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Errata Sheet

Groundwater of the Middle Peninsula, Virginia

Page 19, 20, 53 The vertical scale is incorrectly numbered and
should begin \,rith 200 on the top of the scale and
end with 1200 at the bottom. Also, the elevatj-on
of 157-13 should be 5 ft. MSL.

Page 55, Plate 14b: The eastern most potentiometric l-ine should be
labeled 20 instead of i0.

Page 59, Line 2: Aqui.fers.

Page 60, Line 13: Values are generally less than those of the
principal artesian aquifer.

Page 77, Lines 16, L7z In Chapter VIII

Page 79, Line 4: Sites

Page 86, Line 3: Stations

o
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GROUNDWATER OF THE MIDDLE PENINSULA, VIRGINIA

by

Berg'lund, and V'irginia P. NewtonEugene A. Siudyla, Terry D.

ABSTRACT

The Middle Peninsula of Virginia, a port'ion of the Atlantic

Coastal Plain, 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, Land area of the Peninsula includes

1837 square miles and has a population of 61,534. Precipitation

in the area averages 43 inches annua11y.

Groundwater in the Middle Peninsula is found predominate'ly in

the unconsolidated sediments of the Middle Mesozoic, Tertiary and

Quarternary Age. These sediments have been deposited on a basement

rock complex of Pre-Cretaceous Age. Sediments of the Patuxent

Formation of Cretaceous Age, wh'ich-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.

0ver'lying the Patuxent Format'ion from oldest to youngest are the

Mattaponi n the Nanjemoy, the Calvert. and the Yorktown Formations, and

the Columbia Group, The Mattaponi, Nanjemoy, Ca'lvert. and Yorktown

aquifers are composed of marine sediments where as the Columbia 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,

x'l



found in the eastern part of-the study area, is a r.elatively reliable

source for domestic, institutional and light municipa'l use. The

upper artesian aquifer system, made up of sands of the Nanjemoy

Fonnation and the basal sands of the Calvert Formationn is a reliable

source for. domestic, light municipa'l; 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 yie'ld wells or well fields,

but some locations are more favorable than others

Historic potentiometric surface maps show that deve'lopment of the

principal aquifer system at l^|est 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 Po'int. Cunrent water level trends show

water levels continuing to decrease in response to increases in pumpage

in West Point and Urbanna. However, water levels would probably

stabi'lize if pumpages in the West Point and Urbanna areas were kept

rel a t'i vely constant.

Transmissivities were estimated from specific capacities for the

major aquifers. Transmissivities v,rere found to average 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 natural origin was delineated

within the eastern part of the Study Area. In the Town of Gloucester

area no detectable movement of the high chlot'ide zone toward the major

pumping centers has occurred in the last 30 years. Lack of deep

x11



well control north and south of Gloucester make it impossible to

assess whether the high chloride zone has moved or is moving toward

the punping centers in these areas.

The major variables limiting groundwater supply in the area

inciude the presence and potential movement of the highly mineralized

zone in the eastern part of the Study Area, the water-bearing

characteristics of the major aquifers, and major water level declines

in the principal aquifer associated with the major water withdr.awals.

Taking the above factors into account, it is estimated that a

considerable quantity of groundwater is available for further develop-

ment in the west central part of the Middle Peninsula with smaller

quantities available in other partsq

Eight research stations were reconmended in order to determine

the best areas for future development in the Yorktown, upper artesian

and principa'l aquifers, to monitor movement of the high ch'loride zone

in the artesian aquifers, and to extend the present water level monitoring

network.

xiii
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CHAPTER I

INTRODUCTION

Purpose and Scope

This report will present an expanded, up-to-date evaluation

of current groundwater conditions in the Middle 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

p]anning, 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. Nestern caroline

County, the western limits of the Study Area, is approximately 86 miles

from the chesapeake Bay, which forrns the eastern boundary. The width

of the Study Area is near'ly uniform, grading from 22 miles wide along

a line between Gloucester Point and Gwynn Island in the east to about

30 miles wide along Caroline County's eastern border (p1ate 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 l^lilliam, Essex and caroline. Mathews, G'loucestern

Urbanna, West Point, Tappahannock, Bovling Green and Port Royal are

the major tovrns 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.

According to 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 popuiation than Gloucester, is the

most densely populated, with an average of 80.8 persons per square

mi'le (Table 1).

Previous Investi gations

Four previously developed investigations deal primari'ly with the

groundwater resources of the.Middle Peninsula'of virginia: Sanford

(1913) discussed the groundwater resources of the coastal Plain of

virginia including a.county-by-county description of the groundwater

resources of the M'iddle Peninsula; Sinnott (tgsS) presented an abbre-

viated sketch of groundwater occurrence in the Tappahannock area;

cederstrom (tg6a), in an unpublished report, discussed the groundwater

resources of the Middle Peninsula; and, the State Water Control Board

(tgzg) covered the groundwater cond'itions of King l.lilliam county in

Ground Water of the York-James Peninsula

Other invest'igations relating to the groundwater conditions of

the Middle Peninsula of virginia include cederstrom's (1943, 1946)

anaiysis of the groundwater quality distribution in the v'irginia

coastal Pla'in, Back's (t900) determination of saltwater-freshwater
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TABLE i
POPULATION AND LAND AREA OF THE

MIDDLE PENINSULA

Total
Population

County (1970 Census)

Area S'ize Popul ation
(square nri I es ) Dens i ty

Land Water Total (per/sq/mi )

Carol ine

Essex

Gl oucester

King l.lilliam

Mathews

Mi ddl esex

King and Queen 5,491

545 4 549

250 13.8 263.8

225 32 257

318.1 8.9 327

278.1 7.9 286

88.7 13.3 r02

132 138

13,925

7 ,0gg

i4 ,059

7 ,497

7,168

6,295

25.6

28.4

62.5

i7. 3

27 .0

80.8

47 .7

Tota I

Source: DSPCA Data

61 ,534 1,836.9 85.9 1922.8 4i.3 (avg)

Summary for each respective county.



boundaries and estimated regional flowpatterns for aquifers in the Northern

Atlantic coastal Plain, Teifke's (tgz:) stratigraphy of the coastal

Plain of virginia, Brown's et. al. (1973) study of the structural
geology, stratigraphyr drd relative permeability of strata in the

North Atlantic coastal Plain, and 0nuschak,s (1973) environmental

geologic maps of geomorphic features and general geologic processes

in the area.

Method of Investigation

Numerous publications dealing with the groundwater resources of

the Middle Peninsula were consulted in order to establish the geologic

framework fon evaluating the groundwater resources of the Middle

Peninsula. static water level measurements, for example, were

obtained from both State Water control Board observation wells

and we]ls owned by various entities (i.e. private, municipal,

industrial, and agricultural). pump test data, as well as driller's
notes qnd]ogs were obtained from the files of area drillers. pumpage

records submitted to the State Water Control Board by specific large

w'ithdrawers were also examined and subsequent'ly incclrporated 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

iecent quaiity information presented in this study was obtained from

the virginia state Department of Health and virginia state water

Control Board.
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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 Midd]e Peninsula, based on a

U. S. Governmental Survey for the years 1930 to 1960, was 58o F

with an average January temperature of 37o F, and an average Ju'ly

temperature of 77o F (Tabl e 2). Evaporation averages 38 to 39

inches.from April to 0ctober, based upon i^ecords for the period

1951 to 1963 for Charlottesville, Virginia.

The long range mean annual precipitation in the study Area is

44 incheso_varying from a low 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 year-to-year variations in rainfall

occur with annual totals frequently ranging from jess than 38 inches

to more than 53 inches" Average seasonal snowfalf is approxi.mately

13 inches, with January and February, averaging 3.4 to 3.9'inches,

respectively.

The Middle Peninsula has experienced several meteorological drought

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

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



Average
Annual

County Temperature

TABLE 2

TEMPERATURE AND RAINFALL
OF THE MIDDLT PENINSULA

Average
Ju1 y

Temperrature

Average Average
January Annual

Temoerature Rainfal I

Carol i ne

Essex

Gl oucester

Ki ng and Queen

King [.|illiam

Mathews

Mi ddl esex

59

56. 6

58. I

56, 6

56.6

58. 1

58. 1

78

76.7

77 .6

76.7

76.7

77.6

77 .6

81

35. 5

37 .9

35. 5

35.5

37.9

37 .9

43"

40"

41"

42"

43"

46"

43"

Total

Source: DSPCA Data

57 .6 77 .3 37 .3

Summary for each nespective county.

43"



o as wel I as the Peni nsul a . At that tinre rai nfal'l i n the Mi ddl e

Peninsula averaged 18 inches below normal, and eight consecutive

months were classified as."extreme" by the Palmer Index for the

classification of rreteorological drought'

Physiography

The Middle Peninsula is located almost ent'ireiy withjn the

Coastal Pla'in Physiographic Province. Qnly the western th'ird of

Caroline County lies west of the Fall Line in the Piedmont Province.

