-921 01Z0 0810 3 800 90 091 062 0S1 L9 & O00%9€€Z 00L0¢% 2 YOI ¥3S SNIUYVD SIMIT L1
39vIA ¥3IIIH
800 €¢°1 L6Z 201 LS £ 07 ¥3L1VM dI1313Y1vd 91
YONVW YYOA
a-9¢1 9  2¢0 8E°'t 80 OL1 SLE€ 251 %9 % QO%YBEEZ 00%0%% ¢ AINNOD OD1UNIH ST
ELLARIFARERFREN ™~
a-971 . 3 051 of¢ 8S 6 00G0EEZ 000€%% 2 dY0D ¥ILVM GIFT4¥Ivd »1 nm
1090 €950

1960 9160 G0G0 2640 1850 SL%0
S3¥Iv A3lavyg

Y140 2990 €650 050 LBEN OLED 93 »20 Z%° 11 80 021 09 LE€T [9 11 00SLYEZ 000fEH 2 ALNNOD UITUNIH €1
v-66 2210 1110 0600 $L00 3 %0 0E1 Z81 9% 69 9 0SGLZEZ 0S000% 2 II1A¥3S Wyvd LN 21
V-66 : 30 %20 Z6° 90 Z%1 Y€EZ 96 €9 4 O0GEZEEZ DOYIOH 2 JOOHIS W13 YNTYVA 11
7-921 G570 0520 0€Z0 0T¢0 30 90 SS1. 962 S$Z1 %9 6 0069262 OSLIEY ¢ YYIZUNYS HLIVIMNOWWOD O1
V-66 3 L91 L8Z BE1 29 % 00S82€Z 00902% 2 S H YNIWVA 35 3 wirvd 6
a-921 30 500 %0*1{ 90 091 1€ 151 99 (1 00LYEEZ 05054y 2 4U0Y NT-1MS ¥
7-921 a S5l 192 %9 L 00LEZEC 00929% ¢ ALNAUD O3 THNAN L
1-921 2720 9120 9610 9110 O 010 81°* 20 SE1 122 %41 99 2. 00EZZ€Z 00S5%% Z  3S¥N0I 4709 UOOMNIT9 9
4-66 8020 €610 30 %00 4E* %0 091 %2 Y€1 L9 Z 00%Blee 008125 ¢ 3 NYWINOLS 394039 S
=66 01L0 8690 30 600 90° 10 0%1 21L 012 19 01 00192€2¢ 00L914% 2 JO0HIS HITH YNTHYA &
v-66 RE10 €210 0210 5010 30 200 G- 90 %1 997 68 19 L 0098262 05102% 2 T00HIS HOTY WNTHVA €

. 0IIYNIH w1

01 wWoud 0L WOH4 01 WO SHH dv) 45 ViU (14) US1 YA Ow  1S9¥3  HLYON 7 o

#o0dnl = ow SNIAHDS # ow ox o= & 901 1S3L dwnd  SYD  A3TI AL IMS  ALIVO YOOI 3NVId VA NOTLYIOT UNY dWUN  WOMY

R T I O T T T
Viva 174M
WALSAS TWAIIMLAY JATLI43S
INAWIWNYW IHINDD HI1YM 40 v ang

HAvVad TIHINDD) HIIUM
£1/10/90 23vQ

(*2u0d) 8-z 378VlL




v-99

0-16

-16

V=19
J-96
V=LY

I-96
0-i6
3-96

U-16
V=79

v-19
J-96
v—-99

7-96
v-99
v-99
v-99
v-99
v-99
7-96
a-i6
v-19
v-19
a-16
v-L6
=96

# 0d0y

20t 0
0100

0sy0 6190 11450
CAZ4Y

2420
$920
8520

5820

S6%0

1920

9EEH 920 61E0

01 WGOYd 01 WOdd 01
s v e x4 SNAIJHD)S o o

/1090 4ivaq

78720
0500

0880
9¢20

21eo
$%20
8L 20

020

G190

1220

600

Wo¥4
* %

9

3Q

30

39

3

207

600 00° 91
00°1
210 o%°
800 11°
%20 21t
€ev0 80°1
L00 Z26°
o8°
Zt0 00701
%20 62%0d
200 121
9L*1
220 $6°9¢
666
95° 6%
sL71e
067y
800
LO0 TE°2
SHH 4VD) dS
1531 dwnd
I

»0

1))

80

90
20
S0
90 80
80
90
%0 L0
80
[0

90

20 90

%0 90
20 %0
50

81

A
90

Q0

20

vig
Sv)

06

01
oL
0¢

g4
1Y
9%
02z
08
06
sl

06
og

A303

a8

00¢

0E€
L

%02
LEw
Y4
18¢
sl%
89¢
86 <

(X34
8201

Sl
Sin

(442
20s
S6%
$94
005
€99
006
009
00%
006

10¢

43
0z

56¢€
G6¢

1)
a1

LR N N A ]

vivag

RREL]

006644 ¢

00e206%

00LR0Os¢
00L809¢
004%L 6%
00166%¢
009¢15¢
00Z106¢
22t 19 &
8 s9 1 0026442
b9 €9 v
£s 06 8
G189
101 o% <1
L8 99 11
86 % ¢
%9 %  6199¢52
%9 povZ1s2
00498462
00016%¢
0098962
02 €9 6 008t6Y?
006t0s¢
06 19 € 0061€6¢
SL 0026v5¢
0ot 00L9%42
0690652

66 69 £ 00009%¢
16 LS 0028442

401 0000652
08 00984552
Le 0058952
008eese
121 99 01 006£06¢
056005¢
6 95 € 00€E664C
00teLye
NoLI6EYE
008L05¢
ast1 da 0w 1Sv3
™S JiVG GY00D

