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GROUNDWATER OF THE MIDDLE PENINSULA, VIRGINIA

by
Eugene A. Siudyla, Terry D. Berglund, and7V1rginia P. Newton

ABSTRACT

| The Middle Peninsula of Vifgin{a, a portion of the Atlantic

Coastal Plain, is situated in the east-central portion. of theVState,
bounded on the north by the Rappahannock River and on the south by
the Pamunkey and York Rivers, Land area of the Peninsula includes
1837 square miles and has a population of 61,534. Precipitation
in the area averages 43 inches annually.

Groundwater in the Middle Peninsula is found predominately in
the unconsolidated sediments of the Middlie Mesozoic, Tertiary and‘
Quarternary Age. These sediments haye been deposited on a basement
rock complex of Pre-Cretaceous Age. Sediments of the Patuxent
Formation of Cretaceous Age, which- range in thickness from 20 feet
in the west to 1700 feet in the east, have been deposited onAthe.'
basement rock complex by fluvial and deltaic depbsitiona] processes.

Overlying the Patuxent Formation from oldest to youngest are the
Mattaponi, fhe Nanjemoy, the Calvert, and the Yorktéwn Formatibns, and
the Columbia Group. The Mattaponi, Nanjemoy, Calvert. and Yorktown
aquifers are composed of marine sediments where as tﬁe Co1ﬁmbia Group
contains both marine and non-marine sediments,

Groundwater in the Middle Peninsula is found in the water~table
aquifers, the upper artesian aquifer system, and the principal aquifer

system. The most important water-table aquifer, the Yorktown aquifer,
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found in the eastern part of the study area, is a relatively reliable
source for domestic, institutional and 1ight municipal use. The
upper artesian aquifer system, made up of sands of the Nanjemoy
Formation and the basal sands of the Calvert Formation, is a reliable
source for domestic, light municipal, agricultural, and institutional

use. The principal aquifer system is composed of the Patuxent and

basal Mattaponi Formations, Throughout most of its extent, the principal

aquifer is capable of supporting high yield wells or well fields,
but some Tocations are more favorable than ofhers.

Historic potentiometric surface maps show that development of the
principal aquifer system at West Point and east of Urbanna has caused
a lowering of water levels in the area. The maximum decline of about

140 feet is found at West Point. Current water level trends show

water levels continuing to decrease in response to increases in pumpage

in West Point and Urbﬁnna. However, water levels would prdbab]y
stabilize if'pumpages in the West Point and Urbanna areas were kept
relatively constant.

Transmissivities wefe estimated from specific capacities for the
major aquifers. Transmissivities were found to averége-as follows:
5,000 to 50,000 gpd/ft for the principal aquifer; 3,000 to 10,000
gpd/ft for the upper artesian system and about 1,000 gpd/ft for the
Yorktown aquifer.

A high chloride groundwater zone of naturgllorigin was delineated
within the eastern part of the Study Area; In the Town of Gloucester
area no detectable movement of the high chloride zone toward the major

pumping centers has occurred in the last 30 years. Lack of deep
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well control north and south of Gloucester make it impossible to
assess whether the high chloride zone has moved or is moving toward
the pumping centers in these areas.

The major variables limiting groundwater supply in the area
include the presence and potential movement of the highly mineralized
zone in the eastern part of the Study Area, the watef-bearing
characteristics of the major aquifers, and major water level declines
in the principal aquifer associated with the ﬁajor water withdrawals.
Taking the above factors into account, it jis estimated that a
considerable quantity~of groundwater is avai]aBTe for further'develop-
ment in the west central part of the Middle Peninsula with smaller
“quantities available in other parts. |

Eight research stations were recommended in order to determine
the best areas for future development in the Yorktown, upper artesian
and principal aquifers, to monitor movement‘of the high chioride zone
in the artesfan aquifers, and to“extend the present water level monitoring

network.
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CHAPTER I
INTRODUCTION

Purpose and Scope

This report will present an expanded, up-to-daté evaluation
of current groundwater conditions in the.Midd]e Peninsula Study Area.
Since future economic growth in this area depends upon development
of an abundant source of inexpensive fresh water, it is anticipated
that this report will be used as an effective aid to assist in future
planning, development, and maintenance of the area's invaluable ground-

water resources.

Study Area Description

The Middle Peninsula of Virginia is situated in the east-central
portion of the State, bounded on the north by the Rappahannock River
and on the south by the Pamunkey and York Rivers. Western Caro]ine
County, the western limits of the StudyAArea, is approximately 86 miles
frpm the Chesapeake Bay, which forms the eastern boundary. The width
of the Study Area is nearly uniform, grading from 22 miles wide along
a line between Gloucester Point and Gwynn Island in the east to about
30 miles wide along Céro]ine County's eastern border (Plate 1).

There are seven counties included within the Middle Peninsula
Study Area. From east to west they are Mathews, Gloucester, Middlesex,
King and Queen, King William, Essex and Caroline. Mathews, Gloucester,
Urbanna, West Point, Tappahannock, Bowling Green and Port Royal are

the major towns in the Study Area. In addition, portions of three



major river basins, the Rappahannock, the York and the Small Coastal
River Basins, are within the Middle Peninsula Study Area.

The population figures for-the Study Area presented in Table 1
show the breakdown, by county, of the 61,534 total population.
Accordingito the 1970 census, population varied by county from a low
of 5,491 in King and Queen County to a high of 14,059 in Gloucester
County. King and Queen County'is the least densely populated county
with an average of 17.3 persons per square mile, while Mathews County,
although smaller in size and total population than Gloucester, is the
most densely populated, with an average of 80.8 persons per square

mile (Table 1).

Previous Investigations

Four previously developed investigations deal primarily with the
groundwater resources of the Middle Peninsula of Virginia: . Sanford
(1913) discussed the groundwater resources of the Coastal Plain of
Virginia inc]uding a-county-by-county description bf the groundwater
resources of the Middle Peningu]a; Sinnott (1955) presented an abbre-
viated sketch of groundwater occurrence in the Tappahannock area;

. Cederstrom‘(1968), in an unpub]ished report, discussed the groundwater
resources of the Middle Peninsula; and, the State Water Control Board
(1973) coveréd the groundwater conditions of King William County in

Ground Water of the York-James Peninsula.

Other investigations relating to the groundwater conditions of
the Middle Peninsula of Virginia include Cederstrom's (1943, 19486)
analysis of the groundwater quality distribution in the Virginia

Coastal Plain, Back's (1966) determination of saltwater-freshwater
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- LOCATION OF THE MIDDLE PENINSULA OF VIRGINIA
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TABLE 1

POPULATION AND LAND AREA OF THE
MIDDLE PENINSULA

Total Area Size - Population
Population (square miles) Density
County (1970 Census) Land Water Total (per/sq/mi)
Caroline 13,925 545 4 549 25.6
Essex 7,099 250 13.8 263.8. 28.4
Gloucester 14,059 225 32 257 62.5
King and Queen 5,491 318.1 8.9 327 17.3
King William 7,497 278.1 7.9 286 27.0
Mathews 7,168 88.7 13.3 102 80.8
Middlesex - 6,295 132 6 138 47.7
Total ’ 61,534 1,836.9 85.9 1922.8 41.3 (avg)

Source: DSPCA Data Summary for each respective county.



boundaries and estimated regional flow patterns for aquifers in the Northern .

Atlantic Coastal Plain, Teifke's (1973) stratigraphy of thé Coastal
Plain of Virginia, Brown's et. al. (1973) study of the structural
geology, stratigraphy, and relative permeability of strata in the
North Atlantic Coastal Plain, and Onuschak's (1973) environmental
geologic maps of geomorphic features and general geologic processes

in the area.

Method of Investigation

Numerous publications dealing with the ghoundwater resources of
the Middle Peninsula were consulted in order to establish the geologic
- framework for evaluating the groundwater resources of the Middle
Peninsula, Static water level measufements, for example, were

obtained from both State Water Control Board observation wells

and wells owned by various entities (i.e. private, municipal,
industrial, and agricultural). Pump test data, as well as driller's
notes and logs were obtained from the files of area drillers. Pumpage
records submitted to the State Water Control Board by specific 1ar§e
withdrawers were also examined and subsequent1y incorporated into the
study.» Water quality data from‘wells was used to determine the |
chemical distribution within the major aquifers and to indicate
changes in chemical parameters over a period of time. The most

recent quality information presented in this study was obtained from
the Virginia State Department of Health and Virginia State Water

Control Board.




CHAPTER II
PHYSICAL SETTING

Climate and Meteorology

The Middle Peninsula's climate is determined by latitude, topo-
graphy, prevailing winds and proximity to the Chesapeake Bay and
Atlantic Ocean. The peninsula lies in the temperate climatic zone,
situated in or near the mean path of winter storm tracks. The
average annual temperature of the Middle Peninsula, based on a
U. S. Governmental Survey for the years 1930 to 1960, was 580 F
with an average January temperature of 370 F, and an average July
temperature of 770 F (Table 2). Evaporation averages 38 to 39
inches from April to October, based upon records for the period
1051 t671963 for Charlottesville, Virginia.

The long kange mean annual preéipitation in the Study Area is
44 qinches, varying from a Tow of 42 inches in the northern section
of Essex County to a high of 46 inches over the central portion of
the Peninsula. However, large yearfto-year variations in rainfall
occur with annual totals frequently ranging from less than 38 inches
to more than 53 inches. Average seasonal snowfall is approximately
13 inches, with January and February, avéraging 3.4 to 3.9 inches,

respectively.

The Middle Peninsula has experienced several meteorological drought

periods, the most notable of whicii occurred in the years 1930-32.

The drought of 1930 was the most severe for fhe eastern United States



TABLE 2

TEMPERATURE AND RAINFALL
OF THE MIDDLE PENINSULA

Source: DSPCA Data Summary for each respective county.

. 37.

Average Average Average Average
Annual July January Annual
County Temperature Temperature Temperature Rainfall
Caroline 59 78 81 43"
Essex . 56.6 76. 35.5 40"
Gloucester 58.1 77. 37.9 41"
King and Queen 56.6 - 76. 35.5 42"
King William 56.6 76. 35.5 43"
Mathews 58.1 77. 37.9 46"
Middlesex 58.1 77. 37.9 43"
Total 57.6 77. 3 43" .




as well as the Peninsula. At that time rainfall in the Middle
Peninsula avéraged 18 inches below normal, and eight consecutive
months were classified as "extreme" by the Palmer Index for the

classification of meteorological drought.

Physiography

‘The Middle Peninsula is located almost entirely within the
Coastal Plain Physiographic Province. Only the western>third of
Caroline County lies west of the Fall Line in the Piedmont Province.
The Coastal Plain Province is characterized by the following
geomofphic (1and form) features: |

1) broad, gently dipping terraces formed by ancestral sea
level stands; |
2)- steep ancestral beach rfdge escarpments separating the
|  terraces (Two noted Tidewater scarps are the Surry Scarp
which passes through Signpine and Woods Crossing (100 feet
above M.S.L.) and the Suffolk Scarp which passes through
the Gloucester Courthouse Area (50 feet above M.S.L.)):

3) broad flood plains characterized by meander loops and
depositional features (This type of stkeam morphology
is characterized by the stream expending most of its
energy in lateral erosion rather thén vertical down-
cutting, i.e. the Pamunkey and Mattaponi Rivers); and

4) the formation of fluvial-estuarine systems (drowned river

valleys) as river flood plains and channels engulfed
by an increase in sea level (i.e. the York, lower Rappahannock

Rivers, and Mobjack Bay areas).



Overall average relief of the Study Area is approximately
300 feet, ranging from the rolling slopes in western Caroline County

to sea level in Mathews and Gloucester Counties.

Land Use

Farming and forestry, land practices which exemplify the rural
agricultural type economy that has historically dominated this area,
are the two major land uses.

Although urban and industrial acreages are a minor fraction
of the total land area, there is increasing pressure for industrial
deve]dpment; particularly environmentally c1éan industry. These
industries are primarily for expansion of local economy and community
tax base and are, for the most part, light industries which do not
place large demands on the water or sewage systems in the towns where

they are located.
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CHAPTER III
GEOLOGY

Geologic Setting

The Middle Peninsula of Virginia lies within the embayed section
of the Atlantic Coastal Plain Province. Crustal movements along the
Atlantic continental margin have produced a seaward slope on the
crystalline-rock basement surface (Plate 2). Areas west of the
Fall Line were uplifted during these movements 430 to 280 million
years ago and underwent erosion, whole areas east of the Fall Line
were depressed and became centers of deposition. The sediments
eroded from uplifted areas filled these depositional basins to the east.

These unconsolidated sediments dip gently éeaward and rest upon
a basement comp]éx of sedimentary, igneous and metamorphic‘rocks
older than Cretaceous Age. The unconsolidated sediments are of
Crétaéeous (about 63-135 million years old), Paleocene (about 58-63
million years old), Eocene (about 36-58 million years old), Miocene
(about 13-25 million yeérs old), and Post Miocene Age (recent - about
13 million years old), and consistvof a series of alternating marine
and non-marine dlay, silt, sand, and gravel. In west central Caroline
Canty,rjust east of the Fall Line, unconéo]idafed sediments are thin
and bedrock hés been reached in several wells. West of the Fall Line
the Coastal Plain sediments have been removed by erosion and bedrock
is exposed at the surface. East of the Fall Line the basement rock

lies at progressively greater depths. Near the eastern extreme of the

11



Study Area in Mathews County, the thickness of unconsolidated sediments .

is approximately 2,600 feet.
The formational boundaries presented in this report are based
mainly on lithostratigraphic correlations and interpretations of
geophysical logs, and well cuttings from selected areas with
additional information from previous pub]ications. The formation
found immediately below the land surfacé is indicated in Plate 3,
and distribution of the formations is found in-Plates 4, 5, 7, and 9. T
Plates 6 and 8 show the probable geo]ogic facies changes within the

Cretaceous Age sediment.

Geologic Units

Pre~-Cretaceous. The Cretaceous-Recent sedimentary sequence is

underlain generally by igneous, metamorphic and consolidated sedimen- ‘

tary rocks. These lithologic types constitute the "basement complex™
upon which the Lower Cretaceous Patuxent Formation was non-uniformally
deposited, At most places along the Fall Line, Patdxent strata are in
contact with granitic rocks at elevations ranging from about 100 feet
above mean sea level to 400 feet below mean sea 1e9e1. For the most
part, the "basement" along the Fall Line consists of granite of its
weathered component that is readily correlatable with the Petersburg'
Granite exposed immediately to the west in the Piedmont (Plate 3).
Triassic sediment "basement" has been encountered at two sites
in Caroline County. Sandstone strata found in Bowling Green and. Moss
Neck appear to be the northern extension of a narrow north-south

trending band of apparently infaulted Triassic sediments which arc

found to the south in Hanover and Henrico Counties (Virginia State

12



STRUCTURE OF THE TOP OF PRE-CRETACEOUS
BASEMENT (MODIiFIED FROM BROWN AND MILLER, 1972)

Contour interval - 100 Ft

——— 1000 = Contour on top of “basement”
at present MSL

SCALE 1:250,000
5 0 10 MILES

- __
e

5 0 10 KILOMETERS

Source: Virginia State Water Control Board — TRO . 13 PLATE NO.
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LOCATION OF GEOLOGIC CROSS SECTIONS

® 116-38 Well identified by SWCB
@® Ced -28 Well identified by Cederstrom, 1968

SCALE 1:250,000
5 0 10 MILES

i —

5 0 10 KILOMETERS

!

Source: Virginia State Water Control Board — TRO 17 _ PLATE NO. 4
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GEOLOGIC CROSS SECTIONS
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Water Control Board, 1973). Also, further east in West Point,
Triassic sandstones were found to form the basement at approximately
1,255 feet below sea level. The Triassic sediment may be part of a
trough which extends south into James City County and 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 may have controlled subsequent deposition in
the West Point area.

Crétaceous. In older previous reports of the Middle Peninsula,
the Cretaceous has been subdivided into the Lower Cretaceous Potomac
group and the Upper Cretaceous Mattaponi Formation. However, in a
recent report by Teifke (1973), the Lower Cretaceous was defined to
include the lower non-marine sequence of the Mattaponi Formation,
referred to as the Patuxent Formation. The Patuxent Formation, as
defined by Teifke (1973), is analogous to the Cretaceous Uhits H, G,
and F as defined by Brown (1972). Teifke's newer classification of the
Patuxent Formation and subsequent younger units will be used in-this
report (Tab]e 3). Geologic classification and a general description
of thé formations is given in Téb1e 4, |

The Cretaceous sediments of the Middle Peninsula were deposited
in a fluvial-deltaic environment (Cederstrom, 1945). The facies which
Vhave been preserved are the meandefing channel facies of the fluvial
environment  and the deltaic environment (Plates 6 and 8). Character-
istic of all these facies are discontinuous sahd bodies interbedded

with silts and clays.

The slightly meandering channel facies (Virginia State Hater
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TABLE 3

COMPARISON OF THE STRATIGRAPHIC UNITS

Richards (1967)

Age Present Report
>;I Pliocene-Holocen Columbia Group
L - _
g Yorktown Formation
Y - - Yorktown Formation
= 3 N
&|| Miocene Choptank Formation in part)
Calvert Formation
> Calvert Formation
5 Chickahominy and
;5 Piney Point fms.
= .
= Nanjemoy Formation Nanjemoy Formation
Eocene - -
Aquia Formation
Paleocene . Mattaponi Formatio
? ? ? Mattaponi Formation
Upper (?) o
§ Raritan Formation
@ " - - p
_§ Patapsco Formation trans1t1ona1 beds
(3]
L .
& ower Arundel Formation
Patuxent Formation Patuxent Formation

Source: Teifke, 1973.
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TABLE 4

'GEOLOGIC UNITS AND THEIR WATERBEARING CHARACTERISTICS

‘Aquifer Approximate
A : F : Designation in | Thickness . i .
ge Series ormation | Yri< Report (feet) Lithologic Character and Origin Hydrologic Comments
i Unconsolidated sand, clay, and Supplies ground water to Tow
gravel of fluvial and marine yield water table wells through-
Quaternary Columbia Water deposition. Surficial terraces out the area.
Formation Table 20-100 and dunes.
? ? System
e - >1Tts, sand, and ShelT cmmnm. Supplies ground water to low
Clay beds uncommon. Marine yield water table and locally
Yorktown 0-200 deposition. artesian wells in the eastern
Formation parts of the area.
Miocene
. Clays and -silty clays, plant and Acts as a confining unit for the
Tertiary . 0-280 shell material locally abundant. upper artesian system. The basal
Calvert Confining Coarse basal sand. Marine deposi-| sand is part of the upper arte-
Formation Units tion. sian aquifer system,
Quartz-gTauconite sands. Yield sufficient water for
Shell beds common. domestic, subdivision, and
Upper 0-160 Marine deposition. Tight industrial purposes.
Nanjemoy Artesian Highest yields in West Point
Formation System area. Chlorides increase
Eocene rapidly east of Capahosic.
Mattaponi Confining 0-160 Highiy glauconitic sands, silts, Generally an aquitard confining
2 o %m_mommzmo Formation Units and clays. Often referred to as layer for principal aquifer
SR SN GUUR SUNVI SR ' "greensand" or "blacksand" marine | system.
Cretaceous origin.
? 0?7 Upper (?)
B Patuxent Principal Interbedded sands, silts, and nmvmu_maoﬁ wdas <Mm~mnﬂ“n=.a
h . clays of fluvial and deltaic proper development. orides
) Formation wsﬁmmdmz 0-1500 os*mﬁs. Some thin marginal increase rapidly east of
over ystem marine beds. Capahosic.
Cretaceous -
. . Igneous and metamorphic and Supplies moderate quantities
basement partly consolidated shales and of ground water to wells near
sandstones. Fall Zone.

Source: qmﬂmxmr dmww«




Control Board, 1973 and Fisher and McGowen, 1967) found in

Caroline, western King William, and Essex Céunties, 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.
In the York-James Peninsula these sand bodies have been reported to

be one to three miles wide, and up to 10 miles long. In addition
finer-grained sands resulting from crevasse deposits, overbank spills
and tributary stream channels are found. The fluvial sands are
generally subordinate to coérse'and fine inter-channel silt.

