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ABSTRACT

The York-James Peninsula is the portion of the Embayed Coastal

Plain which lies between the York and Mattaponi Rivers on the north

and the James River on the south. The land area of the Peninsula

is about 1,752 square miles. The population is 707,125, of

which more than 70% live in the areas of Newport News, Hampton and

Richmond. The average annual precipitation of the area is about 42

I ncnes .

Ground water in the York-James Peninsula occurs in the unconsol-

idated sediments of Tertiary and Quaternary age. These sediments

have been deposited on a basernent-rock complex of pre-Cretaceous age.

The basement-rock complex consists of several types of crystal-

I ine rock and scattered Triassic sedimentary rocks. . General ly, the

basement-rock complex dips eastward. Recent gravity and magnetic

surveys of the area indicate that the surface of the basement-rock

complex may exhibit some structurai and erosional rel ief. There is

evidence of tectonical ly active hingel ine zones in the basement compiex.

Sediments of Cretaceous age, which range in thickness from 20

feet in the west to 1700 feet in the east have been deposited on the

basement-rock complex by fluvial and deltaic depositional processes.

Some local marine deposition and reworking has probably occurred

during the depositional history of the area.

Tributary channel, meandering channel, delta distributary and

delta front facies have been observed in geophysical logs. The

I ithology of the Cretaceous deposits consists of discontinuous sands

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

IX



and

t h6

the size and sorting of the sand is variable and dependent upon

depos i t ional env i ronment.

Overlying the Cretaceous are Paleocene sediments which were

deposited il a transgressive envi ronment. The Paleocene, which is

from 50 to 100 feet thick, consists of characteristical ly glauconitic

silts and f ind-grained sands

." Deposits of Eocene sediments are found in parts of the York-James

Peninsula. The Eocene, which consists of fine-grained sand and si lt

containing.. some glauconite, was deposited disconformably upon the

underlying Paleocene by two marine transgressions.

The Miocene deposits of the York-James Peninsula reach a maximum

thickness of more than J00 feet in the eastern part of the area. The

Miocene is comprised of deposits of dark-golored silt and clay which

grade transitionally upward into a unit composed of sands and shell

fragments. A basal sand,20 to 40 feet thick, occurs in the centrai

and eastern part of the Peninsula.

Ground water in the York-James Peninsula is found in water table

aquifers, an upper artesian aquifer system and the principal artesian

aquifer system. The upper system, which is made up of Eocene and basal

Miocene sand,s, is regionally.artesian in the eastern part of the area

and local ly. artesian in the central part of the area. This system

is a rel iable source of ground water for dornestic, agricultural and

institutional use. The. principal artesian aquifer system, which occurs

in the. Cretaceous and lower Paleocene depos i ts , i s found throughout

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

aqtrifer potential to supply ground water for municipal and industrial

use.



Evidence indicates that much of the recharge to the principal

aquifer system is derived from vertical leakage through confining

beds. Potentiometric surface maps show a geohydrologic anomoly in

the area between tr^/est Point and Williamsburg which is probably caused

both by thinning of the aquifer system and by a decrease in permea-

bility. Transmissibility in the principal aquifer is estimated to

average from 3000 gpd/ft to 50,000 gpdlft. Much of the recharge to

the upper aquifer system probably is derived from vertical leakage

through confining layers. The estimated transmissibi I i ty of this

system is between 5000 gpd/ft and 15,000 gpd/ft.

water from the upper artesian system is characteristical ly low

in total dissolved sol ids but high in hardness. The principal artesian

aquifer yields ground water which is low in hardness. Total dissolved

solids and chloride increase to the east. In some parts of the eastern

York-James Peninsula, total dissolved sol ids and chloride may make

the ground water undesirable for some uses.

Throughout the York-James Peninsula wi thdrawals from the principa)

artesian aquifer system have lowered water levels about 50 feet since

1900. Large withdrawals of ground water in the west Point area anct

the williamsburg area have lowered water levels about 80 feet

The ground water resources of the study area are largely undevel-

oped. Large quanti ties of high qual i ty ground water are avai lable

in Charles City and New Kent Counties. East of U/i I I iamsburg there

are even greater quantities of mineral ized ground water.
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CHAPTER I

I NTRODUCT I ON

Loca t i on

The physical boundaries of the area of study are the Mattaponi

and York Rivers on the north, the James River on the south, the Chesa-

peake Bay on the east, and the Fall Zone, which roughly corresponds

to the Iocation of Interstate 95, on the west (flate l)'

The political subdivisions of the York-James Peninsuia include

the counties of Henrico, Hanover, King !/i I I iam, New Kent, Charles

City, James City and York and the cities of Richmond, Williamsburg,

Newport News and HamPton.

The major population centers of"the study area include the cities

of Richmond, \,/i I I iamsburg, Hampton and Newport News and the towns of

Ash land and lles t Po i nt (taU I e 1 ) .

Scope of Investigation

Thi s report wi I 1 estabi i sh the present artes ian ground-water

situation of the York-James Peninsula in terms of quantity and qual ity

of ground water, and its present use and development and interrelated

effects. In addition, it is intended that the report wili be used as

an effective aid to future planning and development of the ground-water

resource of the area. A third objective of the report is to furnish

the basic data necessary for the construction of a computerized ground-

water model of the York-James Peninsula.

In order to establ ish the geologic framework of the artesian

aquifers, available publications, geologic or geophysical data and

other current investigations were uti I ized. Sources of information

available on the hydrology of the area include observation well data,
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measurements of water levels from privately owned wel ls, pumPage

records, pumping tests and previous publ ications.

Throughout this report, wel ls are identified by Bureau of Water

Control Management (BWCM) \^rel I numbers. Each wel I number cons ists

of two parts, €.g. 147-22. The first number, 147, denotes the county

in which the well is located, and the second number, 22, is the

sequential wel I number in the county. 0n the wel i location maps

(elates 2'7), the county number is shovvn in parentheses with the

county name. Key weI Is are Iocated on the maps.

All wells are located by the Virginia Plane Coordinate System

(see Appendix B). In'this grid system, coordinates refer to the

distanqe east and north of the origin. Grid coordinate I ines are

shown on wel I location maps..
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CHAPTER I I

GEOLOGY

The York-James Peninsula I ies whol ly wi thin the embayed section

of the Atlantic Coastal Plain Province. The geologic formations of

the area consist of unconsol idated sediments of Cretaceous, Tertiary

and Quaternary age deposited on a basement complex of sedimentary,

i gneous and metamorph i c rocks o I der than C retaceous (p I ate B) .

In this report, certain determinations of age and stratigraphy

of the artesian aquifers which were investigated are made.

The formational boundaries used in this report are based on

information from previous pub!ications and'on I ithostratigraphic

correlations and interpreta.tions of geophysical logs, with the aid

of wel I cuttings in selected areas.

Geologic Units

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

York-James Pen i nsu l a cons i sts of consol i dated sed imentary rocks and

various types of crystal line rocks, similar to the Piedmont. lJells

which have been drilled to basement have recovered granite, diorite

and several varieties of Triassic sedimentary rocks.

Recent geophysical studies, including a magnetic survey conducted

by the U. S. Naval 0ceanographic 0ffice (1964-1966) and a gravity

survey conducted by Mohamed Sabet (personal communication, 1972) ,

indicates that the basement complex may display considerable structural

and topographic rel ief. The magnetic survey map (Plate 9) shows the

magnetic trends of the basement complex of the York-James Peninsula.

Sabetrs gravi ty survey snows many simi lar trends. lntensi ty varia-

11
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tions which appear on the magnetic and gravity surveys may, in the

absence of control daya be caused by one or more of three things:

l) The intensity could be reflecting I ithologicai
oifferences in the pre-Cretaceous rocks.

2) The intensity may refer to anomolous densities

wi th i n the rocks.