I

WILSAS TWAIIWLIY 3AILIIINTS
INIWIOUNVW TOHINOD HILVM 40 NvIdng
T0UvOY TOMINOD HILVM

(-3u0)l) g-7 378Vl

006H7¢
00118¢

00elyte
00€24¢
00e0EE
QuLLeE
06999 ¢
00veZe

Q0t9ce

0Zve8t

05799¢
00211e
00%¢ot

00162¢
00849¢eC

00f L€
000%%¢
00€92¢
00612¢
004wt
00l61e
00s21¢
000L1¢€
0095 1¢
00491¢
0L62%¢
008LLE
0ovele
00tece
0gvEYE
00098¢
0080LE

H1YON
ANVId VA

4

~

NN NN

b4

o~

Z

NN NN NN N N NN AN NN N NN

14

Lyn
1714 A
1

SWYY 4 NMUHLSAWYT

ONvOL

0D ¥4 1vHl

NIM *SUTONAIY
YO F050N

NAUAHQ

a0

HONGAS

AU ANNY D

dRVY] H-% NRUOLSIWYr

Wiavd NMOLSAWYD
0H)5 A3T3%949
HYVd NMOLSIWY(

0

8ns

RRLSERRELE]
d¥0) NV

ONIHAS

SNAHILIH 9 W

IREELEN

S r

AWIOVYIV WYHONESTIVM

an
Lduddlv
gns Xvo

HONVH

13000 B3I vyl

TUHH AO
ANDTOD
INTOd

S

THH 3HVW

DUNHSKHYT M
FLIHK YONOAS

03 3dTd INTOP %207
NULLVINY G MITAMIALY

39¥LS A

HONOAS
073 4H)Sidva moa
03 M6 IgnnH

NIM “SGI0NA3Y
1Syid ‘YONGAS

HSHvW 3903

BT1# 113M NOILVAY4SHO
SIWVE HONUAS

ERARLENY

SNIHILINH

qa W

LYINVId JAGYO SHILYVD
03 3LIWONGDI NYWSTHD

na
(0)e]
a3
[e]
02

IHDSTAvH
JHIS1UvE
IHIS1AvE
JHISIavE
IHOS UV E

YIAIN

“OQ
alalt]
Hoga
MO
MOQ
v oA

TO00HIS W3Td JIH0ON
WHVA NMOLSIWYP
Nuvd NMOLSIWVR

1 NNL AVUE0H

NOS INISIY ALED SHWYP

NOTLVYLS 331AY3S 0)0WY

ALTD

dd 11vy

NOTLVI01

UNVY IWYN

S

6t

239
L
9t
(13
k43
121

€
It
ot
62
87
Le
92
(X4
2

(¥4
I€4
1Z

0z
61

81
L1
91
S1
LA}
€1
2t
1t
ot

6
8
L
9
S
3
€
4
ELLA

ON
WOMY

L1

B-10




. dSOH J1VILIS N¥3IL1Svi
3-96 . 0950 0050 Ge%0 0140 930 EETEE 80 <6 G09 S1U 19 bt 00%2152 06955¢.- ¢ T# 7173M NOLiVAY3SEO 1
ALED S3wvr Lyl

: NOSTYYVH LH04 2t 1

e 009 9% 0) 0)IVE0L-S N 1€]
0-921 90 091 001YEEZ 00%62% 2 ANS CGOUMNIG0Y OF 1
v-66 80 0 SZL €€ 00 00615€2 00L98€ 2Z WyVd NIIN SITUND 621
v-66 90 001 00€ 18 0009%€2 00€10% Z ¥3ddI1 NHOM 821
0-921 90 SL1 €0€  6LY 0021€€2 0080S% 2 3SNOHNIIYD ¥IVIWSOW L21
8-86 o1 0%t 2el 006%9€2 0090Z% ¢ ONY9ISIGIE 4U LdI0 VA 921
8-86 %0 0S1 982 0042L€Z 00921% 2 SINOF 0 D 62T
8-86 90 041 2€2 €EX 002£9€2 00BEOY Z AYILIWID LYN IWANIT9 %21
6-921 30 800 z0° %0 60 %91 OIE ZL L 00SHhEZ 0028EY 2 07 3NOHJ3131-d 3 D €21
G %20 96° 90 00z 0t 2L L 03 3 SNINLVN 121
2210 L110 0600 SL00 3 %0 181 9€ €9 ¢ NOSIYdVH 1304 021
. 4vd 3INYNOBNYS
0-921 80 S5l SS# 113M NOILVAY3SE0 811
. 80710 AYINNOD 30TSINYT 011
901 A¥INNOD FAISINYI 601
SONIYAS ONVHIIH
3-921 sLz ans 33vaTIX “YONOAS 801
SWYYd QDOKNI 19
vZ0 €571 01 062 SET 8Y ALNNOD 0D1¥NIH 901
SWYVS GOOMNI 19
vZ0 €5°1 01 0LZ SEV LY ALNNOD OD1Y¥N3H 501
0-921 . .0 o1 019 2L S0 _ ALNADD 021¥NIH 101
$520 0020 90 0es €9 ¥ INN ONIGTING 3L3YINDD 001
2520 8220 8120 L610 80°2 ot 252 011 82 € IWOH JINDSYN 66 o
1020 0610 90 80 L1Z 50t 66 IWOH JINOSVH 86 ]
WYV JOISILIHM m
09+ 6y 8 ALNNOD 0JT¥NIH Le
00€ 02 9NILV1d AITTVA 96
SWYV4 GOOMN3T9
LOEO 6920 30 80 LOE ALNNOD OD1UN3H S6
: 4ONVW NI 4330
$0 611 LO1 95 9 AINNDD ODI1UNIH 46
v-66 6020 6610 6510 6¥10 30 800 LO° 90 $S1 Sv€ 09 L 1 0SBZEEZ 00%%Z» T INI 0DSI18YN €6

