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Geology and Ground-Water Resources of the
Middle Peningula, Virginia

By
D. J. Cederstrom

Abstract

The Middle Peninsula of aaatern Virginia is part of the Coastal
Plain province. It extends from the Frll Line to Chesapeake Bay
and lies between the Rappshenncck River on the north and York and
Mattaponi Rivers om the south. Caroline, Essex, Middlesex, King and
Queen, Gloucester and Mathews Counties are included in the report.
Pleld work in the area was carried out by several individuals and
this report is & synthesis of various data gathered over a period
of time. Records of largs yisld wells drilled in the last several
yeaxrs do much to update the report. The geology is based largely
on the writer's intarpretation of drillers’ logs and well records.
Wun with detter controlled geclogy to .the north and south
has been helpful in arriving at soms degree of accuracy in drawing
of stratigraphic doundaries.

The area consists largely of farma and woodlands with scattered
small villages end & few large towns. The largest town units are
Port Royal, Tappahannock, and Urbanna on the Rappahannock River.
Bowling Green lies inland and Mathews lies off Chesapeake Bay.

Manufacturing is not greatly important in the ares and is in
good part based on lumber products. Sport and commeri/del fishing
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are important locally. TFarm crops range widely in economic value
from county to county. Commercisl production of flowers and bulbs,
particularly daffodils, is a unique featurs of the Virginis Coastal
Plain. A very large duck farm is located below Urbamma. Considerable
develomment of the more desirable river front acreage has been taking
place in the lagt decads, in part as "suburds” of Urbanna and .
Tappahanmmock and in much greater part as summey homes of residents
of Richmond, Fredericksburg, and elgewhere. A development consisting
of mammade lakes, home sites, camping aite# and mqreatiml
facilities is being establighed in Caroline County. A large military
reservation, A. P. Hill, iz alsc in Caroline County. The recrestion
industry is significant, itherefore, in the more easterly part of
the Middle Peninsula, and will probably increase in importance.
Crystalline rocks crop cut in vestermmost Caroline County but
esst of the Fall Line, crystalline rocks and Triasaic sendstone lie
at progressively greatsr dap‘hhs:mi; Mathews County they are reached
at 2,300 feet beneath the cover of Coastal Plain sediments.
wuwmmmwmhtmagwporhrwm
hum«magnnﬂumthebmtm;. ™hey 40 not crop
mmmmiutmnmmudbynmmmlm
eastern Caroline County. The deep well in Mathews County pemetrates
the full section of Potomac sediments. There the Fotomac section
msy be about 900 feet thick and consists of altexrnmating send and
clay beds.
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The Mattaponi Formation of Iate Cretacecus to Palaccens ags
eansisty of altermating sands and clays. The sands are glauconitice
o glauconite sands and in rany places the clays are highly colored.
The reximm thickness may be grester than 500 feet down dip. It is
believed to extsnd nearly %o the Fall Zone in Caroline County. The
Aquis Formation is & highly glaucomitic series of beds of Palaocens
sgz. It is well developed in the Fall Zone aves but thins out
downdips.

The Nanjemcy Formetion of -hewmsShfiisasde Focene age ia
relatively thin in the Fall Zone aree but thicksns to about 100 feset
eastward. However, like the Aquis,it algo iz truncated esstward by
. an overlying formation, the Chickahominy, of Zate Bocens {ZESSSEY
aam. nw-mm:mzcm«cfmmmsmmmm
art at/rmma Peningulsa. The Eocens formations are chersctaristically
glaueonitic sands and marls. Thin deds of linegtone, commonly
eemented shell beds slternating with thin fine glauconitic sand ltz'lta/
are common. The Palaccene Aquia and Eccene Nanjemoy Formations are
axposed along Rappmhannock and Mattaponi Rivers dbut the overlying -
Chickahominy Formetion is known only at depth.

The Iate Mcmtoxmb@aamtrmmdbym
Chesapeakes g;oup of marly formations of Miocene age. In central
Caroline County the base of the Miocene lies about 190 feat above
sea level but in the counties adjacent to the bay the Miocens may
extend to more than OO feet below ges level.

.3



The Colhuibia group of formations consist/of a thin venser of

Tow wvells dsvelop water frum consclidated Dedroek deneath the
Constal Plain sediments.

Engt of the Fall Zice water in the Cretacecus to Eooene beds
oscurs tnder artesian eonditions. Many flowing wells have been
comgtructed alang the large rivers and thair tributaries as a resull
of wixiclh artesian head iz now low and maxy wells that once flowed
mat now be pumped. Industrial pomping initiated in more recent
WMWW?”&'J:%?;

mmmumuamsmm@k
mumymm%rwmmmor&
ranmu-_-f However, osst of a line dresm from Birdang Whar? on the |
Bappahermock in lower Middlesex County and soutinmrd through western
Gloucester County, artasisn water is brackish to & grester or lesser
dagrow.