3) The i ntens i ty may reflect eros ional and structural

confi gurat ion of the pre-Cretaceous surface'

In the western part of the York-James Peninsula, a large Triassic

basin has been found in the subsurface. This basin forms the base-

ment in the eastern part of Chesterfield, Henrico and Hanover Counties

and wes tern Ki ng Wi I I i am County (e I ate 1 0) .

. Magnetic and gravity surveys indicate the presence of a north-

trending high area in western Charles City'County. Two wells drilled

to basernent on this area, Wells 118-48 and 118-49, recovered altered

chloritic diorite from the basement.

Pre-Cretaceous rock forming the basement complex in the area

of West Point consists of Triass ic sediments. A deep wel I in West

Point encountered the characteristical ly red Triassic sandstones

and shales at approximately 1255 feet below sea level. This Triassic

trough may be the hingeline of a fault block (graben) along which

active crustal deformation has occurred from Triassic through Miocene

ages (Brown 1972). The hingel ine control led subsequent deposition

in the West Point area.

The magnetic map shows a low magnetic intensity from the West

Point area southward through eastern Charles City and western James

City County. The low variation in magnetic intensity in this area

lr+
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may represent an extension of the Triassic basin found at West Point.

No wells to date have been drilled to the pre-cretaceous surface in

this area. The depth to the basement complex is estimated to range

from 800 feet below sea level in eastern charles city county to ,|,400

feet below sea level in central James City County.

The only information on the nature of the basement-rock complex

east of Wi I I iamsburg is data from gravity and magnetic surveys and the

record of 'vJell 211-2 at Fort Monroe, in which crystalline rock was

found at a depth of 2,243 feet below sea .level. 
The magnetic and

gravity surveys have located a high-intensity area centered in

Gloucester county, north of the york-James peninsula (plate 9), and

extending southward into York and eastern James city counties.. The

geometry and areal extent of this anomoly indicate that the high

intensity readings may be caused more by density differences in the

basement rock complex than by variations in basement topography.

cretaceous- In previous reports of the york-James peninsula,

the Cretaceous has been subdivided into the Lower Cretaceous Poromac

Eroup and the Upper Cretaceous Mattaponi formation. ln a recent report

by Brown (1972), the Cretaceous has been subdivided into three units

named unit H, unit G and unit F (ptate 8). units H and G correspond

to the classical Potomac aroup, while Unit F comprises both the upper

portion of the Potomac group and the lower portion of the Mattaponi

formation.

The cretaceous of the York-James peninsula was deposited in a

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

been preserved are the meandering channel facies of the fluvial en-
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vironment and the delta distributary, and delta front facies of the

del taic envi ronment. Characteristic of al I these facies are discon-

tinuous sand bodies interbedded with siIts and clays.

The sl ightly meandering channel facies (Fisher and McGowen, 1967),

found in eastern Henrico and Hanover Counties and western King William,

New Kent and Charies City Counties, is characteiized by channel sand

bodies which are coarse-grained at the base and become finer-grained

upward. Geologic correlations made for this report indicate that the

channel sands are 50 to 70 feet thick, one to three miles wide, and

up ro ten miles long (Plates 13, 17 and 2l). In addition, smaller

sands resulting from crevasse deposits overbank spills and tributary

stream channels are found (Plat'e 11, Wells 143-8 and 143-15)' The

fluvial sands are general ly subordinate to coarse and fine inter-

channel s i I t. The channel sands general ly are good aqui fers i f the

total sand thickness exceeds 100 feet.' Interchannel deposits usually

will not yield large quantities of ground water (!'lates l5 and l9) '

The sands of the highly meandering channel facies (Fisfrer and

McGowen, 1967), found in eastern King William, New Kent, and Charles

City Counties, James City County and western York County, are medium

to coarse grained, moderately well sorted, and have an average thick-

ness of about 100 feet (Plate 11, i^/el1s 150-l and 147-22)' Sand

bodies are discontinuous as shown in the geologic correlation of

Wel I 150-1, 149-4, and l49-5 (plate l7). Smal ler sands associated

with crevasse deposits and overbank spills are found. Overbank silts

and clays are subordinate to sands in this facies. The dominant thick

sands of this facies are general ly good to excellent aquifers, from

17
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which a properly constructed well can draw large quantities of ground

water.

The delta distributary facies is characterized by medium-grained,

moderately wel l-sorted sands, about 50 feet thick, with I inear trends.

In certain parts of this facies, interchannel swamp deposits, consist-

ing of dark-colored silts and clays with sand stringers, are found.

One such area is the extreme eastern tip of the Peninsula (plate l5)'

Delta dis.tributary sanos are generally high yield aquifers, but the

i nterchanne l swarnp depos i ts have very poor aqu i fer character i st i cs.

Delfa front bar sands are found in Well 211'2 at Fort Honroe,

City of Hampton, and in several wells in the cities of Portsmouth,

Norfolk, and Virginia Beach. In general, i.hese sands are 50 to 70

feet thick, f ine to,medium grained, and wel I sorted. Aquifer char-

acteristics of the sands are good, but the ground water in the sands

is highly mineral ized.

Paleocene. The sedimentary interval between the lower Cretaceous

Potomac group and the iliocene has classicaliy been divided into the

Upper Cretaceous to Paleocene Mattaponi formation and the Aquia, Nan-

jemoy, and Chickahominy formations of Eocene age. These formations

and their boundaries have been described in a report by Cederstrom

f l qq7)
\ | J2 t t .

In this report, the Mattaponi is described as being interbedded

sands and clays overlain by a glauconitic, occasionally fossiiiferous

unlt. Based on the presence of Paleocene fossils in the uPPer member

and the lithologic similarity of the lower member to the Upper Cre-

taceous of southeastern Virqinia and other areas, Cederstrom cal led
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this unit the Mattaponi formation and assigned it to Upper Cretaceous

and Paleocene. Overlying the MattaPoni are, from east to west, the

Chickahominy, the Nanjemoy of Claiborne age, the Nanjemoy of lJi lcox

age, and the Aquia. Cederstrom (1957) notes that a basal sand found

in the Aquia in the western part of the Peninsula correlates with a

sand member which i s overlain by sediments containing Paleocene

foraminifera. His explanation is that the upper Mattaponi and Aquia

represent a transgressive marine deposition. \.Jith the aid of more

recent paleontological evidence and regional stratigraphy, Brown (1972)

has recognized the presence of a Paleocene unit of Midway age. Based

on a comparison of Cederstrom and Brown (ptate 8), the Paleocene,

as defined by Brown, includes tl." Slauconitic member of the Mattaponi'

formation, the Aquia formation and that part of the Nanjemoy forma-

tion assigned to Wilcox age by Cederstrom. Tectonic depositional

controls postulated by Brown resulted in nondeposition during middle

and late Cretaceous in the York-James Peninsula, and therefore the

nonglauconitic portion of the Mattaponi has been assigned to iower

Cretaceous. In his report, Cederstrom has cited evidence that such

an interpretation could be val id.

Sediments of Paleocene age are found overlying the Cretaceous

deposits throughout the western part of the York-James Peninsula ex-

cept in those areas near the Faii Zone where they have been removed by

erosion. The thickness of the Paleocene is between 50 and 100 feet

in the area. The Paleocene consists of fine to medium grained sands

interbedded with dark-colored silts and clays. To the east' the lower

portion of the Paleocene is a fairly permeable sand which is hydro-
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logical ly a part of the Cretaceous aquifer system. Along the central

part of this area, there is an abrupt lithologic change as the sand

becomes very silty and glauconitic. Near the Fall Zone in Hanover

County, the Paleocene is almost entirely silt and clay.

In the central part of the York-James Peninsula, the Paleocene

sediments are fine grained quartz sand with lO-75% glauconite and

numerous relatively thin si 1 ty clay stringers. The Paleocene sedi-

ments are about 100 feet .thick in the area.

ln the eastern part of the York-James Peninsula, the Paleocene

sediments are rather continuous as a whole throughout most of the

area, although various individual sands wedge in and out from place

to place. The Paleocene varies in thickness from about 100 feet in

western James City County to 40 to 50 feet in Newport News.