JOVITIA ¥IMDIIH

1620 2620 9L20. 9920 <920 2€l0 a %20 St€°'¢ 80 ole 26t 1L 6 0D ¥3LvM G131441vd Zo
a %20 6C° S0 00€ €91 OL L 03 3INOHJ3AT3IL 4 3 2 16
2120 2s¢0 g 900 18° 20 $6Z 991 OL 6 INVUNVISIY SUTYNOGIW L8
a-921 091 9¢2 056L6EC 051%€% Z  SIHO13H INId ‘YONOAS €8
a 010 00°1 90 061 €41 986 S& 1 ALNOUD ODI1YN3IH 08
ag-921 6920 1220 g <10 06 % 90 80 051 0OLZ 091 £S5 L 0s8I4EZ 00eeHy ¢ ALNNOD ODFUNIH 6L
V=66 1120 0020 210 g%° 90 €z 06 09 6 ST00HIS 02 OJTYN3H 8L
OJIYNIH €9t
01 Woxd 01 woyd 01 woYd SYH dvD 4S5 VvId (14) 0S1 ¥A Ow 15v3 HIYON 7 ON
# 0dDI - ¢ » * x &« SNIJWDS % » x « & 901 1S3IL dWNd SVI A3T3 0L IMS  31vd Q¥00D 3INVI4 VA NOTLVIOT UNV FWVN WIMg

R oA &R & & % & K & & ¥ % & Kk
Viva 713M

WILISAS TIWAIIYLIY JATLD3IT3IS
INIWIOVNY W TOHINGD ¥ILVM JO NvIyna
GHV0O8 T0WINGD YIIvM

(*3u0)) g-¢ 378VL

€L/T0/90 3L1VY




Be9Q 4190 ‘
6660 HEGO REGO €££40 Y90 BE Y0
Elr0 210 1660 1860 90€0 4640
O=4721 8520 £4720 %820 6220 QLz0 %020 30 19°y "0 9¢ 42 0%9 0t 9% € 00216%2 006%%% 2 ¥ IAVIdUS i) 9
1690 9890
JRIO 1490 0290 0990 9490 9590
0790 0¢90 €190 BO90 S650 0650
9670 1690 0%%0 SE%0 RZY0 €2%0
10%0 960 9R€0 18¢Q Z21¢0 1L9€0
(=221 19€0 99¢0 9€€0 9280 1260 9TE0 3 %20 €1°6¢ 01 4%¢ «¢ 218 S01 %99 21 00LLE%E 00264y
=571 %%%0 0€%0 9760 S0%0 £6£0 190 1 010 80y 80 91 ¢¢ 006 29 99 %  00206%¢ 00494y ¢
6 1906 9908 »90H €9
2190 L0090 S2%0 G0%0 €80 89E0 Q 80 81 & 604 L1 16 £ 00916%¢ 000¥»y 7 dH0) ANVIdYSIHD
b010 %690 €890 RL90 090 S€90
0290 0190 G950 §5%0 ZH%0 Z2€40

o~

M) AHVAdVSIH) &
ddl) ANVIdYSIHD &

T ¢%09 1501 1409 0909y 6£0Y He
A=%71 GIEN 0Le0 09€0 SHE0 0S€0 04E0 1 %20 Ge°6d 01 %2 %¢ LIR 06 €9 21 00%6%4%¢ 0ULLnYy ¢ dd) ANV IdYSIHD 2
L1121 1921

CGZE TH2T1 2621 1221 2121 902t
ZoTL 9811 €411 LGEV Fell 9211

0=7/1 STUL SOTT 1601 2801 1901 1501 30 920 00°9 80 21 82 6491 L& 29 6 00£06%2 Q0E9y 2 YN IAVAdYSIHD 1
R WY LTIIM ONT oy 0u1
I-9¢6 . %0 001 008919¢ 0019.¢€ 2 vIng 20t
)-96 ‘ 01 sev 0616652 06.20% 2 AVHE 4 NVd 901
V=99 " 20 0% 006 GOl 0018542 00562% ¢ HLIIWS GADH §01
0t ¢7 0050162 00090y 2 YNVO B W 501
1596 Zan0 10%0 0 €10 167 G0 an Gew o 9L Le i AYUNGY T WY 4ES OBNESWHM €01
Y-ap 0wl a0t 90 182 16 0% b 9918 XYW 201 o~
1-96 0540 9740 C1¥0 RREO THEO 69€0 90 80D 68°01 RO 01 005 S6 19 2 00%9252 00S0GE€ 2 94NASWYI1TiA TVINOIOY 101 fond
U490 %940 0990 4940 a_b
1=96° Hyn0 RES0 BZHO 9140 ZIv0 66ED A0 BOO 90°6 80 21 109 10T 69 € 00EE2SE 00E/%¢ 2 QYNASWYIITIH IVINGIOD 001
I-G6 G950 98Y0 One0 G2H0 B0 ROYO 3 2071 GL 005 601 29 9 0G5E262 0§T4%¢ 2 OHNESWYTIIIM TVINGIOD 66
1-a6 SH%0 0150 0/E0 0660 3 65 Liy 19 2 0084252 00%/%€ 2 NHSWYI TN IVINOTIO) 86
196 GuHO 1780 TU50 S6L0 O 570 1€ 0L LS% G695 & 0S€4752 0096%C ¢ OMNESWYTTIIM WINDI0) Lo
D-96 18 0L T 5% 0065262 0099%€ 2 Q¥NGSWYIINIM IVINDIGD 96
7-96 01 1250 9650 9650 2150 [6E0 g G020 1L sy 29 €6 9 0019262 001S%E 2 9WNASWVITTIM WINDTIOD 66
9-96 8150 1€%0 0 %70 $0°9 90 R0 18y 2L 75 v QYNESHYTTIIH IVINDIO) w6
)-96 CETO AO%0 800 ¢9%% 90 RO B 6E%  SL O» v 0081252 00SIYE Z ONNBSWYITIIK IVINGIND o
50 000%L%2 00Z%%E Z Nd TIV¥l NNI AVOITOH Z6
-16 20 011 99 060L6%2 0090L¢ 2 ¥3IS4¥ INODHS VIMISNINIG 16
4-99 90 09 069606¢ 0662¢¢ ¢ B80S ANDIO) JHL 06
n-t6 %0 €av 0019892 054449e 2 AG03 SuW 68
a-16 %0 86 O0SYE66Z 00%LSE 2 HD Ldve WiAly SINyr gg
ad-16 20 06 069€692 05G564E & ' L8
ALTD S3uvf A
01 WoNg 01 Wodd 01 WOY4 SUM dVD dS  VIiQ (14) OST HA OW LSV HI¥ON 7 oN
FOANL s s e e e SNIFEIS s o 0 s s 901 1S3N dWNd SV A3T3 0L MS 3LV0 QW00 INYI4 YA NOTIVIO) UNV JWYN  WIMg
L A R A A 3 LI I T S ]
© o vEva 711M
WIISAS AN I9d AT 193745
INTWAIYNYW IOHINODY HALYR 40 NV a0y
ANYOH HININGD %41 vM
$1/10790 d1vg