The sands of the highly meandering channel facies (Fisher and
McGowen, 1967 and Virginia State Water Control Boérd, 1973)
found in eastern King William, eastern King and Queen, and Middlesex
Counties, ake medium to coarse grained, moderately well sorted,
and have an average thickness of about 100 feet. Sand bodies are
discontinuous as shown in the geologic correlation in the West Point
area (P]ates 5 and 7). Finer sands associated with crevasse deposits
and overbank spills are found, with overbank silts and clays subordinate
to sands in this facies. The dominant thick sands of this fécies fofm
generally good aquifers,

The delta distributary facie§ and delta front, found in the eastern
part of the Study Areé, aré characterized by medium-grained, moderately
well-sorted sands, about 50-200 feet thick, and exhibit somewhat
Tinear trends (Plates 6 and 8, Mathews County). In certain parts of
the delta distributary facies, interchannel swaﬁp deposits, consisting

of dark-colored silts and clays with sand stringers, are found.
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~Paleocene. The Mattaponi Formation of Paleocene Age lies ‘

directly upon the Patuxent Formétion throughout the Middle Peninsula
(Plates 5, 7, and 9) and is overlain by the Nanjemoy Formation. Thus
defined, the Mattaponi interval of marine origin, including rocks
referred to as the Aquia Formation in Cederstrom (1968), is comprised

of beds of quartz-glauconite sand, drab-colored glauconite-bearing clay,
shell beds, and an occasional bed or beds of indurated calcitic rock
(Teifke, 1973). Basal gravel and sandy dolomitic siltstone are sub-
ordinate 1ithologic types of relatively local occurrence. Abundant auto-
chthonous g]éuéonite is the principal lithologic criterion used to
identify the unit.

The Mattaponi Formation is found overlying the Patuxent throughout
the Middle Peninsula except in those areas near the Fall Zone in western
Caroline County where they have been removed by erosion. The thickness ‘
of the Mattaponi fluctuates between 20 and 160 feet (Teifke, 1973). In
the western part of the Middle Peninsula, the Mattapqni consists of fine
to medium sands interbedded with silts_and clays (Plates 5, 7, and 9) and
the central part consists of fine grained quartz sand with 10 to 75 percent
gTauconite'and numerous é]ay stringers. The Mattaponi in the eastern
Middle Peninsula consists of alternating silts and clays,

Eocene. The Nahjemoy Formation is comprised of sediments generally -
considered to be of early to late Eocene Age. The Nanjemoy as defined |
by Teifke is equivalent to sediments of Claiborne Age as described by »
Brown (1972). The formation is an a]ternatihg succession of sands,
clays, and calcitic units (Plates, 5, 7, and 9), The sands are miner-

alogically simple, consisting mainly of varying proportions of quartz
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and glauconite which range'from brown clayey sands in which glauconite
is a minor constituent to clean "greensand" in Which'g]auconite may
constitute as much.&sJQOIpercent.of the grains (Teifke, 1973).

The Nanjemoy varies considerably in thickness west to east from
20 feet in Carolina County to over 100 feet in eastern counties.
It outcreps in a thin band along the Matta River in Caroline, King William
and King and Queen Counties (PTate 3).

Miocene, The Calvert Formation includes all strata between the
" top of the Eocene Age Nanjemoy Formation and the base of the Yorktown,
and the base of the Pliocene-Holocene Age Co1dmbia Group in the absence
of the Yorktown Formation (Plates 5 and 7). The Calvert Formation
can generally be~divided'into three parts: the basal sand member,
the diatomaceous member, and the upper member, The'basaj sand member
consists predominately of sands with minor clay beds or lenses with
traces of glauconite. The diatocheous beds are pale brﬁwn to buff
and uniform in texture; they contain very little sand or silt. The
upper unit consists mainly of greenish-gray to brownish-gray silty
clay and interbedded- accumulations of mollusk shells,

The Calvert Formation outcrops in Caroline, wesfebn Essek;
western king,and:Queen, and western King William Counties (Plate 3).
Thickness varies from approximately 50 feet in the outcrop areas
‘to over 200 feet in Mathews County. ;

Sediments between the top of the Calvert Formation and the base
of the Columbia Group are'referred to as the Yorktown Formation
(Plates 5, 7, and 9). They are distinguished from the Calvert

by their more abundant and markedly coarser sand and gravel units, by
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more abundant and thicker shell beds, and, to a lesser extent, by the
prevalence of gray, light gray, and bluish-gray colors of the Yorktown
strata.

The Yorktown Formation constitutes the land surface over a wide
part of the Study Area (see P1até 3) and, where present, averages
about 60-100 feet thick.

A1l sediments overlying recognizable Yorktown or Calvert strata
-are referred to as the Columbia Group (Table 4). These younger deposits,
marine and non-marine, Pliocene through Recent in age, cover most of
the Yorktown and older rocks in the Study Area and can be as much as
122 feet thick. They consist mainly of oxidized clays, silts, sands,
and some gravel, In most places the sediments of the Co1umbia'Group

contrast sharply with any marine formation which they overlie.
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CHAPTER IV
OCCURRENCE AND USE OF GROUNDWATER

Groundwéter of the Middle Peninsula occurs in three major
aquifer systems (Table 4). The uppermost aquifer system, the water-table
aquifer, is found throughout the Peninsula. It consists of Unconsoli-
dated deposits of Tertiary and Quaternary Age (primari]y the Columbia
Group, the Yorktown Formations and the Calvert Formations) except
in southwestern Caroline County where consolidated bedrock of Pre-
Cretaceous Age is found. This unconsolidated aquifer is a reliable
source of domestic groundwater supply in most of the Study Area, but
seasonal fluctuations and lack of sufficient storage make it impractical
for major industrial or municipal supplies. The second aquifer system
of the Middle Peninsu]a is the upper artesian aquifer system, formed
- from sediments of Miocene and Eoceﬁe Age (Nanjemoy and the Lower
Calvert Formations). The third aquifer system, the principal aquifer
system, comprised of Paleocene-and Cretaceous Age (Patuxent and
Mattaponi Formations)_is fduﬁd throughout the entire Peninsula.
Specific capacity, defined as gallons per minute of discharge per
foot of drawdown (gpm/ft) is the most reliable hydrogeologic
information available for most of the wells in the Middle Peninsula.
Therefore, specific capacity is used in thi§ report as an indicator
of aquifer potential. It should be noted that variations in well
cdnstruction will have pronbunced effects on the specific capacity

of a well, but in those areas where specific capacities are reported
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and accurate, well completion information is available and 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. The graph has been constructed from the Kozeny formula which
compensates for well diameter, Qe]] construction, and partial pene-
tration of the aquifer (Johnson, 1972 and State Water Control Board,
1973).
Water-Table Aquifers

State Water Control Board data files show that the unconsolidated
water-table aquifers are a significant source of domestic groundwater
in the Middle Peninsula. In addition, these aquifers éupp]y groundwater
to some institutions, farms, and other small users in the area.

The Yorktown aquifer system whiqh occurs generally under water-
table conditions but locally under artesian conditions, is an important
aquifer found in the eastern part of thg.Midd1e Peninsula (Plates 5,

7, and 9, and Table 4); The Yorktown aquifer is especially important
inveastern Midd]esex,‘eastern Gloucester, and Mathews Countie§ where
the upper and principal artesian systems are brackish and therefore
unsuitable for potable use'(see Chapter VI).

The Yorktdwn aquifer system consists of diséontfnuous lenses of
fine sand and shells which may be as thick as 30 feet in Mathews County.
Specific capacities generally range from .3 to lvgpm/ft (see Table 5
and Plate 10a) and reported yields throughout the system generally

range from five to 20 galions per minute. Clogging of wells
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TABLE 5

CHARACTERISTICS OF AQUIFERS IN THE MIDDLE PENINSULA

Corrected

Approximate Depth Yields from . ,
to top of Wells 4" or Greater Specific Capacity Specific
Aquifer _ in Diameter Ranges Capacity**
Aquifer (ft) / (gpm) (gpm/ft) (gpm/ft)
Water Table*
(Yorktown Only)
Eastern Zone 50 - 140 5 . 30 3-1 31
(Locally highly
mineralized)
Upper Artesian
Western Zone 20 - 80 20 - 80 3-1.2 3-1.2
Central Zone ,
Tappahannock 150 - 200 20.- 60 1.2 - 6.2 1.2 - 6.2
West Point 150 - 200 275 - 352 6.1 -7.6 6.1 - 7.6
‘Eastern Zone 250 15
{Highly
mineralized)
Principal Artesian
Western Zone 100 - 200 12 - 76 .8 - 1.8 2.4 - 3.1
Central Zone
Tappahannock 50 - 375 2,0 - 7.14 5.9 - 17.8

300 - 400
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TABLE 5 (continued)
CHARACTERTISTICS OF AQUIFERS IN THE :Hccrm,wmzﬁzm:r>

Approximate Depth Yields from Corrected
to top of - Wells 4" or Greater Specific Capacity Specific
S Aquifer in Diameter Ranges Capacity**
Aquifer (ft) (gpm) _ __(gpm/ft) (gpm/ft)
vsdznanmd Artesian o
continued - , - :
Central Zone B : A : . A
West Point to 300 - 400 ~ 100 - 1800 2.5 - 39.1 2.5 - 39.1
.ciomszw ,
Eastern Zone 400 - 600 50 - 100 5-1 5.7 = 12.0
(Brackish, -

highly mineralized)

*  Specific nmvmn¢ﬁ< data was :=m<mddmvdm.ﬁos other aquifers under water table conditions
in the Western and Central part of the Middle .Peninsula. .

** Specific capacities were corrected using the Kozeny Formula (Johnson, 1966).

Source: Virginia State Water Control Board - TRO
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because,of the fine sand has been reported in many small diameter
wells which tap the Yorktown aquifer. Clogging generally can be
avoided by gravel packing, but only modest yields of 30 gpm may be
safely obtained even after gravel packing (Cederstrom, 1968). The
largest reported yield was obtained on Gwynn Island in Mathews County,
~where 200 gpm were pumped. Cederstrom (1968) attributed the high
yield to coarse sand but this strata has not been found in other areas.
The Gloucester Point Sanitary Disfrict which taps the Yorktown
“aquifer is currently looking for an additional water supply source. The
current well system is not supplying an~adequéte quantity of water. This
is attributed to the poor aquifer characteristics of the Yorktown aquifer
in the G]oucéster'Point area. The two Gloucester Point Sanitary District
wells for which there is adequate hydrologic informétion show test
yields of only 6 gpm each and specific capacities of .12 and ,17 gpm/ft.
‘wells with slightly higher specif{c capacities in the Yorktown aquifer
have been found outside the Gloucester Point area in Eastern Gloucester,
Mathews, and eastern Middlesex Counﬁies. ‘Currently an area north of
Gloucester Point is'being eya]uated for the Sanitary District's supply
(John McNair and Associates, 1975 and the Ranhey Company, 1976).
Becauée of the possibility of local scarcity of suitable sand
strata and the presence of brackish water, test drilling and hydrogeologic
testing is recommended prior to any butlding or deve]opmenf where a
large supply of water is desired from the Yorktown aquifer, Otherwise,‘
initial development may take place in an areavwithout a satisfactory
water system to support the development. The inadequacy of the current

Gloucester Point well system demcnstrates what may happen when hydro-
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geologic testing is not conducted.

Upper Artesian Aquifer

Geologic and hydrologic information indicate that the upper
artesian aquifer system becomes regionally artesian east of West Point.
This system is also found to be locally artesian in high elevation
areas in the western portions of Essex, King and Queen, and King
William Counties,

This system has a fairly consistent thickness of about 50 feet
and a Tithology of fine to medium grain sand, moderately to poorly,
sorted with glauconite, and usually referred to as greensand or
blacksand. The consistency of this system makes it a reliable source
of individual domestic and subdivision groundwater subp1y.

Based on geologic logs and specific capacity data, the artesian

aquifer is divided into thrée zones (Plates 10b and Table 5). The .
central zone shows the best potential, especially in the West Point
area, where yields as high as 350 gpm and specific capacities between
6.1 énd 7.6 have been recorded. The sands are generally coarser and
better sorted. in the West Point area. Based on limited data, the
western énd eastern zone appears to have lower yields and specific
capacities and the eastern zone yields highly mineralized water in
some areas, especially near the Bay (Chapter V and Plate 10b),

In Essex, King William and King and Queen Counties, and to a
lesser extent in Caroline County, this ;ystem_proQides groundwater for

many moderate to light water users, including water for individual

domestic, subdivision, institutional, and agricultural purposes (Plate 11),
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Principal Artesian Aquifer

The principal artesian aquifer system in.the Middle Peninsula

~ contains a very large potential groundwater supply. The system is
composed of many sands that have a high potential yield with depths
which vary from 50 feet above sea level in Caroline County to 600 feet
below sea level in Mathews County.

Near the Fall Zone, the principa1 aquifer system is somewhat
erratic. 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 aquifer control the hydrdlogy of the aquifer (State
Water Control Board, 1973).

When the thickness of the system‘exceeds 250 feet, sand percentage
of the aquifer system, the thickness of the aquifer’system, and the -
construction of the well affect well yield, Aquifer sand percentage
is higher in the areas where sands were deposited by meaﬁdering river
channels than in areas where sands were deposited,by_tributary
stream channels (see Chapter 1II), The thickness of the aquifer system
increaQes to the east and northeast of the Study Area. The installation
of multiple short screens in the variouévsands rather than a single
long screen is‘the most efficient method of well construction for
this area.

-In the central and ea#tern portions of the Middle Peninsula, the
principal aquifer system is very thick and has a large groundwater
yield potential, although this potential has not been developed in
most of the area (Table 5). Geohydrologic information indicates that

the only areas in which poor aquifer characteristics exist is the
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Gloucester and West Point area. In the Gloucester area, a
considefab]e portion of the principal aquifer system consists bf silts
and clays with a low percentage of sand. At West Point, the sands of
the principal artesian aquifer system are poorly sorted and extremely
discontinuous. The principal aquifer is generally brackish and
unsuitable for potable use in the eastern portion of the Study Area.
Specific capacities of we]]s completed in the principal aquifer
system vary greatly (PIate 10c and Table 5). In the western part
of the Study Area, specific éapacities range from 0,8 to 1.8 gpm/ft
and are generally larger in the central and eastérn zones. In'the
Tappahannock area corrected specific capacities range from 2 to 7
gpm/ft while in West Point, an'industrial well completed within the
principal aquifer has a specific capacity of 39,1 gpm/ft. Other
~completed wells in West Point in both the upper and prinéipa] aquifers
have specific capacities as high as 30 gpm/ft. The highest.uncorrected
specific capacities in the Study Area are found near Urbanna at
Barnhardt Farms where they range fkom 8 to 46 gpm/ft. In Urbanna,
-a,coarse sand with sand and gravel streaks may explain the high specific

capacities.

Groundwater Use

The most extensive groundwater development in the Middle Peninsula
has been in the principal aquifer system in the vicinity of West Point
and Urbanna (Plate 11). This aquifer system has been under develop-
ment for some time in the West Point area while development around
Urbanna is relatively recent,

Barnhardt Farms near Urbanna, began groundwater withdrawals in
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1962. The Farms currently withdraws over 1.2 mgd.

During the period 1890-1930, total withdrawals from the artesian
aquifers in the West Point area have been estimated at approximately
0.39 mgd from free-flowing wells of small diameter., In the 1930's
the first high capacity industrial wells were drilled and developed
in the upper and principal artesian aquifer systems by the Chesapeake
Corporation. From 1931 to 1940 groundwater withdrawals increased to
about 1.25 mgd and from 1941 to 1950 Cederstrom estimated the pumpage
increased to about 6.91 mgd. With additional industrial well
construction, groundwater withdrawals averaged approximately
10.2 mgd from 1951-1960, further development of the well field
raised the total pumpage to an average of 15.5 mgd in 1972 and during
1975, Chesapeake Corporation reported withdrawals of 16.3 mgd, approxi-
mately 14.3 mgd of which is from the principal artesian system.

Muniéipa] and subdivision pumpage from the principaT artesian
system was an estimated 1.2 mgd fdr 1975. This pumpage includes the
Towns of West Point, Urbanna, Tappahannock and G]oucéster. There are

no exact records prior to 1970 relating to municipal and domestic

N withdrawal rates.

In summéry, industrial withdrawals account for 16.3 mgd of the
approximately 17.8 mgd withdrawals from the principal_aquifer‘in
vthe Middle Peninsula, Withdrawals from the upper artesian and
water-table aquifers account for about 2,2 mgd, .

Current groundwater withdrawal data is presented in Apbendix C,
Most of the wells in this.tabﬁ1ation are screened in the principal

artesian aquifer system. In addition to this listing, there are
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scattered domestic, agricultural and institutional supply wells .

throughout the Middle Peninsula,
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CHAPTER V
GROUNDWATER HYDROLOGY

First, the general hydrology of the major aquifers is presented.-
Then, water level declines and flow conditions in the principal

aquifer are discussed.

Yorktown Aquifer

The Yorktown aquifer located only in the eastern portion of the
Middle Peniﬁsu]a (see Plate 10a), is made up of one or more fine-grained
discontinuous sand bodies which may be as thick as 20 feet. In the
absence of a confining layer, this system is recharged directly from
the overlying Post-Miocene water-table aquifer. 'However, much of the
recharge to the system is probably derived from vertical.leakage
through the confining silts and ctays. This system in turn supplies
-recharge to the upper artesian aquifer system by vertical leakage
through the confining bed separating the two systems when a sufficient
pressure differential exists,

' Estimates of the transmissivity of various portions of the
‘major aquifer have been made from available specific capacity data
using the graphica1 method of Walton (1970) (Appendix A). Specific
.capacity values were corrected fpr partial penetration using the
graphical method based on the Kozeny formula (Johnson, 1972).

Based on specific cépacity data, estimated transmissivities of
only 500-1,000 gpd/ft can be expected for the Yorktown aquifer in

the area. The Tow transmissiyities may be accounted for by the fine-
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grained particle size and discontinuous nature of the aquifer .

(Appendix A). Only one area, Gwynn Island in Mathews County. shows a
higher transmissivity, 5,000 gpd/ft. Coarser grained sands encountered

on the Island account for the higher transmissivity.

Upper Artesian Aquifer

The upper artesian aquifer system is madg up of fairly homogenous
areally extensive sands. The sands are fine to medium grained,
moderately to poorly sorted 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 some areas,
especially in the western one-third of the Study Area, where this
system is directly recharged from the overlying water-table aquifers,
much of the recharge to the system proﬁably derived from vertical
Teakage through the confining silts and clays. This system in.turn ‘
supplies recharge to the principal aquifer éystem by vertical leakage
through the confining bed separating the two systems where a sufficient
pressure differential exists.

Since there is Tittle available hydrogeologic information, the
estimatésAof transmissivities in the upper aquifer systems were based
only on limited geologic 1ogs and specific capacities (Appendix A).
The highest estimated transmissivities were found in the central part
of the area; 3,000-12,000 gpd/ft in the Tappahannock area and 15,000 gpd/ft
in the West Point Area (Appendix A); Estimated trans-
missivities range from 1,000-5,000 gpd/ft in the western part to
1,000 gpd/ft in the eastern part of the area. The lower transmissivities

in the western and eastern zones may be due to the finer particle ‘
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size and more discontinuous nature of the upper artesian aquifer in

these areas.’

Principal Aquifer

The principal aquifer system of the Middle Peninsula consists
of Cretaceous fluvial and deltaic deposits and lower Paleocene
marine sands. Indivfdua] aquifers in the Cretaceous strata are thick,
discontinuous sand bodies interbedded with silf and clay, while the
Paleocene sands are thinner but more continuous. The confining beds
overlying the principa] aquifer system consist of clay, silt and
poorly sorted sand of the Mattaponi Formatioﬁ.

In Caroline County and the western parts of the King William, King
and'Queen, and Essex Counties, recharge to artesian aquifers occurs
near the outcrop area along the western edge of the Coastal Plain.

For the remainder of the area substantial recharge occurs “from

vertical leakage between adjacent aquifers through aquitards. The

rate of vertical flow is proportional to the difference in water levels
in aqjacent aquifers and effective vertical permeability.

With heavy pumpage and increasing pressure differentia]s,_leakage
can yield substantial quantities of water to pumped aquifers. In |
the West Point and Urbanna areas-water derived from vertical leakage
may be greater than that derived from lateral migration and thé small
amounts released from artesian storage.

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; I - hydraulic gradient, which in this.case, is
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the ratio of the head differential to the thickness of the confining .
layer; and A - areal extent of confining layer,

Laboratory permeameter tests of a core of a very low permeability
clay taken fromWell 118-49 (Charles City County) show an average
permeabi]ity 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 separated by a 70-foot thick con-
fining layer is 50 ft/70 ft or 0.71. For an area of one square mile, - L
the recharge deriVed from leakage through the confining bed would be:

Q = 0.0015 gpd/ft2 x 0,71 x (5.28 x 103 ft)?
Q = 0.0305 x 10°® gpd = 30,500 gpd

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 ofder of magnitude
can be expected. The head differential in the West Point area is
lower than normal because of heavy pumpage in both of the aquifers
separated by the confining bed.