The sediments consist of fine to medium grained sands interbedded

with silty clays. In the Williamsburg area, some of the sands are

composed Iargely of dark green to black glauconi tic sands. A few

scattered shells occur in the upper half of the Paleocene sediments.

Focene. The Eocene is divided into Nanjemoy and Chickahominy

formations (cederstrom 1957). These are equivalent to sediments of

Claibo.rne and Jackson age as they have been described by Brown

(tglz).

The Eocene sediments have I ithologic uniformity and lateral

continuity simi lar to the Paleocene sediments. The thickness of the

Eocene varies considerably. In the western part of the Peninsula, the

thickness averages about 75 feet. East of !/est Point the claiborne

thins considerably and the Jackson age sediments are found. In James
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City County the Eocene thins to about l0-25 feet, and eastward it

wedqes out before Well 215-19 in Newport llews.

The Eocene is made up of fine to medium grained sand, with vary-

ing concentrations of glauconite. Some of the glauconitic material

is oxidized to a reddish-brown color. 5i lty material dispersed in

varying percentages throughout the unit gives it a characteristical ly

low ampl itude curve on geophysical logs (elate I 1 ).

Both the Claiborne and Jackson units were deposited in a trans-

gressive shal low marine environment. Regional and local I ithologic

correlations iridicate that the sediments of Claiborne age are depos-

ited disconformably on the underlying Paleocene. Cederstrom states

that deposition during the Jackson age (Chickafrominy formation) caused

erosional thinning of the Claiborne sediments in the eastern part of

the Peninsula. Brown (1972) shows a complete absence of claiborne

in some areas.

Miocene. The Miocene deposits of the Virqinia Coastal Plain are

divided into four formations which are the Calvert, the Choptank,

the St. Marys and the Yorktown. 0f these, all but the Choptank have

been recoqnized in the York-James Peninsula.

The thickest Miocene deposits are found in the eastern part of

the Peninsula. They range in thickness from about 200 feet in western

James City County to a little more than 300 feet in the Hampton area.

The top part of the Miocene consists of shells and shell fragments

cemented with calcite. This unit grades transitionally downward into

a fine-grained subround to round quartz grain sand, with a gradual

decrease in shel I fragment content. Traces of biotite and glauconite

OCCU1 in the San.l Af ararta..lepth, the Sand beCOmeS mgre pOOfly
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sorted. Along with the increase in silt matrix there is a corresponding

decl ine in shel I material. This part of the Miocene section is

characteristically dark in color and is often called blue sand or

blue clay in dri I lers' logs. Throughout most of this area there is

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

20 to 40 feet thick and has a higher porosity than the overlying

sediments. The base of the Calvert is marked by a marl or coquina

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

few inches to a few feet.

Miocene deposits cover most of the central part of the York-Jarnes

Peninsula, but they become thin and irregular in the southern and

western parts of this area. This is par"tly a result of removal of

the Hiocene by erosion, and may be partly a result of nondeposition

caused by tecton ic trans ition during ear'ly l''tiocene time (Brown 1972) .

In the central part of the Peninsula, the lower portion of the Miocene

thickens to the northeast, reaching a thickness of about 100 feet in

the area of the Hattaponi River. The upper Miocene thickens to the

east, attaining a maximum thickness of 50 feet.

The lower part of the Miocene in the area is similar to that of

the eastern part of the Peninsula, consisting of a basal fossiliferous

sand,20 to 40 feet thick, overlain by a dark, silty clay of variable

thickness. Glauconite is occasional ly found in the clay. The de-

posit of shells and shell fragments which is characteristic of the

uppermost Miocene to the east, appears to grade laterally into a

fossi I iferous, medium to coarse grained quartz sand in the central

part of the Peninsula.



In the western part of the York-James Peninsula, the Miocene

forms a thin mantle less than 50 feet thick on the high stream divides.

It consists of gray clays which contain some shell fragments.

The Miocilne sediments, having been deposited in a shallow marine

environment, are fairly consistent lithologically and have a wide

areal extent. The 14iocene is easi ly identified on geophysical logs

by its characteristic resistivity curve (plate I l).

Post-l'tiocene. The deposits which overl ie the Yorktown formation

consist of sediments of the Pl iocene and/or Pleistocene series (gick

and Coch 1969), the Pleistocene series and the Holocene or Recent

series. Cederstrom (1957) describes the Columbia group of the Pleis-

tocene series in the western and central part of the Peninsula as being

deposits of sand, silt and clay of continental origin which form a

mantle 30 to 60 feet thick over the area. In the eastern part of the

Peninsula, Bick and Coch (1969), Coch (1971) and Johnson (1972) have

coliective'ly recognized the Sedley and Bacons Castie formations of the

Pl iocene and/or Pleistocene series, the Windsor, Norfolk and Sano

Ridge formations of the Pleistocene series and deposits of the Holo-

cene series. Each formation was subjected to erosion before deposi tion

of the next younger formation so that all of the formations are dis-

continuous. Coi lectively, the Sedley, Bacons Castle, Windsor, Norfolk

and Sand Bridge formations are a series of sands, silts and clays

which were deposited in fluvial, estuarine and marginal marine environ-

ments. The col lective thickness of the formations ranges fron 25 to

75 feet in the inland areas, bu.t along certain parts of the York and

James R i vers the Norfol k format i on becomes much th i cker.
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CHAPTER I I I

OCCURENCE AND USE OF GROUND-,WATER

In the York-James Peninsula, ground water occurs in three major

aquifer systems. The uppermost aquifer system is the water-table

aquifer found throughout the Peninsula. lt consists of deposits of

Tertiary, Pleistocene and Recent age. This aoui fer is a rel iable

source of domestic ground-wat,er Supply in most of the area,. but sea-

sonal fluctuations and lack of sufficient storage make i t impractica

for industrial or municipal suppl ies.

the York-James Peninsula is the

upper artes ian aqui fer system,

formed f rom sed ime.nts of M iocene

and Eocene age. This system is art-

tesian on a regional scale in the

eastern part of the Peni nsula. I t

is, however, locally artesian in

parts of the central and western

Peninsula. The thi rd aquifer sys-

tem is the principal artesian aqui-

fe r sys tem comp r i s i ng depos i ts of

Pa I eocene and C retaceous age. Th i s

system is found throughout the en-

tire Peninsula.

The most prevalent rel iable

hydrologic information avai lable

for most wel ls in the York-James

The second aquifer system of
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Peninsula is the specific capacity, which is defined as gallons per

mi nute of d i scharge per foot of drawdown (gpm/ft) . Therefore, spec-

ific capacity is used in this rePort as an indicator of aquifer po-

tential. I t should be noted that variations in wel I construction wi I l

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

in those areas where specific capacities are reported and accurate I
well completion information is available, specific capacities can be

used as a reasonable comparative Parameter of aquifer potential.

For wel ls on which construction data and geophysical logs are

available, specific capacities have been corrected by means of a graph

(Plate 22), constructed from the Kozeny formula, which compensates

for wel I diameter,'wel I construction, and partial penetration of the

aqu i fe r.

Water-Table Aquifers

The vrater-table aqui fers are an important source of domest ic

ground-water supply in the York-James Peninsula. In addition, these

aquifers supply ground water to sorne institutions, farms and other

small users in the area. Bureau of \^later control Management data

files show that the water table aquifers are the dominant source of

domestic ground water in King h/illiam county and in many parts of

charles city, New Kent, James city and york counties. These aquifers

are not as dominant a source in eastern Henrico and Hanover Counties.

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

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

36



wel l s are probably completed in water-tab1e aqui fers, but insufficient

geologic data prevent accurate determination of aquifer type.