The Coastal Plain Prov'ince is charactepized by the fo11owing

geomorphic (Iand form) features:

1) broad, gently dipping terraces formed by ancestra'l sea

I evel stands;

steep ancestral beach ridge escarpments separating the

terraces (Two noted Tidewater scarps are the Surry. Scarp

whjch passes through Signpine and l,loods Crossing (100 feet

above M.S.L-) and the Suffolk Scarp which passes through

the Gloucester Courthouse Area (50 feet above M.5-1.)):

broad flood plains characterized by rneander loops and

depositiorral features (This type of stream morphology

is characterized by the stream expending most of its.

energy 'in lateral erosion rather than vertical down-

cutting, i,e. the Pamunkey and Mattaponi R'ivers); and

tfre formation of fluv'ial -estuarine systems (drowned river

va1'leys) as river flood plains and channels engulfed

by an jncrease in sea level (i.e.the York,'lower Rappahannock

Rivers, and Mobiack Bay areas).

2).

3)

4)



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

development, particularly environmentally clean industry. These

industries are pni.mari'ly for expansion of local economy and conununity

tax base and are, for the most part, light industries which do not

place large demands on the water or se$rage systerm in the towns where

they are located

o
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CHAPTER I I I

GEOLOGY

Geologic Settinq

The Middle Peninsula of Virginia lies within the embayed section

of the Atlantic Coastal Plain Province. Crustal movements a'long the

Atlantic continental margin have produced a seaward s'lope on the

crystalljne-rock basement surface (plate 2). Areas west of the

Fall L'ine were uplifted during these movements 430 to 280 milljon

years ago and unden,lent erosion, whole areas east of the Fall Line

were depressed and became centers of deposition. The sediments

enoded from uplifted areas ff lled these depos'it'ional basins to the east.

These unconsolidated sediments dip gently seaward and rest upon

a basement comp'lex of sedimentary, igneous and netamorphic rocks

older than cretaceous Age. The unconsolidated sediments are of
a

cretaceous (about 63-135 million years old), paleocene (about 5g-63

million years o1d), Eocene (about 36-58 miilion years o1d), Miocene

(about L3-25 million years o1d), and post Miocene Age (recent - about

13 million years o]d), and consist of a series of alternating marine

and non-marine c1ay, silt, sand, and gravei. In west central caroline

County, iust east of the Fall Line, unconsolidated sediments are thin

and bedrock has 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

il



Study Area in ltathews County, the thickness of unconsolidated sedirents

is approximately 2,600 feet.

The formational boundaries presented in this report are based

mainly on lithostratigraphic correlations and interpretations of

geophysical logsn and well cuttlngs from selected areas with

additional information from prevlous publications. The formation

found inmediately below the land surface is indicated in Plate 3,

and distribution of the formations is found in Plates 4, 5,7, and 9.

Plates 6 and 8 show the probable geologic facies changes within the

Cnetaceous Age sediment"

Geologic Units

flp{etaceous. The Cretaceous-Recent sedimentary sequence is

underlain generally by igneous, metamorphic and consolidated sedinen-

tary rocks. These lithologic types constitute the "basement complexi'

upon which the Lower Cretaceous PatUxent Formation was non-uniformally

deposited. At most places along the Fal'l Line, Patuxent strata are in

contact with granitic rocks at elevations ranging from about 100 feet

above rnean sea level to 400 feet below mean sea level. For the most

part, the "basement" along the Fall Line consists of granite or its
weathered component that is readily correlatable with the Petersburg

Granite exposed inrnediately to the west in the piedmont (plate 3).

Triassic sediment "basement" has been encountered at two sites

in Caroline County. Sandstone strata found in Eowling Green and, Moss

Neck appear to be the northern extension of a narrow north-south

trending bandofapparently infaulted Triassic sediments which aru

found to the south in Hanover and Henrico counties (virginia state

12



oo o

v,og
o
!?

€.
3
ot
(n
o'
d
€o
o
c)03
g
@o
o'
CI
I

{
:oo

Jt
it*

;u--/

tp

u,
m

=22={b
c=
g*
lo
6'Tl(]-l
il*o{eo
--It*ogx
2n
z3
9m

=;l-ormmoIc'v,
J
(o
{
t\)

z

\
I

3I
I
,

i5, PErid6 Bg= 
=-o3= =-Ps 3

irrt5rIq

f" 00oZ -

'l
I

:I
a
5
3
m

ilt!|-
{
m
zo



rn

3

raEE$F.SSIO;i5gES

,2
l,c
(9
at
.E
(o

c

troxt
oa

.g
=r
i
|g

oF

o
Eo
tr
.oz
.E

o

ot
G()

(E

oF

tr
3o
J
o

I
I
I

I
IJ-

Ig
>O6.t:.Ei=-en
.o(o
oo

El egl 
,B3l f()l E3t :crl Ozlo

o
B
6
d

El !t#t F8t ?EI F8t sol srl E61 6

>l
EI

_-f
,1tt

-t\
_*"#

6'

o-{:E-

=gE 
s

Ef F H
\', t 11'J TII

8d€ E

=g=v t{-
o

o
E
F

I

T'
tE
o6
o
co(J
o
.E

3
o
to

en

.Ec
CD
.=

o
C'

t
oo



ooo

U'oc
o
!?

€.
3
ot
o
o,
o

=o,
(D

oo5
g
woqt

CL

I

-|
:D
o

o
P

<t,

q-d J
i "-{i

E

f*F{*
-------_J

I

OO

or
cL o)
.1. qt
Eos€
;.q

=' cL
b'9

='oxcL
:<o2o<go
g@

0
.3

(o
CDo

I
o\

ao

m

oii (to
ooo

o

=mo

t-oo
{
oz
o
'Tl

o
mot-oo
c)
c)
:D
o
ct)
u,
a
m
c)I
oz(n

.I
I

:I
a
5
fi
il
!

4" {A\J
'l

ftF l

;t+ r
--l-t ; r*'

*"f,r'/
ti-J /"* -J ', *i /' d 

F r--L-- /
".! l' ' f

J' .-- -4r,s" , -* ,..'
s{ -r'l' ,.',t' /

i ii- nil.:=-,-'^ -J'i
{a,r' i-fi,t_* r=.;.

". -iof*t. li't

i-',:!4 Nr,

-{
m
zI
5



OZ

9'ON 3rv'ld PreoS loJluo] Jalen alels eru!bl!A :a)Jnos

Ao!:!r.,4FFBF+FFFsEggEs .?

2a--""

I3
IP

Fto

ti

la

IE

\/
t

/^r .^ 'i
-r' \ .r", ,4 /4,' v' v' \,/ \' ,' , r"n{,ii\..in'V VV

-t'
- 

$: SF.rgiF
,g*iFIii

ii9s:iF
d;q35;=: i P s c< 1

g-:if 
E

PE

g

ffiH
-Y\J gl

={
z9d>

,'9[8=Zo:<
n=.3
n*2
9;=

r gil=
A > 9c;
i I g j
F r+-- Jm

is
69
HH<o

b
U'

128 3,r7

Ced 28

glfiiE 
F

E a 5 &:3 g

1i?iEi s

;*ii35 
i'

l"'.rft"."'

:
a
I

P.Pi
I

I

€

3

N

{

1gIE
lttt

,
,
,
t

il

I
I
I
I
,
t
,

it



' 6[

9'ON 3lv'1d Preog lorluo] ralerit alels e!u!61!A :atrnos

o.m
o
oo>
6P
o=trTl
8$q, 

U'@<
HE-tm63zo
I

t

128.8 ;
a

0
E

It

12A-3,17

H8

?

-5-=NI+FF

t59.ro

t5$16

!

!

.iiFFsFF-F

j
ot
!x
6

o

YN:it6
E

!

o



LZ

pJeo8 lolluo] Jalen alels e!u!6J !A :efJnos
z'oN Slwd

tt6-38

1t6178

o
mo7o
/e>too
;OC
til
Sx

, taUli;i <I,;;U,i5{l-':mo3z ct,
.E

I

q

E

e s i i s g F g P t e P F 1.3 P Pu,

t5G28

1$Et2

3.

t50.23 :'

=

I

I

c

it

iit
iifd

I
I
I
I
I
I
t
I
I

,
t

I
I
I
I

t

a:
tr9gE

o



tl
t,
, lr.t'

6l ;riqi Eii
lr iiE
Ei €!T': :.issa E-saa' 3 r€6i Eo 93
!' i FE:! i - =o6 :: c:

Ei,'€:; ;,.,

co

;t
6 <----- --.. 