The Nanjemcy and hickahoxiny Formations are excellenmt sources
of supply for domsstic reeds in many places. The Aquia Formmtion
amu&cwmmiﬁr. KRiccene sands ars developed by
nmmm-mmmummAwﬁmm
mlymumppliummihbh. Terrece sands yisld Somwestic
mmmumwmwmmw.

Optioams development of ground water resocurces is discussed
from the point of view of develorment of mximm hydraulic gradient

X

-
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toward heavily pumping wells thus inducing maximm eastward flow
of artesian vater and maximum roof leakage. The reservoir capacity
of Cosstal Plain sediments can be utilized in many places by
recharging those sediments vhen and where excess surface vater is
available. Storsge of fresh water in brackish water sediments 1is
also pogsible. mottbgutmlmotr«harQreaiwd
(and now lost to the ses) by terrace formations may be jracticable
by dreinage through recharge wells. Pumping of brackish artssian
water f2r special uses is suggested as & means of diminighing any
tendancy of the salt wveter fyont to move updip.

Deap well vater in the eastermmost part of the area is some-
what hard but downdip the water is softened by base exchange and
& soft sodium bicarbomate weter is characteristic of much of the
Mi4dle Feninsuls. To the east, as noted, this water beccmes
brmckish. In gome wells ending in the shallower artesian formmtions,
wvater is harder than night De ostharwise expected, thus suggesting
that locsl recharge through the roof ia taking place. Water from

ot oM

Miocens formations is nearly alwvays rather hard vhez'-as/ldug lls
ending in terrace sands is soft.

Carcline County lies along the Fall Zons. Bedrock crops out
in the westermmost part of the county. Deep sands are fine in the
central ares, as at Bowling Green and some difficulty has been
experienced in 'dcnloping larger supplies. In the sastern rart of
the county Coastal Plain sands are thick’x and conditions are favor-
able for developing large suppliss. Port Boyal and Bovling Green

have municirel well vater supplieg snd A. P. Hill Military Reservation
is supplied by wells.

5 .



There are many domestic artesisa wells slong the Rappahannock
in Bseex County (as in Caroline County). Tappahamnock has two
mmicipel vells. One yislds 200 gim with 18 feet of drswdown.
Seversl housing develorments, s hospital, and & £00d processing
plutmalmnp:i\:\:dhyum.

Larger yieldy up to 1,100 m;‘m%nhsomu
drmedown have been drilled at Urbame, £oP the minicipality, st &
large duek farm downstresm and @ a few other establishments.
Below Burheng Wharf, artesian water is brackish and small supplies
ere chtatoed frok Miboune s Flaistocsns sereia.S '

Bo large well veter surplies have been developed in King and
Queen County But at West Point, adjacent to lower King snd Queenm,
mum-mmnmam&n—oa@m&’m
dsveloped for am industrial supply.

In much of Gloucester County, artesisn water is somewhat
brackish. Gloucester hss & mmicirsl grouni-weter supply in wvhich
chloride is 355 milligrams per liter.

Artesisn water in Mathews County 1s brackish snd only small

suppliss are svweilable from Miocene and Plaistocens strata.
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Introduction and Acknowledgments

The purpose of this report is to meke available information
on the ground-water supplies in the Middle Peninsula. The data
presented pertain largely to the depths of wells and the strata
from vhich water is obtained, the quantities available and the
chemical quality of the water. Where ground water is limited in
qQuantity or saline in chemical character, effort is made to show
the practicability of ameliorating potential shortages by artificial

-

" recharge. -
The investigation of the groun'd-wa.ter resources of the Middle
Peninsula in Virginia was begun in the early 1940's as a cooperative
project of the Division of Geology of the Virginia Department of
Conservation and Economic Develomment and the U.S. Geological Suxrvey.

Work continued intermittently until 1957 and was completed in 1968.

Ta
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v

Vork was performed initially under divection of the late
0. B Meinzer, geologist-in-charge of the Ground Water Branch,
U.8. Geological Survey and subsequently under the late A. N. Sayre
who succeeded O. E. Meinzer. The work in 1568 was carried out
under the general direction of G. E. Ferguson, Regional Hydrologist,
Atlentic Coast Sootins, anclﬁ.iwatt Gambrell, District Chief, of the
U.S. Geological Survey. Virginia cooperating officials during the
earlier years were the late Arthur Bevan end the late Willilam McGill,
State Geologists. In 1968, James L. Calver, State Geologist and
Coamissioner o; \Sﬁi\;‘a’i’ ‘ﬁ;a‘ources was the cooperating official.