Upper Artesian Aquifer Syste1

Geologic and hydrologic information indicate that this system

becomes regionally artesian a'l ong a line a few miles west of , and

paral lel to, the western border of James City County. This system

is locally artesian in areas of higher elevation to the west as far

as extreme eastern Henrico and Hanover Counties.

This system has a fairly consistent thickness of about 50 to 8O

feet and a normal lithology of fine to medium grain sand moderately

to poorly sorted with glauconite, usual ly referred to as green sand

or blaclc sand. The ionsistency of the system makes it a reliable

source of domestic and subdivision ground-water supply. Specific

capacities of wells completed in this system range from I gpm/ft to

l0 gpm/ft. Depth to the top of this system varies from 50 feet above

sea level in eastern Hanover County to 340 feet below sea level in

Newport News (taUte Z).

In James City and York Counties, this system is the ground-water

source for many of the domestic and subdivision artesian wells, in

addition to some institutional and agricultural supply ureils. Most

of the flowing weils along the lower Chickahominy River are completed

in this system. An increasing number of domestic supply we1 ls in

Charles City, New Kent and King Will iam Counties are being completed

in the upper artesian aquifer system. In the western part of the

area, the system is too thin for practical development.
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Principal Artesian Aqui fer- System

The principal artes ian aqui fer system contains a very large

potential ground-water supply in the York-James Peninsula, ai though

it is not presently developed in many areas. The system contains

many sands that have a high-yield potential, and in those areas where

aquifer transmissibi I ity is low, the thickness of the system somewhat

compensates for the low transmissibi I ity. Depths to the top of the

principal aquifer system vary from 90 feet above sea level in Henrico

County to 540 feet below sea level in Newport News (faOte 2).

Near the Fall Zone, the principal aquifer system is thin and

the hydrology is somewhat erratic. Some of the factors which control

the hydrology are the topography of the basement-rock complex, the

presence of faults in the basement, the percentage of sand in the

aquifer, and the thickness of the aquifer.

\^Jhen the th ickness of the system exceeds about 250 feet, the

parameters which affect well yield are the sand percentage of the

aquifer system, the thickness of the aquifer system, and the con-

struction of the well. Sand percentage of the aquifers is higher in

the area in which the sands were deposited by meandering river channels

than in areas where sands were deposited by tributary stream channels

(see GEOL0GY). The thickness of the aquifer system increases to the

east and northeast in the area. The most efficient method of well

construction in this area is the installation of multiple short screens

in the various sands rather than a single long screen.

I n the eas tern port i on of the York-James Pen i nsu I a, the pr i nc i -

pal aquifer system is very thick and has a great ground-water yield
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potential, although this potential has not been developed in most of

the area. Geohydrologic information indicates that the only areas

in which poor aguifer characteristics exist are in the Newport News-

Hampton area and in the West Point area. ln the Newport News-Hampton

area, a considerable portion of the principal aquifer system consists

of silts and clays with a low percentage of sand. At l,jest Point, the

sands of the principal artesian aquifer system are poorly sorted,

extremely discontinuous, and apparently have low tranFmissibi I i ties.

Uncorrected specific capacities from wells completed in this system

range from 4.6 gpn/f t to 25 gpm/ft.

specific capacities of wel 1s completed in the principal aquifer

system vary greatly. I n parts of extreme eastern Henrico County,

specific capacities are as low as 0.17 gpm/ft in sand-poor wells.

In West Point, an industrial well completed within the principal

aquifer has a corrected specific yield of 18.59 gpm/ft. 0ther wel ls

in West Point which are completed in both the upper and principal

aquifers have specific capacities as high as 30 gpm/ft. Near Will iams-

burg, specific capacities range from I I gpm/ft to 20 gpm/ft. In

Newport News, a corrected specific capacity of 5.2 gpm/ft is reported'

Use

The most extensive develoDment of the lower arteSian aquifer

system has occurred in the Richmond Metropolitan Area of Henrico and

Hanover Counties, in the West Point area, and in the Williamsburg

area. In all three areas, the aquifer system has been under develop-

ment for some time.

Most of Henrico County is suppl ied by surface water; however,
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seventeen subdivisions and the towns of Sandston and Highiand Springs

use ground water for municipal and domestic purposes. Ground water

suppl ied Sandston and Highland Springs in the 1940's (Cederstrom 1957).

However, no actual record of total withdrawals is available during or

prior to this time. During 1970'72, avai lable records show the total

withdrawal of ground water from the Sandston and Highland Springs area

was about I .0 mi I I ion ga I lons per day.

The total pumpage from various subdivisions was estimated to be

1.55 million gallons per day in 1972. This figure was calculated from

the avai Iable records. There are no records prior to '|970 relating

to the wi thdrawa I rates.

Hanover County receives most of its.water from surface water

sources. However, a number of subdivisions withdraw ground water for

municipal and domestic purposes. From 1950-1970 approximately 0.2

mill ion gallons per day were \^/ithdrawn. In 1971 sixteen subdivisions

used approximately 0.3 mil lion gal lons per day.

From lBgO-t930 the total withdrawals from the artesian aquifers

in the West Point area was estimated to be approximately 0.39 million

gallons per day (Plate 23). Wells were generally of small diameter

aira free flowing. The domestic and municipal pumpage was found to

be approximately 0.35 million gallons per day i n 1972, according to

avai lable records. In the 1930's the first high capacity industrial

wells were drilled which are developed in the upper and principal ar-

tesian aquifer systems. From l93l to .l940 ground water withdrawals

increased to about 1.25 miIIion gallons per day. From the period of

l94i to 1950 Cederstrom estimated the pumpage to be about 6.91 million

1Z
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gai lons per day. With additional industrial wel I construction, ground

water withdrawals average 10.2 million gallons per day from l95l-1950.

Further development of the well field raised the total pumpage to an

average of 15.15 million gallons per day in 1972. During the period

from l96l-1972 the total ground water withdrawals in the West Point

area averaged 15.48 mi I I ion gal lons per day.

From the period of 1890-1920 the withdrawals from the artesian

aquifers in the l{illiamsburg area were estimated to be about 0.1 to

0.2 million gallons per day, most of which came f rom f ree f lowing

wel 1s. From lg2l'1939 withdrawals increased to 0.7 mi 1 I ion gal lons

per day. Plate 2J shows the increase was due to the installation

of a wei I at \^/illiam and Mary College in lg2\. Most of the water f rom

the f{illiam and llary weil was used for cool ing purposes. From '1940-1961

the average wi thdrawals from the principal aquifer was increased to

about 1.8 million gallons per day, due to the further development of

wells in the Colonial Williamsburg area. The water was used for

cool ing and domestic purposes. With further deveiopment of Colonial

il/i I 1 iamsburg, the withdrawals increased to an average of 2.5 mi I I ion

gallons per day during the summer months of 1972. The above figure

is reduced $0 percent during the rest of the year.

ln 1957 a group of high capacity industrial wells which were de-

veloped in the upper and principal aquifer system were dri lled near

Grove in James City County. In 1958 the total withdrawals from the

artesian aquifers was estimated to be approximate 1V 0.7 rnillion gal lons

per day (ptate z3). From 1958-i964 there was an average 1 ineal in-

crease in withdrawals of approximately 1,22 ni I I ion gal lons per year.
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There was a decrease in pumpage from 3.9 mi I I ion gal lons per day in

l954 ro 3.3ni llion gallons per day in l-q66. From 1967-1958 the tota'l

lvithdrawals increased to 5.2 million gallons per day. As can be seen

from Plate 23 there was a s1 ight decrease in total pumpage during

1971. At present the withdrawals average 5.1 miliion gallons per day.

Seven wel ls suppl ied Fort Eustis with water during the First

World L/ar. There are no available historical records on pumpage for

this period.

Cederstrom reported that Fort Eustis was suppl ied during \{orld

War I I by four wells. During the early to mid forties, the wells

furnished 1.5 to 1.75 mj llion gallons per day. Approxirnately at the

Same time, water from several weils was pumPed into the Lee Hall and

Skiffs Creek Reservoi rs to al leviate the water shortage. Again the

historical records on pumpage from the Fort Eustis area is not avail-

able however, an estimated quantity of 2 to 3 million gallons per

day would be a conservative figure. At present the water requi re-

ments are suppl ied by surface water.