In the western paft of the Middle Penihéu]a, transmissivities of
the principal aquifer system vary from 5,000 gallons per day per foot
(gpd/ft) to 6,000 gpd/ft and the central and eastern parts, transmissivities »
range from 10,000 gpd/ft to 110,000 gpd/ft (Plate 12). The highest transmiséivitﬁé
were found in the Urbanna area where 26,000, 80,000, 48,000, 110,000
and 50,000 gpd/ft were observed, The high degree of lateral variability
in the principal aquifer makes it difficult tobuse one transmissivity

value for an area (Brown and Cosner, 1974) as demonstrated by the

variability of transmissivities. .
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TRANSMISSIVITY VALUES
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The transmissivities of the Middle Peninsula agree with those
transmissivities determined on the York-James Peninsula (State Water
Control Board, 1973). Transmissivities determined from a pumping
test at Cape Peary in northern York County ranged from 22,000 to
85,000 gpd/ft. Transmissivities ranging from 3,000-40,000 gpd/ft
were estimated for the York-James Peninsula from specific capacity and
geoiogic data. These transmissivities are similar in range to those
found on the Middle Peninsula; 3,000 - 85,000 gpd/ft for the York-James
Peninsula and 6,000 - 110,000 gpd/ft in the Middle Peninsula. Because
of the similarity in transmissivities, the storage coefficient ranges
determined from the above pump test in York County of between
1.0 x 10-%4 and 1.9 x 104 may be used as an approximation of storage

coefficients for the Middle Peninsula.

Water Levels in the Prinicipal Aquifer

Selected data from groundwater resource studies by Sanford
(1913) and Cederstrom (1968) and subsequent investigation and study.
by the State Water Control Board, were used to prepake historical
potentiometric-surface maps of the Midd]e Peninsu]aﬂ(Platés 13 and
14). These surfaces are, of course, approximations of the conditions
for the time period indicated. .

The potentiometric surface of the Priﬁcipa] Aquifer Systém for
the year 1900 shows water levels and flow cqnditiqhs prior to any
subsequential groundwater withdrawals in the M{dd1e Peninsula
(Plate 14a). Flow was generally from west to east. An anomalous

depression found between West Point and Saluda may be a result of

thinning and/or permeability changes along the postulated hingeline
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zone near West Point (Brown, 1972). .

Between 1900 and 1950, industrial pumpage lowered water levels
and modified flow patterns in the principal aquifer system (Plate 14b).
In the 1940's the 6 mgd withdrawals by Chesapeake Corporation in West
Point caused an elliptical shaped cone of depression approximately
10 miles in radius to develop. Flow in the Middle Peninsula was
generally directed toward the center of this cone of depression.

Increased pumpage by Chesapeake Corporation from 1950 to 1975
and the pumpage from Barnhardt Farms beginning in 1962, caused further
water level declines and modification of flowpatterns in the Study
Area (Plate 14c). Chesapeake Corporation which increased its with-
drawals from about 6 mgd in 1950 to over ‘14 mgd in 1975, caused a

further expansjﬂn of the cone of depression. Currently, the cone

extends apprqximate]y 29 miles from the center Which is 120 feet
below mean sea level (MSL). A secondary cone of depression in the
Urbanna areé attributed to the seasonal pumpage of Barnhardt Farms
of over 1.2mgd tanbe readily oBserved. Both cones of depression extend
outside the Study Area boundaries. Thus, since about 1900, water levels
in fhé prihcipa] aquifer System have dec]iﬁed 70 to 100 feet in the .
West Point area and 60-90 feet in the Urbanna area.

Well hydrographs from four observation We]1s show recent water
level trends in the area (Plates 14c and 15). The Chesapeake Corporation
observation well in the center of the cone of déﬁression at West Point
shows a water level decline of 30 feet from 1967 to 1972 which is
attributed to the increasé in pumpage during the time period. From

1972-1975, water level declines were less which is probably due to a smaller ’
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WELL LOCATION MAP

BWCM Numbers

Caroline Co: 116
Essex Co: 128
Gloucester Co:, 136
King & Queen: 149
King William: 150
Mathew Co: 157
Middlesex Co: 159

® 25 SWCB Identified Well Site Locations
) Well Site Location Other Than SWCB ldentified
Qo Static Water Level Data Available

(] SWCB Observation Well

SCALE 1:250,000
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Source: Virginia State Water Contro! Board — TRO
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increase in pumpage by Chesapeake Corporation. ‘

The West Point Airport well, east of the center of the cone of_
depression at West Point, shows a fairly steady decline of about 30 feet
during 1967 to 1975 because the cone of depression has not yet
stabilized to the current pumpage, A similar trend of declining water
levels is attributed to the Chesapeake Corporation cone of depression
which has not yet reached equilibrium in the Walkerton well 25 miles
northwést of West Point; a steady decline of about 1.5 feet/year was
observed from 1972 to 1975,

Thé water level decline observed at the Urbanna well is a
result of the effects of the Chesapeake Corporation and Barnhardt
Farms cones of depression (Plate 15). From 1972 to 1975 water level

declines of seven feet were observed and attributed to these unstabilized

cones of depression.
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CHAPTER VI
GROUNDWATER QUALITY

Water Quality by Aquifer

Chemical quality data for groundwater of the major Middle Peninsula
aquifer has been compiled in Appendix B. This data consisfs of water
quality surveys conducted by bofh the State Water Control Board and
.other outside additional researchers. The chemical characteristics
of .groundwater by aquifer is discussed in this chapter. A more thorough
and regional discussion of the chemical character of groundwater in
the Coastal Plain of Virginia can be found in Cederstrom (1946).

Water-Table Aquifer. Groundwater from the Yorktown aquifer,

occurring in the eastern part of the Study Area, is of a moderately
hard cé]cium-bicarbonate type (Cederstrom, 1946). Hardneés ranges
from 80-250‘ppm with an average of 166 ppm. In many places it is
satisfactory for domestic use in spite of its hardness, but elsewhere
the presence of high iron makes it unsatisfactory. Complete softening
and iron removal are practiced where the water is used by commercial
laundries. Average values for major chemical parameters may be found
in Table 6 (see Append{x B for basic data). (

| Chloride content has a relationship to thé proximity of7brackish
‘surface watervbodies; The Yorktown aquifer was divided into eastern
and western zones according to chloride concentrations (Plate 16a).
In the western zone chlorides tend to be less than 25 ppm while

chlorides in the eastern zone are generally in the potable range (less
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than 250 ppm) except in localized areas immediately adjacent to

brackish surface water bodies. In such areas the groundwater is
influenced by or is in hydrologic connection with the saline surface
water bodies. |

The water-table aquifer in the central zone, a combination of
Miocene and Post-Miocene sediments, exhibits lower values in all
chemical parameters than does the Yorktown aquifér (Table 6) which are
accounted for by the lack of influence of brackish water bodies, the
~decrease in shell material responsible for hardness, and a decrease
in travel time through the aquifer.

Upper Artesian Aquifer. The upper artesian aquifer produces

water of a moderately hard-bicarbonate type, and all major chemical
parameter values are less than those of the water table aquifer

(Table 6). The upper artesian aquifer is suitable for potable use in

the major portion of the Study Areé but as one moves into eastern
G]oucester,'Midd1esex, and Mathews Counties, highly brackish groundwater

is encountered (Plates 4, 17, and 18). The water of the upper artesian

aquifer, as well as that of the principal artesian aquifer, becomes

quite high in chlorides and total disSo]vedvsoiids east of the 300 ppm

chloride isoconcentration line shown in Plate 16 and is generally s
not suitable;for potable use. .

Principal Aquifer System. The principal aquﬁfer system contains

soff sodium-bicarbonate type groundwater which has very low hardness
and moderate to high amounts of dissolved solids (Table 6). A
high ratio of total dissolved solids to hardness in this aquifer is

in contrast to a lower ratio for the same parameters in the upper
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TABLE 6

MEAN GROUNDWATER QUALITY DATA FOR THE MAJOR AQUIFERS

Aqui fer Depth Cl Hrd DS NO,  F Fe Mg Na- TDS/H
Eastern Zone
Water Table 78 93 166 473 1,1 A3 1.7 15.3 79 2.8
Upper Artesian 238 129 121 721 0.05 .17 0.15 6.3 110 6.0
Principal Artesian - 546 670 114 1950 1.5 1.7 23 5.0 590 17.1
Central Zone
Water Table 55 10 100 142 - 0.1 .3 1.8 2 1.4
Upper Artesian 214 3 79 230 4 0.4 .06 6.9 39 2.9
Principal Artesian 538 4 5.2 378 .21 1.9 11 .4 126 72.7
Western Zone (1)
‘ 7 31 215 .13 .42 .13 2.0 50 7.0

Principal Artesian 323

Mean quality values for each aquifer in the East, Central,

Study Area.in parts-per-million.

and Western sections of the

(1) Limited chemical data was available for the water table and upper artesian aquifers in the Western

Zones. . .

Saource: State Water Control Board



artesian aquifer (State Water Control Board, 1973). Fluoride concentra- ‘

tions are higher for the?principai aquifer in the eastern and central
. areas than they are in the water-table and upper artesian aquifers;
values range from about 1 to 2.6 with an average of 1.7 (Health
Department Interim Standards are approximately 1.4 ppm, based on
temperature correction). Fluoride concentrations may increase with
depth as indicated by a deep well in West Point which showed 4.1 ppm
fluoride at a depth of 1,275 feet.

Chloride concentration, negligible in the western and central part
- of the Study Area, increases steadily southeastwafd from Saluda and
West Point (Plate 16c). Concentrations greater than 400 ppm chloride,
found east of Gloucester, are géneraily too high for most potablie use.
The high chloride zone is found at about -1200 MSL in West Point and

increases in elevation steadily eastward (Plate 18). The top of the

high chloride zone has not been determined in the Urbanna.area by
test drilling but has been estimated as approximately -1200 feet
MSL (Plate 17).

Nature of High Chloride Zone

The high chloride zone iﬁ the artesian aquifers found in the eastern
portion of the Study Area was identified by Cederstrbm (1946). This
high chloride zone is not confined to the Middle Peninsu]é but extends
to the south on the York-James Peninsula anq Southeastern Virginia, and
to the east on the Virginia Eastern Shore. It is believed that the
salinity or high chlorides of the artesian aquifer of the Virginia
Coastal Plain is due to the incomplete flushing of these aquifers

since they were last saturated with sea water.
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The historic chloride data further illustrates that the high
chloride zone is a naturally occurring phenomena. The phenomena
has been recorded since only 1906. but has probably existed as such
before recorded history in the geologic past. Chloride records for
a particular town or area have been relatively consistent from 1900
to 1975, considering that the high chloride zone is variable,
and that not all samples compared were from the same well or even the
same town (Table 7). Areas exhibiting high conéentrations of chlorides
(areas A, B, and H in Table 7). as well as those less concentrated
in chloride (areas ¢, D, E, F, and G), show fairly consistent chloride
observations for the period of record.

It is important to determine whether there has been or wi]T be
Tateral or vertical migration of the high chloride zone in response to
pumping. The two major groundwater withdrawals on the Middle Peninsula
are located within the low chloride zone near West Point and Urbanna.
The major withdrawer is Chesapeake Corporation in West Point about
12 miles from the lateral 250 ppm ch]oride interface in the upper part
of the principal aquifer (Figures‘16t ahd 18). Vertically the 250 ppm
chloride 1nterface at West Point has been encountered at about -1200 feet
MSL. The other major groundwater withdrawer is Barnhdardt Farms, in
the Urbanna area, about six miles from the 1atera1'250 ppm chloride
ihterface, the exact depfh to the ver;ica] 250 ppm interface fn the
Barnhardt we11»fie1d has not been exactly determined, but an approximation
based on adjacent wells is -1200 feet MSL. |

The heaviest withdrawals began in recent years:k over 16 mgd for

Chesapeake Corporation annually and over 1.2 mgd for Barnhardt Farms.
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TABLE 7

HISTORIC TRENDS OF CHLORIDES IN THE EASTERN ZONE
OF THE ARTESIAN AQUIFERS

Total :
Depth Chloride
Location ‘ Date (ft-LSD) (ppm)
Gloucester County
A, Achilles Area
1. Union Baptist Church* 1906 450 1500
1918 1540
2. Bena-Theodore Pratt 1969 440 1110
#136-50 1972 : 1100
1975 870.
B. Naxera and Secern
1. A. M, Withers* 1941 716 1700
2. J. M, Shakelford* 1906 575 2500
1941 2600
C. Gloucester Point Hotel* 1906 694 410
1918 424
1941 432
D. Gloucester Courthouse
1. Town 136-1 : 1958 701 303
1975 272
2, Town 136-27 1941 810 345
1975 333
E. Clay Bank
1. #36*%* 1950 460 . 476
2. #34%* 1950 610 412
3. N. C, Israel 1975 440 420
F. Allmondsville-Capahosic Area
1. W. R. Seward* , 1906 270 106 .
: 1941 270 69
2. Gloucester A&I School 1918 395 54
Capahosic 1941 53
Mathews County -
G. North* 1918 460 550
1941 552
Middiesex County
H. Deltaville-Amburg
1. Amburg* 1918 822 . 1820

2. Stove Point Test Well 1964 650 1848

'*From Cederstrom, 1943,
**From Cederstrom, 1968.

Source: State Water Control Board
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Changes in chloride concentrations from the 1940's to 1975 have been
investigated in order to determine chloride movement due to recent
heavy pumping by Chesapeake Corporation and Barnhardt Farms. Iso-
concentration maps depicting the chloride concentrations at depths
300-800 feet below thei1and surface were constructed for the periods
1945-1950 and 1975 (Plates 16b and c). No substantial changes were

. observed. An important deep well control point of the 250 ppm chloride
lines was the Town of Gloucester, which has shown relatively constant
chloride concentrations from 1945-1975; probably no substantial movement
of the 250 ppm chloride lines has occurred since 1945 in the vicinity
of the Town of Gloucester.

Lack of deep well control southwest of Gloucester in 1975 and
northwest of Gloucester in 1945-1950 make it impossible to determine
whether or not the 10-360 ppm chloride Tines have moved closer from
1945-1975 to the pumping centers into these areas. No vertical
saltwater movement has been observed in the well fields, which would
be detected by increases in chlorides in the well fields. Recommendations
to monitor the freshwater-saltwater interface in order to detect

future chloride'movement are made in Chapter VIII.

Groundwater Contamination

The majofity of the groundwater harameters sampled are uséfq1
for determining natural groundwater quafity problems such as hafdness,
high iron and manganese, total dissolved solids, and chlorides, and
for making various hydrologic analysis. Nitrate, total organic carbon
and chloride in the absence of naturally occurring high chloride

concentrations in the groundwater are the most useful parameters
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for indicating certain types of groundwater contamination. Based on .
1imited daté, no groundwater contamination was indicated by the ébove
parameters (Appendix B).
To accurately analyze the groundwater contamination or contamination
potential, chemical monitoring of the most hazardous wastes should
be initiated first. This would mean constructing monitoring wells
and ana]&zing the groundwater for the hazardous waste to determine
boundaries of contaminant movement. Priority of the study should
be givén to the hydrologically most susceptible areas (Plate 19).
After a substantial number of disposal areas are monitored, the

contamination potential and disposal criteria for the area may be derived.
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ZONES OF HAZARD
WITH RESPECT TO WASTE DISPOSAL

7 «=  Fall Line

m A. Only Potable aquifer is close to the surface,
high water table conditions.
B.  Areas of considerable vertical leakage into
the principal and upper artesian aquifers at the
N centers of the major cones of depression
/ C. ' Recharge area for the upper and principal
artesian aquifers

SCALE 1:250,000
5 0 : 10 MILES

!

5 0 10 KILOMETERS

Source: Virginia State Water Control Board — TRO
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CHAPTER VII
GROUNDWATER AVAILABILITY

The availability of groundwater in the Middle Peninsula and
hydrogeologic or hydrologic variables which 1imit or potentially
Timit groundwater availability in the area will be discussed in this
;hapter. Variables include highly mineralized groundwater zones, poor
aquifer.characteristics,‘water level declines, interference between
groundwater users, potential movement of the mineralized zone, and

groundwater contamination.

Limitations

Highly Mineralized Zone. The high mineral content of groundwater

in the eastern part of the Middle Peninsula limits the use of this
groundwater (see Chapter VI). East of the Town of Gloucester the
principal and upper artesian aquifers contain greater than 250-300 ppm
ch1oridé which is generally unsuitable for most potable use (Plate 20).
Minera]ized.groundwater in large quantities may be used for non-potable
functions such as Coo]ing and industrial use; Colonial Wi11iémsburg
and Dow Badische to the south on the York-James Peninsu]a use mineralized
groundwater for éuch purposes. ~ This water may be cdrrosive when hot,
o as bpéérved-in Yorktown by Cederstrom (1957).

: The Yorktown aquifer, the most important aquifer in the mineralized
zone, 1is generally suitable for potable use. However, highly brackish
groundwater has been found adjacent to brackish surface water bodies,

especially on narrow peninsulas (Plate 16a).
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Poor Aquifer Characteristics. The portion of the Yorktown aquifer .
found in the eastern part of the Peninsula, is considered rather poor
(see Chapter IV;. In other areas such as the City of Virginia Beach
and the Virginia Eastern Shore (State Water Control Board, 1975), the
Yorktown aquifer is a productive aquifer with yields of 100 gpm
common. On the Middle Peninsula, howéver, yields of only 25-30 gpm
can be expected from large diameter wells and specific capacities are
low, usually one or less (Plate 10a). As a result of the low yield
capabilities of the Yorktown, a moderate size well field can be _
expected to yield only 200 gpm, As an example, the Town of Gloucester.
Point needs an additional 700 gpm water supply by the year 2000;

A detailed water supply study on Gloucester Point recently concluded
that the demand can be met with multiple well systems at a number

of sites rather than one well system or well field (the Ranney Company,

1976). For larger systems, those comparable Gloucester Point, or
smaller systems, test drilling is recommended prior to well development
to guarantee an adequate water supply.

Water Level Declines. Significant cones of depression associated

with major water withdfawals have been observed in the central and

- eastern part of the Study Area. The two major cones of depression
have not yet stabi]i;ed, but probably will when water withdrawals

from the industries invoived stabilize (Plates 14 and 15). Water
1éVe1s in the principal aquifer system at the center of the Chesapeéke
Corporation cone of depression afe currently about -120 MSL or abqut
180 feet above the top of the principal aquifer. The water level at

the center of the Barnhardt Farms cone is about -70 MSL, or about
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Source: Virginia State Water Control Board — TRO

GROUNDWATER ZONES AND POTENTIAL FOR FURTHER DEVELOPMENT

A —2Zone A

For definition of Zones
See table 8

Potential For Further Groundwater Development

J Good to
// Excellent
]

Poor

SCALE 1:250,000

5 0 10 MILES
1Hjll|.ll.ln_

5 0 10 KILOMETERS

L1
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300 feet above the top of the principal aquifer (Plate 20), Water
levels should be prevented from dropping below the top of the aquifer
to prevent serious damage to the aquifer from dewatering.

Water Well Interference. No significant interference between

groundwater users has been reported in the Middle Peninsula. It is
probable, however, that some interference problems have been encountered
by smaller groundwater users in the centers of the cones of depression
of Chesapeake Corporation and Barnhardt Farms.

Movement of the Highly Mineralized Zone. Chloride data in the

eastern part of the Study Area shows that chloride movement from the
Town of Gloucester westward to the pumping centers in West Point and
Urbanna has not taken place (Plates 16b, c¢). Lack of deep well control
north or south of tHe Town of Gloucester makes it impossible to deter-
_ mine at the present time whether chloride movement is occurring from
- these areas toward the pumping Centers. Observation well iocations
to adequafe1y detect future.chloride movement are discussed later
in the chapter. | _

- Cederstrom (1946) recommended that large well installations in
the low chloride zone intended'to continuods]y withdraw a million
gallons or more of water should be located at least five or more miles
from the leading edge of the high cloride zone;v The’author recommends
that a buffer zone pe maintained in the Study Area to prevent migration
of theuhigh chloride waters. Smé]]ér pumpageé in the neighborhood
of .2 to .5 mgd are safe in the buffer zone as long as these withdrawals
are not congregated in a small area fo cause a significant cone of

depression to develop.
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8L

Zone .
(see Pilate 20)

TABLE 8

ESTIMATED GROUNDWATER AVAILABILITY

Characteristics of Zone

A

Yorktown aquifer has a
low yield potential.
Principal and upper
artesian aqufers not

. suitable for potable use.

Buffer zone between pumping
centers and high chloride
zone. .

High water level declines.
Currently pumpage is

16.3 mgd .in West Point
and 2 mgd in Urbanna

Moderate water level
declines.