("3u0)) g-z 318Vl




g9NnS N& 19 LsA¥0d

a-16 LLZ20 2920 0920 220 () %20 00°%% 90 80 OT1 ¥2% 911 2L 90 009864 V0ZE9E€ ¢ duUD 1IAFU 4L1S Tvuim 9y
v-16 : %0 201 067 0002842 000%8E 2 1
I-16 %0 g 005L9%¢ 00v6LE 2 ANVHUHD YU 48
H-16 0 28 €12 0094992 00SE8E 2 NILdVW M 7 €8
4-96 %0 SE 0058062 05580% 2 JOIIVHIW 78
4-96 %0 2L 8 00v115Z 0GEE6E 2 SWHYS OUNVIUOOM 18
9-96 »0 2L 8 0001162 062€6€ 2 SHuYY UNVICUOM Ok
9-96 . 40 001 0080262 0€2BBE ¢ W3 WUNYHI 8 T 64
4-96 %0 06 €62 0056162 05e%8¢ ¢ ¥HIANVHD W D 8L
v-16 %0 0€l 0S0L6%2 00916€ 2 INVINVISHH SAININLS L2
v-16 %0 021 042 00€LB%Z 005L6F T HLIWS 1735SNY 92
v-16 %0 021 2L 7 006%8%2 056%0% ¢ HSYN d oL
I-96 ' %0 51 . 006 00€6152 0059%€ 2 W 3 M 30 3937700 wL
NLIVINVId 171H ¥v1dOd €2
. NLIVINVId 1TiH ¥V1d0d 2L
v-16 28€0 11€0 600 BZ*% 90 H0 06€ LL S§ M¥Yd O9TAONT *HONOAS 1L
v-16 LE ONVOL ‘¥OTAVL X ¥ 0L
. STHIH AUN3IRYIINYD
0820 0420 . 082 AIIHILIW 69
STTIH AYYIBYIINYD
5800 5L00 GL* 90 S8 1€ 65 01 113HILINW 89
00¢ 3IVUHIL SIAWYE ‘YONOAS [9
$00 0$°0Z 90 80 ‘€05 $9 0% 000Z€S2 0S6E%€ ¢ 3IVH¥AL SIWVL *YONGAS 99
8-96 810 %0 10€ %01 19 ¢ SIVINILVW NYIHLINOS &9
V-16 810 %0 €01 62¢ 891 69 € 009L06Z 00526€ 2  SAVYMHOIH 30 1d30 VA %9
v-16 20 081 05 03 ¥3IAWNT NOOTIHS 9
J-96 28¢0 6920 G %00 00°¢ 90 ot 18 2% ¢ 13 YOLOW OuABSWYINIIM 29
2900 6700 1 20 oL 8 Ty L 02 3MISIUVE MOU 19
8110 8600 BHOD HI00 30 ZI10 Z»°8i 80 Ot 291 9€ 69 ¢ 02 3HISIOVE MOO 09
4110 %010 0 600 %0 sZ1 92 09 § 02 3JHISLUVE MO 65 —
G640 05%0 0950 0€%0 %20 €£0°81 80 81 Se% ZL 69 % 02 3HISIAVE MOO 65 —
153404 YOSONIM '
0 160 06701 90 z2oe ot 03 A3U 39VLIIYIH LS @
2-96 €0 08 982 00LEYSZ 000%9¢ ¢ 02 3d1d INIOF=-3%201 9%
=96 €0 08 682 0 00LETSZ 000%9% ¢ 02 3did INIOP %J01 6§
v-19 ol s8¢ 0 00816%¢ 00L%EE 2 SIM3T ¥ © vs
v-99 %0 0L  00% 001 0 00%9%5¢ 00182€ ¢ 7 1Ivdl 3JA0YD AYONIIH €5
v-99 %0 0L  0S¢E 0 0294520 028Z€Z € D 1IVYL FAUNT AYONIIH 2§
9-L6 o€ 0015492 0GLE4E 2 NNT AVOLII0H 1S
a-16 G 002142 OSEEYE 2 Md 11Vl NNI AVOII0H 0%
1300 ¥3Nivyl
v-99 ov 002054¢ 006452 2. VVHIH AUNIM*SUTONAIY 6%
Q 800 LS5°1¢ 90 021 %2 S$9 1 03 3HISI0VE MOO €4
08z 0920 o 90 o842 S0l 2/ 11 IN3 TVIINVHIIW INOYE 29
180D vifvyl
V=99 40 06 006645 200162 2 VUM AGNTKSSUIONATY T4
ALED S3wyr  iwi
01 Wwodd4 0! WOY4 01 WOod4 SHH 4V dS vio CL4) ST HA Iw 1Svi HLIYON ¢ ON
BoOdOL v s a2 e SNIIWIS w ¥ & ox % 901 1S3 dWOd SYD AFI4 @1 TMS  31vd 04000 INVI4 VA NUTLIVIO 1T NV IWUN  WIMY
TR %k ok % & ¥ A & % A ok R &
vivg 113IM ;