There are no records available on the withdrawal history of the

Camp Peary area. However, most of the water was withdrawn between

l94l and 1950. Cederstrom estimated that approximately 2.00 mi I I ion

gallons per day was withdrawn during f/orld War I l. Most of the wells

are dormant at present or on standby in case of fires. At present most

of the industrial and municipal water requi rements are largely suppl ied

by surface water.

Current ground water wi thdrawal data is presenled in Appendix D-

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



artesian aquifer system. In addition to this 1 isting there are scat-

tered domestic, agricultural and institutional supply wells throughout

the York-James Pen insula.

The only apparent impediment to more extensive development of the

principal aquifer system is that the mineral content, esPecial ly

chloride, increases in the eatern part of the Peninsula (see

WATTR qUALITY). High amounts of total dissolved sol ids make the water

undesirable for sorne uses. In a subdivision east of Williamsburg,

the water quality problem has been satisfactorily solved by the con-

struction of a water supply system in which water of high mineral

content from an artesian well is mixed with water of low mineral

content from' a water-table wel l. In areas where ground water from

the principal aquifer system is high in dissolved sol ids, quality

improvement by di lution with surface water or shal low ground water

may be a pract i ca I sol ut ion.
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CHAPTER I V

HYDROLOGY

Hydrologic data on the artesian aquifer systems in the York-James

Peninsula consist mainly of specific capacity determinations from

single-wel I pumping tests. Stratigraphic correlations, assembled from

geophysical well logs and geologic samples frorn rvells, give a reason-

able picture of the hydrologic framework of the artesian aquifers'

Hydrology of the Principal Aqui fer System

The principal aquifer system of the York-James Peninsula consists

of Cretaceous fluvial and deltaic deposits and iower Paleocene marine

sands. lndividual aquifers.in the Cretaceous are thick, discontin-

uous sand bodies interbedded with si lt and c1ay, while the Paleocene

sands are thinner but more continuous. The confining beds overlying

the principal aquifer system consists of clay, silt and poorly sorted

sand in the upper part of the Paleocene

In Henrico, Hanover and western King \,lilliam 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 re-

charge oc6urs from vertical ieakage between adjacent aquifers through

aquitards. The rate of vertical flow is proportional to the difference

in water levels in adjacent aquifers and the effective vertical permeability.

!lith heavy pumpage and increasing pressure differentials leakage

can yield substantial quantities of water to pumped aquifers. In the

i/est Point and Wi I I iamsburg areas water derived from vertical leakage

is probably greater than that derived from lateral migration and the

smal I amounts released from artes ian storage.
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A minimum value for leakage through the confining rayer of the
principal aquifer system can be estir,rated by using Darcy,s Law,
Q = PrA' vrhere Q = recharge in gallons per day; p = purmeability of
the confining layer; r = hydrauric gradient, which, in this case, is
the ratio of the head differential to the thickness of the confining
layer; and A = arear extent of confining rayer (u.s.c.s. I,{ater suppry
Paper t536-E).

Laboratory permearneter tests of a core of a very row permeabirity
clay taken from l'/ell ll8-49 (Appendix A) show an average permeability
-^€ n nnar .vl v.vvz> Inches per day, which is equal to 0.0015 gallons per day
per square foot. In the !{est point area, head differentials between

1wo 
ahuifers separated by a 7O foot thick conf.ining layer vary De_

tween 40 feet and 50 feet. Assurning an average head differentiai of
50 feet, the hydraulic gradient imposed on the confining rayer is
50 ft/70 tt or 0.7r. For an area of one square mile, the recharqe
derived f r-om leakage through the conf in ing bed is:

Q = 0.0015 gpa/ftz x 0.71 x (S.zA * to3 rt)2
Q = 0.0305 x 105 9pd = j0,500 gpd

As previously stated, this estimate of leakage is a minimum varue.
clay as impermeabre as that in the core sampre f rom r^/elr llg-4g is not
often found' The confining layer is usualry made up of more sirty
material in which a permeabi l ity increase of one order of magnitude
can be expected' The head differential in the l./est point area is lower
than norma.' because of heavy pumpage in both of the aquifers separated
by the conf i n i ng bed.

Estimates of the transmissibi ., ity of various portions of the



TABLE 3

ESTIMATED TRANSMISSIBILITIES OF SELECTED WELLS

COHPLETED I N THE PR I NC I PAL AQU I FEP. SYSTEM

WELL NO.

143- lo

r43- 1r

143- 62

150- r

150- 4

r 42- B0

t\2-165

142- 6

142- 7

142- t4

142- 68

t\2- I 3

142- 8

r42-r rg

1 42-126

| 42-168

TRANSMISSIBILITY

24 , ooo

28 ,000

I 8 ,000

29 ,000

24 ,000

2 l ,000

I 0 ,500

3 ,000

8 ,0oo

20 ,000

8,ooo

5 ,500

8 ,500

8 ,000

8,ooo

5 ,500

WELL NO.

147- 99

It+7- 17

t\7- t9
I l{7- I o0

I 47- 98

r47-loo

il 
^1|.5- /.

ll+3- 7

r43- 8

t 43- i 3

r43- 3l

143- l8

r43- I

r43- 4

r43- 9

!t ^ al.+t- o

TRANSMISSIBILITY

1 0 ,000

1 0 ,000

I 4 ,000

40,ooo

28,000

1 2 ,000

I 3 ,000

1 5 ,000

1 7 ,000

I I ,000

I ,0oo

g,000

8,ooo

i 3 ,0oo

9 ,000

I 5 ,000

lr9



principal aquifer system have been made from avai lable hydrologic

and geologic data (Table 3). In the western part of the york-James

Peninsula, transmissibilities vary from 3,000 gallons per day per

foot (Spd/ft) to 20,000 gpd/ft.

In the central and eastern parts of the Peninsula, transmissi-

bilities are probably in the range of 15,000 spd/ft to 50,000 gpdlft.

Fort Eustis Aquifer Test

An aquifer pump test was conducted at Fort Eustis from February

10, 1959 to February 12,1969. This test utilized one pumped well

and three observation wel ls, all of which were screened in the upper-

most portion of the cretaceous-Paleocene artesian_ aquifer system

(P I ate 24) .

The test was initiated at l:l! p.m. on February l0 with an initial

discharge of 1,142 gallons per minute (gpnr). This rate gradually

diminished until 4:35 a.m., February l'l , at which time the water level

fell below the pump intake. Discharge was cut back and the final

discharge was 884 gpm (fagte 4). An average discharge of 1,050 gpm

is used for calculations.

0f the three observation wel ls, only V/ell #1 , 2,100 feet f rom

the pumped wel l, showed significant drawdown due to pumping. The

drawdown in this wel I is shown in plate 25.

It was assumed that no local ized pumping had an effect on the

results of the aquifer test. The nearest pumped wells, located five

miles away, had negligible influence on water levels for the duration

of the test.

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

rived from the Theis graphical superposition method. The field oata



LOCATION OF WELLS

FORT EUST I S AOU I FER TEST
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TABLE 4: DRAf/DOWN lN
FORT EUSTI S AQU I FER

ELAPSED

T IMT
a c (m in) t (min)

WELL I

TES T

nF pTH Tnv!r I rl

l.,AT:; lfr\rlnl l.l\ \ | q/

/ | l,

bl..i

ot.T
5l .4
ot..t
bt.q
ol,rt
/ 1 t. -ot.1
A1 L

AIL
/r Iol..t
/ | l.