Slight to no water level
declines.

Moderate yield character-
istics in principal and
upper artesian aquifers.

Estimated Availability Per Estimated Ground Water
Well or Hell Field Site . Availability in Zone
(mgd) (mgd)

.2 mgd from a well field 2-5 mgd

in the Yorktown aquifer

and Columbia Group.

.2 mqd from principal and 2-5 mgd

upper artesian aquifers.

Limited availability from 19-22 mgd {includes cur-

upper artesian and principal
aquifers due to risk of
dewatering aquifers.

.2 in upper or principal
aquifer.

Variable depending on local
capabilities of principal
artesian aquifer, no more than
2 mgd per well field in the
principal aquifer. Cones of
depression should not overlap.
.2 per well field in the upper
artesian.

rent groundwater use
of 18.3 maqd)

2-5 mgd

5-15 mgd

.2 mgd in the principal 2-5 mgd {bedrock aquifers
aquifer. not considered).

Source:

State Water Control Board

TOTAL AVAILABILITY-

32-57 mqd



Groundwater Contamination. No detectable groundwater contamination

was observed for the limited number of wells which were randomly

sampled. Chemical monitorihg wells at the major waste disposal

site are needed, however, to determine the extent of possible ground-
water contamination and to recommend preventive measures. After a number
of sites have been sampled, adequate criteria for waste disposal in

the area may be established and hydrologically susceptible areas should

be given priority (Plate 19).

Availability

Groundwater availability on the Middle Peninsula was estimated

on current knowIedge of aquifer capabilities (Chapter III)‘and
»Iimitations characteristic of each zone (Plate 20 and Table 8) as
discussed in the previous section of this chapter. Based on those
characteristics, the Sthy Area was then divided into six zones

of groundwater availability (Plate 20 and Table 8). More refined
estimates of groundwater availability will be possible as fufther
groundwater research 1s conducted and groundwater models are deve]oped
as discussed in Chapter VIII

Estimates of groundwater availability in zones B, D, E, and F

-were made by evenly distributing theoretical pumpages with the associated
cone of depression in each zone so that little or no overlap of the
cones occurs. Availability inAZone A was projected from the aquifer
characteristics and estimated ava11ab1]1ty from a recent water supply
study in Gloucester Point area, a segment of Zone A. For Zone C,
availability was estimated as approximately equal to current pumpage,

In kegard to availability in Zones B, C, and D, it was assumed that
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movement of the high chloride zone will not be detected or associated ‘
with the current pumpage in Zone C. It was also assumed in estimating
availability in Zones, B, C, and D that current water level declines
associated with pumpage in Zone C will stabilize when the pumpage is
held constant.

Zone A. This zone is characterized by the unsuitability of the
principal and upper artesian aquifers for potable use and poor aquifer
characteristics in the Yorktown aquifer, as described earlier in the
chapter. Because of the Tow available yields from the Yorktown aquifer,
a moderately sized well field can be expected to yield 200 gpm.
Currently, small systems including domestic, institutional and
small subdivisional systems, are most common. .The only larger system

currently considered is located in the Gloucester Point Sanitary District.

Since the specific capacities'and yields from the Yorktown, Zone A,
are fairly uniform, the'avai1ability of about .4-1 mgd (Thé Ranney
Company, 1976) in the Gloucester Point area was multiplied by
five to get an approximate figure of 2-5 mgd for groundwater avai]abiiify
in Zone A. It is assumed that pumpage will be djstribqted,throughout
the zone and there will not be concentrated withdrawals in;any one area.

Zone B. This is the buffer zone adjacent to the high‘ch1or1de
Zone A. In order to prevent hovémént of high chloride waters from v -
Zone A fnto Zone B, only 1imited.w1thdrawals with small cones of
depression are considered safe in this buffer zone. Withdrawals
of about .2 mgd from the -principal or upper artesian aguifer are
considered safe as long as these withdrawals are distributed throughout

the zone so that the cones of depression associated with these withdrawals ‘
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do not overlap. If these cones of depression from .2 mgd pumpage are
distributed evenly in Zone B, without overTapping, it is estimated
"that about 2-5 mgd is available from the zone. The chlorides in this
zone will range from 50 to 200 ppm.

Zone C. Zone C, the area of high water level declines in the
principal aquifer, is associated with the central portions of the two
major cones of depression in the area (Plate 20 and Table 8). Water
levels in this zone are -70 feet MSL or less, with water 1evels’of
-120 feet MSL reported at the center of the cone associated with
Chesapeake Corporation in West Point. Essentially only a small
increase in groundwater withdrawals, currently 18.3 mgd, is recommended
in order to prevent the dewatering of the principal artesian. aquifer.
Dewatering would occur if the water level falls below the top of the
principal aquifer. Allowing for a slight .7-3.7 mgd increase to
satisfy industrial and municipal needs, groundwater avai]abi]ity'
of 19-22 mgd was estimated.

* Zone D. This zdne is an area of relatively moderate water level
dec11ne in the principal artesian aqu1fer associated with pumpages of
Chesapeake Corporat1on in West Point and Barnhardt Farms in Urbanna
Water Tevels range from -40 to -70 feet MSL in Zone D. Smaller
withdrawals of approximately .2 mgd would not cause major water level
dec]ihes provided these withdrawals are not concentrated in any area.
It is estimated that about 2-5 mgd is available safely from these
prober]y spaced small withdrawals with the principal or upper artesian
aquifers (Plate 20 and Table 8).

Zone E. In Zone E, principal artesian aquifer water level
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.declines associated with Chesapeake Corporation or Barnhardt Farms
pumpages are either insignificant or non-existent. The groundwater
resources in this zone have been virtually untapped. No more than 2 mgd
withdrawals per well field is recommended from the principal aquifer
with adequate spacing between well fie]ds.to prevent the respective
cones of depression from overlapping (Plate 20). In the upper artesian
- aquifer approximately .2 mgd per well field is available if wells are
adequately spaced from other withdrawals. The total évai]abi]ity

for Zone E is approximately 5-15 mgd.

Zone F. The principal and upper artesian aquifers of Zone F,
located along the western margin of the coastal plain, are not as
productive as the zones to the east. Bedrock aquifers are productive
in Zone F but these aquifers were not studied extensively enough to
make estimates of availability. Approximately .2 mgd is available
per well field in the pfincipa] aquifer. Approximate grouhdwater
availability from the coastal p]ain‘aquifers in Zone F is 2-5 mgd.

It is estimated that approximately 32-57 mgd of groundwater is
available in the Middle Peninsu]a from the coastal plain aquifers.
About 20 mgd of groundwater is currently being used fn-thé Midﬂ]e
Peninsula which means that 35 pekcent to 62 percent of the estimated

available groundwater is currently being utilized.
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CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The Yorktown aquifer system, which occurs in the eastern portion
of .the Middle Peninsula, is a relatively reliable source of potable
water although local problems of high chlorides, hardness and iron
may affect usefulness. Aquifer thickness, permeability and lateral
variability preclude development of high-yield or moderate-yield
wells or well fields in this aquifer, but this system has a potential
to be deve]opedkfor domestic, institutional, and light municipal use.
The Yorktown aquifer is important in eastern Gloucester, eastern
Middlesex, and Mathews Counties where it is virtually the only potable
aqgifer available. To secure an adequate supply, test drii]ing is
essential prior to aquifer development because of variability in aquifer
characteristics and water quality in the Yorktown aquifer.

The upper artesian aquifer system, found throughout mﬁch of the
Middle Peninsula, is a reliable source of good quality groundwater.
Aquifer thickness and hydraulic conductfvity of the aquifer preclude
development of high-yield wells or well fields in most places but
the fairly shallow occurrehce of the aquifer and the good quality of
its groundwatef make the ﬁpﬁer’aquifer system an excellent source of
domestic groundwater supply. In eastern Gloucester, eastern Middlesex
and Mathews Counties, however, it is unsuitable for potable use

because of high chloride content. This system has sufficient aquifer
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potential for institutional, agricultural, light municipal and ‘

possibly light industrial uses. Groundwater from this system can be
used as a supplement to a groundwater supply in the principal aquifer
system, especially if the water from the principal aquifer is of
undesirable quality.

The principal aquifer system is found throughout the entire
Middle Peninsula and has a high yield potential. As was previously
discussed, a high chloride wedge is found within the principal
artesian aquifer in the eastern portion of the Study Area. The depth
of the high chloride wedge increases. westward with the wedge depth
about -1200 feet MSL in West Point. Throughout most of its extent,
the pfincipa] aquifer is capable of supplying high-yield wells or

well fields, though some locations are more favorable than others.

Development of the principal aquifer system at West Point and
east of Urbanna has caused a lowering of water level in thé system,
with a maximum decline of about 140 feet at West Point. Current
water level trends show a continuing water level decline as a result
of increased pumpage in West Point and Urbanna.  water Tevels will
probably stabilize, however, when bumpages in the West Point and
Urbanna areas are kept re]ativély constant.

The high chloride groundwater zone within the artesian aquifers
in the eastern pért of the Study Area is of natural origin. Adequate
deep-well contrd]‘in'the Town Of Gloucester area indicates that movement
of the high chloride zone western boundary toward the major pumping
centers has not occurred in this area during the last 30 years. Lack

of deep well control north and‘south of Gloucester at the present time
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make it impossible to assess whether the high chloride zone has
moved toward the pumping centers in these areas.

The major variables limiting groundwater supply in the area
include the presence and potential movement of the highly mineralized
zone in the eastern part of the Study Area, the water bearing character-
istics of the major aquifers, and major water level declines in
the principal aquifer aasociated with major water withdrawals. The
most promising area for future groundwater development is the west-
central part of the Study Area (Zone E) where the principal and upper

artesian aquifers have been only slightly developed.

Recommendations

During this study, various groundwater resources of the Middle
Peninsula were examined using existing wells as sampling or geologic
control points. In the process of analyzina available data, it was
discovered that several data control points, which could not be obtained
from existing wells, wefe lacking. The need for groundwater research
stations is outlined below for the three groundwater avéi]abi]ity‘
zones.

Zone A. The general capabilities of ihe Yorktown aquifer in Zone A
are known but shallow reseafch drilling is needed to'determfne the
best areas within Zone A for further development. Current]y,Atest
drilling in the G}chester Point area, in connection with a water-supp]y
study for the loucester Point Sanitary District. is being conducted (The Ranney
Company, 1976). Research stations further north in Zone A are needed
to determine the host promising areas for further development. Three

possible areas for research stations are shown by hole numbers 4, 5,
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and 6 in Plate 21. Exact station sites can be selected by conference
with local drillers based on coarsest strata, Pump tests should be
conducted at the most promising research station. Auger drilling
should supplement research station data. A map delineating the most
promising areas for groundwater development should be drawn as a
result of this study.

Zone B. In Zone B, the boundary between highréh]oride~groundwatef
&250 ppm chloride), and lower chioride groundwater in the principal
and upper artesian aquifers is encountered. Currently there is lack
of historic chloride data from deep wells along the outer boundary -of
the chloride zone (see Chapter VI). Since there are no existing deep
wells located north or south of Gloucester, two deep research stations
to monitof chloride movement are recommended north and south of Gloucester:
(wells 1 and 2 in Plate 21). These two stations, the Town of Gloucester
deep well and otﬁer deep or intermediate wells should be gamp]ed on
a quarterly basis in order to detect any movement of the high chloride
zone toward the pumping centers. Continuous monitoring of chlorides -
in these areas will faci]itaté‘ear1y detection of the high chloride
zone. |

Zone E. :51nCe there is a 1a§k of data on the capabilities of the
lower part of'the principal aquifer_in Zone E (Plates 5 and 7),
cbnstrudtion of three groundwater research stations down to the basement
comp]ex'is recommended to establish the capabilities of the'principal
aquifer (Plate 21). The most favorable sites for further development

in Zone E may be determined from the results of these statifons.
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MONITORING SYSTEM

Present Monitoring System

X

Existing Observation Wells
Potable Water Supply Weils

a

Recommended Monitoring System

O Chioride Monitoring in Principal Artesian Aquifer
A To Determine Capability of Yorktown Aquifer

A To Determine Capability of Principal Artesian Aquifer

SCALE 1:250,000
8 0 10 MILES

-
o

5 0 10 KILOMETERS

i

Source: Virginia State Water Control Board — TRO
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Water Level Monitoring

More extensive areawide coverage is needed in the current water
level monitoring network of the Middle Peninsula principal aguifer
system to assess future water level decline problems. The recommended
research stations, numbers 1, 2, 3, 7, and 8, can be used as part of
the water level monitoring system for the principal aquifer in addition
to their primary function (Plate 21). These stations will be located
in control areas to determine water level declines associated with
the current major water withdrawals atWest Point and Urbanna.

In addition, the stations completed in the Yorktown aquifer,

Zone A, may be used as an initial water level monitoring network for
the Yorktown aquifer.~ Station number 4 may be located close to the
planned groundwater withdrawal of Gloucester Point to monitor water
tevel declines associated with this withdrawal. The other two stations
may be located close to areas of projected growth so that wafer level

declines may be observed from these areas of development.

Water Quality Monitoring

Collection of water quality baékground data should continue so
that changes in quality may be detected. Although disposal site
monitoring data in the Study Area is currently non-existent. future
' disposal site monitoring data is needed to protect the major aquifer
and to provide a scientific criteria for'disposal‘of wastes. Priority
of study should be given to disposal sites containing the most hazardous
«wastes located in thé hydrologically most susceptible areas (Plate 19).
Existing data and data obtained from the proposed groundwater

research stations may be used to construct a computer model to predict
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water level declines and to assess groundwater availability. A ‘
comprehensive and continuous program of data collection and research is

necessary for model verification and update.
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APPENDIX A
WELL AND AQUIFER CHARACTERISTICS

Well data was obtained from State Water Control Board files,
Well Completion Reports, and personal communication with drillers.
Corrected specific capacitﬁes were found, when possible. using the
graphical approximation method in Johnson (1972). Transmissivities
were estimated from specific capacity or corrected specific capacity
data using the graphica]vmethod in Walton (1970).

Also included in Appendix A are county well location maps for
wells used in this report. Numbers used are State Water Control
Board numbers except where indicated otherwise. Well symbols
indicates relative depth, well ownership, and whether static water

level data is available as described in the legend.
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TABLE A-1
CAROLINE COUNTY

| Corrected Duration

- | : " _ Test Specific - Specific of Pump Approximate
SWCB Screen _ Diameter Yield Drawdown Capacity Capacity Tests  Transmissivity
Number __ Owner Depth Aquifer (in.)  (gpm) _ (ft.)  (gpm/ft) (gpm/ft) _ (hr.) (gpn/ft)

12 Camp A. P. Hill 492-507 Principal 6 76 50. 1.54 3.08 120 6000
Building 1501

22 Camp A. P. Hill 460-470 Principal 6 33 18 1.83 2.66 48 5500
Ammunitions 480-490
Storage Area

29 Bowling Green 376-396 Principal 4 25. 30 .80 2.40 6 5000
Jail C : ,

77 Milford 267-292 ‘Upper. 3 80 67 1.19 24 5000
Sanitary Artesian
District 2

oL-v
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TABLE A-2

ESSEX COUNTY

Corrected Duration

_ Test Specific Specific  of Pump >coxoxﬂs@ﬁw

SWCB Screen Diameter Yield Drawdown Capacity Capacity Tests  Transmissivity

Number Owner Depth  Aquifer (in.) (gpm)  (ft.) (gpm/ft) (gpm/ft) (hr.) (gpm/ft)

1 Town of 513-528 Principal 10 200 28 7.14 17.8 10 45,000
Tappahannock : (10 hr) :

3 Daw Theatre ~ 383-403 Principal 6 60 25 2.40 7.2 41 15,000
Cooperation (4 hr)
Tappahannock

5 William Ware 195-215  (pper 3 20 11 1.81 24 3,000
Tappahannock Artesian (24 hr) :

6 W. C. Brooks 250-270 Upper 2 6 10 .60 15 900
Tappahannock _Artesian (15 hr)

18 Riverdale Sub. 215-230 Upper 4 50 8 6.25 , 10 12,000
Tappahannock 265-275 Artesian

19 Riverdale Sub.  185-215 Upper 3 30 6 5.00 11 8,000
Tappahannock ~ Artesian

20 Wilson Acres 412-433 Principal 2 50 20 2.50 7.5 6 15,500
Tappahannock

21 Marvin Clark 413-433 Principal 2 50 20 2.50 7.5 6 15,500
Tappahannock

30 Clopton Brays 417-437 Principal 6 100 51 1.96 - 5.88 2 - 10,500
Fork .

32 Person Wells 480 + - Principal 4 10 3 3.33 9.99 25 21,000

Project Centercross
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TABLE A-3

GLOUCESTER COUNTY

Corrected Duration ,
Test Specific Specific of Pump Approximate
SWCB . Screen Diameter Yield Drawdown Capacity Capacity Tests  Transmissivity
Number Owner Depth  Agquifer (in.) (gpm)  (ft.) (gpm/ft) (gpm/ft) (hr.) (gpm/ft)
/ Chandler Bates 129-140 Yorktown 4 5 107 .09 12 500
Selden
8 H. W. Baruch 115-125 Yorktown 5 21 22 .95 5 1000

10 Virginia 64-74  Yorktown 6 2 31 .07 8 500
Institute of
Marine Science

12 Virginia " 54-64  Yorktown 6 10 16 .53 17 600
Institute of s
Marine Science

20 Theodore Pratt  395-420 Principal 5 48 107 .76 7.6 11 16,000
Bena

24 Gloucester 60-84 ° Pleistocene, 6 6.4 64 .12 8 500
Sanitary District Yorktown
#2, Gloucester
Point

26 Gloucester 52-58  Pleistocene 6 6 60 17 24 500
Sanitary District 71-77 © Yorktown
-#2, Gloucester 82-90
Point

27 Town of 776-806 Principal 4 85 ‘149 .57 5.7 4 10,000
Gloucester

‘ ’
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TABLE A-3 (Continued)
GLOUCESTER COUNTY

Corrected Duration

SWCB ] Test Specific Specific of Pump Approximate
ot Screen . cdwsmﬁmx_ Yield Drawdown Capacity Capacity Tests  Transmissivity
umber Owner Depth  Aquifer (in.) (gpm)  (ft.) (gpm/ft) (gpm/ft) (hr.) (gpm/ft)
29 H. A. Gray 46-56 Pleistocene 5 6 64 .09 4 500
Gloucester Point 89-99  Yorktown

30 M. D. Nannally 255-266 Upper 5 | 15 104 .14 8 500
Capahosic . >1amm¢mﬂ

32 Maurice Motiey - 95-116 Yorktown 4 8 52 .15 4 500
Gloucester 116-122
Point

33 Rappahannock 496-506 Principal 4 140 9 15.55 9 37,000

College 538-548
South of 582-592
Saluda
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TABLE A-5

KING WILLIAM COUNTY

Corrected Duration

Test Specific Specific of Pump Approximate
SWCB Screen Diameter Yield Drawdown Capacity Capacity Tests Transmissivity
Number Owner Depth = Aquifer (in.) (gpm) (ft.) (gpm/ft) (gpm/ft) (hr.) (gpm/ft)
1 Chesapeake Corp. zones Principal 8 | 708 155 6.00 18 24 29,000
within :
1051-1277
2 Chesapeake nosv..No:mm Principal 10 1800 71 25.35 24 45,000
within .
340-705
4 Chesapeake Corp. zones Principal 8 1496 247 8.08 10 19,000
from
350-750
5 Chespeake Corp. zones Principal 10 1800 46 39.13 24 80,000
within
316-701
6 Chesapeake Corp. zones Upper 8 600 160 4.61 8 7,500
23rd Street from Artesian
204-628 Principal
11 Chesapeake Corp. 141-163 Upper 8 275 57 7.63 unknown 15,000
Artesian
12 Bleak Hill Farms 288-305 .Upper 6 12 190 .18 6 500
Etna Mills Artesian
13 Bleak Hill Farms 183-200 Upper 6 ua 156 .35 16 500
Etna Mills Artesian
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TABLE A-5 (Continued)
" KING WILLIAM COUNTY