WALSAS TeAIIdE3Y JAT1D374S
INAWIUNYW TO¥INOD ¥IIVM 40 nv3ung
dyvey I09INGD d41vM

("3u0)) g-z 378Vl

CHATO/90 d1va




H

v-=l6

RELTA
=971
U=4dT
=471

a-16
RELYA

a-47

GBS0 ATED $5E0

A )]

v-/6

AR |

(NI

V=G
V-6

GLEO QG0 0680 Oben GEen

2920

RELT A
H-vo !
A-He |
H-521
-0l
I-unt
-84t
q4-471
94-621
a-8+%1
H4-521
H-%71
-4l
H-Ga1
H-471
H-qcdd
H-671
A-621

04 WA 01 WK ny

Dt Foe v s v SNAAHDS o oa s

$1 /710490 Jrvg

£l

ateo

GRC0

98I0
CR L]

au20

Wil yd
L 4

L]

a

N
RE N}

201

H0 0% (3 T4

90 oty

0 ote
61t

o8 00r

Y0 90 01 €C9

091 08y 681

FO00 2101 70 %0 041 09t 96§
50 021 0f¢
£1 G9¢ £F
£h 90 01, €Eh g1
90 081 $0%
GO 1807 90 /8 90¢ 6/
Y20 G0t E1 HO 011 €05 66
0F 92f  »g
f0 61 a7
0 021
G5 oR1
02 0z1
a0 62
0 6 St
70 nel
Y0 G211 49¢
20 ¢
€0 00y
€0 RRZ
€0
90 0¢1 (221
%0 ove 1€
%0 09¢
20 69 02Y 2%
20 &
. 70 011 442 01
06 G0f 0%
0491 0le
£0 09 067 4%
06  00f
h 0Lt 989 66t
SHH dvd dS v t14) asn
L5415 dWnd  SYd A3 g1 IMS

ERE I TP
VIVU 174M

WIESAS VALY 3N A1 1040

INAWIIYNYW TO8INOD H4IYM 40

AV oY M INGT Al vM

94

£6

20 01

L5

#9 01
09 |/

(34

51
ae

ZL 80

k23

2L 4

£ X4

YA UW
1ivy

4s

00646
V0596 ¢
006Lehe
00kl 0%2
0004 0% ¢

00168t ¢

Q196847
06948 v

BULEE: R

0065 s ¢
00660497
006Le452
00LgG4e
[SOANE Y
002¢9%¢
0005942

0009¢ve
002249%¢
02199%¢
OaLesHe
05%€9492
000%6% ¢
0504%6¢¢
00656€ ¢
00Le8€2
ooZto0%2
00Lelee
DOBEIYE
09¢e9v¢
ouE68ed
00862¢¢
00eeged
04%6R8€¢
00296€¢

15vd
aond

B % R R x ok A ¥ k&

OV 4404

(*3u0)) g-7 379Vl

[SITA S
00ky9Yy
00015y
00v Gy
DOLeGs

AN A A

00es6E 2

O0RY €Y 2

0s8LEy 2
006t 2Y

~

DUVR-AS 4

DR VIS
005924
0sR10%
Q0»S 6E
005404
00004
00R00Y

NS AN eyt

QOEEQS
0cv86%
a404%98%
050L6%
050944
0856¢€%
0s1¢eey
050564
00%¢19
QcERZS
00e86Y
D9eHRy
009614
002 0S
Q09¢1s
001964
001e04
001614

AN NN N NN N NN NN N NN N

HLMUON 7
ANV 14 VA

ddil M4 497
IIVIIVM 12
Hrt NdHENOY D¢
AYHIINNVE & o 6]
YANGHYS T O 81
WY SHINTIVM
LTH THIM NOTLIVAYASHOD L
TOHDIS W3Td ININ MIN €1
4ns NOLNTND
JATENY WOLSO) HOSUNIM 21
ERETLE]
INAATAORD 40 W TWO T ([
WNT SSI98N8 “HSVM 01
QTH# LIND 0114 6
HONVW  JOOMNO0NH
SHOD AR W SYWIIHE W
BOS SIx%YT A1 4
SHONMNY W SYW
INT SIHOHS NIAVHUIDOM 9
AMISANNS 40 AFU G
SHMIN IMOdM N 40 ALID &
GNANYI4WY ) ONNISYEIU ¢
SV 7 71w GYYONvLS 2
3231440 150d vX3NVT |
LN M3IN
IAOROD HVIN 64
IONTONY T 3SHOH WYIN BL
ONLUNY T MVUIETHM WvaN £}
Nvd SHW 9L
HYvd INTOd AONYS G2
NMONMN &)
TIIW NI3YD ONTHY AN €4
¥r ANISNMOL 4 r 2L
dC ONISNMOL 4 12
TIW HIGWNT 1137AY 0L
JADHD LANLSIHT 69
ON3ISNMOL 4 © 89
YHINYM 9
MVHSHN W M 99
SHYUHY W L 499
STAvy %9
ONJSNMOL G 9 €9
SWYHEY W L 29
HIS HOTH WYIT1TIM ONEX 19
WYITTLM ONEY
Y
NOTLYIL UNV JWYN HOMY