51.4

ol.o
bt./
61.8

1i-i

U/\IL HOUR

2/10/69 l:15 PH

I :45 PH

As ( t tJ s ( r t,

n

I

t
2
I
I

I
I

2

2

{

4
q

q

l0
lv
l0
lu
l0
ln
IU

l0
l0
25
l5
2e
20
1n

fr

o/

bU
t)q

tQn

JOU

t
z
I

,

1

1n

t?
l(

20

30

{U

-tn

Qn

100
ll0
120
r !c
r50
i80
,nn
')'tn
?qo

511>
liO0
qb>
q?n

bqy
?l I

885
^r.-

1070
il55

2080
2805
J to>

0.1
0.0
0.0
0.0

nn
0.0
0.0
u.u

0.0
nlu. I

u. t

an
TJ.I

0.1

?:i

nn

0.0

U.U

nn

U.U
v./.
n1

0.3

u.o

0.0 0.0

2/ t0/ 69

2/ t0/69

2/1t /69

2:1+5 PH

2: E5 PH

3: l5 PM

q.Lq PM
J. tJ t.l

5 :0 5 Pi-4

7:00 PM

7:55 ?n
!:00 PH

l0:05 PH

l0:57 Pl"t

I 2:04 AH

I :05 Al'1

2:05 AH

3:01 Al4

4:00 AH

5:00 All
7:05 AH

8:30 AH

I I :30 Al1

ll;55 Pl4

ll:00 AM

6 :00 Al4

52.8 0.8 1.4

2/ 1t /69
2/ 12/ 69
2/12/69

ot.t

09. /
64.9
o).)
oo.u

o/.1
o/.o
68.0
68.2
68.6
58. I
68.9
59. t
Aa1
o>. /
-l ^I t.L
/t.z
7l.B
71.8

0.5 1.9
0.3 2.2
r.l 3,3
0.2 3.5
0.6 l{.1
0.5 \"6
0.7 5.30.4 5.7
0.5 6.2
0.4 6.6
0.2 6.8
0.4 7 .2
0.2 7.t1
0.1 7.5
0.2 7.7
0.4 8.!
0.2 8.3
0. 5. 8.8
1.0 9.8
0.6 10.4
0.0 l0 . l{

q,)
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is plotted on a logarithmic graph which is superimposed on a type-curve

graph of non-steady state leaky artesian aquifer curves (Plate Z6).

The point at which the test curve most closely matches the type curve'

called a match point, is selected (ftate 27). From this point, it is

possible to select values for time and drawdown from the field data

graph and the integral (r) and W(u), the well function of (u) from

rhe rvne.rrr\/F nraph. In addition, as the test curve begins to deviate! I yv vs

from the non-leaky aquifer type curve, it is possible to select the

leaky aquifer type curve which most closely corresponds to the test

cu rve.

The values used for calculations in the Theis formula are defined

as fol lor,vs:

n-

I-

)-

u-

W (u, r/B) =

l.l

ar4 =

t-

$=
V-

l(=

The

d i scha rge of pumped we I 1

d i s tance to observat i on we I I

drawdown in test well in feet
time elapsed since ini tiating test in minutes

variable function of aquifer hydraul ics

wel I function of (u) for leaky aquifers

th i ckness of aqu i fer i n feet
function based on distance to observation wel I and
leakage factor of confining bed

transrniss ib i 1 ity in gal lons per day per foot

storaqe coefficient
hydraulic conductivity of aquifer
hydraui ic conductivity of confining bed

fol lowing data were measured:

A - 1,050 spm

r = 1. luu Teet

The followinq data were taken from the match point by the

Theis superpos i tion method:



S

f

u

tJ(u,r/B)

r/B

The fo I

nenlnair r{:t:.

=LAfoor

= 400 minutes

-l

= 
ll

1 orv i ng da ta we re es t ina ted based on avai lable

approximately 400

approximately 100

Theis formula for

114.5 Q W(u,r/B)
S

I 14.5 x 1,050 x I

+rc

121,476
--4-.3--
25,407.8 gpd/ft (26,400 rounded)

From the The i s formu I a for s torage :

S * Tut-----.--
^ /^^ -,, h\4<r

= (2.64 x to4) {7.2 ^ lo- l)

(s.€:% x io3) (6.16 x

= 75.032 ^ to5

18.205 x lo9

= 0.00042 Storaoe Coeff icient "

FrOm the fOrmula f^r hrrrl r:r'l i. .OndUCtiVity

k-

kl

fee t
fee t

t r a n s m i s s i b i I i t yFrom the

t-

of a confining

hcrl'

a
Vt = Thl (r/a\'

v \t r v)-.----.-_-
L

I

L
l^ /t ,^A= (2.64 x l0') (t x to2) (g x ta-z)

6.76 x I06

57



From the

V-
l\ -

423.7 x 10'

trt :,7
0.035 spa/f t2

formula for hydraul ic conductivity of an aquifer:

T/b

2.64 x 104
t ,Jq X IU

66 spa/ f rz

Camp Peary Pumping Tests

. ln 1946, a series of pumping tests were conducted at Camp Peary

in western York County. These tests were described by Cederstrom {1957)

in his report on the York-James Peninsula. In the pumping tests,

which utiJized eight wells, the following values for transmissibility.

in gal lons per day per foot were calculated:. 22,000, 36,000, 39,000,

41,000, 46,000, 50,000, 52,000, and 85,000. Caiculated coeff icient

of storage ranged between 1.0 x l0-4 and 1.9 x l0-4.

f/ater Levels i-n the Principal Aquifer System

Ground-water resources studies of the York-James Peninsula have

been conducted by Sanford (1913) and Cedersrrom (1957). Selected data

from these studies, along with subsequent investigation and study by

the Bureau of Water Controi Management, wer-e used to prepare historical

potentiometric-surface maps of the area (elates 2B and 29). These

surfaces are, of course, approximations of the conditions for time

period indicated and may be in error. However, the surfaces are

necessary in order to determine historical trends in water levels and

they are necessary paramaters for construction of a;omputerized

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

WATER LEVELS I N SELECTED WELTS

COHPLETED IN PRINCIPAL AQUIFER
Measured December 1972

Da t um i s l'lea n Sea Leve I

\,/ATER

LEVEL

BWCM WATER
I'ELL # LEVEL

C OU NTY

Charies City

Ha nove r

BWC t'l

\/JELL #

118- 6

rrR- q
J

r18- r3

1 t8- l4

1i8- r8

I i8- r9

118- 38

I l8- 44

IFI t6- 45

I l6- 4b

tL2- ?

t\2- 5

142- I 4

1b)- lq

142- 38

I 42- 80

llJ?- q?

142-157

r42-r50

142-165

1 \2- 182

C OUNTY

Henrico

James C i ty

King t Queen

King \dilliam

llew Ken t

York

L rty or
Newport I'iews

r43- r r

143- 93

1\3-124

143-126

1ll3- 128

147- r8

1\7- 19

lr+/- bo

147-ro0

t49- \
t49- 5

150- 23
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0n all three surfaces (Plates 2E, 29 and J0), anomalous situa-

tions are found. 0n the 1900 surface, a depression is found berween

l{est Point and t,/i 1 1 iamsburg. 0n the 1946- 1949 surface, contour I ines

in the eastern part of the Peninsula tend to fol low the trend of the

James River. A similar situation was shown by cederstrom (tg4s) in
southeastern Virginia. The December, 1972 surface shows that cones

of depression at West Point and in the LJilliamsburg area deviate f i-om

the type of cone of depression found in fairly homogeneous aquifers.

These anomolous situations are probably a result of thinning and/or

permeabi I ity changes along the postulated hingel ine zone near wesr :

Point (Brown, 1972), thinning and/or permeabi I ity changes along the

James River, .n.d a change in the dip direction of the top of the

principal aquifer system fronr eas't to northeast in rhe eestern p€Ft

of the York-J:mes Pen i nsu i a.

since about l900,.water levels in the principal aquifer system

have fal len about 50 feet. In the f,/est point area, water- Ievel

declines i'ange f rom 70 to 100 feet, and in the !liliiamsburg area,

water levels have fal len about B0 feet. Hydrographs from three ob-

servation wells at lljest Point show water-level trends in the area

(ptate 3l).