Bome field work in the Middle Peninsuls was accomplished by
the writer during World War II although at that time the greater
anount 61‘ his work was carried. out in the York-James Feninsula.
Additicnal data were collected in the Middle Peninsula counties in
succeeding years by Allen Sinnott, who succeeded the vriter as
geologist-in-charge of cooperative ground water investigations in
Virginia, and by his assistant, G. Chase Tibbitts, Jr. The field

vas briefly visited agein by the writer in 1968 at which time a
nmumber of significant wells were located and additional water
samples were collected.
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A little of the informxtion cbtainsd in this study has alresdy
besn published. Herrint 6 and Cirenlar 3 (Cedsrstram, 1943b, 1345d)
of the Virginis Geological Survey comtain infurwation om several of
the deep wells in the M{idle Peninsuls, although in the pressut
report steatigraphis boondaries have been changed. 3Bullsiins 58
xd 68 of the Virginia Geological Survey (Cederstrom, 1Sh3m and
19k6e) and a paper rublished in BEconomic Geology (Cedersirom, 1946b)
doal with the chamicel claracter of typical ground wvatars in the
Mialle Paningula. Data given by Senford who surveyed the Comstal
Plain around 1906 (Bullstin § of the YVirginia Geclogical Survey)

Q‘.‘“ﬁmmmmmmmm.

: mmw‘mammmW“&L
I the Middls Feninguls, reccrds of which are £11sd ¥ith the Virginia
Division of Mineral Resources, are included in this repart and do
mch t5 upiate the material Jresented.

m:memm:mmu
Terresentative wells in the }iidle Peninguls. A fair pusber of
abandoned welly sentioned Ly Santfoxd are inclinded because thoss
recards canfirm the mnce widsspread wse of relatively shallow
artesisn water in some areas or show clesrly the Iresence of breckish
‘water in other sreas. Comversely & considersbls mmber of domestic
wells &rilled in recent years sre not inciuded decause thelir
records would add Little to what s known from the varicus dats at
and.

F 3]
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ilogt of the amlyses of well waters collacted during this
investigstion wers sxalyzed in the lsboratories of the U.S.
Geological Soyvey but some few exalyses from octher sources aye
alxo fneluded. ,

mmr@umwammmw
nnm,dwmwmwvmmmmm
or to the Virginia Divisfon of irsrel Resources. In largest rart
theze are Sydmor Hydrodynamies (fommerly Sydsor Pamp & Well Co.)
of Nichmond, ¥. S. axd Le 2. Reynclds and Bruce Jioran of Welkerton,
Douglas and Dickenson, Inc., of Warssw, aod Isyne Atlantic Co. of
Borfolk. Teanks ave also & various mdlic officialg and meny
private well oynars o have freely given important informatiom.
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GEOLOGY

The area included in the Middle Peninsula (fig. 1) is under-
lai:n by ﬁnconsolidated beds that dip gently seaward and rest upon
consgolidated be@rock, elther i‘rias;:c sandstones and shales or
granitic rocks. The unconsolidated sediments are of Cretaceous,
Paleocene,‘ Eocene, Mioc£ and Pleistocene ége, and consist of a.
serieé. of alternating sand, clay and marl beds (pl. l).. At Guinea
and Ruther Glen, in west-central Caroline County, Jjust east of the
Fall Line, unconsolidated sediments are thin and bedrock has béen

reached in several wells. West of the Fall Line the Coastal Plain [ —

sediments have been removed by erosion and bedrock 1s exposed at
the surface but east of the Fall Line the basement rock lies at
progressively greater derths and near Mathews the thickness of uncon-

solidated sediments is 2,300 faet.

Pre-Cretacecus Basement Rock

Triassic System

Bedrock is exposed at the surface in westernmost Caroline County
and has been reached by several wells in the west-central part of
the county (table 1). It is of particular interest to note that at
Bowling Green and Moss Neck (wells 16 and b1, table 2) bedrock is
- Triasgsic sandstone rather than granitic rock. A wedge of 'l‘ria'gic
gtrata 1s shown on the Geologic Map of Virginia near Doswell,

Hanover County, 5 miles south of Ruther Glen.  Presumably, infaulted
Triassic beds may continue northward from there as a narrow band.
However, "rock" penetrated at a depth of ‘ '

10

20,
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1,284 feet at West Point, iﬁmediatel‘y adjacent to lower King and .

Queen County, is here tentatively assigned to the Triassic. It

cannot be assumed that the Triasé.c underlies most of the Middle
05515LY /

Peninsula. Triassic beds occur as a series of somewhat

parrow north-south trending bands between irregular areas of

crystalline rocks.