91

0s1

B-14




v-62l 0% sed 0sL10%2 00te LYy ¢ AFTISHOH 09
v-621 (44 00t T 0SSO 0sl2ey 2 AFTISHOH 64
2-4%71 S Q0Z8Y9Z 0594y ¢ SAYvMOY NOINIM © 89
)-921 St 09z 009842 006194 ¢ WYHSHOM S3M LS
2521 02 A4 00lbshe Q01LSY 2 AN HSTH NUHOD 99
=521 [1}'3 0011s%2 00665 & NOSNHOC g6
g-4921 %0 0§ o1e L0SHE8EZ 008L6% € SAHONH H M %4
G99t 001€8€Z 009216 ¢ SINAWATDY D M €S
9-521 ¥0 06 G9€ 691 00188€Z 001505 ¢ SWYQv 0 M ¢
V-6t 091 008 011 00580%¢ 000609 ¢ HIS SHWI0H NULTIWYR 14
J-%e1 €0 0t sfe  O11 - 0089¢r»2 00%8GY ¢ 8070 YUNVW N3LS3T 6t
v-521 €0 o8 02e 00LVIve 0S1%8Yy 2 SWITTIM ¥ NHOM Bt
V=521 0Z ove 06201%¢ 0s6L1s 2 QIvydoSild N K (¢
a-=8+71 £0 0¢ 0092092 0%1€€9 o X0d4 03¥4 9¢
a-841 €0 SS 89¢ 0561052 0051€S 2 SSvdd 4 1 St
a-a%1 0t s8¢ 00L10%Z 00LSES 7 XUd INVHYVL %€
%0 01 0Le 0G1€0%Z 00L1€s ¢ MO SIMIT M ¥V €€
=421 €0 sS4 GES 0089¢%2 00519% 2 NN W 3 2E
80S SLHIT3IH YIUINIA
80450 88€0 0920 0SZ0 g %20 1s°¢ 0 oey . el €L 2 BW0ODSdI T v AdY¥Y] 62
NS 1H 3TYYW
#-621 RLEO BSE0 9920 9420 a %20 91°% 90 00% L& 21 2t d¥03 N 3 3 8¢
€E2EQ £0€E0 a4 900 €5°¢ K L2 s€ 09 21 NVWA0O0O H 1 L2
a-64%1 23 20 061 0¢t 00ELEEL GLHGES € 807D SINVMIN 92
g-%Z1 a 90 ot LLe 3¢ 21 008€6%2 0090%% 2 INTOd LSJIM 40 NMOL S¢
J-ex1 9110 9010 4 210 29" 90 06 O£l 0% 8% L 00602 006€ES 2 TVIGHLINS 1 K 52
g-42t LESD LT1HO g L0D 29° : 90 Ley TLV1 0L € 0098L%2 05%LS% 2 32170d 31VLES VA €2
V=521 d s10 00*¢ %0 S21  6Z% 001 06 B 0S%EZ%Z 00166y 2 STUOHIS WYIITIM ONIY 22
a-4%21 S8t0 2910 a 66° 1 80 S8BT 2% S% 6 d¥0d INVIdYS3IHD 12 o
a-%21 B850 89¢0 LIE0O 210 a L6701 80 92 5 594 6Z 11 05916%2 0062%Y 2 d¥0D AAVIAHVSIHD 02 —
0%80 0£80 '
BLLO 8910 L9L0 1€20 Z0LQ 2690 aa]
0-%¢1 0690 0%90 L1650 £%50 0140 06£0 0 900 8+%°¢ %0 268 08 6§ 11 dd0) INV3I4VYSIHD 61
a-%71 GEEN HIEO Q 80 €1 1321 Lt & d¥03 INVIdYSIHD B1 -
G=%el %910 6£10 a L 80 01 791 LZ SY & 0091652 00%E4y ¢ d¥(1) INVIdVSIHT 1T h
30 925 LET 99 9 002€6%2 0020%% 2 INIOd 1S$9M 40 NMOL 91
0Lz SWYVI TTIM Av3E 61
a-6451 190 1820 a 010 60" 70 BEL  Z0€ 101 19 11 00964%El Q0%€26 2 SWUVY TTIH ¥v3Tg 41
=641 0020 w8to g 910 st° 90 SL €12 09 66 21 058L%€2 009629 2 SWYVS 01 HV3I8 €1
-6yl $OL0 8820 900 81" 90 58 Q0% HZ1 LE € 0096%€l 0GE9ZS ¢ SWYV4 TITIH NvIH 21
a-921 L9210 %10 a €9° L RO €91 12 g% o d¥0) d¥v3dvSIHD 11
A-521 oH%0 S0%0 0680 0%t 0920 0120 g g Bl & bay ty 11 00026%¢ 000C%% ¢ d¥0D dNV3IdVSIHI 01
a-%21 6810 €S10 a 062 80 .61 66T €% GS% & 00€E€6%Z 00L%%Y ¢ dd07) IAVI4VSIHD 6
0lLO 00L0 0890 0990 !
0-%21 9990 990 0850 0LS0 06%0 0€40 34 80 0¢ 0¢ £9L 27 L 00%€E6%¢ 00Gvyy 2 d¥0) 3INVIIVSIHI B8
a-%21 0090 0850 0i60 0650 00%0 06£0 30 80 8t 0¢ L9 v L 00026%¢ 000%Yy ¢ d¥0 7 4AVIdYSAHD L
N WYTTTIM ONI Y 091
01 wWodd 0L wWigd 01 Wodd Syt dv) dS  vid . 141 dsT YA 0w 1Sl HEJON 7 ON
§ 0DdDL - x » o # SNITYDS o+ o s v & 00T 1S3IL dWNd  SVD AZId (L IMS 3LIVA . GYODD INVId YA NUTEYI0T UGNV IWVYN WiMG

ok w om & ¥ M K x % & Ak ¥ B & %
viva 113M
WALSAS TYAITEL3IN FAT LD T4

. INAWAHYNT W TOHINGD H3EVM 40 NV NNy
OHvOd JOHINGD 331vM

(*3u0l) g-z 34Vl

$H/10/90 41V




#

[TPST
ey

Heos
Y90

-99
v-99

Y0
(IR
V=69
V=99

BRESEE]

V-0

0-99

e
T
REIN

EERT

V-

fAr}

0980 0190
N ¥ BhD
Qo

ORbO O b0
fH10 RETO ND770 QU100 2600 2HOO
QEED 9810
A0 57250 11e0
05450
HEH0 S R0 0950 04590
GOGH DRG0
0 W Wil
L R A

iy
0

a

a
G

b ' YR} ti i [ERER AEROE i
0y o ERIORRT
Wi e Wy R n 60N
D400
RER OOl G0 DneR)d
Q¢ IV I L 5¢ WOIRGG S 5 7201/¢
95/ [
et R #0081 (AR | 18
fr-a RO 4 00z 04 (54
etz 0 71 01 G2 Le1
net e HOOWE Oy £y 0¢ Yooy
SO0l B0 AL Sy R T R
IR BT I [ YA T R
o 81 ' i
o < 2
v il Ve
N [ALERER
J wo W df oot
ne G DOGAY T [
A A | L e ORy 071 99 01
B0 98 DOTTHGE D058
H0 G6 e Qulelnd GO0t
w0 D 00¢ OG7T1sd VORI
QORIE G ¢ Qb g
R Y0 Qo: 9 gl
HO
90 0% DOBYEG
o Oow 49y a9
0tn 046701 BO (H 905 . 02 by 0569146 QObEY
arn s ot 90 €0 ZR 105 0y 79w OGHZE e DLty
0 Y14 LR Fs 11
8O GF 0yy iy GO Qg
CHH AV Y A vig CL4) ast HA LW 1sv LN
PRIl dawW E 20 A R R ™S TIvih a0 ANy
T * v v 3 % L N ¥ i
VIV T39M
e TVALT MG AT Ty
N 1Y g [IRE R SIS HAluM 4 1
AR IR LN R R B R B )