-t"'.
The upper artesian aquifer systenr is made up of fairly homogenous

sands lvhich are areal ly extensive. The sands are fine to medium

grained, moderatel'y to poorly sorted (see GE0L0Gy) with an average

thict<ness of about 50 feet. The overlying confining layer consists

of si lts and clays which increase somewhat in thickness to the easr.

Although there are many areas where, in the absence of a confininq
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layer, this system is larerally recharged from water tabie aquifers,

much of the recharEe to the system is probably derived from vertical

leakage through the confining si lts and c1ays. This system in turn

suppl ies recharge to the principal aqui fer system by vertical leakage

through the confining bed separating the two systems when a pressure

differential exists.

There is 1 i ttle avai lable hydrogeologic information from which

estimates of transmissibi I i ty in the upper aquifer system can be made'

In James City County, the transmissibi I ity of this system is about

10,000 gpd/ft. Transmissibi l ity of the aquifer in other areas probably

is 5,000 gpdlft to 15,000 gpd/ft.





CHAPTER V

1r/ATER QUAL ITY

Chemical qual ity data on the ground water of the York-James

Peninsula is shown in Appendix C. This data is in part a summary of

water quality surveys conducted by the Bureau of Water Controi Manage-

ment and in part is a summary of chernical data collected by the Bureau

from other sources. An important chemical relationship in the chem-

ical analyses is the ratio of total sol ids to carbonate hardness'

because it serves'as an indicator of the Source of the ground water

(Table 5). Chemical analyses in which hardness is high and total

dissolved solids are low indicate that the water is supplied by the

upper artesian aquifer system. The hardness of the ground water from"

this system is caused by solution of calcite shel ls in the aquifer

sands. Ground water from the principal artesian aquifer has a very

low hardness and moderate to high amount of di ssolved sol ids. Some

analyses show that the ground water is high in both hardness and

dissolved sol ids, indicating that the well from which the sample was

taken is screened in both aquifer systems. In the absence of well

completion data, the ratio of hardness to total dissolved sol ids can

be used to determine the aquifer system in which a well is completed.

No current data is available on the chemical qual i!y of ground

water of the principal aquifer system in the extreme eastern portion

of the York-James Peninsula. but historical data from Cederstrom (1957)

shows that chlorides in some deep wells exceed 1000 parts per million

(pp*) and cjissolved sol ids range from ll00 ppm to !000 ppm. Current

data show that total dissolved solids range from 1000 ppm to 2000 ppm

in a zone betv/een Fort Eustis and Yorktown. ln western York County

o/



and in i'Jillia,rsburg area of James City County, total dissoived solids

in rvater from the upper part of the principal aquifer system range from

880 ppm to 1200 ppm. Several miles west of l"Jilliamsburg, total dissolved

sol ids drop abruptly to a range of 250 ppm to 450 ppm (Plates l6 and

20). In Charles City, l'lew Kent, and i.ing William Counties, total dis-

solved sol ids in most samples are between 200 ppm and 400 ppm, but

water from the lower portion of the principal aquifer system at f{est

Point ha.s about 990 ppm total dissolved solids. In the Richrnond lletro-

politan Area, dissolved solids in ground water range frcm 100 ppm to

200 ppm. In this area, some samples from welis screened near basement

rock are high in iron, manganese, and calcium, which inoicates that

sorne of the water is being drawn from the basement-rock complex.

Plates i6 and 20 show the spatial relationships of ground water

qual ity in rhe York-James Peninsula. The relationships shown, especial-

ly in the eastern part of the Peninsula, are based on available data

and on detailed water qual ity studies conducted by the Bureau of Water

Control Management in a similar area of southeastern Virginia.

The graphs in Pl ate 32 show the fluctuations in total

dissolved solids during a ten-year period in ground water from deep

wells at West Point. The general trend of the graohs indicate a de-

crease in d issolved sol ids during the per iod o,' record. Th is decrease

irrdicates that continuous pumping flushes the aqui fer system of water

which is high in dissolved solids. Because much of the recharge to

the pr inc ipa 1 aqu if er in th is a rea is der ived f r-orn vert ica i leakaEe

through the confining layers, the fluctuations may partial ly reflect

the amount of annual precipitation, but the period of record is too

short to define this relationship.
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TABLE 6

TOTAL D I SSOLVED SOL I DS Ai.ID CARBOIiATE
HARDNESS IN SELECTED CHEMICAL ANALYSES

Wel ls Completed in Principal Artesian Aquifer

WELL NO.

147- I

r49- r

r 50-6 r

163- 9

T.D.S.

| 
^41

242

179

A\h

HARDN E S S RATIO

to. /

Irl n

44.7

25.8

2C

2

,,T

t7

Wells Cor"npleted in Upper Artesian Aquifer

t\7- 7

1IJ'|-)"

| )u- )o

l4?-rn

214

214

to/

L. I

2.1

Laa.L

84

93

t00

51

t?n

t47-19

r+/-ro

Llells Completed in Both Aquifer-s

\12

795

Jb

84

r1.4

qL
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CHAPTER V I

CONCLUS I ONS

The upper artesian aquifer system is found throughout much of the

York-James Peninsula. This system is a rel iable scurce of good quai ity

ground water thrcucirc,.rt its extcnt. Aquifer thicl':ness ai'rd hydraulic

ennd,rrtirritv nf tho ;,ouifs:r Dreclude ileveJo::men: of hish-yield wel lsvvf uuv L r v I L J v r f ' --

or well fielcjs in this aquifer in most places, but the fairly shallow

occurrence of the aquifer and the good qual ity of its ground water

make the upper aquifer system an excellent source of domestic ground-

water supply. This system has sufficient aquifer potential to be

developed for institutional, agricuitural, and I ight municipal and

possibly I ight industrial uses. ln addition' ground water from this

system can De used as a supplement to a ground water supOly completed

in the principal aquifer system, especially if the water from the

principal aquifer alone is of undesi rable quai i ty'

The principal aquifer system is found throughout the enti re

York-James Peninsula and has a high yield potential throughout most

of the area. Quality of water in this system varies with location.

Records show that dissolved sol ids increase toward the eastern part

of the Peninsula. In addition, dissolved solids probabiy increase

with depth of the aquifer. Throughout most lof its extent, the prin-

cipal aquifer is capable of supplying high-yield wells or well fields'

but some locations are more favorable than others. Deveiopment of the

principal aquifer system at West Point and in the \^/il liamsburg area

has caused a lowering of water levels in the system, the maximum

decl ine of about .|20 feet occurring at West Point' Fiowever, ground

water withdrawals at this time seem to be wel I within the yield I imits

of the principal aquifer.
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APPEND I X A

CBSERVATIO]J \//ELL #56

fhe Bureau of Water Control Management Cbservation Wel i t66 is

located approximately one mi le west of Charles City Courthouse on

the south side of State Route 5. The total depth of the wel I is 591

feet. The elevation of the well is 35 feet. Drilling was commenced

on March 2, 1973 and the well was completed on March 30, 1913,

Aquifers were found from 283 feet to 310 feet, 403 feet to

425 feet,484 feet to 497 feet, and 510 feet to 530 feet.

During the drilling of the weli, sand samples were taken and

described at i0-foot intervals. In addition, a 13-foot section was

cored fron 207 feet to 22A feet and a 5-foot section of crystail ine

basement rock found at 583 feet was cored. Geophysical logs were

run, including an eiectric log, a gamma density log, a nuclear log,

a caliper log and a sonic log.

The screened aquifers were tested individual ly, and a composite

test was conducted. Dur i ng the tests water samp les were ana I yzed

for specific conductivity, chloride content, and temperature. Water

samples were taken at intervals for laboratory analysis.