Corrected Duration

. Test Specific Specific of Pump Approximate
SWCB Screen Diameter Yield Drawdown Capacity Capacity Tests  Transmissivity
Number Owner _Depth  Aquifer  (in.) (gpm)  (ft.) (gpm/ft) (gpm/ft) (hr.) (gpm/ft)
17 Chesapeake Corp. 139-164 Upper 8 352 69 6.14 unknown 15,000
>xﬂmmﬂm:
19 Chesapeake Corp. within Principal 4 82 112 2.48 4.88 6
Plant 400-851
Observation
Well
23 Virginia State 417-437 Principal 4 25 40 .62 6.2 7 15,000
Police
West Point
24 W. T. Smithdeal 106-116 Upper 6 25 80 .62 12 500
Hanover Courthouse >xﬁmmﬂm:
28 Marle Hill Sub. 246-266 Upper 6 100 24 4.16 12.48 24 26,000
358-378 Artesian
Principal
29 Venter Heights  250-260 Upper 6 150 42 3.57 10.71 24 24,000
Subdivision 388-408 Artesian
Central Garage Principal
34 (Cederstrom, 575 + D Principal 6 18 7 2.5 4.5 unknown 9,000
1957) :
Cahoke
38 (Cederstrom, 538 Principal 3 40 7 5.8 12.4 unknown 26900
1975)

Lester Manor

' _.
’



TABLE A-6

MATHEWS COUNTY
Corrected Duration

Test Specific Specific of Pump >wusomdsmﬁw
SWCB Screen ~ Diameter Yield Drawdown Capacity Capacity Tests  Transmissivity
Number Owner Depth  Aquifer (in.) (gpm)' (ft.) (gpm/ft) (gpm/ft) . (hr.) (gpm/ft)
6 Joseph G. Mullin 106-115 Yorktown 4 22 104 .29 "~ unknown 900
Cobbs Creek
9 U.S. Army 142-158 Yorktown 6 25 85 .30 . 9 900
New Point o
Comfort
10 U.S. Army 148-169 Yorktown 6 . 30 72 .48 20 900
, New Point .
Comfort ,
11 U.S. Army , 149-159 Yorktown 6 26 81 .33 15 900
New Point m : _
Comfort o
13 U.S. Coast ~ 105-125 Yorktown = 6 200 © 49 4.08 2 5,000

Guard
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TABLE A-7

MIDDLESEX COUNTY

Corrected Duration
. Test Specific Specific of Pump  Approximate
SWCB Screen . Diameter Yield Drawdown Capacity Capacity Tests  Transmissivity
Number Owner Depth  Aquifer (in.) (gpm)  (ft.) (gpm/ft) (gpm/ft)  (hr.) (gpm/ft)
2 Barnhardt Farms 472-494 Principal 10 857 112 7.65 12.4 7 26,000
Ins. #1 508-515
584-594
4 Barnhardt Farms 514-529 Principal 8 1100 50 22 36.0 18 80,000
#2A 533-543
.. 549-559
- 592-603
- 678-693
703-708
10 Barnhardt Farms +460-480 Principal = 8 752 " 60 12.5° 20.80 8 48,000
#3 572-582 _ ’
606-616
623-648
32 Barnhardt Farms screen Principal 8 1200 26 46.15 76.9 24 110,000
#4 in
507-725
9 Town of Urbanna  470-485 Principal 6 430 70 14.33 23.9 24 50,000
562-567 .
575-595
11 Christchurch 562-567 vxw:nmvm_ 4 162 22 7.37 12.3 24 26,000
School 619-624 -

683-733
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TABLE A-7 (Continued)
MIDDLESEX COUNTY

Corrected Duration

- Test Specific Specific of Pump  Approximate
SWCB Screen Diameter Yield Drawdown Capacity Capacity Tests Transmissivity
Number Owner Depth  Aquifer = (in.) - (gpm) (ft.) (gpm/ft) (gpm/ft) (hr.) (gpm/ft)
18 Ed Anderson . 79-99 Yorktown 4 9 28 32 . 6 900
Bushy Park Farm
13 Stove Point 432-452 Principal . 20 10 17 1.2 12.0 9 24,000

628-650



APPENDIX B

GROUNDWATER QUALITY DATA

Table B-1 contains chemical quality data on the groundwater in

the Middle Peninsula.

Well numbers in Table B-1 can be cross-referencad

to Appendix A and Plate 13 to determine the location from which quality

The data listed in Appendix B include:

samplies were taken.

State Water Control Board Number
Owner and/or Location of the Well

Date Sampled

Depth of Well

Screen Depths in well
Number (DWR No.)

The date the water sample was taken
The following chemical constituents in milligrams per liter (mg/1):

Iron (Fe)

Calcium (Ca)
Magnesium (Mg)
Copper (Cu)

Lead (Pb)
Manganese (Mn)
Sodium (Na)
Potasium (K)
Bicarbonate (HCO3j
Alkalinity
Sulfate (SOg)
Fluoride (F)
Chloride (C1)
Nitrate (N03)
Total Hardneéss

Ca, Mg Hardness
Total Solids
Volatile/Fixed Solids
Dissolved Solids
Specific Conductivity
pH

TOC

Silica (5102)

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

taken by the State Water Control Board and by other governmental agencies.

B-1
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B TABLE B-1

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

) T T o >
- q e Metals
. = ~ .m
¢ 5 8 & v | %
. < Kol 4 [ g ot %
By = = 1% 2, > |y ol s s
i Z Lo R 81 2185 ol RN g
z 2. 1T 1 & gl alsal o w sl < -
3 [+ N B al si- I I I =t Rl
=4 Mo S la fe m ol 1= ol . = w O
= [~ 5 [OIN Bl IR B ] ] m( ° 5 =3 = by 3
% - alalslz |2 5 18l3(2 1215 g ) R ol 5] 5 & gz
A = | = Q =t 3 3 B Py i e £
2lejslgajé] & |=213]r [§]3 eleldlgle|z]E|stdlelelelslelalsl 188
ESSEX_COUNTY
128 - . L Y
1 Town of 147
Tappahannock , 2/9/76 1030 8.4 - 573 513-528 - 202 285 2 8& - 285 i 14.7 - .051.385 - - - - - - = - - - -
1 . 11/68 - - - 573 513-528-244 - 2551.7 1 - =~ - 15 .- - 1,5 - - - - - - - - == - -
1 6/30/50 - 8.3 - 573 513-528 221 - - 1.918 - 277 - 12.8 - .2 1.8 - 59 - 22 - .9 - - - - - -
- i Q72 : '
7 John Evans 11/24/7515307.7 - 252 - - 142 225 4 83 - 22553~ 8.5 - .07 .524 22 - 3 - 8.9 .01~ - - 19 10.6 -
9 .Céntercross 170 -
School 11/24/751400 7.6 - 340 280-340 - 138 225 2 62 - 225 55 7.8 - .05 .5 5 15 < .1 - 6.3 .01- - - 25 9.8 _
12 J. C. Hayden : . 196
(Rappahannock  11/24/751400 7.6 - 460 420-435 - 194 280 2 4 - 280 84~ 13.4 - .051.5 4 1 - .1- =~ .3 .0l-- - 9 2.7 .
Beach) .
17 Town of . : 175 o
Tappahannock  9/16/75 14407.5 - 542 522-537 - 191 250 1 8 - 260 85~ 10.8 .01 .051.3 § 1 - . - .4 .0r - - 98 2.7 .
186
17 10/10/74 - 8.6 - 542 522-537 - 187 148 2 1 - 252 66 12.9 .01-.03 1.4 - .15 - .1 - .11 .04 - - 95 3.2 .
17 3/7/12 - 8.5 - 542 522-537 - 187 312 .5- 1 - - - 13,5 - .221.35 - ~ - .0k - .2- .00-- - 105 3.75.-
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

g m "
. = © Metals
¢ ~
N s |&] |8 il \
: s|8] B [8]z[x 2l& :
E 5 MM D £
3 B, 5(d92 HEEEEIFRREIE % 25
- O - ~ 1 . . ! . o
z Y9 mnl m h.m.Mre -~ 2 o o2
= Q ~|~=1e o =] & g ~ . o
I HEHEHHR BN AR EREENAE 8
2 BlEl&EI&R]E & =127 1613 mvmr.mw.mamnw%hmm,mm 0o
ESSEX COUNTY
continued
328~ no
18 Riverdaie Sub- m\m\mw ~ B.3 - 385 screens 248 -~ - 4 ] 299 -~ 7.4 - - 1.0 - 8.9 - .0 - .7 - - - 92.9 -
divicjor ' water rones
215-230
' 265-275
247
19 i/11/75 - 7.9 - 215 no - 67 348 1.0 13 354 107710.5 .01- .35 1.7 - 1.0 - ok - .39 .02 -~ - 220 4. -
screens )
water zone
185-215
21 Wwhispering 1/4/73 - 8.6 - 433 413-433 - 228 - .5 4 -7 - - .02 ,221.5- .45 -~ .11 - .23 .01 - - 103 5.25 410
Pines
21 3/23/72 - 8.7 - 433 413-433 - 229 - 8 - - - - - - - - - .55 - - 7.025- ~ =~ - -
1 1/19°7: -~ 8.5 8.4 433 413-433 - 230 443 1.5 3 - - 15.5 -~ .04 1.45- - - 2.04 - .10 ..03 - =~ 105 4.2¢C -
22 Point Breeze 10.3°.74 - 8.7 =~ 580 - - 335 3% 1.5 8.7 392 310 6.6 .0} .27 2.4 - 2.1 - .14 - .62 .04 - - 148 7.0 -
Subdivision v
23 Tidewater 11/24/75 1130 7.9 - 672 550-580 - 211 297 - 4 2 297 224 16.6 - .07 1.5 5 1 - - - . .01- - - 97 2.4 -
Memorial Hospital wwl
(Tappahannock)
. - .
23 3/19/64 - 8.7 - 672 550-580 290 - - 1.5 11 3uy - 8.9 - 0.0 1.4 - 3.8 - .75 - .2 - - = 119.7
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TABLE B-1 (Continued) )
" GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

T T : T
= 2 | ! Metals
m _ iz “ et
) = N R A =1 B ” L
P 3 5 {2 = cop L n D 1 = =
2 E =2 |z = el 2123 313 o Z =3
3 Z 31=1" o ] n.w _] #3314 g - = ol
= g TN 3 NEIFERIE 2| 5 = . i
a g e S -0 U R B gt zlalals g | 22l sl 2] - 2 g3
¥ 2 &le|sl5]8 d t=jzgig sl gt el szt 01-421&g12l=alslelsisl (99
ESSEX_COUNTY .
- continued '
128- : 348
24 Mark Haven Beach 11/24/7515008.1 - 350 - - 322 404 3 4 - 404 WWI 7.2 .05 .04 2.6 5 2 - L - .5 .01 - - 145 3.8 -
Supply .
25 Mark Haven Beach 7/1/65 - B.4 - 450 - 418 - - 1 - - = - 2.8 - .5 2.7 - - - t - - - - - - - -
Supply - .
ww Gwynnfield 1/4/74 - 8.4 - 554 528-548 - 218 288 .75 3 - 295 FMW 7.0 .03 .13 2.1 - .26 - 21 - .18 .01 -~ - 100 - -
Subdivision #2 - 137
26 . 1/20/66 - 7.8 - 554 528-548 249 - - 0.0 12 - 258 - 1.2 - 2 - - 3.8 20.6 .34 - .5 - ~ - - - -
28 Maryfield 3/21/69 - 8.8 9 422 395-415 - 305 - 16.0 7 - - - - - .9 1.3 - .8 - .48 - - .03 - - - .- -
mtvawcwmwo: N
46 Danger Field HH\NA\qw 1330 7.8 - 438 379-389, - 268 354 2 ‘6 - 3% 264 12.0 - .10 1.75 6 2 - - -5 0l - -~ 125 4.1 _
- Subdivision . 410-430 9o~
. 163
47 Bowlers Wharf 10/10/74 - 8.2 - 250 210-250 - 138 206 2.5 57.8 - 208 MWI . B.3.03-.35 .57 - 14.4 - W7 - 5.2 .03 =~ - 39.5 10.7 _
53 Arch Liles 11/24/75 - 7.7 - 400 3%0-400 - 253 317 2 10 - 317 230 6.2 =~ .051.85 5 - .- - 1.3 .01- - - 107 7.1 .
8

(Shadyside Trailer
Park)
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

T N T
X ke : ! Hetals
gl |5 ¥
% /] u| X
e < il [ o] A v
. X —_ - ; iy
s m ~ 12 m. M m m., ,mm. ol 3 M cm
z g IER G 81212424 dE 3 p:
: 42 slel<1El5 | B | o3[E95]8 (. (3|5 I 33
= MP el m = | = 3 v gl={a |z I 33 « -l & . ok 3£
3 slélalaje] d 19(a[2 |g|d|E(el|gfsf&]c]ElslSlelalalslolals]. |83
ESSEX COUNTY
continued
128-
C-1 Chesapeake Corp. 11/68 - - - 250 - 428 - 412 2.7 18 - - - 16 - - 1.5 - - - .03 - - - - -
(Layton)
C-2 J. H. Allen 11/68 .r - ~ 375 C - 362 - 364 2.1 5 - - - 13 - - 1.6 - - - - - - - - -
(Layton) ’
C-30 Wares Wharf 7/18 - - - 180 - 302 - 319 3.3 &7 - - - 11 - .48 -~ - 25 38 .07 -~ - H.M - -
©-32b Dunnsville 2/41 - - - 39 - 198 - - 2 32 - - - 8 - .6 .6 - - - - - - - - -
C=-35 Claybrook and 2/41 - - - 165 C- 186 - - 2 72 - -7 - 7 - - - - - - - - - - - -
R Neal Packing Co.
¢
C-37 Butylo 11/68 - - - 330 - 172 - 188 3.6 92 - - - 11 - - T - - - - - - - - -



GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE

TABLE B-1 (Continued)

PENINSULA REPORT

I !
9 = Yagala ]

5 ~ = 3 & 9 ,m ks i )
pp < = = .m. (¥ N ] .m it &
-3 m 12|z X m A .m o ol @ ) W ¢ L E
g g ale =z alsprelg| o a1 s < bois
2yl slel215 ]z 8 | -369E15 ] (3] E] ;
m M Iy - m = | = m 5 ®3 2 LN ..m M 3 .m - o] § o €5
& glel8lEle| & 121318 1§ cisiglelglalBlglalelslolslolglsol (158

\ .
GLOULESTER COUNTY
136- _
1 Gloucester, Town 2/19/75 1100 7.9 - 702 - - 6901374272 18 - SELWMQ 65 ~ 1.8 10 5 - .1- - 1.8 .01 - - 510 9.9334
of 9
1 9/15/5¢ - 7.9 - 702 - 872 - - 303.7 - - 1336 - - 2.2 - - - 20 - . - - = = - -
2 Webster Rhoades, 7/28/69 - 7.6 - 120 97-104 136 -~ - 13 169 - 191 - 27 8.8 - .- 51.07.1..1 - 3.3 - - - 6.0 2.0
sr. : . .
61 Webster Rhoades, 2/25/7% - - - 100 80-95 - - - 8 146 - 238 .ﬁM - - - - - - - - - = - - - 360
111 2
3 schley 1/8/69 - 7.9 - 150 83-87 266 - - 109 - - 448 - 15 - - - 0.0 - - - 0.2 - - - 166 0.4781
C-14 Schley 9/50 - - - s - 236 - 435 18 206 - - - 6 101 - - - - - - - - - -
7 Chandler Bates 6/27/69 - 7.6 -~ 150 130-140 422 - - 20 - - = - 48 - .1 = 145 - - - 855 < - - 21 2.0819
8 White Maysh 7/8/69 - 7.5 - 130 115-125 240 - - 4.4 - - 258 = @.6 - - 62 -~ - - 4.1 - - = 20 6.239
10 viMs 2/28/71% - - - 90 64-74 - - - 29 268 - amoﬁ - - - - - - - - - - - - - - mwv
10 6/27/69 - 7:8 - 90 120 - - 13 - - 158 - 12 - 1 37 - - - 12 - - - 15 0.4279

64-74



TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

TR :
=t 3 - Metals i
o ~ ..m
. 5 < |8 & | %
(¢] o) s [ T i - @
54 X \ R E = 31 {83 al& g
X .m ~1 a1z & A1 Al>wl el w 819 o Joa
4} ¢ | & al ctaploln — el Ay
2 Wy g & s [Sl4l5852] (213 : 53
- ~ o S8 B I o] © < 0 T o~ 0 g
@ o P m b} & ] S1 5] « | 8 o 5
g 8 slalalzle| & |Blajdla|d|B1a(2(dI1g|c|Blalélelelelalolalal 58
GLOUCESTER COUNTY -
~ontinued
136~
11 VvIMS . 2/25/1s - - - 112 81-110 - - - 15 144 - 174 /ﬁ - - - - e - - - - - - - - - - 240
10
11 1/27/69 -"7.7 - 112 81-110 115 - - 16 =- - 15 - 13 . - 1 - 35 - = - 1.0 - - - 17 1.2 285
12 VIS 2/25/75 1025 - - 90 - 54-64 - - - 50 148 - Sm/ﬂm - - S e e S e L L - - - 440
’ : 13
12 7/8/69 - 7.4 - - - 140 - - 13¥ - - 201 - 3 - . - - 8 - - . 2.2 - - - 6.9 2.3 201
L2 - < - , .. < . . -3 - % . . . - . - . - f . =
| 16/17 York River 2/25/75 - - - <8550 ? - - - 1810520 - 30452570 - - - - - - - - - - - - - - - 5,000
© Seafood*’ - 8 . 4
19 Theodore Pratt /11775 - 7.5 - 76 60-72 - 118 259 44 84 - 261209 11.9 .01-.08 .14 4 44 - 1.5 - 3.2_.2 - -.33 220 ~
= > T . 5 . - o ) : ’
19 2/19/75 - - - 76. 60-72 - - - 47 118 - 23997 - - - - - - - . - - - - - - - 480
- - . : /MV/
19 7/28/69 - 7.8 - 76 60-72 137 - - 45 132 - 236 - 131 - .1 .1 - 44 - - 3.0 - - - 32 2.8 39
20 Theodore Pratt 2/19/75 - - - 440 395-420 -~ - - 870 116 - 28232696 - -~ - - - - - - - - - - - - 4,700
1

*York River Seafood owned two wells; one well was 550 and the other 80 feet (I was told the one sampled was 80 feet and yet the data seems to
indicate otherwise that the 550 feet well was abandoned.)
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

T TE T
7] 1 Metals !
c — ‘w _
5 . z | 5 & u | ¥ _
- L - + b N o f A o
< E Z |z z | 3] 2|ES ol N £
E 4 (215 2 122129 %la | | 3|23 2 < 5|
2 g SlEZ] 5 |S|dalz83 (8] |2]3 z 3
a gz SIEIZ1Z)2 4 YEIER KRR 5| & g ~ Cz
2 M Blélslz]8 3 8 413 um m 31 & B 9 N ¢z
= s]lald ] = ) =] d]= 9] 21218 Q & 8314 L I Sl el = @ |
GLOUCESTER COUNTY .
continued
136~ .
26 Gloucester Point 8/20/75 1010 7.4, - 140 52-58 - 85 160 11 74 - 160324 17.4 - - .15 3 28 - L1- 3.2 .01- - - 15 2.3 -
Sanitary Dist. #2 71-77 36 .
.- 82-90
99-105
26 4/4/72 - 8.2 ~ 140 52-58 - 105 - 12 129 - - - - - - R S - - .2 .24 .06 - - 9 - -
71-77 ’ ,
82-90
99-105
26 8/31/71 - 8.1 -~ 140 52-58 - 111 - - - - - - - - - - - - .06 - .01 - - - - -
71-77
82-90
99-105
26 2/12/68 - 7.9 - 140 52-58 110 - - 15 86 - 137 - 4.1 - .3 1 - 27 1.5 .0% 3.1 - - - 16.1 -
71-77
82-90
99-105
27 11/18/75 - 8.1 9.0 BO7 776-804 - 648 1368 325 24 - 1390 1294 61.8 ~ .05- 2.2 18 5 - .1- 1.8 .01 -~ - 390 9.7 -
. . N
27 8/20/75 - 8.3 - 807 776-804 - 563 1339 329 20 - 1351 261 79.4 - .1- 10 5 - .H. 1.6 .01- -~ - 450 10.4 -

9
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TABLE C-1 (Continued)
Ground Water Quality Data Printout for Middle Peninsula Report - Appendix

4 p] ]
= 9 Metals ]
o — &
I . = m & n m o
0 = + Sy o] .
~ = |~ = ol > ~ - &
: B SRR AR g 3
~ I = . el ]
" EZ ] s [2|EREELE] |83
Sttt = > LT
8 £e BlEf=l=120 & 19183 1ELE le Bl alelel 2] slalel ] - 25
S8{elzZ13 |2 & =]14d12 1§ 21818 m; I Slaojgldielslelgls] [a6
GLOWCESTER COUNTY .
continued
136~ o .
27 6/26/75 - 8.1 - BO7 776-804 - 561 1309350 52 « 13231229 53.6 - - ‘2.1 15 4 - .1- - 1.6 .01 - - 440 10.8 -
9
27 2/19/7s - 8.1 ~ 807 776-804 -~ 563 1339335 18 - 1339 1252 57.0 -~ - 1.9 8 5 - .1- - 1.9.01 - - 310 - -
8
33 Rappahannock 12/13/74 - 8.4 - 708 500-630 ~- 393 490 7.5 5.3 - 490 _386 24.2 .03-.27 2.2 - 2.4 - - = .30 .02 - - 193 6.25 759
Community College : : 0T~ :
33 11/30/70 ~ 8.6 - 708 500-630 - 410 637 - 7.0 - - - 26.0 - .04 2.6 -1.6 - 1.2 - - .01 - - - - -
35 Sea Breeze Mobile 2/25/75 - - - 90 80-90 - 323 - 26 130 - 323 /ﬁml - - - - - - - - - - - - - T . T 4%
Home Park 10
(Clay Bank)
51 Walter Norfolk 2/19/75 - - - 450 - - - - 320 20 - 1297216 - - - - - - - - - - T - - 72,200
ST
53 Gloucester High 2/19/75 - - - 99 - - ~ - 40 230 - 317 Q267 - -~ - - - - - - - - - - - - - 570
School ’ Imq/
54 Moton Conference 11/18/8510408.3 - 250* - - 320 1063395 18 - 1087 .972 44 - .05- 2 11 3 - .5 - 1.0 .02 - - 250 8.5 -

Center

“*This well appears to be deeper than claimed depth.