{1003) g-¢ A18vl

vA

<

N

4

NN

4

7

i AV MUTM
Mogte 4 ALY
1TV FA

EEL

“ M ALTD
Y ST NS
JMAN L HOJM N
Mg AL
EROAMAN 400 A4 1)

COAARAY S
td MWyl
Cansy "

(I AN 1)

Ut AMAY 5 h

VIve 41

T EVANASHG

Niw
N

yolsvit)
N LAY ATE0
iy b M
ERLEEA I
Poop A bt
IR RS B LS RPN
A0 ONY T ONTYHAS
HOTD AHINDDD) DASWA
CINTHIR WY )TV EMOI0 )
NY THIH L M

VAV L SN0 P HONOAS
WLIdStH 31x{Q
SATHNAL A A HONCAS
AA¥TY SNTFAIND P HONOAS
SHLVWIS T AVYMYNYS
HUNGAS
SNAGHY M IANYD)
HONIAS
AAV o AN EHONGAS
AUV TIN S HONGAS
N ELY ey AR IWWAYN
oty HWYN

vl
ol
11
01

RIS

1IN
WM

Gl

RN




T

. (4] 0 L% BY 4 MYvd LVN AVINGTOD 6
J-96 08 00L9E52 0099%% 2 8
1-a6 00Y 0086562 00L0%¢ 2 X3INNYV WYLLVIHD DWSH ¢
|24 005 1%5¢ Q0ERYE 2 X ANNY WYHIYAHT) JWSH 9
1-96 09 006
a-96 at 02 Gun 81 00£6662 00955 2 NOILVIS SNOdVIM TVAYN §
6250 8150
V=99 6060 6650 L150 9550 L%%0 Q€50 . 30 220 91721 RO 0%  HES 9% 96 € 0069557 0065E€ Z NOILVLS SNUJV3M 1TVAUN &
AYHId dWYD
80 01 0Z = (8% 00E0Y6Z 00629¢ 2 173M NOTLVAY3SHO €
000€652 00%GLF 2 AYY3d dWVI 2
001%€52 001146 2 A¥YId dWYD 1
¥40A 661
- %0 951 00€92%2 0G1ESHY 2 JuvaASIY TVAYN 40 143G 55
0-621 »0 -0 »9 002%0%2 06€95% ¢ INNOYOIWY X YONR 56
I-671 " %o 00% 00025452 08824+ 2 JoNYT 3948039 €5
I~671 20 00009%Z 0000%% 2 dWYD ¥IWA 26
v-160 %0 002 00€E16%2 066£1Y 2 SIAVG D D 1%
V=160 %0 0ZhsLYZ 05021y 2 39vyyng 1 v 06
V- 60 50 0gz 0SEEL%Z 0SBBOY 11374181 ¥W 6%
v-160 %0 s2z 05L1L%2 000606 2 11374141 ¥W 8%
A-160 20 Q661652 00616E 2 MIOHVNIOY LY
i 062 90 562 011 2t % . 23r0Y¥d NOSNIAAT AWY3r 9y
: SIYOHS NIAVHOOOM
Q710 s€°6 90 00% 611 2L 1 09 ¥ILVM NIAVHOOOM §%
a-16 20 € 00229%2 00698€ 2 ONOWHDTY Nvd €%
89-16 20 5 ort 6 0094952 00G16€ 2 ANOWHITY Wvd 2%
9-16 20§ 601 4 00L49%2 00106€ 2 ONOWHOTY INVd 1% mn
-6 20 0t 6 001€9%2 00%8BE 2 ANOWH DY NV 0% -
a-16 20 08 g2 002%9%2 00886E 2 SIIVM 4 I 6€ a_o
=621 %0 SLE 00L48€2 0099€% 2 NVWJVH) L 3 8¢
a-16 09 0098952 002004 ¢ IMOH AN LE
a-16 20 1 012 00€8G%Z 008168 2 337 YD 9¢
-521 szt 952 021 Of 06%0%%2 006EEY 2  T00MIS HITH ININ M3IN G€
v-R6 20 62 982 €6 8¢ 00€EZH2 00680% 2 NVWINN3I¥E D 0 %€
V-6 %0 6% BEE o€ 00611%2Z 009214 2 ¥r SNNIA d 3 €€
4-16 : 20 01 %7 2y 0014552 009%6€ 2 INIWNYIADD S N 2€
a-L6 152 0z 006£592 009%6E 2 WYG ANTWOHYNIIHD 1€
g-16 4 00%€5%2 009G6€ 2 LSUALND ANIWOHVXDEHD OF
=16 20 0t 00066492 00S%6E 2 1504LNG ANITWOHYNDIHD 62
f-16 . €0 21 29z o¢ 00LEG%Z 00ES6E 2 VIS dWNd ANIWOHYYDIHD 82
20 001 092 001£6%2 00291% 2 HI¥NMD 370VNY38YL L2
v-16 20 0€ 812 00L26%2 00692 2 901D INNH 97
v-16 90 06 8RZ 411 000L8%Z 00ZE1% 2 NVWIVHD 9 M 62
INIY MIN €91
01 WoYS 01 WoWd 0L wWods SHH d¥) dS  Vig (14) 0ST ¥A OW  1SV3I  HIWON 7 OoN
BoOd0L = s s ¢ SNIIWIS ¢ x % 2 s 90T 1SIL dWOd SV AIN3 . 0L IMS  3IVO G¥O0D INVTd VA NOTLYIOT UNV 3NN WOMA
L A A B T T N O T [
VIvO 113M
WIISAS TVA3INLIY JAT1D313S
INIWIOUNY W TOUENUD H4LVM 41 NVIANH
qavag TOHLINGD HILVM
FA/10790. 41w +