Geologic Descripti_on of 0bservation !/el I #56

The lower portion of the Cretaceous, approximately 160-170 feet

thick, contains very coarse-grained subangular guartz sand with

scattered mica, feldspar, pyrite, and traces of the chloritic dio-

rite found in the pre-Cretaceous basement. At the top of the coarse

sand interval, a gray si ity clay with fossi I fragments is found.

The sediments found within the lower oortion of the Cretaceous



are character i st i c of fl uvi al depos i ts. The occurrence of fe I dspars

and micas with subangular sands would indicate that the source was

not appreciably distant. The coai-seness of the sediments and the

fact that they change very little in grain size upward would indi-

cate a rather high-energy fluvial envi ronment'

The absence of any indication Of reducing envi ronments such as

lignites or dark-colored clays is because the basin of deposition

!,ras uns tab le and rap i d ly subs i d ing to such a deg ree that peat bogs

and swamps typical ly associated wi th channel depos i ts were not being

Fnrma/ ar haa:"<a iha I inni to /gp95i tS and dafk-COlOfed ClayS Wefe, vr 
",es t vl

poorly preserved.

. The thin unit of gray silty fossil iferous clay overlying the

coarse sand may represent a period during which sediment transport

and deposition was negl igible. Marine or brackish waters may have

encroached and deposited the silty ciay in an estuarine environment,

as indicated by the fact that the si lty clay contains marine shelj

fragments rather smal I in size which may indicate a restricted en-

vironment, and the fact that the discontinuity of clays between wel'l s

indicates limited areas of deposition.

The middle Dortion of the cretaceous, aPProximately /0 feet

i n th i ckness , conta i ns med i um-gra i ned subangul ar quartz sand wi th

traces of muscovi te and feldspar. I t is somewhat Doorly sorted and

overlain by a thin, gray silty clay containing fossil fragments' The

overal I composition and texture indicates deposition in a lower-

energy del ta i c env i ronment.

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



52 glauconite, overI ies the medium-grained sand. Fronr the overal I com-

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

marginal marine envi ronment. I t was subjected to brackish water en-

croachment, involving a reworking and winnowing of the sediments.

Overlying the fine-grained quartz sand is about lC-20 feet

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

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

covite flakes. The mineralogical comprcsition of the clay indicates

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

ronmen t .
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1200 i'lours to 1510 Hours, March 10, 1973

PUMP SETTING: 244.64 Feet

CONDUCTIVITY
(Micromhos/cm)

TABLE 2-A

COMPOSITE PUMP TEsT

WATER LEVEL

(n R?

Jv. lo

9r.80

92.30

a) 7n

T IME

I I -r

I 200

12A2

t2a3

t 2nq

| 207

1219

1221

I L5/

1240

1tq,?

| ,/ \x

I 305

1321

t333

1 400

l1+ib

| 435

| 457

I5to

I 150

940

lzTo

1260

I 300

I 3oo

I 320

1310

| 320

132A

1320

I 300

1320

1320

YIELD

-qp.)-

I q\

lqq

I Of

I q\

loq

loq

tq(

l6-

Source: V i rg in ia S tate l.Jater Cont ro I Boa rd - B\./CM
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PUMP I NG TEST
OBS ERVAT I ON WELL #66

MARCH 30, 1973

D RA\./DOWN

CJ
c)

LL

.:
/, lc al

o
i

La42

10

Time After Pump
100

S ta r ted (rot i nu tes )

p5
OJ

o
LL

.:
q

L

QJ i.
t- rt

t0
Time After Pump

t00
S topped (t't i nu tes )

Source: Virginia State trJater Control Board - BWCM
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APPEND I X B

l{ell Data

The follovring table is a listing of well daia on wells in the

York-James Peninsula. This table and Appendices C and D can be used

to obt.ain detailed ground-water information in an area of interest

wi thin the Peninsula. The information in Appendix B includes:

Bureau of V/ater Control Management Wel i Number (SWCi'4 l'io' )

Name and Location of the wel I

Virginia Plane Coordinate locations of the wel l . Virginia
Plain CoorCinate location grids appear on the wel I loca-
tion maps in this report and on al I U'S.G.S. topographic
quadrangles. The north and east coordinates provide the
exact location of the wel l

Static water level beiow land surface (SWL LSD) in the wel l

and the date of measurement
Total Depth (TD).of the well
Elevarion (fuev) of the well
Casing Diameter (cns oln)
Pump Test Data, which include the specific capacity

in gal lons per minute per foot of drawdown and the
rion (HRS) of the pump test.

Avai lable wel I logs, which include Dri I lers Log (D) 
'tric Log (E) and Gamma-Ray Log (G)

The depth of the screens in the well
The number of the u.s.G.s. Topographic Quadrangie on which

the well is located (T0P0 #) (See Table l-B)

The information in Appendix B can be used to determine the depth

to aquifers, the water levels in the aquifers and the yield capabi 1 i-

ties of the aquifers. In addition, chemical analyses for many of the

wel ls I isted are presented in Appendix C.

(sp cnp)
du ra-

Elec-
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USGS TOPOGRAPH IC

B\,/CM

MAP; QUADRANGLE NAI"1E

35-S l{ewpo r t News Sou th

aP65-A Poquoson Eas t

55-B Poquoson Wes t

65-C Newport Ne\^rs North

/r ^o)- u nampEon

66-A Yorktown

66-8 Hog lsland

66-D Mulberry lsland

/-o/-P surry

o/-6 Lraremont

96-B Gress i tt
^/yb-L v"r rrrarnsourg

JO-U LraybanK

97- A Toano

97-B UaIkers

97'C Brandon

97-D Norge

9lr-A Providence Forge

^6 ^yo- b KoxDu ry

98-C Wes tover

9B-D Charles City

I AbLL I -D

qUADRAI'IGLI NAMES

BLi CM

MAP # QUADRANGLE NAM E

99-A Dutch Gap

99-B Drewrys Bluff

99-O Hopewel I

123-C Shacklef ords

I 24-A Truha rt

124-B King and Queen

1?\-C Nerv Kent

124-D f{est Point

I 25-A King Wi i I iam

125-8 0ld Church

125-C Qu i nton

I 25-D Tuns ta I I

126-A Studley

126-8 Ye i low Tavern

126-C R i chmond

126-D Seven Pines

l4B-C Beulahville

I 48-D Ay I ert

I 49-C Ash I and

1 49-D Hanover
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APPEND I X C

Ground-Water Chemi cai Qua l i ty Data

chem i ca I qua I i ty data on g roundThe follovring table contains

water ln the York-James Peninsula

cross-referenced to Appendix B to

tion of the wells from which qual

1 isted in Appendix C include:

Bureau of !,Jater Control Hanagement VJell Number (DWR Uo. )

0wner andlar location of the well
The date the water samPle was taken
The following chemical constituents in milligrams per

liter (ms/1):

?:];'i,ii'0"
Manganese (nn)

;:i:il,,lil"1*i
Bi carbonate (HCO3)

. Su 1 fate (s04)
Ch lor ide (CU)

Fluoride (f)
Nirrate (No3)
Toial Dissolved Solids (S0LlDS)
Carbonate Hardness (Ca, Mg)

spec i f ic cond".,l;i;f "il',.lii:"Jffi";:: Jlli',lli:l
(sp coiJD)

Temperature in Degrees Ceicius (f)
pH of the r''ater
Colof of the \Jater

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

taken by the Bureau of Water Control f4anagement, by other governmental

agenc i es and by va r i ous i ndust r i es .

. \./e I I numbers on th i s tab le can be

determine the locat ion and construc-

ity samples were taken. The data

c- I
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APPEND I X D

Ground-l,Jater Use

The following table is a listing of withdrawals by the larger

ground-water users in the York-James Peninsula. The data include the

name and location of the system, which can be cross-referenced to

Appendix B in order to determine well locations, the number of wel ls

t-or springs in service (x denotes an unknown number), and the ground-

water withdrawals in mil'l ions of gallons per day.
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