. A Water-Bearing Properties

. Consolidated rocks ordinarily yield much smaller quantities of
water to wells than those developed in unconsolidated Coestal Flain
sediments and will be dealt with briefly here. The average yield
-of domestic wells in either granitic rocks or sa_.ndstones is in the
nature of a few gallons a minute. It has been found, however, that
in industrialized areas like Richmond, where a meximum effort has been
made to develop water from hard rc;ck, scme very high yi:elds have been
obtained. As mmuch as 300 gpm per'well: has been obtained from deep |
wells in granitic rock in the Richmond area (Sanford, 1913, p.-85)

where a consiaerable drawdown has been used, perhaps in excesé of

200 feet of drawdown. Several out and out failures are also reported. '

In westermmost Caroline County Coastal Plain sediments are thin
or absent altogether. Here it may be desirable, when more than
pininmm quantities of water are needed, to drill at several somewhat

widely spaced locations in an ‘a.ttempt'to develop water in some

23



quantity. Developers should avail themselves, of technical advice
in order that wells be located in what appears to be the more

favorable sites. Where multiple wells 400 feet deep or more are

drilled, an average yield per well of up to 90 grm might be obtained

from granitic rocks and up to 150 gpm from sandstones.

Cretaceous System - Potomac Group
Sz 5M
Sediments of the Potomac Group of Early and Late Cretaceous

age crop out in the Richmond area south of the Middle Peninsula and
in the Fredericksburg area to the north. These sediments consisﬁ
of alternating lenticular clay and arkosic sand deposits of
continental origin. Farther to the east the Potomac sodiments are
buried beneath a cover of younger sediments anq in foe Middle
Peninsula area have been reached by very few wells. At West Point,
adjacent to lower King and Queen County,it is believed that Potomac

beds were reached at a depth of 800 feet.

Water~Bearing prorerties

Wells developed in Potomac sedimenfs near the Fall Zone have
' not been conspicuously successful in yielding large quantities of
water but some miles east of the Fall Zone in the York-James
Peninsula (Cederstrom, 1957) and south of James River (Cederstrom,
1945) the Potomac beds have proved to be excellent aquifers. 1In
the Middle Peninsulea the few wells that deveiop 1arge gquantities
of water, as at Tappahanpock, Urbanna, and Walkerton, end in the
overlying Mattaponi Formation and little can be said of thexr

A \ PREAT RN 5.5
potontlulhln the area. Hcwever, at West Point a well drilled in

T A Rk e andtn
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mﬂr 700 )
= AN 3 dn
1961 developed a million gallons of water a E4118'feet of

drawdown from Potomac beds. It 1s presumed that Potomac strata of

similar water-bearing potential underlie much of the Middle Peninsula

from which comparable quantities of water ﬁight be obtained from
‘ dee‘p‘ wells. Hcv:tever, in most of é-loucester, ‘all of Mathews and in
Lover Middlesex County, water from Potodds beds s brackish and mot
suitable for some uses. Near the Fall Line Potomac beds are thin
and may pinch out .entiz"ely. / |
Crei?a;cgous to /Ter"ciary Systems

Upper Cretaceolls and Paleocene Series - Mattaponi Formation

The Mattapo/ni. Formation was established in eastern Vi?ginia
on the basis of lithology and micrqifossil study of well cuttings
from wells at Colonial Beach and Washington's Birthplace
(Cederstrom, 1557, p. 17-21), both of which are located at .é‘bou'b
il0 miles north of the Middle Peninsula. The beds are described as
somewhat glaﬁconitic clays a.nd. subordinate sands in ‘gi:le upper
mn and highlyr colored or mottled clays and su'bordj.na.te sands
in the lower m The highly colored clays may or may- not be
glauconitic. . |

Beds of gimilar appearance have been logged as far west as
Bowling Green. It was noted (p. 20) in the ':_'eport cited in the
preceding paragraph that Foraminifera similar to those found at. a
depth of 600 feet at Kilmarnock were found in cuttings from the
Moss Neck Manoz.' well (41, }(able 2 ),"almost as far west é.s

Bowling Green.

14



At and pear Bowling Green the Mattaponi Farmation, as tenta-
tively identified by the presence of mottled clays but including
underlying sands, extends from s littls below ses lavel to about
125 feet below ses level. Bedrock at Bowling Greem ia at about 260
foet delow sea lavel.  Adopting this interpretation, a thin section
of Potamme Deds underliss the Mattaponi Pormetion in wegstern Caroline
County and, further, the Mattapcni does extend to the Fall fume area <
but ot such a depth that it should mot be expected to be exposed at
the surface. Rather, the Mattaponi and underlyicg Potomc beds lap
wmmsmamm:wfnn@mmmw
the Miocene overlisp a very few miles west of Bowling Green.

mMahmmlmmmm&mmi
Formation have been veparted in logs of wells in the Bowling Green
area, es alresdy stated, at Walkerton and West Point along the
Pammkey, and at Port Royal, Tappehannock, and Urbarma along the
Raprehammock. GOlauccmitic sands logged at considermble depth in
wells at Gloucestar and Severn likewise should be assigned to the
Mattaponi Formation rether then to the Potomee group.

Drillers’ logs st hand are not detafled encugh to permit a
Teascrably sccurata stratigraphic separstion of the Mattaponmi
Formation from the overlying and underlying formations in the more
easterly part of the area. At West Point mottled clays extend to
about 600 feet below sea level. If “~_—~_ —~__————

15



the underlying 200 foot ssndy section 18 also comsidered to be part
of the Mattaponi, then that formetion there is about G40 feet thick.