11
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

T u
] g Metals
£ — ..&
K _ z | 8 & wl| %
= e po g | A @
= ~ = | = = [l > — -A Q
= 2 =1=1z = S1= M ol w 3 M o o 5l
5 3 g AN EEHEEELE g = 3 £z
= 5 2ls = 2 a1y e | e o -
~ o “l=1c I Il B o588 [ Ie) o~ £ E
m M = el |32 v gll2 |21% m 3 2lslelelz ) ¢z
8lE1E1518 & 21212 1G] 8 gt8iglgiglg M glojglajelsloejs] s GO
SLOUCESTER COUNTY
continued®
136~ .
54 Moton Conference 9/19/75 1000 7.6 8.5 250 - - 317 808 400 72 - 810 86 31.6 .0} .05 2.1 7 3 - .6 - 1.4 .01 - - 460 10.9 -
Center 2
54 7/17/7512008.3 8.7 250 - - 3331107 370 1- - 1190~892 45.8 .0F .15 2.2 & 4 - 1.1 - 1.4 .2 - - 490 9.0 -
. 21
54 2/19/75 11308.0 - mmo - - 337 1056 365 22 - 1056 979 42.4 - - 1.8 8 4 - .5 - 1.5 .02 - - 310 8.7 -
7
55 B. M. Bunting 2/19/75 - - - 258 - - - . 59 36 - 79019 - - - - - - - - - - - - - - - 1,300
Oyster House 7
56 VIMS 2/25/75 1030 - - 11 - - - - 40 154 - 320184 - - - - - - - - - - - - - - - 460
13
57 Achilles 2/25/751310 - - 45 - - - - 159 126 - 818.683 - - - - - - - - - - - - - -1,290
Elementary School MWW/ '
58 Achilles 2/25/751300 - - 85 - - - - 240 264 - 1079906 - -~ - - - - - = - - - - - - -1,750
Elementary School 17
59 Achilles 2/25/751305 - - 58 - - -, - 141 228 - ﬁw/ﬁm/ - - - - - - = - - - - - = - 1,300
15

Elementary School .



eL-4

TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

ot 1l
T 12} :
& el Metals i
= ~4 .w
: s| o8 (5] AE
z 5 a8l B |8]2[ea o & .
..M — - % el A > al v 1] nw [0} [} - 4
o [} @) cjA g]8 ~ ] - o
RN 8é=| § |22 E|E| 1213 3 25
— Q) ~ = ﬁ (2] -1 O m 3] o] o~ [N
% 4 o v ] ~ < I -] m Q 2. 0
. ! 3
g g AlilalalB] 5 |€1812 1210 Blslalelaldlelalg]elelalslelglsl. 158
SLOUCESTER COUNTY '
continued
136- . ,
60 Cook's Oyster 6/19/7510307.4 - 90 - ~ 384 748 161 200 768622 3.5 .01- .05- .17 21 55 - 6.8 - 20 .21 - 200 17.4 -
House 14
60 2/15/751120 - - 90 - - - - 167 210 707511 - - - - - - - - - - - - - - 1,300
19
62 V. A. Haywood 6/19/7511407.4 - 9 - - 373 745 175 312 755571 3.7 .0F .0% .1 19 62 - 9 - 3% 29 - 150 30.0 -
Seafood : 18
62 2/25/751150 - - 96 - - - 184 304 782601 - - - - - - - - - - - - - - 1,3
18
A3 W. C. Haywood 6/19/7511507.4 - 96 - - 371 822 250 280 830.717 3.4 .01 .05% .1- 17 73 - 2.4 - 27 .23 - 160 18.7 -
Seafood Wu/
63 2/25/751200 - - - - - - - 229 286 793,594 - - - - - - - - - - - - - - 1,500
19
64 Gloucester Point  7/14/7511057.7 - 88 78-88 - 349 655 144 120 667-584 .5- .01- .05- .19 7 33 - 1.0 ~ 25 .06 - 140 21.0 -
Sanitary District #3 83
64 8/31/71 - 7.8 - - - - 294 °- - - - - - - _ - - 06 - - o1 - - - -
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GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

TABLE B-1 (Continued)

- o T
m M Mot 2ls
4 s [8] I8 ol B
o . ¥ ) o] -
4 ~ 5 m. Q, m > _.m o~ m M w
0 — ~ <3
.m slal& & 2121259 ¢l a @ @ Y3
¢ v a [~ K .m 0 .w — Lo] -
3 0 ol ~ crd Bt m . @ - - w o
' TANEE m%am(mm 3| 3 : ~ 73
3 X 10 - <t ™ [
m M o o o nm Q N N 3
alajzjaje| § |8[3|4 |4 Bl2]g gla|Blald glelsisfafal |32
<+ LOUCESTER COUNTY
continued
136~
65 Gloucester Point 7/14/75 1045 7.7 - 99 89-99 - 314 508 74 150 mwwi@ .5~ .0} .05- .1 10 25 - .5 - 14 .04 - - 106 15.0 780
Sanitation District #4 ! 148 ™
65 2/19/75 - - - 29 89-99 - - - 69 226 521419 - - - - - - - - - - - - - - -
. <
66 Gloucester Point 7/14/75 1050 7.8 - 95 84-~92. - 237'388 171 82 396 .295 .5- .01- .05- .17 8 40 - 1.4 - 21 .27 - - 100 28 -
Sanitation District #5 . ’ 101
66 s 5/2/74 - 7.9 - 95 84-92. - 223 370 .mn 110 376 327 4.3 *.01 .04 .21 - 20.2 - .40 - 1l4.5 .05 - - 90 1l8.8 S91
49 ! :
66 3/19/74 - 7.9 - 95 mbnw,w - 155 248 25 110 250,210 2.3 .01- .04 .13 - 23.8 .23 - 12.0 .15 - - 26 13,
, y/
67 Gloucester Point 7/14/7511307.9 - 80 55-60 - 95 132 10 56 waé 2.9 .01- .05 .12 4 28.0 - L 1- - 3.4 .0}~ - 13.6 2.3 -
Sanitation District #6 14~
67 ' 8/74 - 8.4 -~ 80 55-60 - 87 131 10 78 Huww/u. - .01- .04 .13 - 26.8 - .2 - 2.5 .0k - - 112 2.95170
40
67 . 6/74 - 9.1 - 80 55-60 - 102 155 8 89 163 3135 - .01 .04 .15 - 36.2 - .83 - 2.13.02 - - 11.3 2.6 18%

28
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

TR .
© -~ Metals
. . g |3 3
9 s 2 15, 2l Y
5 ~(21%] & |8]|&|83 =i B ¢
@ o | & Al 13888 a1 4 8 45
g g|é BlE1289!8 . § g
L] o Slefa] § | |35 8 5|2 o g w5
8 gx A 81 5 | d2187]3 Y I S R N - ~ gz
glélsjsle]| & [8]3l8 g 2121818l 218 2l o] . L&
| a 1d > & gigjelalelsliglgizsl jaoc
JLOUCESTER COUNTY
sontinued
136~ . o
67 Gloucester Point 3/18/74 - 7.9 - 80 55-60 - 233 301 62 113 A:é 3.2 .01- .04 .23 - 26.5 - .80 - 13.6 .06 - - 70 19.7 617
Sanitation District #6 : NS ’ .
(Tes* Well) .
76 Cook's Cold 6/19/7510407.4 - 90 - - 331 886 300 300 890.7¢5 2.8 .01- .05 .11 11 150 - 7.0 - 48.0 .44 - - 160 18.0 . -
Storage : HV/
76 2/25/75 1125 - - 90 - - - - 270 278 AT - - - - - e - - - - < - - - - 1,500
162~
77 V. A. Haywond 6/19/7512007.6 - 96 - - 431 823 240 230 899 775 4.3 .01- .05 .14 8 51 - 2.9 - 29.0 .13 - - 10 23.0 -
Ice Macnin y]
93 H. M. Mason 12/16/7512005.6 - 55 - - 5 67 12 32 71 - 17.6 4.1 .1- 4 6 - 1 - 2.9 .2 - - 7 3.3 -
94 Rappahannock 12/16/7511106.9 - 20 - - 95124 4 lo4 130 - 14.6 - 17 .13 6 40 - .2 1.6 .4 =~ - 4 3.0 -
Lumber Company
95 Glenns Amocc 12/16/7511457.2 - 112 - - 129 213 7 166 221 - 30.6 - .05.1- 4 65 - 2 1.6 .1 - - 3 .9 -
C-4 Freeport 2/41 - - - 330 - 17 - - 36 21 - - 1.0 - - 3.5 - - - - - - - - - -
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

T T
8 g Metals
_ N 3
M . )
m o m.. [ > m .u w
° m. % m H M — —~ ﬁ . <
I~ s m - IR o | v ) o v 8
g m ) alsg hm B R 814 et ol
2 ¥4 [ ‘ @ — alé ~| 3 gy T e
~ @ 1217 = 28 5 q 3 ~ &2
m MP 28 == EIE A |2 3 2l of 5 Ik ) 86
dle|8]|5]8 d 2|48 |6 gl 218 218 glalglaly gleis] jac
\LOUICESTER COUNTY
rontinued
136-
C-4 Freeport 11/68 330 708 733 29 13 - - 8.2 - 3.9 - - - - - - - -
C-1€ Roanes 8/50 120 244 399 3 166 - 1.0 .6 7 - - - - - - - - -
C~18 Naxera 1906 981 682 - 1090 33 - - 100 - - - 2.5 - - - - - -
. e
C-19 Naxera 1906 716 586 3417 1630 - - - 155 - 23 201.0 14 - - 1188 -
-19 1/41 716 588 - 170 105 - - 135 .9 - - - - - - - -
=20 Naxera 8/50 85 284 1500 316 400 - - 15 1 .2 - - - - - - - - -
(’-25a Achilles 1906 615 850 -~ 1400 47 - - 160 - - - 2.5 - - - - - -
C-25a 5/48 615 861 - 1350 120 - - 60 3.5 .6 - - - - - - - - =
. ) —
C-24 Achilles 6/18 450 934 3777 1540 107 - 207 - 1 - - 20 - - 1404 -
C-26 Severn 1906 610 628 - 2500 222 - 216 .7 46 - 4.9 26 - - 1826° -
Cc-26 2/41 610 635 - 2675 375 - - 230 .7 - - - - - - - -
C-36 Clay Bank 8/50 460 432 - 2250 476 32 - - 58 - 2.0 - - - - - - - -
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GROUNDWATER QUALITY DATA

TABLE B-1 (Continued)

PRINTOUT FOR MIDDLE

PENINSULA REPORT

= 1)
m ..m Metals
& =
8 = |5 (5] 8 1 :
w 5 512 = el sleal - 2
2 z 12|z = {a]4 ,m < ula w. M g - -
[ .m g a . 2] =8 Bl Bs] 0 — 3z - o
Q P - . m ~ RS O] m = ] el - -~ =
] S RIS =B X b ‘m -1 o ™ -
—~ ] ~l=1a D o © - 0 o] o] o) o~ Iz
g §F HEERHERE AR IR IR RIEE Clelalelslelalsl 157
dle|E|E5]8 8 212]72 16| &£ el S| & 24l I Slal &l gls T8 E 7
SLOUCESTER COUNTY
" continued
" 136- : X - 302 °
C-40 Capahosic 6/18 - - - 395 690 - 775 54 8 - - 18 1.2 - 1.2 33 0.0 - 1.1 - -
- - - 3
Cc-40 6/41 - - 395 611 - - 5310 - - 12 - 4, - - - -
C-58  Gloucester Point 6/18 - - - 6% - 881 - 1618 424 29 - - 48 1 1.2 30 0.0 - 6.4 - - 619 -
c-58 6/41 - - - 694 - 780 - - 432 30 - - 30 - 1. - - - - - - - T -
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TABLE B-1 (Continued)
GROUNDWATER oc>qu< DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

'

. \U o ;
5 <) _ “etals
& = 3
i = = & H
o s = 2 =~ : S| 2 _ :
z 5 R E = |3 c= e : :
3 ED =1z = =N = e o :| S | o S
2 2 o ISR I e - al|l =}=5 2| a G| o~ ] T
= & ER N e = b3 = -
" 3~ ) ol I * S EERAE: q| © g ~ Lz
: £F SlElzizl2] 2 [elZetalile(d{dlslaisizlal <]
= alels|=z2]& 21212 |Sl2je |8l 3|85 2l el dlatgt g2l =15l =515 g
(ING_AND QUEEN COUNTY
idv-
! (Cbservation Well 8/25/72 - 8.0 - 352 - 236 - - .8 6 278 - 13 - .52.0 - 1.4 - .02 - .6 - - - B9 R Gy
264, Walkerton
2  King and Queen 10/6/75 - 7.9 - 265 235-265 - 155 218 1 52 - 218 ﬁm.m - - .49 6 14 - L0l- - 6.4 .01~ - - 41 11.&
Elementary School 69
7* King and Queen 12/20/72 - 8.2 -~ mmw 235-265 190 - - 3.7 57 - 224 -~ 7.3 - 1.0 .5 - 13 40 .02 - 6.0 - - - 48 14 -
Elementary School
G 8/12/71 -+ 7.9 - 265 .235-265 188 - - 3:1 63 - 210 - 7.2 - 1.1 .6 - 14 37 .04 - 6.8 - - - 43 10 -
3 Central High 10/6/75 - 7.7 - 225 205-225 - 165 234 3 56 - 238 16610.6 - - .43 6 12 - .1 - 5.5 .01- - - 55 10.7 -
School y
4 Airport Well 6/19/75 - 8.3 - 1278 1233-1248 350 2056 1050 46 - 2056 :@ 68 - - 1.8 10 14 - -2 3.3 .06 - - 890 8.4 -
59
5 Gressitt Well 7/16/75 -~ 8.4 - 1050 741-756 - 360 91 38 2- - 99 Inbr - 0l- .05-1.8 7 3 - .0l - L3001 - - 140 3.8 -
45 .
8 hours : .
S 5/28/70 - 8.2 - 1050 741-756 457 - - 42 8 - 552 - 23 -..1 18 - 1.833 0.0~ .8 - - - 200 8.4 839
.
A .



6L-9

TABLE B-1 (Continued)
GROUNDWATER o:>qu< DATA PRINTOUT FOR MIDDLE PENINSULA xmmomﬁ

T T 3 ]
H g s} Metals |
2 |
i - & & 3
0O —_ 5 - 2 v, = i .
- ~ - = ~ T o~ .
: E =13 2 {222 alel | 4 .
- . —_ I = = . el I ¢ =
: HE R N T Er: EY N A el I 5 -2
3 [T LI = pafl L0l IS I e = T
. o ol ol =212z 9 - 138 51§ ~ | D | o sl
- = 8|8 oo B 3 8 NI . N
o M sldlzi512 : Sl 212 (2145 m g1l siel »t2 < =
|81 2= % =121 gl = [ clxlelzl=14 Slalzl2lsis]l=1= ‘ _
INGAND QUEEN COUNTY .
ontinued
Lh-
~ Walkerton Water 11/24/75 - 7.7 390 342-387 - 267.217 10.4 - 07 1.5 2 01 - - 91 -
Works y
6 12/13/74 - 8.0 390 342-387 - wmmé 11.4 .01- .09 1.6 31 - - 83 50
88
6 m\Hm\NH 8.0 390 342-387 220 242 - 1i.0 - 10 1.5 - - - 84 390
6 6/14/66 7.6 390 342-387 232 267 - 11.5 - o 1.7 - - - -
& Lawson School 8/25/75 8.4 400 - - 265 240 24.0 - - 1.2 L0l - - 93 -
25
) 12/20/72 - 8.4 400 - 253 266 - 130 ~ .30 1.2 - - - 100 435
16 York Academy 12/8/72 8.2 - - 256 280 10.0 - 1.2 0.9 - - - 92 420
14 Westmoreland. 3/14/74 8.7 305 285-305 -~ 270 329 329 270 .50- ,01.04-1.1 .03 - - 102 11.0 483
Subdivision 59 .
15 3/8/74 8.4 305 '285-305 302 264 319 E 1.6 - - .52 1.84 4.14 - - -
6C
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE

PENINSULA REPORT

11/68

aot 2] .
2 o Metais
=4 ~ .Mw
ey = m % [ £ !
(o} = ] [ o] ~
= N ~ |5 o9 ol >Sim o~ =1 | -
- .m = | = z g1 oES ol _ z
A ~ 1=z x Al 5137 ol w ol ¢ 4] -
B &} < = Jea) o3 Bt B o 0 A = S -
2 g ol DU IR I =t R 7 H Loz
R g2 al gl =}1=1% ~ ~l 3185 K] =] B & ~ { L
|z e SE == 2] 2 [S1218 0215 (a2l 3] alelal sl el e lalal )il
L= Slel @l X = | <2 ol = g S|FEl= m SlEISIELS e < =8 Y s
KING AND Q LEEN COUNTY
sont inued
14— .
25 Nick Stofi 4/2/574 - 8.4 - 546 515 546 - 163 225, 2 52 225179 26.6 - - .65 1 - l1- .01 - 700077
‘ . 46
36 R. D. Hart 10/6/75 - 7.6 - 340 330-340 - 216 381 4 20 285 199 6.5 - 1.0 7 - - G1- - 88 10.0
86
34 Thomas Haynes 10/6/75 - 8.2 - 285 275-285 291 376 3 10 378 271 4.6 - -1.8 7 - b Gl- ~ 149 8.8
107 '
42 origgs Dairy Farm 11/29/7% - 7.8 - 460 - - 185 259 3 4 259 201 14.6 .05-1.0 5 - L1- 0l- - 89 3.2
. /
58
-4 Stevensville - - - - 465 - 224 - 268 1.7 6 - - 170 - - 1.5 - - 18 - - - -
-~ =t. Stephens Church 2/54 - - - 517. - 163 - - 1.6 10 - - - - - - - - - - -
B —
-i¢ Near Walkerton 12/43 - - - 214 - 413 404 4.0 16 - - 14,0 - 0.02.2 - 17 .02 - - le0
. N e,
-18c Walkerton 12/43 - - - 365 - 215 - 242 2.2 3.6 - - 11,0 - 0.01.7 - 32 .01 - - 88
.
"-44 Shanghai 7/51 - - - 285 - 190 - - 2.8 56 - - - - 1.00.8 - - - - - - -
an .
¢-48 Shacklefords Fork 5/48 - - - 320 - 251 - 267 2.5 18 - - 7.6 - 11.01.0 - 23 .14 - - 94
48 - - - 320 - 248 - 25123 18 - 6.2 - - 1.1 - 10 - - -
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GROUNDWATER QUALITY

TABLE B-1 (Continued)

DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

, = .
m.. = enila
-
= = = ‘m & ) M

- N ~|= = 51 i o :

. T R 031 2E L. =l BN B ;
a N g9ly|e - alsl=c8 3o &1 3 = iz
z " S1a |- IR g Bel o Boll I ~1 0 o =
"~ Ja olagl{=}|=1% % ol 3I8H 8B ol " B ~ o
= 5" lalsls(2] & [8l3|2 |2j8lelelz|ole|zl2]e]-]2 :
= ~ 2] ejals]= & =ldlE iS22 (el é81sizglslsi=zl= 2l &l =11zl =1sl = T