-

E

f

cz 09;

CN

o>r! gt

?e
h9
EF
l! .F
E:.l.1co
Lo Ioho
slag:b
3*-A
=E.E

iac
<ct',

aar-E
Ct) t^

flH
o

!€r
r, E i=- F

.: : >?E ;:;_ :lq:6:!
; .o:si9 c
! -:oF-:E:; ;5ig:s;
i :;!:!:!: iE9::Ee
: i:!::caj i:!:: i;J ,
=" :Ei:5iiE .,
7 itEFEiiii ,,'aa

8Z 0!l

,
I

Eltt t
WT
,lt,'lt;ti

xY=x:
o3

- e .: e e' p i d i q oa I ai : R 3 = 3 3 R 3
.:

PLATE NO.8

22

Sourcc: Virginia Statc Uater Control Eoard



o
GEOf-OGrC CROSS SECTIONS

B',-4, C-C" D-D" B-E

i'i rEE

.100

.200

-3(x,

-400

-500

.600

loo

o

.100

.20r,

,300

400

.50o

.dx,

.7m

-8txl

mo

rfrt

d

100

.2M

-300

400

300

axt

100

o

-100

.2(xt

-3{X'

4{Xl

to

Source: Virginia State \'/ater Control Board

23

PLATE NO.9



Water Control Board, 1973). Also, further east in l^lest Point,

Triassic sandstones were found to form the basement at approximately

L,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'

L972). The hingeline may have controlled subsequent deposition in

the West Point area.

Cretaceous. 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 Units H, G,

and F as defined by Brovn (L972). Teifke's newer classification of the

Patuxent Formation and subsequent younger units will be used in this

report (Table 3). Geologic classification and a general description

of the fonnations is given in Table 4.

The Cretaceous sediments of the Middle Peninsula were deposited

in a fluvial-del.taic environment (Cederstrom, 1945). The facies which

have been preserved are the neandering channel facies of the fluvial

environment and the deltaic environment (Plates 6 and 8). Character-

istic of all these facies are discontinuous sand bodies interbedded

with silts and clays

The s 1 i ghtly meanderi ng channel faci es (Vi rgi nia State l,later

o
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TABLE 3

COMPARISON OF THE STRATIGRAPHIC UNITS

Age Richards (1967) Present Report

Clg
L
o
+)
L
C'

i
C'

P
L
(l,
F

?

tn
5o(l,
I
G'
+)
(u
!(-)

P'li ocene-Hol Columbia Group

Mi ocene

Yorktown Formation
Yorktown Formation
(possibly Pliocene
in part)

St. Marys Formation

Choptank Formation

Calvert Formation
Calvert Formation

Eocehe

Chickahominy and
Piney Point fms.

Nanjemoy Formation Nanjemoy Formation

Aquia Formation

Mattaponi FormatioPal eocene:! ?

Upper (?)
Mattaponi Formation

Lower

Raritan Formation

"transitional bedsPatapsco Formation

Arunde] Formation

Patuxent Forrnation Patuxent Formation

Source: Teifke,1973.
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o Control Board , tgll and Fisher and McGowen , tg67) found in

Caroline, western King ldilliam, and Essex counties, is character.ized

by channel sand bodies which are coarse-grained at the base and become

;insp-grained upward. Geoloqic cornelations 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 rong. In addition

finer-grained sands resulting from crevasse deposits, overbank spills
and tributary stream channels are found. The fluvia] sands are

generally subordinate to coarse and fine inter-channel silt.
The sands of the highly rnandering channer facies (Fisher and

McGowen, t967 and virginia state water contror Board, 1973)

found in eastern King t,filliam, eastern King and Queen, and Middlesex

counties, are medium to coarse grained, moderately we]l 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 (Plates 5 and 7). Finer sands associated with'crevasse deposits

and overbank spills are found, with overbank silts and clays subordinate

to sands in thirs facies. The dominant thick sands of. this facies form

generally good aquifers.

The delta distributary facies and delta front, found in the eastern

part of the Study Area, are characterized by nedium-grained, moderately

well-sorted sands, about 50-200 feet thick, and exhibit somewhat

linear trends (Plates 6 and 8, Mathews county). In certain parts of

the delta distributary facies, interchannel swamp 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 Formation 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

neferred to as the Aquia For.mation 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 lithologic types of nelatively local occurrence, Abundant auto-

chthonous glauconite is the principal lithologic criterion used to

identify the unit.

The,Mattaponi Formation is found over'lying the Patuxent throughout

the Middle Peninsula except;inthoseareas 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 ttlattaponi consists of fine

to medium sands interbedded with silts.and c'lays (P'lates 5, 7, and 9) and

the central part consiSts of fine grained quartz sand with 10 to 75 percent

glauconite and numerous clay stringers. The Mattaponi in the eastern

Middle Peninsula consists of alternating silts and clays.

Eocene. The Nanjemoy 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 alternating succession of sandsn

clays, and calcitic units (P'lates r 5,7, and 9). The sands are miner-

alogical'ly simple, consisting mainly of yarying propontions of quartz

o

28



o and glauconite which range ftom brorn clayey sands in which glauconite

is a minor consti;tuent to clean "greensand" in which glauconite may

constitute as much as 90 percent of the grains (Teifke, 1973) .

The Nanjemoy varies considerably in thickness west to east from

20 fee-t in Ca.r"oli,na County to over 100 feet in eastern counties,

It outcrrops in a thi,n band al.ong the Matta River ln Caroline, King l'Jilliam

and King and Queen Counties (Plate 3).

Mioceng,. The Cal,verrt For:mation includes all strata between the

toB of the Escene Age Na,njemoy Fsrrmation and the base of the Yorktown,

a,nd the b.ase of the Pliocene-Holocene Age Columbia Group in the absence

of the Yorktown For.rnation (Plates. 5 and 7). The Calvert Formation

can,generally be di,vided into three parts: the basal sand member,

the diatom.tceous. membern and the upper member. The basa'l sand member

consists predominately of, sands. w,ith minor clay beds or lenses with

traces of gJaueon.ite. The diatornaceous beds are pale brown to buff

and.un'iform in texturel they contain. very little sand or silt, The

upper un:it consi'sts main.]y of greenish-gray to brownish-gray silty

clay and in,terbedded. accumuiatioos of nrol lusk shel ls.

The Calvert. Formation outcrops in Caroline, western Essex,

weste,rn King and Queen, and western King lllil'liam Counties (Plate 3).

Thi.ckness varies, f,rom apprnoximately 50'feet in the outcrop areas

to over 200 feet in Matherus County.

Sediments between the top of the Calvert Formation and the base

of the COlurnbia Group are.refenred 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' byo
29



more abundant and thicker shell beds, and, to a lesser extent, by the

prevalence of gray,'light grily, and bluish-gray colors of the Yorktown

strata.

The Yorktown Formation constitutes the 'land surface over a wide

part of the Study Area (see Plate 3) and, where present, averages

about 60-100 feet thick.

All sedirnents overlylng recognizable Yorktown or Calvert strata

are refered to as the Colunbia Group (Table 4). These younger deposits,

marine and non-marlne, Pliocene through Recent in age, cover most of

the Yorktown and older rocks in the Study Area and can be as much as

L22 feet thick. They consist malnly of oxidized clays, silts, sands,

and some gravel. In most places the sedirents of the Columbia Group

contrast sharply with any marine formation which they overlie.

o
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o
CHAPTER IV

OCCURRENCE AND USE OF GROUNDWATER

Groundwater of the Middle peninsura 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 rertiary and Quaternary Age (primarily the columbia

Group; the Yorktown Fonnations and the Calvert Formations) except

in southwestern caroline csunty where consolidated bedrock of pre-

Cretaceous Age is found. This unconsolidated aquifer is a re]iable
s'ource of domestic groundwater supply in most of the study Area, but

seasona'l fluctuations and lack of sufficient storage make it impractical

for maior industrial or municipal supplies. The second aquifer system

of the Middle Peninsula is the upper artesian aquifer system, formed

from sediments of Miocene and Eocene Age (Nanjemoy and the Lower

Cal vert Formations ) . The thi rd aqui fer system, the .pri nci pa'l aqui fer
system' comprised of Paleocene'and cretaceous Age (patuxent and

Mattaponi Formations) is found throughout the entire peninsula

specific capacity, defined as gal lons 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 this report as an indicator
of aquifer potential. It should be noted that variations in well

construction will have pronounced effects on the specific capacity

of a well, but in those areas where specific capacities are reported

31



and accurate, well completion information is hvailable 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 gr"aph has been constructed from the Kozeny formula which

compensates for well diameter, well construction, and partial pene-

tration of the aquifer (Johnson, L972 and State Water Control Board,

1e73) ,

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 Midd'le Penirnsula. In addition, these aquifers supply groundwater

to sonB institutions, farms, and other smal'l users in the area.

The Yorktown aquifer system which occurs generally under water-

table conditions but locally under artesian conditions, is an important

aguifer found in the eastern part of the Middle Peninsula (Plates 5,

7, and 9, and Table 4). The Yorktown aquifer is especially important

in eastern Middlesex, eastern Gloucester, and Mathews Counties where

the upper and principal artesian systems are brackish and therefore

unsuitable for potable use (see Chapter VI).