As stown In cross sectioms A-A- and BB, Pramegl/, the
upper bowndary of the Mattaponi Prmetion ceanct be determined from
available data in the esstern jart of the ares.

Wwiaxr-Zeering Proparties

Sards in the Matiaponi Formation have been penetrated Ly many
walls throughout the six countiss covered by this report. However,
water iz acas coantity has been dmveloped from them only in the
Bowling Green, Tappaharmock, Urbanms, Walkerton, and Gloucester aress.
Judging from the slot siaw of the scxeans installed, listed in the
tablss of vall rwcards following each county discugsiom, the sands
peustrated e not comrser than mediun grain size in most places.
logz also suggewt that sams of the sands developed axe slightly
clayey.

A yteld of 253 grm vas developed in a well ending in sands of
the Metizpond Formation at Walkerton. At Tappaimnnock two wells
have yields of 200 gm with drmedown of 28 and 18 feet respectively.
Mbvicusly higher yields could de obtained fiom those wells Dy
increasing the &ewdown. nm.mmummuunggw
as 1,100 grm with 50 fest of drewdown; yields of 857, 752, 430, and
205 = are also reroried in the Urbamna ares.

It seeus likely that yialds of a milliom sallons a day (about
TCO gma) might be develored in meny places in eastern Caroling

§
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County, :Ln all ofKing and Queen and Essex Counties, and the westerly
portions of Gloucester and Midé.lesex Counties from wells no deeper
then 600 feet by installing larger diameter casings (tt.) accommodate

" large turbine columns) and ample screen, and by utilizing 50 feet

or more of the ;vailable drawdown. In central Caroline County, the
gection of Coastal Plain formations is limited and good water-
bearing sands are few. In eastern Gloucester and Middlesex Cougties
and in all of Mathews County, Mattaponi aquifers yield brackish
water. |

: It seems likely that the zone of coarse basal sands of the
P)TorRs GRoup 1
Ma:g'ba'panf%mzbien seen at West Point (pl. 1, B-B") has not been
reached by any wells east of Port Royé.l. Hence, even larger
quantities of water may be available from pro_perly screened and
developed wells along much of the Rappahannock and, of course, in
King William and western Gloucester Counties along the York and
Mattaponi Rivers from wells about 200 feet deeper than the present
wells there. Water from such deeper wells would not be expected
to have a chloride confent appreciably higher than that charagferistic

of water from existing wells.

Tertiary System

7 : e
Paleocene Series - Aquia Formation

Bennett and Collins (1952) showed that the Brightseat Formation
' v
in Maryland which underlies the Aquia is of Paleocene age. Loeblich

and Tappan (1957 a,b) determined that the overlying typical Aquia

17
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itself is of Paleocene age, :

_ Whether or not the Brishtse’;.;. Formation is in fact equivalent |
to the upper part of the mttapg:i Formation is yet to be established.
To avoid lengthy discussion that would not be fruitful insofar as
this paper is concerneé., the Virgin:r_.a. pre-Eocegsection will be
referred to simply, in descénding order, as the Palepcéga Aqu'i/a.
Formation, as knowa from micrc;fossils at Aquia Creek (Cushman, 19Lk),

v e [ g
and the Mattaponi Formation of Paleocene to lLate Cretaceous age.

1%
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The Aquis Formation, as defined at Aquia Creek, appears to
thin out eastward from the Fall Zone as it does in the York-James
Peninsula (Cederstrom, 1557, p. 28) and may not be present east of
Tappahannock. Downdip the upper hundred feet or so of generally
glauconitic pre-Miocene sediments become increasingly sandy and con-
tain more and more thin "rock” (shell limestone) strata as the
Aquia thins and the overlying Nan)emoy incremses in thickness. The
lower more marly beds in such sections probadly represent the Aquia

Formation.
Weatsr-Bearing Propexrties

A9 far as can be determined, the Aquia Formation is geperally
marly and a basal sand is very poorly developed or absent. Hence,
the Aquis appears to be essentially nommater-bearing in the Middle
Peninsula ayes.

Eocene Series -~ Nanjemoy and Chickahominy Formations

The Nanjemoy Formation of Eocene age with ita eagily recognized
forsmipiferal fauna is well developed not far east of the Mall Zone

dut appeers to thin and vanish eastward. As noted above, the typical

underlying Aquia Formation (Cushman, 194h) also thing esstward
(Cederstrom, 1957, pl. 1).

19
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The upper Eocene Chickemhominy Formation, the type locality of
vhich is st Yorktown (Custmen and Cederstrom, 1945, and Cederstrom,
1957, p» 28), does not extend to the Fall Zone. It is Iresent
about ss far inland as West Point (adjacent to lower King and Queen
County) and Tappehamnock and thickens to the esst from a few feet
20 xore than 100 feet. MNclean assigns 100 feet of beds penetrated
in the Criafield well on the Eastern Shore (Simmott and Tibbitts,
1968, p.M)mmmmmmmMmeﬁm
Eanjemoy to he absent.