KING WILLIAM COUNTY
150- .
1  Chesapeake Corp. 6/17/75 - .30 - 12281050-1277 - 42 50 198 42 - 57 ﬁmw 2 - - 3.4 2 - 1- - 7 - - - 330 3.7 -
30
1- 12/9/68 - .1- 1228 1050-1277 66l - 209 - - 45.0 - - - - ~ - - - -
1 9/25/62 - 1 - 1226 L0OR0O-1277 AR89 - 240 - w60 - 10 - - - - - - -
2 Chesapeake Corp. 6/26/75 .0 - 811 4G 704 - 340 513 17 G - 6 .01~ 05-2.3 3 -2 - .48l - - 210 %A -
2 10/23/72 - 8.0 - 811 340-704 426 - - 17 3 - 459 - 14.0 no2.5 - 25 02 2 - - 180 5.0 78-
2 5/25/64 - .1 - 811 340-704 422 - - 12 - - 365 - 12.0 - - - 25 - - - - - - - ~
3 Chesapeake Corp. 6/26/75 -~ 8.0 - 709 360379 - 373 526 36 54 - 538 449 i5 8 0L 0527 5 - 1= - .4 - .0l- I T R
w~

2 12/9/68 - 7.9 - 709 360-379 438 - - 3 - - - 450 - 14 - - 8 - - - - - ~

[ 6/13/59 - .1 - 709 360-379 473 - - 36 - - dbu - 4 - 29 - - - - - - -
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GROUNDWATER QUALITY

TABLE B-1 (Continued)

DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

_ IT T8 1
a3 i Metals
< = 7 .
m.w - e .w % w; *
el e ol 3 .
- < ~ % 2, i 2 .4
o ] < = - m JON B — ﬁ =
= Ty 1T 1 x = sl =iS> el o} v O : ]
3 "z AR Do lelElEgE 3] e A % e
Sy MNEEAERRE L EHEINEE . i
I =~ 5 - K slw |4 =l 8l 3] « -l 51 4 = z =
= M =1 318 ] 2 s |218 o1 & = 121 .1 =21 =1c £z
_ 81¢& =] 21 = (2] = M = Q1= m mm Sla | Z m o m Jleoe sl zl=l= = =l =21 . nC
F1G WILLIAM COUNTY
[30-
4 Chesapeake Corp. 6/26/75 - 8.1 - 750 - - 376 542 29 0 - 554 468 13.3 .01 .0% 2 6 7 i - 1- - .4 .01- - - 180 3.6~
96
4 12/9/68 - 7.9 750 - 453 - 3 - - 4ale - 14.0 - - - - - 34 - - - - - - - -
4 6/13/59 - 8.2 = 750 - 439 - - 26 - - 500 - 4.0 - - - - 43 - - - - - - - -
5 Chesapeake Corp. 6/26/75 - 8.2 - 812 316-691 - 343485 13 28 - 495 368 9.3 L0k .05- 2.4 4 2 - 1- - .4.m - = 226 3.8 -
: 130
5 5/11/65 - 8.2 - 812 316-391 447 - - 20 - - 458 - 90 - - 19 - - - - - - - - -
@ Chesapeake Corp. 12/9/68 - 8.0 - 640 204-638 434 - 24 - - 390 - 14.0 - - - - - 34 - - - - - - - - -
[ 4/30/46 - 8.0 - 640 204-638 - - - 30 - - - - - - - - - .- - - - - -
7 Chesapeake Corp. 6/26/75 - 7.9 - 667 390-400 316 435 17 O - 448 307 10.7 .01-.05 ~-°1.7 5 2 - 2 - .5 01- - 200 5.0 -
. 550-570 141
580-600
14 Bleak Hill Farm 9/1/75 - 7.3 - 340 284 301 - 143 225 3 22 227 43 12.8.01.:.08 .335.0 1- - .02 -~ 6 01- - - 58 5.5 -
144
l¢ Town of West Point 8/5/74 - 8.6 - 526 - - 348 434 .5 6.0 - 437326 10.0.01- .04~ 265- 12 - .02 - .41.01- - - 165 7.9 650

111
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GROUNDWATER QUALITY

TABLE B-1 (Continued)

DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

e 144 I —
v} Lol ’ ;
3 - tietals |
= — ‘w
= ' o bD. % 23 1 T
" Q = = SN g | i |
= fony « — 3 Il MoRan o~ ¢ i I
bl m =1z X Sl1=2127 ol » =1 | | z
= 1 - < — n = 51 It } 2 < [ .=
5 Az1e] 5 1E[EEAE] 8 (92 5 I
- — el ol 21E]Z < = = ] =l " S
= & RIZ1E15]8 2 Sl=ls |2l {2g]lzl23[S&1&81218]A]8 ¢ S I 2
ot 13 = e =} <)Z (S M=~ B3 & L9700 Slelotoly o = | x| &al = = . T
KING WILLIAM COUNTY \
continued
150~
16 Town of West Point 2/28/69 - 8.6 8.3 526 - - 336 400 20 7 - - - 11.7 .01 .22 1.65 - 1.6 27.6 .04 .8 .01 - - 186 23.5 -
23 Virginia State 12/7/72 - 8.4 -~ 437 417-437 292 -~ - 2.6 4 - 310 - 8.1 - .0 1.8 1.3 33.0 .01 .3 - - 110 4.% 480
Police
Town of West 8/10/71 - 8.3 - 375 - 451 -~ - 8.2 © - 454 - 13 - 1 2.6 - 1.4 17.0 .01 - - - - G756
Point #1
25 . 2/25/69 - 8.5 - 375 ~ 368 476 9.0 6 - - - 9.0 01 .2 .32 .4 16.0 .04 .4 01 - - 188 18..2
26 Kiwanna's Outdoor 6/16/70 - 6.9 .- 320 - 104 - - 3.3 78 - 149 10.0 - 1 2 - 23 30.0 .03 - 5.2 - - - 7.9 6. 192
26 6/13/68 - 7.2 -~ 320 - - 70 116 2.5 67 - - 9.0 13 .3 - - 18.4 .07 1.2 41 - - 6.8 -
. ' g~
28 Marle Hill 12/11/72 - 8.3 - 400 246-266 190 156 - 3.0 2.3 226 192 11.5 - 00 .5 - .67 24.8 .08 -~ 15 - - - 78.1
Subdivision 358-378 ‘ 33
29 Venter Heights 12/13/74 - 8.3 - 430 250-260 =~ 153 .5 25.4 - - 183 113 15.4 .0k 04 .7 - 5.4 21.2 .42 - 2.23 .63 - - 65 11.0 32n
Division 388-408 - 70
: "t
29 3/1/73 - 7.8 - 430 250-260 168 138 - 4.0 3.3 - 20549 13.2 - - .15 1.11 24.2 .01 .11 0= - - 71.0
388-408 )
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR 'MIDDLE PENINSULA REPORT

i i Y o o
_ m hm rketals
3 - Q " !
I 0 = = m % £ M
= S = ¥ = 3 zlea 1 a :
3 m \ T | = 2 S = ol NN z
= o == | &5 = = s el ol oa sl o : L=
g 8 31z |= ~ 3N I RIS B O o 3 oY
= 5] Sl = =1 2= 0~ 4] - = i
mul u fol IR R} A Ll ol IS — o A=
~ = 3 M m - ~m < w1 O ..m < 0] m I
= g glal=l=12] 2 1€l 1218 (]2l 23|aslalell]: ch
cEla]l3lE & 2iZlr |512 (B2 glele|=l¢ glzlal=l=1s8]l= |81 5] . [5<
£ING WILLIAM COUNTY
~ontinued
150- :
32 Lester Manor 8/3/71 - 8.0. - 535 - 226 - - 2.6 1 - 20 - 9.2 - .2 1.7 - 2 34 17 I - - - 9 4.7 370
34 Aylett 8/2/71 - 8.0 - 385 - 268 - - 14 2. - 197 - 14.0 - .2 .5 - 4 28 .13 - .10 - - - 70 4.6 285
7  Roanes Wharf 8/2/71 - 8.0 . - 340 - 174 - - 2.4 2 - 208 -~ 130 - .0 .9 - 2 3 o1 - 2 - - - 70 3.6 300
5! Hamilton Holmes 8/25/75 - 8.4 - 800 - - p 6
amileo : 230 280 1.0 50 - mmb%m 8.6 - - 1.2 2 1 . .1 - .6 .01- - - 102 6.4 -
51 - - . :
8/11/71 - 8.3 800 - 286 - - 2.3 6 - 286 - 11.0 - .1 1.2 - 1.5 16 .02 - .5 = - =100 11.0 460
[<ag} M 1
52 Manquin 8/11/71 -~ 8.0 - 365 - 188 - - 1.8 3 215 - 13.0 - 0 6 - .8 29 .05 - .3 -~ - = 72 5.7 330
5¢ > - :
»  Cohoke 8/4/71 7.6 - 215 - l98 - - 30100 - 214 - 7.0 - .0 5 - 24 45 .02 - 10 - - = 3010.0 320
57 :
Cohoke 8/4/71 - 8.0 - 26G* - 295 - - 2.6 9 - 312 - 7.8 - .1 2.6 - 2.3 29 .20 - .8 - - -110 8.7 4%
61 King William 8/25/75 - 7.8 - 585 - -
e 136 185 1 3.6 - 189 »wm 24.5 - - .5 1 .5 1 - 1.3 .01 - - 61 4.5
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TABLE B-1 (Continued)
Amxoczcz>4mz QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA

Place

Owner and/or

WCB Nuniber

Date

Time
pH (Lab)

Total Depth

IpH (Field)

Screen Depth

H‘CO3 (Bicarbonatd)

JAlkalinity

(Total)

Chloride

issolived Solidsg

Hardness

NO3
[Fluoride

KING WILLIAM CQUNTY

continued

150~

61 King William High 12/21/72

School

61

63 Prestley Farm

A3

63

70 Lumber Company

Aylett
70

76 Seth Paul

78 Horse Landing

B8/7/71

9/11/75

12/8/72
8/13/71

9/16/75

12/8/72

8/25/75

12/8/72

585

585

290

290

290

340

340

365

115+

165

156

151

222

119 183 1.0

- 166 250 2.0 160

1k
g1
sl IR
&3
-
K
38|
E|SIR
204 - 14
179 - 16
225 _90 16.2
s
229 - 17
206 - 16
189 114 9.8
757 9.8
184 - 14
250 221 17.2
2~
256 - 6.9

Metals :

T

0 .

o

[ON: ]

- 4

Y4 O

-3

g’ g%

alelelslsielslal . dis

32 .07 - .4 - - - 67 30¢

16 .07 - .3 - - - 62 4.7 280

- .10 - .3 .0}- - -- 70 -

37 .14 - .2 - - - 70 310

30 - .04 - 2 - - 69 300

- 4 - .3 .01 - - 61 -
- .4 - .3 .01 - - 6l

38 .24 - .2 - - 60 270

- 1.1 - 4.2 0l - 7 -

71 .06 ~-6.4 -~ - 19 340
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA xmvow._.

T
T 3 Metals
c —
W L .m nw [} ..m N
) 3181 B |8 2lua =1 R g
e} ) 3 I ml ~ ﬁ o3
~] A % A A 9] 0 aw ) o o3
8 AE LR = g 3
- g &13 % ] H = It ‘0 Bl
~ [ -~ | - <~ Y 2
m MP o m ozl 3 v MB g .m MO m m 8 ,wu S i 8 S . . i
dleldlBle| 4 4z |5 el2lgleglg|g|BlalSlelalalslolglel |57
KING WILLIAM COUNTY
—ont inued
150~
"7 Chesapeake Corp. "6/17/75 - 8.3 ~- 1280 940-1275 - 42 922 142 44 . 926853 38.2 - - 41 2 4 - 1- - .8 - - - 550 4.3
. : 73
X : N N .
‘39 Chesapeake Corp. 6/8/75 - 8.3 - 744 388-711 431 366 - 33 3.1 - 510 @:.N - - 1.88 - 1.01 25.1.01 - .14 - .01 - 195
‘ , 54
90 ‘Floyd Paul 8/25/75 - 6.5 - 30 - - 47 85 4 94 - 85 64 18.3 - 1- 3 28 - .3 - 3.6 .01 - - 31.2
\ . n~
92 Virginia Highway 8/25/75 - 8.1 - 420 400-410 - 208 262 1 52 - 270196215 - - 84 4 4 - .1 - 11 .01 - - 88 7.8
Garage y
94 King William 8/25/75 - 8.2 - 455 445-455 - 215 280 2 38 - 28020021.4 - - 1.3 3 3 - .1 - 1.3 .02 - - 896.5

Courthouse : 80



GROUNDWATER QUALITY

TABLE B-1 (Continued)

DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

L{2-9

o o)
m b Metals
—
M . ..m .w 0 .& @
g £ 3|28 & m g
5 ~ o~ ! G
3 B SERE - E TR P R R g o
3 8 m ) al g nm g o g “ g
5 ok ole2lEl3] 8 [ o385 58] |33 : i
2 g" AHDHEREE R R IEI R E h &5
81e|8]58]8 & = A 1§ 1818 215 S1al&1 & slglsls “wo
MATHEWS COUNTY
157 /ﬁo
2 Cobbs Creek Sub. 10/20/75 7.6 128 92-113 13 164 72\.3.5 .01~ .19 .15 55 0l- -
3 Jenkins Hotel /JN/@
10/20/75 7.5 157 110-130 82 212 108N\9.2 .01- .07 .22. 70 06 -
4 Mathews Court /ﬁ
8/19/75 7.7 153 126-136 933 170 262 240\17 .01- .05-.1- 55 09 -
8 10/20/75 7.3 180 160-174 49 260 .21 83 10.9 38 -
10 6/43 - 175 148-169 93 279 - - - -
13 Gwynn Island USCG 10/12/67 7.6 125 105-125 43.7 - .3 - - -
14 Chesapeake Shores 10/20/75 ° 7.3 153 130-145 300 440 - .25 137 .06 - -
14 10/8/74 8.2 153 130-145 63 360 /J/S.w .03-.04 .26 106 .09 -
14 8/28/74 8.4 153 130-145 325 314 35.2 .05 .38 .22 126 .08 -
14 10/5/74 7.1 153 130-145 26 - .4 - 125.1 - -
14 5/11)55 1400 7.5 153 130-145 102 307 - - - -
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

- T o} ;
H 3 Metals
N 3
Y .
(o] .m o] ...% X B
p 3 5|8 R 2| & :
z W al3a]g Mw Sl alia ol w 919 & =
| 8 AEIE S EEEIE | 3 c
=z m._.h.a =N L ] @ " lw vn.v. .m — m m - Z
w M -8 m .M z 1z m = m m .m “m hw m m - sl N o X 5 - h%¢ - W.w
e glel&jE]8] & |8|4F|s |F el sl@lgizlz|Eiglglelalelsioigls] |27
MATHEWS COUNTY - continued
157 - )
15 Chesapeake Bay
Estates 7/15/65° - 8.6 - - - 430 - - 10.5 - - - - - - .1 2 - - - .03 - - - - - - -
16 Mathews (Elkins ) ) .
Well) 8/31/72 -~ 11.4 - 2328 - 0 - - 1700 600 - 3330 - 130 - .1 .4 - 240 6.8 O - .03 - - - 1000 39
18 Green Mansions . : )
{Billups) 2/41 - - - 568 - 824 - - 552 39 - - . 8 - - 1.0 - - . - - - - - -
. . . ——
18 6/18 - - - 568 - 917 - 1881550 5% - - - g5 - 1.2 - - 84 - - - A3 - - - 711
19 Mathews Fire . ﬂwu
Department 8/19/75 1145 8.1 - 115 - - 533 894 180 236 - 918 154\22.8 .01- .05-.1- 20 &7 - 5.5 - 40 ,11 - - 185 31
22 Mathews County ) 331 ,
Highway Shop 8/19/75 1100 7.9 - 116 - - 293 383 13 124 - 395 647+ 1.6 .01- .05-,13 11 61 - .7 - 15.3 .03 - - 16 15.4
68 .
23 H. B. Armistead 10/20/75 1215 7.6 - 175 - - 2791167 425312 - 1171 HMW/ 5.2 .01- .05-.16 11 83 - .2 - 31 .01 - - 220 16
24 Ebeneezer /ﬁmm
Church 10/20/75 1530 7.4 - 189 - - 134 197 3 122 - 197 78\ 1.5.01- .05 .17 4 32 - 1= - 9.6 .01- - - 1- wr.2
. .
C-10 B. Hudgins 6/18 - - - 120 - 183 - 255 10 27 - - - 6.1 - 41 - - 5.2 48 tr. - 3.5 - - - 75

" - Cederstrom Wells (taken from his unpublished report, 1968)
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

]
-

: 5 [£] ]2 1|3 ;
;3 218 OF [3|eld.l, | |55 .
5 2 SEIE s |E|EE8E(E] (22 ) o
Z y.9 [ 2 u | ~ | Y v g,

=~ [ ~ ~ ~M [o} ] o] o~ @ = |
a 5 g 5] & g/8 W l2] o] of of 8 o . £ 2
2 3 BlElal=|B] 5 [€15]8]3 eleld|eié|a Glelselelslelslsal 158

MATHEWS COUNTY - continued

157 -

C-16 R. Tabor 115 193 266 28 136
€-38 Mathews County 817 800 156 124
C~40 C. T. Richardson 120 640 136 255
Cc-41 388 36 268




TABLE B-1 (Continued)
.,mxoczc£>4mz oc>r~4< DATA PRINTOUT FOR zmucrm PENINSULA REPORT

0c-8

T o} T -
m et | Metals
s €
b
8 = il m & €1 X g
- - -~ 1 & 2 m >~ i B Y
I M ., - m _.\.m.. 8 Sl RsF o ¢ .nwm > ¢ on
. = T — H — — ~ - 1Y G
. gt o =l2z ol 5|8 3 7] = ¢ o~ 82
o e qunmmmkgmmmtm%m‘%mmqmeb - 25|
= = Bl alo]= =] a2lF ol I =0 A A Sllelalall]l 8l E1&]= -8 N
" 1ODLESEX COUNTY
S
St. Clare Walker ) & .
School 2/25/76 -~ 8.4 9.5 700 - - 344 431 5 8 - 431 99 3.7 - .05- 2.6 8 - - - - - - - - - - -
1 10/28/75 - 8.4 9.0 700 - - 377 491 13 10 - 495 448 24.1 - - 2.0 6 2 -~ .l- - .4 .0l- - - 2004.0 .
1 . 8/26/75 - 8.4 - 700 - - 339 420 1 48 - 428 89 17.9 .01- .05~-2.7 4 2 - 1= - .6 .01~ - - 145 6.8 -
: 39
1 6/26/75 - 8.6 - 700 - - 335438 3 216 - 460 @ - - - 267 2 - .1- - .7 .0~ - - 170 7.0 -
114
L4 -
2 Barnhardt buck 1/70 - 8.7 - 675 471-640 468 - - 11 3 - 503 - 27 - A o2.2- 5 12 .02 - .5 - - - 2009.0 880
Farm .
3 Barnhardt Duck 1/70 - 8.5 - 727 - 474 - - 11 4 - 501 - 31 - 7 2.2 - .8 12 .03 - 5 - - - 199 9.0 gyo
Farm
4 Barnhardt Duck r1/5/75 - - - 715 514-560 - - 532 11 6 - 536 86 24.7 - - 2.1 5 5 - 1- - 1.0 .01- - - 150 3.9 -
Farm 590-603 - 150
678-708 .
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GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

TABLE B-1 (Continued)

= T o
J 5 g Metals
e
4 s 8] |8 a| B 5
£ . = .m. m. ] v., .m - -,
m 9 8 8! 283 el I~} —
= Al 3i>m ol a 0 o K
8 AR BISIERS| 8| |4 Sp g o
] =N BN =] w ~ & 4 .m ~ ] o Tz
m 2 8| e Sl of 3 CAR: 8 ~ £
Q B %1 T 8 8 4 14 um 21 g 5 Sl el a b =
g glals|s[8] & [8]3l8 |§ gleiglgiglalgialdlelglelslolslal |5
continued
159- * . 88"
4 Barnhardt Duck /70 - 8.5 - 715 514-560 482 - - 8.9 4 504 - 23 - .8 2.2 .6 12 01 - .5 - - 198 9.5 ‘
Farm 590~603 ’
678-708
4 1/26/62 - 7.9 - - - - - - 11 - - - - - - - - - 10 - - - - - -7
3 Town. of Urbanna #3 8/5/74 - 8.4 8.6.662 470-485 - 374 497 .5- 5 497376 15.9 .01 .17 2.15 67 - - - .25 .01- - 183 6.0 700
562-620 T :
9 2/19/72 - 8.5 - 662 470-485 - 381 841 .5- 2 - - 17.2 -1.02218- .4 - 1.0 - .24.32 - 195 6.4 -
562-620
g 1/70 - 8.3 - 662 470-485- 472 - - 7.7 3 476 - 19 - .7 2. 6 12 - - 4 - - 182 5.0 830
562-620
) 12/17/63 - 8.4 - 662 470-485 454 - - 6.4 10 453 - 13.7 - 1.5 2.1 2 - 22 - .5 - 184.9 - -