The Yorktown aquifer system consists of discontinuous lenses of

fine sand and shells which may be as thick as 30 feet in Mathews County.

Specific capacities generally range from .3 to 1 gpm/ft (see Table 5

and Plate 10a) and reported yields throughout the system generally

range from five to 20 gallons per minute. Clogging of wel'ls

e
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o because of the fine sand has been reported in many small diameter

wells which tap the Yorktown aquifer. Clogging genera'l'ly 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 (tgOA) attributed the high

yield to coarse sand but this strata has not been found in other areas.

The Gloucester Point Sanitary District which taps the Yorktown

aquifer is currently looking. for an additional water supp'ly sourqe. The

current well system is not supplying an.adequate quantity of water. This

is attributed to the poor aquifer characteristics of the Yorktown aquifer

in the Gloucester Point area. The two Gloucester Point Sanitary District

wells for which there is adequate hydrologic 'information show test

yields of only 6 gpm each and specific capacities of ,t?.and ,17 gpn/ft.

lrJells with slightly higher specific capacities in the Yorktown aqui.fer

have been found outside theGloucester Point area in .Eastern Gloucester,

Mathews, and eastern Middlesex Counties. Currently an area north of

Gloucester Point is being evaluated for the Sanitary District's supply

(John McNair and Associates, 1975 and the Ranney Company, 1976).

Because of the possibility of local scarcity of suitable sand

strata and the presence of brackish water, test dnilling and hydrogeologic

testing is recommended prior to any butlding or developnent where a

large supply of water is desired from the Yonktown'aquifer, 0therwise,

initial development may take place in an area without a sqtlsfactory

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

Geo'logic and hydrologic information indicate that the upper

artesian aquifer system becomes regionally artesian east of West Point.

This system is also found to be loca'lly artesian in high elevation

areas in the western portions of Essex, King and Queen, and King

Will iam Counties,

This system has a fairly consistent thickness of about 50 feet

and a lithology of.fine to medium grain sand, moderately to poorly,

sorted with glauconite, and uiually peferred to aS greensand or

blacksand. The consistency ofthis system makes it a reliable source

of individual domestic and subdivision groundwater supply.

Based on geologic 'logs and specific capacity data, the artesian

aquifer is divided into three zones (Plates 10b and Table.5). The

central zone shows the best potentia'|, especially in the West Point

area, where yields as high as 350 gpm and'specific capacities between

6.1 and 7.6 have been recorded. The sands are generally coarser and

better sorted in the West Point area. Based on limited data, the

western and eastern zone appears to have lower yields and specific

capacities and the eastern zone yields highly mineralized water in

some areas, especial'ly near the Bay (Chapter V and Plate 10b).

In Essex, King l,{i'lliam and King and Queen Counties, and to a

lesser extent in Caroline County. this system provides gfoundwater for

many moderate to'light water users, inc'luding water for individual

domestic, subdivision, institutional, and agricultural purposes (P1ate 11).

o
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o Pni'ncipal Artesi an Aquifer

The principal artesian aquifer system in the Middle Peninsula

csntains a very 'large potential groundwater supply. The system is

composed of many sands that have a high potential yield with depths

which vary frorn 50 feet above sea level in Caroline County to 600 feet

below sea level in Mathews County.

Near the Fall Zone, the principal aquifer sy'stem is somewhat

ematic. The topography of the basement rock complex' the presence

of faults in the basement, the percentage of sand'!n the aquifer, and

the thickness of the aquifer control the hydrology of the aquifer (State

b'fater Control Board, 1973).

When the thickness of the system exceeds 250 feet, sand percentage

of ttre aquifer system, the thickness of the aguifer system, and the

construction of the well affect well yield. Aquifer sand percentage

is hig'her in the areas where sands were deposited by meandering river

channels than in areas where sands were deposited by tributary

strenm channe'ls (see Chapter III), The thickness of the aquifer system

increases to the east and northeast of the S.tudy Area, The installation

of multiple short screens in the various sands rather than a single

long screen is the most efficient method of well construction for

this area

In th,e central and eastern 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 chanacteristics exist is the
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Gloucester and west Point area. In the Gloucester area, a

considerable portion of the principal aquifer system consists of silts
and clays with a low percentage of sand. At west point, the sands of,

the principal artesian aquifer system are poorly sorted and extremely

discontinuous. The principa'l aquifer is generally brackish and

unsu'itable for potable use in the eastern portion of the Study Area.

specific capacities of wells compreted in the principal aquifer

system vary greatly (Plate 10c and rable 5). In the western part

of the study Area, specific capacities range from 0.g to 1.9 gpm/ft

and ane generally'larger in the central and eastern zones. In the

Tappahannock area corrected specific capacities range from z to l
gpm/ft while in West Point, an industrial well completed within the

princ'ipal aquifer has a specific capacity of 39.1 gpm/ft. Other

completed wells in West Point in both the upper and principal aquifers

have specific capacities as high as 30 gpm/ft. The highest uncoryected

specific capacities in the study Area are found near urbanna at

Barnhardt Farms where they r.ange from 8 to 46 gpm/ft. In Urbanna,

a coarse sand with sand and gravel streaks may explain the high specific
capaci t ies .

Groundwater Use

The most extensive groundwater development in the Middle Peninsula

has been in the principal aquifer system in the vicinity of htest point

and Urbanna (Plate 11). This aguifer system has been under develop-.

ment for some time in the west point area while development around

Urbanna is relatively recent

Bannhardt Farms near Urbanna, began gnoundwater withdrawals in

o
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o L96?. 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. |llith additional industrial well

construction, groundwater withdrawals averaged approximately

10.2 mgd from 1.951-1960, 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.

Municipal and subdivision pumpage from the principal artesian

system was an estimated 1.2 rngd for 1975. This pumpage includes the

Towns of trlest Point, Urbanna, Tappahannock and Gloucester. There are

no exact records prior to 1970 relating to municipal and domestic

withdrawal rates.

In summary, industrial witMrawals account for 16.3 mgd of the

approximately 17.8 mgd withdrawals from the principal aquifer in

the Middle Peninsula. Withdrawals from the upper artesian and

water-table aiuifers account for about 2,2 ngd.

Current groundwater withdrawal data is presented in Appendix C,

Most of the wells in this tabu'lation 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

thr"oughout the l4iddl e Peni nsul a.
o
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CHAPTER V

GROUNDWATER HYDROLOGY

First, the general hydrology of the major aquifers is presented..

Then, water level decl ines and f 'low conditions in the prrincipal

aquifer are discussed.

Ygrktown Aqui,fer

The Yorktown aquifer located only in the eastern portion of the

Middle Peninsula (see Plate 10a), is made up of one or more fine-grained

discontinuous sand bodies which may be as thick as za feet. In the

absence of a confining 1ayer, this system is recharged directly from

the overlying Post-Miocene water-tab1e aquifer. However, much of the

recharge to the system is probably derived from vertical.leakage

through the confining silts and clays. This system in turn supplies

recharge to the upper artesian aquifer system by ver.tical leakage

through the confining bed separa.ting the two systems when a suffic.ient
pressure differential exists.

Estimates of the transmissivity of various portions of the

major aquifer have been made from available specific capacity data

using the graphical method of Walton (1970) (Appendix A). Specific
capacity values r./ere corrected for partial penetr"ation using the

g!"aphical method based on the Kozeny formula (Johnson, rgTz).

Based on specific capacity data, estimated transmissivities of
only 500-1,000 gpd/ft can be expected for the yorktown aquifer in
the area. The low transmissivities may be accounted for by the fine_
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grained particle size and d'iscontinuous nature of the aquifer

(Appendix A). 0n1y one area, Gwynn island in l'lathews 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 made up of fair'ly homogenous --

areally extensive sands. The sands are fine to medium grained,

moderatelytopoor1ysortedwithanaVera9ethicknessofabout50feet

The overlying confining layer consists of silts and clays which increase

sorpwhat in thickness to the east. Although there are some areas,

especial]y in the western one-third of the study Area, where this

system is directly recharged from the overlying water-tab'le aquifers,

much of the recharge to the system probab'ly derived from vertical
'leakage through the confining silts and clays. This system in turn

supplies recharge to the principal aquifer system by vertica'l leakage

through the confining bed separating the two systems where a sufficient
pressure differential exists.

since there is little available hydrogeologic information, the

estimates of transmissivities in the upper aquifer systems were based

only on limited geologic logs and specific capacities (Appendix A).

The highest estirnated transinissivities 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 n). 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 partic'le

o
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o size and more discontinuous nature of the upper artesian aquifer in

these areas.

Principal Aquifer

The principal aguifer system of the Middle Peninsula consists

of cretaceous fluvial and deltaic deposits and lower paleocene

marine sands. Individual aquifers in the Cretaceous strata are thick,
discontinuous sand bodies interbedded with sirt and c1ay, while the

Paleocene sands are thinner but more continuous. The confining beds

overlying the principa'l aquifer system consist of c1ay, sil t and

poorly sorted sand of the Mattaponi Formation.