The boundaries of the formatiocns, particulsrly the Chickahominy-
Injemoy-Aquia contacts, are tentative and based in large part on
interpretations of well logs snd comparison with better known
geology in the Northern Seck and York-James Peningula. In the
esstern part of the Middle Feninsuls, the Chickahominy-Mattaponi
cotact cernot be determined from existing data.

The lithology of the Nanjemoy and Chickshominy Formations is
sixilar, as far as may be determined from vell logs. Both formations



are highly glauconitic - sands may be largely glsuconite sand or,
less commonly, quarts sands containing some glauconite. A festwre
of the Eocene deds is the rresence of thin limestone beds altsrmating
with glancomitic ssnds. The limestone is a sbelly formstion in
which much secondary deposition of lime has taken place. No regu-
larity in the occurrence of these beds can be discerned. Clayd
(cr marl) strats are [Tesent from place to place. These are ordinarily
scoewhat glanesmitic.
Water bearing roperties
= TapEe D

The Manjemoy snd Chickshomiry beds were developed by a grest
mny ssall dimeter flowing wells along the Raprahmmmock River
sround the twrn of the centiny. Some few of these are still in use
azd in more recent years cther wells have desz drilled to these
strata, largsly in Middlesex and Essex Counties. There sre a mumber
uauwam‘mxmmmmmmo:m”
that cbtain weter from the Hanjemcy ss do & few along upper Gloucester
County on York River. Some of these relstively shallow jetted wells
an? seversl small commercial establishments st Tsppebarmock utilise
such wells bxiny. The town of Saluds cbtains its mmiciral supply

frox Qaickahominy beds as 4o a few schools. However; in largest rart, '

wells tapping the Bocens formetions supply water for domestic use.
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Miocene Serism - Chesapeske Group
Lithologie Charscter
The Chesareaks group of Miocene formations consistif a series
of marl beds with minor interbedded sands. Mioowns strwte ere
wxposed throughout the ares wvhers stresms have eroded the overlying
tarrace forastions. In the western [art of the area, the bege of

1Ca
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the Miocans rises sbove sem level, older beds are expcsed along
the Faprahamock and Pemmiay Rivers and the Niocene sirats are
axpoasd caly at the higher elevations along tributary stresms.
(Domstresn the Mlocens is exposed slso along the two large rivers
meniicned.)

MW&Q

mamnmwmammm
in the Hiocens Dx most logs of wells in the central and western
Fars of the sres. In Gloucester Comty wells ending in Miscens
mnd or sand and shell deds range from 5C to 100 feet in depth.
2 Mathewn County there are mmry wells ranging gensrally from 110
%0 160 fest 1x depth. Dx eastermeet Hidllesex Couxty whers soue
ewummmwwh&mmm@
rupted by tidal stresms, watar from Miocene beds et 30, 120, and
195 fest is reportedly brackish. This ecndition is rrobably also
characteristic of some Avess in Mrthews County thet ave more or
less surrounied by hrackish waters. W&'fzzz)mm
.mtmmnnm(mum}mmmt
was too sglly to use. 4

Vory smll yields heve been developed from most wells ending
in Miocens strats although st cos loeality, Ark, fn Gloucester
County, & yisld of 30 gt vas reparted and 20 to 30 gmm ix reparted
for severel wvells in Hathews. The vexry high yleld, 200 gmm, reparted
&t Quyrm Island Cosst Guard statics, is mique ingofar as wxter from

n
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vells in the Miocens is concerned. It seems clomr tdat from place
ta place quantitiss of water somowhat grester than that odiained
for damstic use can de daveloped from Mocens strata in the essterly
Mw&-mﬁmmnwmmmau&
mnmmmmmunwmu
a favoradle Miocens section. Lsre the water-bearing formations are
relatively thick but some troudle was encountered with the fine
seod. The first well conwiructed was sand free at a discherge of
ahout 13 g Yk at higher retes of pumping much sand vas dlscharged
and the well Sendad to clog. Such wells could rrodadly de stadilized
Ty tmxtallations of an sxrtificizl sand pack, sz vas done with the ‘
seexd well at New Foint Comfopt, Jut the volime of water svailabls
would Do somewhas limitad. Papiag an open-end or somwutiorally
screaned well with afr imto & sywtem embodying & sand trep might
wark sucosssfitlly but there would de the danger of ground collares
1f considecuble fine sand were removed from the ground hy long
continned yumping. |

2w dxix &t dand alwo indicste that there is the danger of
whter bodiss if scmewhat large quentities, say a very fow humired
#llong & mimte, were pumped over 8 long period of time. Recharge
o Mlocens streta is in larps part local by slow sespage dowm
through roof mtarial of gmerully lov pemesbility. Purther, the



weter-dearing strata are rcbably discontinuous and mey not be at-
any-one-plEGh of grest lsteral extent. Hence, upon long comtinued
hesvy pumping the limited storage in the fresh water beds will tend
to de depleted axd its plmce tatsm by water from Chesspesks Bay or
from breckish water inlets. MHowever, such danger probedly exists
only {n or nesr the shore in localiiies where puping is moderately
Beavy and continuous. If such wells did decome contaminated by
trackish water, they would [robebly freshen again after & period of
rest snd moderste to hesvy rainfall.