(3u03) g-z 37avl




n

(]

0°8 00% 0 k4 €62 €°0 Z°1 0°e61 0°21 961 6"t 0°9% 1°0 "1 0°82 69-81-8 W¥Vd WVOHVQa 21
0o°8 coy O S LsZz €70 g°1 0¢ €l sel 6°¢’ 98 0 2°1 82 69~-0¢-8 ALID S3ITYVHI 11

0°8 12 00y 0O Y Y92 0°0 €°1 L1 8*6 661 ©°4 %8 %*0 o0°1 e o 2€ TL~-01-9 ALTD S3TYVHI 11
[Sh’] ey O 0Ol 682 2°0 9°1 11 LANC] 06¢ 01 101 ¢°0 2°¢ 62 69-42-8 ALID S3TWYHD 01
1°8 02 GeY 0 8 é¢gZz ¢*0 6°1 9°8 0*s 152 6°9 Y6 L0 1°2 Zéro s¢ 1L-01-9 ALTD S3T¥YHD 01
c's g9¢ O 61 [eZ2 €0 Ss°1 L°*2 Zt tre 8°¢t 6L 8°0 ¢°*9 L2 69-02-8 49404 3ON3AIA0Yd 6
6*t €¢ 09¢ O 81 ¢¢Z 0°0 %*1 €°0 9*8 Y12 6L L €°1 6°H 00°0 2¢ 1L-6 -9 IN04 IINIATAOYL 6
0°8 8s¢c 0O 91 8¢l €0 Z2°1 0°¢ 11 %12 6°6 €L 2°1 9°% G0°0 g€ 21-90-¢1 39404 IIN3IAIACYUL 6
8°L $99 0 01 9%t 1°0 9°0 0°6Z 081 ¢8Z2 9°8 0°911 L*0 9°2 0°1¢ 69-51-8 A3NY39 L
6° L oL9 0 ¢ 10y 1°0 6°1 0°9¢ 0*#1  1€€ 0°01 0°621 L°1T O°11 0°62 69-51-8 ONTONVT SNOSTYYVH 9
(4} 0Le O 2€ 92% %0 €°1 8¢ ST 9t ot 051 6°2 6°8 %0 9€ 21-90-21 ONIAONVT SNOSIYUVH 9
6°L 0otg 0 Ye YLy %°0 8°1 9 8T 0OLE 0°6 8s1 11 Z1 L2 69-0C-8 NOTLVINYId ¥3A0LS3IM ¢
€*L 61 0LL O 9¢ 2LY €°0  6°0 14 LT 99¢ 8°8 051 8°2 01 000 ¢ 11-01-9 NOTLVINVId YIAOLS3M ¢
Qe 089 0 21 %8t 270 L°1 0768 012 L02 ¢°s 0*8¢l €°1 9°¢ 0°%¢ 69-51-8 AFTYIAS d3IddN ¥+
8L 008 0 9Z WY 9°0 L°1 0-¢S 0°91 9/l¢ 0°21 0°%91 L1 9%, 062 69-51-8 JYVHM SIOVHIN €
T8 o6t 0 ¢ 88% 6°0 9°1 99 91 ¢€8E ot 0Lt %*¢ 9°¢ 410 LE 21-90-21 JYYHM SIOVWIN €
x4} ve 89-12-80 AY3IHILYH HSId LWN 2
g T¢ 608 0 B 96% €70 6°1 €5 2t 80% 21 oL1 0°¢ %»°9 00°0 € 1L-01-9 INONVAIM dWVYD 1

811 AINNOD ALI3J S3IYVHD

koL GNDTD g¥Y) 9W Sal NN E] 1 %0S  +02H4 M VN M V) NiW 34 Z01S d3dWVvsS 33Vid ¥0/ANV ¥3NMO ON

¢ i dS NON ‘v] -70S§ Jiva yMa

SSIANGYVH

VIV ALTIVNO IVIIW3IHD WILYM-ONNOYD
INAWIIVNYW TOMINOD ¥ILVM 40 NVv3Iune
AUVOA TOHINGD HILVM

J-1 319vl




APPENDIX C
Ground-Water Chemical Quality Data
The following table contains chemical quality data on ground
.‘ water in the York-James Peninsula. Well numbers on this table can be
cross-referenced to Appendix B to determine the location and construc-
tion of the wells from which quality samples were taken. The data
listed in Appendix C include:

Bureau of Water Control Management Well Number (DWR No.)

Owner and/or location of the well

The date the water sample was taken

The following chemical constituents in milligrams per
liter (mg/1):

Silica (S102)
iron (Fe)
Manganese (Mn)
Sodium (Na)
Potassium (K)
Bicarbonate (HC03)
Sulfate (SO04)
‘Chloride (CL)
Fluoride (F)
Nitrate (NO3)
Total Dissolved Solids (SOLIDS;
Carbonate Hardness (Ca, Mg)
Non-Carbonate Hardness (NON CARB)
Specific Conductivity in Micromhos per Centimeter
(SP COND) .
Temperature in Degrees Celcius (T)
nH of the “Yater
Color of the Water

The data in Appendix C is a composite listing of water samples

taken by the Bureau of Water Control Management, by other governmental

agencies and by various industries.
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APPENDIX D
Ground-Water Use
The following table is a listing of withdrawals by the larger
ground-water users in the York-James Peninsula. The data include the
.’ | name and location of the system, which can be cross-referenced to
Appendix B in order to determine well 1ocations,'the number of wells
or springs in service (x denotes an unknown number), and the ground-

water withdrawals in millions of gallons per day.
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