In Caroline County and the western parts of the King William, King

and Queen, and Essex counties,recharge to artesian aquifers occurs

near the outcr.op 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 adjacent aquifers and effective verticar permeabi'lity.

lrlith heavy pumpage and increasing pressure differentials, leakage

can yield substantial quantities of water to pumped aquifers. In

the West Point and Urbanna areas water derived from vertical 'leakage

maybegreater than that derived from lateral migration and the small

amounts released from artesian storage.

A minimum value for leakage through the con.fining layer of the

principal aquifer system can be estimated by using Darcy's Law,

Q - PIA, where Q = recharge in gallons per day; p - permeab'i1ity of

the confining layer; I - hydraulic aradient, which in this case, is
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the ratio of the head d'ifferential to the thickness of the confin'ing

layer; and A - areal extent of confining 1ayer,

Laboratory permeameter tests of a core of a very 1ow permeab'i1ity

clay takenfrornl,lell 118-49 (Charles City County) show an average

permeability of 0.0025 inches per day, which is equal to 0.0015

gallons per day per square foot" In the West Po'int area, head

differentials between two aquifers separated by a 70-foot thick con-

fining layer is 50 ft/70 ft or 0.7I, For an area of one square mile,

the recharge derived fr"om leakage thr"ough the confining bed would be:

Q = 0"0015 gpdlftT x 0.71 x (5.28 x 103 ft)z

Q = 0.0305 x 106 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 llell 118-49

is not often found. The confining layer is usually made up of more

silty material in which a permeability increase of one order of magn'itude

can be expected. The head differential in the West Point area is

lower than normal because of heavy pumpage in both of the aquifer"s

separated by the confining bed.

In the western part of the Middle Peninsula, transmissiv'ities 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, transmissivjties

range from 10,000 gpd/ft to 110,000 gpd/ft (Piate 12). The highest transmissivitie

we!"e found in the Urbanna area where 26,000, 80,000,481000" 110"000

and 50,000 gpdlft were observed, The high degree of 'lateral variability

in the principal aquifer makes it difficult to use one transnissivity

value for an area (Brown and Cosner, tg74) as demonstrated by the

vari abi 'l i ty of transmi ss i v i ti es .

a
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o The transm'issjvjt'ies of the Middle Penjnsula agree wjth those

transmiss'iv'ities determ'ined on the York-James Peninsu'la (State Water

Contro'l Board, 1973). Transmjssjvities determjned from a pumping

test at Cape Peary in northern York County ranged fron 22'000 to

85,000 gpd/ft, Transm'issiv'ities ranging from 3,000-40,000 gpd/ft

were estimated for the York-James Peninsula from specific capacity and

geo'logic data. These transmiss'ivit'ies are similar in range to those

found on the Middle Pen'insula; 3,000 - 85,000 gpd/ft for the York-James

Pen'insula and 6,000 - 1i0,000 gpd/ft in the Middle Pen'insula. Because

of the sim'ilarity in transmissivit"ies, the storage coeffic'ient ranges

determined from the above pump test in York County of between

1.0 x 10-4 and 1.9 x 10-4 may be used as an approx.imat'ion of storage

coefficients for the Middle Peninsula.

Water Level s 'in the Prtnic'ipal Aqu jfel"

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 prepare historical

potentiometric-surface maps of the Middle Peninsula (Plates 13 and

14). These surfaces are, of course, approximations of the conditions

for the time period indjcated.

The potent'iometric surface of the Principal Aquifer System for

the year 1900 shows water levels and flow co-nditjons priqr to any

subsequent'ia1 groundwater wi thdr^awal s i n the Middl e Pen i nsul a

(Plate 14a). Flow was generally from west to east' An anomalous

depression found between West Pojnt 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, industr^ial pumpage lowered water ievels

and modified flow patterns in the principa] aquifer system (P1ate 14b).

In the 1940rs the 6 mgd withdrawals by Chesapeake Corporation in hJest

Point caused an elliptical shaped cone of depression approximately

10 miles in radius to develop. F'low in the Middle Peninsula was

generally directed tovard the center of this cone of depress'ion.

Increased pumpage by Chesapeake Corporat'ion 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 (P'late 14c). chesapeake corporation which increased its with-

drawals from about 6 mgd in 1950 to over'14 mgd in 1975, caused a

further expansipn of the cone of depression. currently, the cone

extends appro_ximately 29 miles from the center which is 120 feet

below mean sea level (MSL). A secondary cone of depressfon in the

urbanna area attributed to the seasonal pumpage of Barnhardt Farms

of over 1.2 mgd can be readily observed. Both cones of depression extend

outside the Study Area boundaries. Thus, since about 1900, water jevels

in the principal aquifer system have declined 70 to 100 feet'in the

West Point area and 60-90 feet in the Urbanna area.

Well hydrographs from four observation wells show recent water

level trends in the area (Plates 14cand 15). The Chesapeake Corporation

observation well in the center of the'cone of o.p".rrion at west Point

shows a water level decline of 30 feet from 1967 to 1972which is

attributed to the increasein pumpage during the time period. From

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

I
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increase in pumpage by Chesapeake Corporation.

The west Point Airport we11, east of the center of the cone of

depression at West Point, shows a fair'ly 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

norttrwest of west Point; a steady decline of about 1.5 feet/year was

observed from l97Z to 1975.

The 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 L97z to 1975 water level

declines of seven feet were observed and attributed to these unstabilized

cones of depression.

o
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CHAPTER VI

GROUNDWATER QUALITY

Water Quality by Aquifer

Chemical quafity data for groundwater of the major Middle Peninsula

aquifer has been compiled in Appendix B. This data consists of water

qua'lity surveys conducted by both the State Water Control Board and

other outside additional researchers. The chemical characteristics

of groundwater by aquiferis discussed in this chapter. A more thorough

and regional discussion of the chemical character of groundwater in

the Coastal Plain of Vi'rgin'ia can be found in Cederstrom (1946).

l,Jater-Table Aqu'ifef. Groundwater from the Yorktown aquifer,

occurring in the eastern part of the Study Area, is of a moderate'ly

hard calcium-bicarbonate type (Cederstrom, 1946). Hardness ranges

from 80-250 ppm with an average of 166 ppm. In many places it is

sat'isfactory for domestic use in sp'ite of its hardness, but else.where

the presence of high 'iron makes it unsatisfactory. Complete softening

and iron removal are practiced where the wateris used by commercial

laundries. Average values for major chemical parameters may be found

in Table 6 (see Appendix ts for basic data).

Chloride content has a relationship to the proximity of brackish

surface water bod'ies. The Yorktown aquifer was divided into eastern

and western zones according to chlorjde concentrations (P1ate 16a).

In the western zone chlorides tend to be less than 25 ppm while

chlorides in the eastern zone are genera'lly in the potable range (less
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than 250 ppm) except in localjzed

brack'ish surface water bodies. In

influenced by or is'in hydrologic

water bod'ies.

areas inrnediately adjacent to

such areas the groundwater is

connection .with the saline surface

The water-table aquifer in the central zone, a combinat'ion of

Miocene and Post-Miocene sediments, exhib'its 'lower val ues 'in al l

chemical parameters than does the Yorktown aquifer (Table 6) which are

accounted for by the lack of jnf'luence of brack'ish water bodies, the

decrease 'in shell material responsible for hardness, and a decrease

in travel time through the aqu'ifer.

Upper Artesian Aquifer. The upper artesian aquifer produces

water of a moderately hard-bicarbonate type, and all ma,jor chemical

parameter values are less than those gf the water table aquifer

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

the major portion of the Study Area but as one moves jnto eastern

Gloucester, Middlesex, 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 dissolved soiids east of the 300 ppm

chloride isoconcentration I ine shown 'in Plate 16 and 'is general ly

not suitable for potable use.

Principal Aquifer System. The principal aquifer system contains

soft sodium-bicarbonate type groundwater which has very low hardness

and moderate to high amounts of dissolved solids (Tab'le 6). A

high ratio of total dissolved solids to hardness in this aquifer is

in contrast to a lower rat'io for the same parameters in the upper
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artesian aquifer (State Water Control Board, 1973). Fluoride concentra-

tions are higher for the principa'l 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 comection). Fluoride concentrations may increase with

depth as indicated by a deep we1'l in West Po'int which showed 4.1 ppm

fluoride at a depth of L,275 feet.

Chloride concentration, negligible in the western and central part

of the Study Area, increases steadily southeastward from Saluda and

West Point (Plate 16c). Concentrations greater than 400 ppm ch1oride,

found east of Gloucester, are generally too h'igh for most potable use.