{,’\‘ﬁ
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Quateroary System
Plgigtocens Series -~ Columbis Group

Tk tholvg s ivashen=—

The Qusternary system in the Virginia Coastal Plain is repre-
sentsd chiefly by depoeits of sand end clay that mentle the older
formations to & height of sbout 270 feet sbove ses lavel, where
they have not been removed by srosica. These deposits are collee-
tively oalled the ColLabia group. According to Wentworth (1930),
the Fleistocens dsposits below an altitude of 100 feet are chiefly
mrine, sherens those aliove 100 feet are ciiefly alluvial, having
Besn deposited se deltas and flood plains of rivers. Cooke (1931)
thinks they vere formed in the ccsen and estusries vhem the sea
stood at various heights abovw its present level. He has recognized
mrine shorelines at altitudes of sbout 270, 215, 170, 110, 70, 42,
and 23 feet and suspects that there are oSthers thst have not yet
been detected.

According to Cooks’s classification, the depomits thet
scoxmilsated during these seven stages of high sea level are theoreti-
cally divisible ixto four parts. These four divisions of the
Colunbia group are separsted from one another and fram the IEews A-/oc<na
and rre-Plaistocens deposits by unconformities representing ercsion
interwls during which sea lsvel stood lower then during the next
succeeding gtage. It is supposed that the five ercsion interwils

®P)
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correspond to glacial stages of the Pleigtocens, and that the four
divisions of the Colmbie group scoumlsted during imterglacial
stagas (Cocke, 1935). ‘

The aldest division is the Brandywine formation, corresponding
o a ser lavel of 270 feet. The next oldest division includes the
Cobarie formation (shoreline 215 fset above Iresent sea lavel) and
mam;m}gmm(mmlmm). The third division
mnmmvémco_gpmtm (shoreline 100 faet), the Femholoway
w(m£m},mmnm__gmum(mum
iam). m.mmummwn-;mbu,m
been dspowited at successively lower stages of sea level. The fourth
and youngest division contains the Paalice formation, whoss shoreline
stood 25 feet above sea leval. mmﬁna,mmm,mMeo
mmmmmmumummnémm
etstern Virginia. The Brandywine and Cobaris form narrow bands along
the western border of the Comstsl Plain; most of the Fenholoway and
Talbot occoury estuarine reentrants within the older terraces.

7



Wile = Buiriny Croge s

The terrace deposits yield water to thousands of shallow dug
or, less commonly, driven wells. In the lower part of the peninsulé
thesé deposité and Miocene beds are almest the only water-bearing
units drawn upon because the deeper formations yield brackish
waterékdy‘ AL |

stallatlons supplying more than domestic needs are almost
entirely lacking on the Mlddle Peninsula, in contrast to the area
: darries

just east of Richmond where several Hes and schools do develop
more than minimum supplies. About &4 or.a gallons a minuﬁé appears
to be available to pumis operating several hours or longer each
day (Cederstrom, 1957, p. 64). One well east of Richmond drilled
in the graveliy terrace beds characteristic of the higher westerly

part of the Coastal Plain, has the unusually high yield of 36 gpm.

Such results could only be expected where conditions are especially

‘favorable; a coarse sand or gravelly water-bearing stratum of wide

extent which holds a rather large volume of water in storage and

which is éasily susceptible to recharge. Shallow wells penetrating
fine grained sediments, either with small catchment.areas or located
near deeply incised streams or rivers that permit lateral drainage
as springs and seeés}will yield poorly except in periods of high
rainfall.

The volume of water that might be drawn from shallow wells
in wide unbroken terracekgéveral square miies in extent is large.
Unfortunafely the development of this water would require installa-

tion of multiple wells spaced over a wide area and a considerable

1k



investment in pumps and connecting pipeline to bring the water to
points of use. Infiltration galleries, either open or as intake
pipe buried as many feet as practicable below the water table might
also be considered. However, except in the eastern end of Middle
Peninsula where artesian water is brackish, demands for more than

minimum supplies can best be met by drilling deep wells.

15



Quality of Water

Analyses of samples of water collecfed from representative
deep wells in the Middle‘Peninsula show that those waters are
similar tb those present in other parts of the Coasta} Plain.
These have been described in some detail in Virginia Geological
Survey Bulletin 68 and are discussed still further in the litera-
ture (Cederstrom, 19&%:5).