562-620
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-TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

312 - - .5 14

— o .
m 9 Metals
-
8 g &, [° 5] 3 g
N — = .
3 s8] & (8|58 2 & 0§
ald1& NI DTl ol o 81 9 o) S
g IR SEIEE KRR o 3 55
. F sle(S(S03] B lold855(2 ), |32 b . ¥
A R 1Y) u - | < [l -] (e} 2, 0
g mewmm.xﬂmmmm mwmwmmmmmn%vgmmmmxsc
MIDDLESEX COUNTY
cont inued A
154- .
10 Barnhardt Duck 11/5/75 -~ ~ -~ 654 460-648 - - 514 5 4 524 /mmw 20.8 - - 1.957 4 - .- - .9 .02 - - 170 3.8 -~
Farm #3 117
: .
19 3/13/68 - 8.4 - 654 460-648 454 -~ - 16.5 10 501 - 12.0- .1 1.8 - 3.5 4 .10 - .3 -~ - - 193.2 -
11 Christchurch 2/25/69 - 8.9 8.4 740 562-567 - 381 - 9.0 3 - - - - - - - 8 - .05 - .6 .03 - - 208 - .
School ' 619-624
683-733
11 . 12/26/63 - 8.5 9.0 740 562-567 473 387 492 8.6 4 = - 21 - .231.98 - 5.217.8 .15 - .6 0.0- - -~ 197 =~ -
619-624
683-733
11 11/9/62 - 8.4 - 940 562-567 427 - 493 12 6 - - 224~ - - - 16350 .10 - .4 - -~ - 185 - -
619-624
T 683-733
Town of Saluda 11/8/74 - 8.5 .~ 330 298-320 - 255 311 1.0 20 312 ,mmeu.m 01- 1.4 1.7 - 3.3 - .0l-- 1.6 .01 - - 107 12.1 290
. ’ 62
Ie 2/17/72 - 8.5 - 330 298-320 - 256 410 .5 15 - - 4.5 - - 1.8- 3.2 - .0l-- 1.7 .01 - - 110 9.5 -
1 2/24/67 - 8.3 - 330 298-320 372 -~ 4 - 1.1 - - 3.242.4 - - 14 - - - 126 - -
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

0l
m 3 Metals
—
8 ; g8 aE g
> =~ m. w P At 9
‘m ~13 g S1 A .ml g | w ”m.m w 9 as
] m 4 S1a1281 9% 3 3 98
k: A& |~ w - 2 " i =8 " ~ o g
I R T E RN SHAANHE RN ARG AR AR RN
RN K A X B 1 S$18 il glal gl2lejs|2|18§181 (100
MIDDLESEX COUNTY
continued
159~
12 Town of Saluda 9/7/42 - - - 330 298-320 - - - - 126 - 630 - 12.6 - - - 33.8 - - - - 10.0 - - - - -
! P—
13A Stove Point, 5/64 - 7.4 - 13 - 61 - - 87 79.4 ~ 237152 21.4 - ~ - 28,0 2 .6 =~ 2.3 - - =~ 49.9 -
Test Well 8
13B 5/64 - 6.8 - 51 - 14.5 - - 710 720 - 1679 1421 34.6 - - - . 251 -~ 18 - 22.9 - - - 115.0 -
258
— g
13C 5/64 - 6.6 - @ - 80-120 209 - - 3905 2635 - 8255 7399 244 - - ~ 887 - 46 - 103 - - = 1448.9 -
. /
856
' . — . _
13D 5/64 - 8.4 - - 432-452 483 - - 1395 155 - 2965 -~ 57.6 - - .6 3% - .2 - 16 - - - 1052
! —— ... -
13E 5/64 - 8.5 - - 628-650 - - - 1848 119 - 4099 - 169.9 - - .7 40.5 - (.1 - 4.4 - - - 1359
——— ..
21 Waterview 5/48 - _ - 311 284:-306 323 - 319 2.5% 33 - - - 5.5 - .5 .9 7.2 20 .r. - . 3.7 - - - 113 -
26 Remlik 11/68 - - - 535 510-532 487 - 465 6.3 3I- - - 19 - -2.6 - - - - - - - - - - -
29 Town of Urbapna 4/29/43 - - . - - - 483 - - 6.6 - - - - - - =22 6.2 - - - - - - - = - -
3G Town of Urbanna 4/29/43 - - - 451 - 508 - - 6.3 - . - - - - = 2.2 6.4 - - - - - - - - - n
31 Town of Urbanna 4/4/72 - 7.8 - 552 - 361 - - 23 30 - 442 - 6.8 - .5 2.0 8.0 35 .04 -~ 2.6 - - - 130 13 650
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TABLE B-1 (Continued)
GROUNDWATER QUALITY DATA PRINTOUT FOR MIDDLE PENINSULA REPORT

T ]
M g Metals
—
] . K .w .w 7] .m ©
o L —~ m. B, S I Tl 0
< e & m H = gl w 3 W y 8
z @ 31918 al2(a3ls]4a a1 4 3 ab
3 0 m ) : 1A lM A1 ot - 43
A T slelSl808] B |ol2l888 2 o3| 8] o] o]0l o i
r 1 B 2
g g ajdlzjzle] § |83l |5(dBI2|2Ig|g|g|a]Blaldlelelelslelslsl. 48
17T LLESEX COUNTY
satinued
17 9= :&
‘2 Barnhardt Duck Farm 11/5/75 - - - 730 507-725 = - 57 9 8 - 51712825 - - 2.1 11 2 - .1- - .4 .0l-- - 199 4.1
kN 6/10/74 - 8.3 - 730 507-725 451 402 - 11 3.2 - 506 W/ww..\ - .01-1.85 -1.2 - .01- - .05 .01- - - 202
Hermitage Baptist Hw\m\qw, - - - shallow - - 122 19 42 - 124 ﬁ 5 - - .1- 3 16 - .1 - 1.6 .02 -~ - 1 .9
Zhurch 83
4 Jub-L-Fun HH,\m\um - - - 360 - - - 231 5 174 - 245 US51 6.6 - -~ .54 7 19 - .3 - 8.3 .01 -~ - 38 11.2
Campgrounds v I~ .
47 Wilton Elementary 2/25/76 - 5.8 6 707 - - 37 144 35 53 - 146 /ﬁz.o - .45 1- 5 - - - .o
School . 48
27 10/27/75 - 6.1 m.m. 707 - - 29 103 25 56 - 111 ﬁ 13.9 - - .1- 7715 - 1.7 - 3.7 .09 - - 4 1.1
3 .
6/26/75 - 6.1 5.2 707 664-684 - 40 139 39 58 . - 191 19 8.7 - - .1- 5 18 - 2.7 -~ 5.8 .08 - - 88 1.9
7
: 3/19/75 - - - 707 .- - - - - - - - - - - - - - 12 - 2.2 -3.9 .03 - - 15.2 1.2
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TABLE B-1 (Continued)

GROUNDWATER QUALITY DATA PRINTOUT FOR zaucrm PENINSULA REPORT

T 1
«&. -1 Metals '
g1 I3 3 |
H . [0} i
(¢} .m . o,
> ~ m. (o} w >18 5 } 3 m g
e m D — —~ v d|
.m ald & oS dre [T 8149 @ ap
3 AE 81513894 3 4 Sy
Z d == m IFEREIE: . o ]
m ™ 3 m M /H\ 3 Vi m3 8167 m I3} < =l § b 8é
o . - o
g glafsizfe| & [Bld(a |g|d|ElelsIdIsIg|E|Blaldl elealelslealslsl. P2S
MIDDLESEX COUNTY
continued
159~
5§ J. H. Collier 11/5/75 - - - 82 - - - 218 7160 220 137 10.1 - - 68 - .4 - 1.3 .07 - - 1 P
.83
C-5 Waterview 5/15 - - =275 - 325 -~ - 2 15 - - s - 1.0 - - - - - - - - - - -
C-11 Remlik 5/48 - - -4m - 474 - - 6 9 - - 15 .6 2.0 - - - - - - - - - - -
=35 peltaville 5/48 - - -121 - 16 - - 7 114 - -2 3 - - - 31 - - - - - - - -
©-36 Deltaville 8/50 - - - 12 - 316 - - 56 264 - - 1 20 - - - = - - - - - - -
\'\/l‘/.
- $2 amburg 6/18 - - -822 - 1051 - 43081820 104 - - 234 0 - 9 57 8.0 -~ 20 - - - 1646 -
“-32 Fairfield 11768 -, - =500 - 496 - 1067 294 12 - - 5.8 3.5 - - - - - - - - - - -
Landing :
~-44 Jamaica 5/51 - - - 54 - 80 - - 85 136 - - - 0 - - - - - - - - - - - -



APPENDIX C
GROUNDWATER USE

The data shown in Table C-1 is from one of the following
sources: State Health Department Public Water Supplies List, 1976,
State Water Control Board Groundwater Pumpage and Use Reports or

Ground Water in Virginia: Quality and Withdrawals of the State

Water Control Board.
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TABLE C-1

GROUNDWATER WITHDRAWALS IN MILLION GALLONS PER DAY

. No cf No of 1965 1966 1967 1968 1969
System and/or Location Wells Spr MGD MGD MGD MGD MGD
CAROLINE COUNTY

PUBLIC SYSTEMS
Bowling Green 2 0.109 0,120
Camp A. P. Hill 23 . 0.002 0.011 0.012
Caroline Pines
Field Unit #2 1 0.007
Fredricksburg Magnetic 1 0.015
Obs.
Port Royal o1 0.014 0.015
Townfield Sub. X _ 0.007
INDUSTRIAL SYSTEMS .
Caroline Packing :Corp. 2 0.010

PUBLIC USE--0.205 MGR**

ESSEX COUNTY

PUBLI C SYSTEMS
Bowlers Wharf
Essex Acres
Gynnefield
Laurel Park
Loubern Acres
Mark Haven Beach
Maryfield Sub.

INDUSTRIAL USE--0.0

1 0.004 0.007

1 0.001
1 0.001
1 0.001
1 0.001

2 0.004 0.004

1

1974 1975
MGD MGD

1973
MGD

1972
MGD

1970 1971
MGD MGD

0.080 0,1080*

0.053

0.003 0.,0032*

0.008 0.0120*
0.0035%

10 MGD** TOTAL USE~--0,219 MGD**

0.012
0.001 0.001*
0.001 0,013%
0.001 0.001%

0.007%
0.001

*Estimated from State Department of Health Public Water Supplies List, 1972.
**Estimated from latest available data.
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TABLE C-1 (Continued)

No of No of mem

System and/or Location

ESSEX COUNTY

continued

PUBLIC SYSTEMS
Point Breeze
Rappahannock Beach
Riverdale Sub
South Hill Banks
Tappahannock
Tappahannock Memorial
Hospital
Dangerfield Sub.
The Island
Whispering Pinés Estates
Wilson Acres

INDUSTRIAL SYSTEMS
Essex Concrete Corp

Wells

N e

=X X X

X

MGD

e

0.0004

0.006
0.004
0.260

PUBLIC USE--0.280 MGD**

GLOUCESTER COJNTY
PUBLIC SYSTEMS
Gloucester Banks
Gloucester Point San.
Dist.
Gloucester San Dist.
Rappahannock C. C.
Sea Breeze Mobile
Home Estates

’ :

w

0.090

1966 1967

MGD

0.0004
0.007

INDUS

GROUNDWATER WITHDRAWALS IN MILLION GALLONS PER DAY

1968 1969 1970 1971
MGD MGD MGD MGD

- e em e . e em e em e e

0.002

0.008
0.015 0.018

0.009
0,260 0.200
0.030

0.003

0.001
0.001

TRIAL USE-~0.001 MGD**

0.007 .
0.059 0.071

0.100 0.130
0.003

1972 1973 1974 1975
MGD MGD MGD MGD

0.008*’
0.008%*
0.018*
0,009%
0.002
0.030

0.199 0.196
0.015 0.012

0.001

0.001

TOTAL USE--0.28Lk -MGD**

0.008

0.056 0.090

0.063 0.095

0.003* 0.011
0.008 0.004



TABLE C-1 (Continued)

DAY

GROUNDWATER WITHDRAWALS IN MILLION GALLONS PER

No of No of 1965 1966 1967 1969 1970

System and/cr Location

GLOUCESTER COUNTY
continued
INDUSTRIAL SYSTEMS
Buntings Oyster House
Cooks Oyster Co.

1971 1972 1973 1974 1975
MGD MGD MGD MGD MGD |

0.002
0.001

York River mmmmooauno_

PUBLIC USE--0.210 MGD**¥ INDUSTRIAL USE--0.013 MGD**

KING AND QUEEN COUNTY
PUBLIC SYSTEMS
Walkerton

6-J

0.002

PUBLIC USE--0.052 MGB** INDUSTRIAL USE-~0.000 MGD

KING WILLIAM COWNTY
PUBLIC SYSTEMS
West Point

TOTAL USE--0.223 MGD**

e

0,018* 0.013 0.052

TOTAL USE--0.052 MGD#%*

0.236 0.258 0.274 0.276 0,297 0.306 o.wmm 0.280 0.246

INDUSTRIAL SYSTEMS
Chesapeake Corp.

15.324 15.075 16.434

PUBLIC USE-~0.246 MGD** INDUSTRIAL USE -16.434 MGB**

TOTAL USE---1€.670 MGD**
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System and/or Location

MATHEWS COUNTY

PUBLIC SYSTEMS
Chesapeake Shores
Cobb Shores
Gwynns Island

MIDDLESEX COUNTY

PUBLIC SYSTEMS
Christchurch School
Saluda
Urbanna

INDUSTRIAL SYSTEMS
Barnhardt Farms
Duffy-Mott, Uftbanna
J. W. Furguson Seafood, 2

Remlik

ENTIRE STUDY AREA

Source:

TABLE C-1 (Continued)

GROUNDWATER WITHDRAWALS IN MILLION GALLONS PER DAY

No of No of 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975
Wells Spr MGD MGD - MGD MGD MGD MGD MGD MGD MGD MGD  MGD
1 0.007 0.004 0.010*
1 0.002 0 001 0.002*
1 0.006

PUBLIC USE~--0.018 MGD** INDUSTRIAL USE--0.000 MGD

2 0.030

1 0.050

2 0.100 0.100 0.100 0.120

"3 2.000 3.888

1 0.266
0.012 0.017 0.024

PUBLIC USE--0.166 MGD** INDUSTRIAL USE -2.150 MGD**

PUBLIC USE--1,121 MGD** INDUSTRIAL USE--18.6 MGD**

Virginia State Water Control Board - BWCM

TOTAL USE--0.018 MGD**

0.030
0.030
0. 116%*

1.186

TOTAL USE~--2.316 MGB**

TOTAL USE--19.8 MGD**
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AQUICLUDE:

AQUIFER:

AQUITARD:

ARTESIAN AQUIFER:

BICARBONATES (Metal + HCO3
e.g. Na HCO3):

CAPILLARY FRINGE:
CHLORIDES (C17):

- CONE OF DEPRESSION:

CONFINED WATER:

CONFINING BED:

GLOSSARY OF TERMS

Definitions

A formation of relatively low permeability
that overlies or underlies an artesian
aquifer and confines water in the aquifer
under pressure.

A water-bearing formation, group of
formations, or part of a formation that
will yield groundwater in useful quqntities.

A formation that partially restricts
groundwater flow.

A confined aquifer in which groundwater
rises in a well above the point at which
it is found in the aquifer.

Can raise the pH to a high concentration
which may be corrosive.

The zone of partial or complete saturation
directly above the water table in which
water is held in the pore spaces by
capillarity. :

Are indicative of concentrations of salt
water concentrations above 250 milligrams
per 1jter (mg/1) are detectable by taste.

A conelike depression of water table or

of the piezometric surface that is found

in the vicinity of a well by pumping.

The surface area included in the cone is
known as the areas of influence of the well.

Water under artesian pressure. Water
that is not confined is said to be under
water table cqnditions_

A bed which overlies or underlies an

aquifer and which. because of low permeability
relative to the aquifer, prevents or

impedes upward or downward loss of water

and pressure. An aquiclude.



DISSOLVED SOLIDS: Generally noticeable in concentrations .
greater than 500 mg/1. '

DRAWDOWN: The depression or decline of water level
in a pumped well or in nearby wells
caused by pumping. It is the vertical
distance between the static and the
pumping levels of the well.

EVAPOTRANSPIRATION: The combined discharge of water to the
air by direct evaporation and plant
transpiration. o

FLOWING WELL: A well having sufficient artesian
pressure head to discharge water above
the land surface.

GROUNDWATER: : Water beneath land surface in the zone of
saturation and be]ow the water table.

HARDNESS : Quality of water that prevents lathering
because of calcium and magnesium salts
which form insoluble soaps.

HYDRAULIC GRADIENT: - The gradient or slope of the water table
of piezometric surface, in the direction
of the greatest slope generally expressed
in feet per mile.

HYDROGEOLOGY : The science of the natural laws that
control occurrence and movement of
groundwater. Geology as affected by hydrology.

HYDROLOGY ; The science that relates to water movements
and physical characteristics.

IGNEQUS ROCKS: . Rocks formed by the cooling ahd crysta]]iza-

(Basement Rock) tion of molten or partly molten material. T
INFILTRATION: _ The flow or movement of water into the .

surface soil and rocks.

INTERSTICES: The openings or pore spaces in a soil
_ or rock formation. In an aquifer, they
are filled with water.

LITHOLOGY : The large scale physical characteristics
' v of rocks/sediments.

LOSING STREAM: A stream losing water to groundwater
storage (formerly termed "influent stream’ .




METAMORPHIC ROCKS:

NITRATES (N03):

NONFLOWING ARTESIAN WELL:

pH:

PALEONTOLOGY :

PERCOLATION:

PERMEABILITY:

PIEZOMETRIC SURFACE:

POROSITY:
PUMPING LEVEL:

RECHARGE:

RECOVERY:

SALTWATER INTRUSION:

Rocks altered from pre-existing
rocks by changes in temperature, pressure,
and chemical environment.

A salt or ester of nitrous acid (concentra-
tions greater than 45 parts per million
(ppm) can be toxic.

An artesian well in which the head is not
sufficient to raise water to the land
surface at the well site.

The negative logarithm of the Hydrogen
Ion activity--measured 1 through 14 with
7 being neutral, 1 being most indicative
of acidity and 14 most indicative of
alkalinity.

The étudy,of fossil animal and plant
remains to determine past environments.

Movement under hydrostatic pressure of

water through the interstices of rocks

or soils, except movement through large
openings such as solution channels.

The ability of a rock to transmit water
per unit of cross-section. .

An 1maginéry surface that everywhere
coincides with the hydrostatic head of
water in an artesian aquifer. -

The ratio of the volume of the openings
in a rock to the total volume of the rock.

" The relative elevation of the water surface

in a well during pumping.

The addition of water to an aquifer by
natural infiltration or artificial means.
Injection of water into an aquifer through
wells is one form of artificial recharge.

The residual drawdown after pumping has
stopped.

The phenomenon occurring when a body of
saltwater, because of its greater density,
invades a body of freshwater. This may
be caused by a loss of pressure in the
freshwater.



SEDIMENTARY ROCKS;

STATIC WATER LEVEL:

STRATIGRAPHY :

STORAGE COEFFICIENT:

TRANSMISSIVITY:

UNCONFINED AQUIFER:

WATER TABLE:

WATER-TABLE AQUIFER:

ZONE OF AERATION:

ZONE OF SATURATION:

Usually stratified formations consisting
of products of weathering by action of
water, wind, ice, etc.

The level of water in a non-pumping or
non-flowing well.

The relationship of the formation
composition, sequence and correlation of
layered rocks on sediments.

Volume of water contained in an aquifer
which is related to porosity. Expressed
as an absolute value normally from 0.00001
to 0.002 for artesian aquifers and from
0.01 to 0.35 for water table conditions.

The capacity of an aquifer to transmit

~water in gallons per unit of time per

section 1 foot wide by aquifer thickness.
Expressed as gallons per day per foot
(gpd/ft) normally ranging from 1000 to
1,000,000 gpd/ft.

Water not under artesian pressure. ‘Generally
applied to denote water below the water
table. '

- The surface of unconfined groundwater

which is determined by gravity.

An aquifer which is not confined above,
in which the water level in a well
indicates the water table.

The zone in which the open spaces in

s0il or in a rock formation contain

air and water.

The zone in which the open spaces in
the rocks are completed filled with water.
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