The high chloridezoneis found bt about -1200 MSL 'in West Point and

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

high ch'lorjde 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 Hioh Chlorride Zone

The high chloride zone in the artesian aquifers found in the eastern

portion of the Study Area was identified by Cederstrom (19a6). This

high chloride zone is not confined to the Middle Peninsula but extends

to the south on the York-James Penjnsula and 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

o
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o The historic chlorjde data further illustrates that the high

chloride zone is a naturally occurring phenomena. The phenomena

has been recorded since only 1906, but has probabiy existed as such

before recorded history jn the geologic past. chloride records for

a particular town or area have been relaLjvelyconsistent from 1900

to 1975, considering that the high chlorjde zone is variable,

and th.at not all samples compared were from the same r,rel I or even the

same town (Table 7). Areas exhibiting high concentrat'ions of chlorjdes

(areas A, B, and H 'in Table 7). as well as those less concentrated

jn chloride (areas C, D, E, F, and G), show fairly consistent chloride

observations for the perjod of record.

it is important to determine whether there has been or will be

lateral or vertical mjgration of the high chloride zone'in response to

pumping. The two major groundwater withdrawals on the M'iddle Peninsula

are located within the low chloride zone near West Point and Urbanna.

The major withdrawer is chesapeake corporation 'in west Pojnt about

12 m'iles from the lateral 250 ppm chloride'interface'in the upper part

of the principal aqu.ifer (Figures 16c and 18) . vert'ica11y the 250 ppm

chloride interface at West Po'int has been encountered at about -1200 feet

MSL. The other major groundwater withdrawer is Barnhdardt Farms, jn

the urbanna area, about six miles from the lateral 250 ppm chloride
'interface, the exact depth to the vertical 250 ppm interface jn the

Barnhardt well field has not been exactly determined, but an approxjmation

based on adjacent wells js -1200 feet MSL.

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

chesapeake corporation annuai 1y and over 1.2 rngd for Barnhardt Farms.
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HISTORIC TRENDS OF

OF THE

Location

TABLE 7

CHLORIDES IN THE EASTERN ZONE

ARTESIAN AQUIFERS o
Date

Tota I
Depth

( ft-LsD )

Chl ori de
(ppm)

Gloucester County
ffi

1. Union Baptist Church*

2. Bena-Theodore Pratt
#136-50

B, Naxera and Secern
1. A, M. t,lithers*
2. J" t'l. Shake'lford*

C. Gloucester Point Hotel*

D. Gloucester Courthouse
1 . Town 136- 1

?, Town 136-27

E. Clay Bank
1. #36**
2. #34**
3. N. C, Israel

F. Al lmondsvil I e-Capahosi c Area
1. l'l. R. Seward*

2. Gloucester A&I School
Capahos i c

Mathews County

G. North*

Middlesex County

H. Del tavil 1e-Amburg
1. Amburg*
2. Stove Point Test lr'|e.ll

1906
1918
1969
L972
1975

1941
1906
L94L
1906
1918
1941

1958
L975
1941
I975

1950
1950
L975

1906
1941
1918
1941

1918
1964

450

440

701

810

460
610
440

?70
274
395

1500
1540
1110
1100
870

1700
2500
2600
410
424
432

303
272
345
333

476
4t2
420

r06
69
54
53

550
552

7L6
575

694

1918
1941

460

8?2
650

1820
1848

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

Source: State lllater Control Board
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o Changes in chloride concentratjons from the 1940's to 1975 have been

investigated 'in order to determ'ine chloride movement due to recent

heavy pumping by Chesapeake Corporation and Barnhardt Farms. Iso-

concentration maps depicting the chlorjde concentrations at depths

300-800 feet below the.land surface were constructed for the periods

i945-1950 and 1975 (P'lates 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 relatlve'ly 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 imposs'ible to determine

whether or not the i0-300 ppm chloride lines have moved closer from

1945-1975 to the pumping centers into these areas. No vertjcal

saltwater movement has been ob'served in the well fields, which would

be detected by jncreases in chlorides jn the well fields. Recommendations

to mon'itor the freshwater-saltwater interface in order to detect

future chlornide'movement are made in Chaoter VIII.

Groundwater Contami nation

The majority of the groundwater parameters sampled are useful

for determining natural groundwater qua'lity problems such as hardness,

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 natural ly occurring htlgh ch'loride

concentrations in the groundwater are the most useful parameters
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forindi cating certain types of groundwater contami nat'ion. Based on

limited data, no groundwater contamination was indicated by the above

parameters (Appendix B).

To accurately analyze the groundwater contamination or contam'inat'ion

potential, chemical mon'itoring of the most hazardous wastes should

be injtiated fjrst. This would mean constructing monitoring we11s

and analyzing the groundwater for the hazardous waste to determjne

boundaries of contaminant movement. Priority of the study should

be g'iven to the hydro'logical'ly most susceptible areas (Pl ate 19) .

After a substantial number of disposai areas are monitored, the

contamination potentia1 and disposal criteria for the area may be derived"

o
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o
CHAPTER VII

GROUNDWATER AVAILAB ILITY

The availabjlity of groundwater in the l''liddle Penjnsula and

hydrogeologic or hydrologic variables which limit or potentially

I imi t groundwater avai I abi I i ty 'in the area wil I be discussed 'in thi s

chapter. Variables include highly m'ineralized groundwater zones, poor

aquifer characteristics, water level declines, jnterference between

groundwater users, potential movement of the mineralized zone, and

groundwater contami nati on .

Li mi tat i ons

Highly. Mineralized Zone.. The high mineral content of groundwater

in the eastern part of the Mjddle Peninsula limits the use of this

groundwater (see Chapter VI). East of the Town of Gloucester the

principal and upper artesian aquifers conta'in greater than 250-300 ppm

chloride which is generally unsuitable for most potable use (P1ate 20).

Mineralized groundwater in large quantitjes may be used for non-potable

functjons such as cooling and'industrial use; Colonial tJill'iamsburg

and Dow Badische to the south on the York-James Peninsula use mineralized

groundwater for such purposes. Thi.s water may be corrosjve when hot,

as observed-in Yorktown by Cederstrom (1957).

The Yorktown aqu'ifer, the most important aquifer in the mineralized

zone, 'is generally suitable for potable use. However, highly brackish

groundwater has been found adjacent to brackish surface water bodies,

especially on narrow peninsulas (P1ate i6a).

t5



Poor Aquifer Characteristics_. The portion of the Yorktown aquifer

found in the eastern part of the Penjnsula, is considered rather poor

(see Chapter IV). In other areas such as the City of Virgjnia Beach

and the Virginia Eastern Shore (State Water Control Board, !g75), the

Yorktown aquifer is a productive aquifer w'ith yields of i00 gpm

common. 0n the Middle Peninsula, however, yields of only 25-30 gpm

can be expected from large diameter wells and specific capacit'ies are

low, usually one or less (Piate 10a). As a result of the low yield

capabil"ities of the Yorktown, a moderate size well field can be

expected to yield only 200 gpm, As an examp'le, the Town of Gloucester

Point needs an additional 700 gpm water supply by the year 2000.

A deta'iled water supply study on Gloucester Point recently concluded

that the demand can be met with multiple well systems at a number

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

1976). For 'larger systems, those comparable Gloucester Po'int, or

smaller systems, test drilling is recommended prior to well development

to guarantee an adequate water supply.

l,Jater Level Decl i nes . Si gni f i cant cones of depress'ion assoc'iated

with major water withdrawals have been observed in the central and

eastern part of the Study Area. The two major cones of depress'ion

have not yet stabjlized, but probably will when'water withdrawals

from the industries involved stabjlize (Plates 14 and 15). Water

levels'in the principal aquifer system at the center of the Chesapeake

Corporation cone of depressjon are currently about -120 MSL or about

180 feet above the top of the princ'ipa1 aquifer.. The water level at

the center of the Barnhardt Farms cone'is about -70 MSL, or about

e
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o 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.

Wqter Hell Interference. No significant jnterference between

groundwater users has been reported jn the Middle Peninsula, It is

probable, however, that some interference problems have been encountered

by smal]er groundwater users'in the centers of the cones of depression

of Chesapeake Corporation and Barnhardt Farms.

Movement of the Highiy Mineralizel Zone. Chloride data 'in the

eastern part of the Study Area shows that chloride movement from the

Tolvn of Gloucester westward to the pumping centers in West Point and

Urbanna has not taken place (Plates 16b, c). Lack of deep well control

nonth or south of the Town of Gloucester makes it impossible to deter-

mine at the present time whether chlorjde movement is occurring from

these areas toward the pumping centers. 0bservation well locat'ions

to adequately detect future chloride movement are discussed later

in the chapter.

Cederstrom (1945) recommended that large well instal'lations in

the low chloride zone intended to cont'inuously withdraw a mil'lion

gallons or more of water should be located at least five or more miles

from the leading edge of the high cloride zone. The author recommends

that a buffer zone be maintajned in the Study Area to prevent migration

of the high chloride waters. Smat 1er pumpages 'in the ne'ighborhood

of .2 to .5 mgd are safe in the buffer zone as long as these withdrawals

are not congregated in a small area to cause a s'ignificant cone of

depression to develop.
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o Groundwater Contamination" No detectable groundwater contaminatjon

was observed for the limited number of wells which were random'ly

sampled. chemical monitoring 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 samp'led, adequate criteria for waste disposal in

the area may be establ ished and hydr"o'logical'ly susceptible areas should

be g'iven pri ori ty ( Pl ate 19 ) .

Availability

Groundwater availability on the Middle Peninsula was estimated

on current knowledge of aquifer capabilities (chapter III) and

limitations characteristic of each zone (p1ate 20 and rable B) as

discussed in the previous section of this chapter. Based on those

characteristics, the Study Area was then divided into six zones

of groundwater availability (Plate z0 and. Table 8). More refined

estimates of groundwater availability will be possible as further

groundulater nesearch is conducted and groundwater models are developed

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 . Avai I abi I'ity i n Zone A was irrojected from tire aqui fer
characteristics and estimated availability 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 regard to availability in Zones Bn c, and D, it was assumed that
-v
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omovement of the high ch'loride 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 low available yields from the Yorktown aquifer,

a moderately sized well field can be expected to yie'ld 200 gpm.

Currently, smal.l systems including domestic, institutional and

small subdivisional systems, are most cormon. The only 'larger system

current'ly considered is located in the Gloucester Point Sanitary D'istrict"

Since the specific capacities and yields from the Yorktown, Zone A,

are fairly uniform, the availability of about .4-1 mgd (The Ranney

Company, 7976) in the Gloucester Point area was multip'lied by

five to get an approximate figure of 2-5 mgd for groundwater avajlabiiity

in Zone A. It is assumed that pumpage will be distributerl 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 chloride

Zone A. In order to prevent movement of h'igh chloride-waters from

Zone A into Zone B, only limited.rvithdrawals with small cones of

depression are cons'idered safe in this buffer zone. Wjthrjrawals

of about .2 mgd from the principal or upper artesian aquifer 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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O
do not overiap. If these cones of depression from

d'istributed evenly in Zone B, without overlapping,

that about 2-5 mgd is available fr"om the zone. The

zone wi I I range from 50 to 200 ppm.

.2 mgd pumpage are

it is estimated

chlorides in this

Zoqe 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 depressjon'in the ar.ea (Plate 20 and Table 8). Water

levels in this zone are -70 feet MSL or less, with water levels of

-i20 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 princ'ipa1 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

sat'isfy industrial and munic'ipal needs, groundwater availabil ity

of 19-22 mgd was estjmated.

Lole D. Thjs zone is an area of relatively modenate water level

decljne in the principal artesian aquifer assocjated with pumpages of

Chesapeake Corporation in West Point and Barnhardt Farms in Urbanna.

Water levels range from -40 to -70 feet MSL in Zone D. Smaller

withdrawals of approx'imately .2 mgd would not cause major water level

declines provided these withdrawals are not concentrated in any area.

It 'is estimated that about 2-5 mgd is available safely from these

proper'ly spaced smal I withdrawals with the principal or upper artes'ian

aqu'ifers (P1ate 20 and Table 8).

Zone E. In Zone E, principal artes'ian 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. llo more than 2 mgd

wi thdrawal s per we1 1 f iel d i s recornmended from the pri nci pa'l aqui fer
with adequate spacing between well fields 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 availability
for Zone E is approximateiy 5-15 mgd.

Zone F. The principal and upper artesian aquifers of Zone F,

located along the urestern margin of the coastal p1ain, are not as

productive as the zones to the east. Bedrock aquifers are productive

in Zone F but these aquifers were not stud.ied extensively enough to

make estimates of availability. Approximately .2 mgd is available
per well field in the principa'l aquifer. Approximate groundwater

availability from the coastal p:lain aquifers in Zone F is 2_5 mgd.

It is estimated that approximately 32-57 mgd of gr:oundwater is
available in the Middle peninsula from the coastal plain aquifers.
About 20 mgd of groundwater is currently being used in the Middle

Pen'insula which means that 35 percent to 62 percent sf the est.imated

avai I ab'le groundwater i s currently be.ing uti I i zed.

o
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CHAPTER VIiI

CONCI-USIONS AND RECOMMENDATIONS

Concl us i ons

The Yorktown aquifer system, which occurs in the eastern portion

of the Middle Pen'insulao is a relatively re]iable source of potabie

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-yie1d

wells or well fje'lds in this aquifer, but this system has a potent'ial

to be developed for domest'ic, institut'ional , and i ight mun'ic'ipa1 use.

The Yorktown aq'uifer is important 'in eastern Gloucester, eastern

Middlesex, and Mathews Count'ies where it js v'irtually the only potable

aquifer available. To secure an adequate supplyo test drilling is

essent'ial prior to aquifer development because of variability jn aqujfer

cnaracterist'ics and water quality in the Yorktown aquifer.

The upper artesian aquifer system, found throughout much of the

Middle Peninsula, 'is a reliable source of good quality groundwater.

Aqu'ifer th'ickness and hydraulic conductivity of the aquifer preclude

deve'lopment of high-yield wells or well fields in most places but

the fairly shallow occurrence of the aquifer and the good quality of

its groundwater^ make the upfer aquifer system an excellent source of

domestic groundwater supply. In eastern Gloucester. eastern l'liddlesex

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

possibiy fight industrial uses. Groundwater from this system can be

used as a supplement to a groundwater suppiy jn the principa'l aqu'ifer

system, especially if the water from the principa'l aquifer is of

undesirable qua'lity.

The princ'ipai aquifer system is found throughout the ent'ire

Middle Peninsula and has a high yield potentia'l, As was previously

discussed, a high ch'loride wedge is found within the principal

artesian aquifer jn 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 principal aquifer is capable of supplying high-y'ield 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 the 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. t^later levels will
probably stabilize, however, when pumpages in the West Po'int and

Urbanna areas are kept relatively constant.

The high chloride groundwater zone within the artesian aquifers

in the eastern part of the Study Area js of natural origin. Adequate

deep well control -in'the 
Town cif Gloucester area indicates that movement

of the high ch'loride 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

o
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o make it impossible to assess whether the hjgh chloride zone has

rcved 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-

jstics of the major aquifers, and major water level dec'l'ines in

the principal aquifer aasociated with maior water withdrawals. The

most promising area for future groundwater development is the west-

central part of the Study Ar"ea (Zone E) where the princ'ipa1 and upper

artesian aquifers have been on'ly sl ioht'ly developed"

Recommendati ons

During this study, various groundwater resources of the Middle

Pen'insul a were exami ned usi ng existi ng we'l I s as samp'l i ng or geol ogi c

control points. In the process of analyzinq avajlable data, it was

djscovered that several data control points, wh'ich could not be obtained

from ex'isting wells, were lacking. The need for groundwater research

stations is out'lined below for the three groundwater availability

zones

Zone A. The general capabilities of the Yorktown aquifer in Zone A

are known but shallow research drjlfing is needed to determine the

best areas withjn Zone A for further development. Currently' test

dlilling'in the Gloucester Point area, in connection with a water supply

study for the'lloucester Point Sanitary Distrjct"is being conducted (The Ranney

Company, i976). Research stations further north in Zone A are needed

to detennine the most promising areas for further development.. Three

possjble areas for research stations are shown by hole numbers 4,5,

B5



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 nesearch station. Auger drilling

should supplement research stat'ion data. A map delineating the most

promising areas for groundwater deyelopment should be drawn as a

result of this study.

Zone B. In Zone B, the boundary between high ch'loride groundwater

F250 ppm chloride), and lower chloride groundwater in the principa'l

and upper artesian aquifers is encountered. Currently there is lack

of historic chloride data from deep wells along the outer boundary of

the chlorjde zone (see Chapter VI). Since there are no existing deep

wells located north or south of Gloucester, two deep research stations

to monitor chloride movement are recomnended north and south of Gloucester

(wel.ls L and 2 in Plate 2i). These two stations, the Town of Gloucester

deep well and other deep or intermediate wells shou'ld be sampled on

a quarterly basis in order to detect any movement of the high ch'loride

zone toward the pumping centers. Continuous monitoring of chlorides '

in these areas will facilitate early detection of the high chloride

z0ne.
:

Zone E. Since there is a lack of data on the capabilities of the

lower part of the principal aquifer in Zone E (P'lates 5 and 7),

construction of three groundwater fesearch stations down to the basement

complex is reconrnended to establ'ish the capabilities of the principal

aquifer" (Plate 21). The most favorable sites fol^ further development

in Zone E may be determined from the results of these stations.

o
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More extens'ive areawide coverage is needed in the current water

level monitoring network of the Middle Peninsula principal aquifer

system to assess future water level deci'ine 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 aquiferin 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 wjthdrawa'ls atl,/est Point and Urbanna.

In addition, the stations completed in the Yorktown aquifer,

Zone A, may be used as an init'ial water leve'l mon'itoring network for

the Yorktown aquifer. Station number 4 may be located close to the

p'l anned groundwater wi thdrawa'l of Gl oucester Poi nt to moni tor water

level declines associated with this withdrawal. The other two stations

may be located close to areas of pro.jected growth so that water level

declines may be observed from these areas of development.

Uc-!gl@
Collection of water quality background data should continue so

that changes in quality may be detected. Although disposal site

monitorjng data in the Study Area is currentiy non-exjstent. future

disposal site monitoring data is needed to protect the major aquifer

and to 'provjde a scientific criteria for disposal of wastes. Priority

of study should be given to disposal sites containing the most hazardous

wastes located in the hydrologically most susceptib'le areas (P1ate 19).

Existing data and data obtained from the proposed groundwater

research stations may be used to construct a computer mode'l to predict
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water'level decljnes and to assess groundwater availability. A

comprehensive and continuous program of data collectjon and research is

necessary for mode'l verification and update.

o
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o
APPENDIX A

l^lELL AND AQUIFER CHARACTERISTICS

|dell data was obtained from State Water Control Board files.
ldell Completion Reports, and personal corrnunicat'ion with drillers.

Corrected specific capac'ities were found, when possible.. using the

graphical approximation method'in Johnson (L972). Transmjssiv'itjes

were estimated from specific capacity or corrected specific capacity

data using the graphical method in t,'|alton (1970).

Also jncluded in Appendix A are county well locatjon maps for

wells used in this report. Numbers used are State Water Control

Board numbers except where indicated otherwise. tlelI symbols

'indicates relative depth, well ownership, and whether static water

ItrV€l data is available as described'in the iegend.
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o
APPENDIX B

GROUNDWATER QUALITY DATA

Table B-1 contajns chemical quality data on the groundwater jn

the Middle Peninsula. tr'|ell numbers in Table B-1 can be cross-referenced

to Aooendix A and Plate 13 to determine the locat'ion from which quality

samples u,ere taken. The data listed in Append'ix B include:

State Water Control Boand Number
0wner and/or Location of the l,lell
Date Sampled
Depth of hlel I
Screen Depths in well
Number (DI,JR No.)
The date the water sample was taken
The following chemical constituents in milf igrams per liter (mg/l):

Iron (Fe)
Calcium (Ca)
Magnes i um (t'tg )
Copper (Cu)
Lead (Pb)
Manganese (Mn)
Sodi um (Na)
Potasi um ( K)
Bicarbonate (HC01)
Al kal i ni ty
Sulfate (SOa)
Ft uoride (F)
chtoriae (Ci )
Nitrate (N0.)
Total Hardndss
Ca, Mg Hardness
Tota I Sol 'ids
Vol at'i 1e/ Fi xed Sol i ds

' Dissol ved Sol ids
Specific ConductivitY
pH

T0c
Siljca (S'i0z)

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

taken by the State Water Control Board and by other governmental agenc'ies.

B-l
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o
APPENDIX C

GROUNDWATER USE

The data shown in Table C-l js 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 l,,later in Virgin'ia: Qug-U-U and ![l!draurg]: of the State

t^Iater Control Board.
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o
GLOSSARY OF TERMS

Defini tions

AQUICLUDE:

AQUIFER:

AQU ITARD :

ARTESIAN AQUIFER:

BICARB0NATES (Metal
e.g. Na HC03):

CAPILLARY FRINGE:

cHLORrDES (Cr -):

CONE OF DEPRESSION:

CONFINED WATER:

CONFINING BED:

r Uffl' I rvv3

A format'ion of relatively low permeability
that overl 'i es or underl i es an artes i an

aquifer and confines water in the aquifer
under press ure .

A water-bearing formation, group of
formatjons, or part of a formation that
wi 1 1 yi e1 d groundwater i n useful quanti ti es .

A formation that partially restricts
groundwater flow.

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

Can rajse the pH to a h'igh concentration
which may be corrosive,

The zone of partja'l or complete saturation
di rectly above the water tabl e 'in whi ch

water .is held in the Pore spaces bY

capi 1l ari ty

Are indicat'ive of concentrat'ions of salt
water concentrations above 250 milliqrams
per liter (mg/l) are detectable by taste'

A conelike depressjon of water ta$le or
of the piezometric surface that is found
jn the vicinity of a well by pumping.
The surf ace area i nc luded 'in the cone i s
known as the areas of influence of the well.

hJater under artesian pressure. Water
that is not confined is said to be under
water tabl e co.ndi t.i ons .

A bed wh'i ch overl i es or underl i es an

aqu'ifer and wh'ich. because of 1ow permeab'i'li ty
relative to the aquifer, prevents or
impedes upward or downward loss of water
and pressure. An aquiclude.



DISSOLVED SOLIDS:

DRAWDOI,IN:

EVAPOTRANSPIRATION;

FLOI^JING IdELL:

GROUNDWATER:

HARDNESS:

HYDRAULIC GRADIENT:

HYDROGEOLOGY:

HYDROLOGY:

IGNEOUS ROCKS:
(Basement Rock)

INFILTRATION:

INTERSTICES:

L ITHOLOGY :

LOSING STREM:

Genera lly not.iceable 'in concentrations
greater than 500 ng/1.

The depression or decl ine of water level
in a pumped well or in nearby wells
caused by pumpi nc. It is the verti ca'l
distance between the static and the
pumping leve'ls of the well.

The combined discharge of water to the
ai r by d'irect evaporation and p'lant
transpi rat'ion

A well having sufficient artesian
pressure head to discharge water above
the land surface

Water beneath land surface in the zone of
saturation and below the water table

Qualjty of water that prevents lathering
because of calcjum and magnesium salts
wh i ch f orm 'insol ubl e soaps .

The gradient or slope of the water table
of piezometrjc surface, 'in the djrection
of the greatest slope generally expressed
in feet per mi1e.

The science of the natural laws that
control occurrencE and movement of
groundwater. Geoiogy as affected by hydrology.

The science that relates to water movements
and physi ca1 characteri sti cs

Rocks formed by the cooT j ng and crystal l'iza-
t'ion of molten or partly molten material.

The flow or movement of water into the
surface soi I and rocks

The openings or pore spaces jn a soil
or rock formation. in an aquifer, they
are.fi I led with water.

The large scale physical characteristics
of rocks/sediments.

A stneam losing water to groundwater
storage ( formeily termed ii nfl uent stream" ) '

o



o
METAMORPHIC ROCKS:

NTTRATES (N03):

NONFLOWING ARTESIAN

pH:

PALEONTOLOGY:

PERCOLATI ON :

PERMEABiLiTY:

PIEZOMETRIC SURFACE:

POROS ITY:

PUMPING LEVEL:

RECHARGE:

RECOVERY:

SALTWATER INTRUSION:

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

A sal t or ester of n'itrous acid (concentra-
tions greater than 45 parts per milljon
(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-wjth
7 being neutnal, I bejng most indicative
of acidity and 14 most indicatjve of
al kal i ni ty.

The study of fossil animal and plant
remains to determine past envjronments.

Movement under hydrostatic pressure of
water through the interst'ices of rocks
or soi1s, except movement through large
openi.ngs such as solution channils.

The abjlity of a rock to transmit waterr
per unit of cross-section. .

An imaginary surface that everywhere
coincides with the hydrostatic head of
water in an artes'ian aquifer.

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

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.

Th.e residual drawdown after pumplng 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
fres hwater.

|.JELL:



SEDIMENTARY R0CKS; Usually stratifjed formatjons consisting
of products of weathering by action of
water, wi nd , 'i ce . etc .

STATIC I^IATER LEVEL: The level of water in a non-pumping or
non-flowing we'll.

STRATIGRAPHY: The rel atjonshi p of the format'ion
compos'ition, sequence and correlation of
layered rocks on sediments.

sr.RAGE ..EFFICIENT' 
Xf;liil',ltJiliio'iitilffi:,1; "ril[:::,
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.

TRANSMISSIvITY: 
I5";'?l'li{,:1,'l"lox;l:',1',1;:';iJ.'
section 1 foot wide by aqu'ifer thickness.
Expressed as gallons per day per foot
(gpd/ft) normally ranging from 1000 to
1,000,000 gpd/ft.

UNC0NFINED AQUIFER; Water not under artesian pressure. 'Generally
applied to denote water below the water
table

WATTR TABLE: 'The surface of unconfined groundwater
which is determined by gravity.

I^JATER-TABLE AQUiFER: An aqui fer which is not confi ned above,
in which the water levef in a well
indicates the water table.

Z0NE 0F AERATION: The zone in which the open spaces 'in

soil or in a rock formation contain' a'ir and water.

Z0NE 0F SATURATI0N: The zone in which the open spaces jn
the rocks are completed filled with water.

-v
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