Briefly, waters falling upon the earth along and for a few
miles east of the Fall Zone percolateydcwnward to the artesian
beds and then movepéowndip towards the continental shelf. These
waters are slightly'acidic due to carbon dioxide‘ﬁbsﬁrbed from
the air and from dissolved plant aéids. Upon entering the ground,

. . . o Prereoiahiag castward
4

rRCEwERS dissolveéfi&y minerals in the earth material and the

lg‘ﬂ'\i wa ter

water commonly becomes hard within a few miles of the outecrop area
although the total amount of mineral matter in solution is quite
low.

In very short distances, hcwevef, these hard calcium bicar-
bonate waters come iﬁ contact with glauconitic (black) sands or
other earth material having the capacity to adSorg.the calcium
and magnesium content of hard water and liberate sodium to the
vater in exchange. The water thereby becomes a soft sodic water
although its total mineral content is the same, or even somevhat

higher than it was originally.



Beaxplas of the hard watsy of low minsralizaiion have been
collscted In antSmeriisee-fasic=in Caroline County. Hovever, My
the tine tha mdergromnd waters reech Port Royal, the process of
tase exchangs referred to above las become operstive and st Port
mmmmmwmwmwm.
8111 farther sastward the waters becans rrogressively higher in
sodiim dicarbonate context.

Although comtmined in a closed axrtesisn system and shut off
Iros & sowroe of staospheric carbon dloxide and plant acids, either
of wvhich aye necessary to dissolve omrdonate mmterial and generste
dYoxhonate ions, the diomxrboraie mevertheless incresses steadily
downdtp. On the other and the sulfate conosntrstion, 20 ng/l
(={211grem per liter) at Bawling Gresn, decreases and resmins
negligible.

I ws proposed (Cederstrom, 1946 b) that the intersction of
the mlfnts im with crganic material in the artesisn Deds generates
free caron dlcxide which then (as cmrbonic acid) scts upon limy
aetarial in the sedimants to produce calcoium dicsrbovate which
{xmdintely decane convertad by bese exclange to sodimm bicarbomate.
The relative sdbeence of sulfate and the rresence of very high
diabhonats is thus sccounted for in weters from artesian wells
scas distance east of the Fall Zcos.

In ssgtern Caroline, King and Queen and Rssex Counties scme
ef the shallower artesian watars are distinetly harder than the



daeyer artesian veters, lover in bicschooste wnd higher in sulfata.
These apyesr to refleet reciarge directly downward through the
slightly parmeable marly roof rocks. m&mﬂr hes

shovt distances through the ertesian formations, bese exchange hes
mwmmmmmummm
consequent incresse in bicarbozate has also lagzed.

58111 farther downdip deer well waters becoms brwckish. In
asternncgt Middlesex Coumty, in central and eastsrn Cloucester
County and in all of Mathews County the chloride comtent of deep
well waters 13 higher than the 5 to 15 zg/l chayacteristic of the
watars to the west. In eastermmost Gl tew County the
contact of com dewp woll weter is 2,627 mg/1 and in esstarmmoet
Hiddlessx County ms xuch as 1,820 me/1.

The saline saters in the Virginis Cosstal Plain are nct derived
MMWMQWW Bather, as first pzo-
powed by Shutord (p.114), thay sre the residoe of slie webers
with which the salimmnts vers cnce saturated. Up-dip, fresh vaters
Muwwmnnmhw.mmmim
thovoughly but to the sast the flushing rrocess has been
and the wvaters there are hrackish to & grester or lesser dagree.

Shallover wells yield water et reflect the charecter of the
formation in shich they are fomd or lave passed through. The
dug wells developed in the terrece farmtions throughout the ares
cammuly yield soft water of very low minerel content dus if the
valls mach the wderlying marly beds the water is usually 4
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hard. Jetted wells ending in sands|she ¥iocens| underlying the

tarmace formmtions yield water renging from soft to alightly herd
(aore than 80 ng/l total hardness). Where the shallow wells ave

comtainatad by dreckish bay watars, they my yiold very hard water.
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Water-Bearing—Preperties

. — __————————"""';
{Artesian Water) =

The Coastal Plain Province of Virginia is the one area in

the state where ground water in moderate to large quantity can be
obtained with ease almost everywhere. In the Middle Peninsula,

as elgsewhere in the boastal Plain, only moderate quantities of
water can be developed near the Fall Zone. Further, in the lower
portion of the Peninsula only brackish water is available from
artesian formations. Nevertheless, in an area from Port Royal to
Urbanna on the Rappahannock and t& the south of that reach, wells
may be constructed that will yield 1 mgd (% million gallons a day)
or more practically everywhere.

Use of large quantities of a;tésian water for industriélaaseGNWYqbs
for almost three decades at Franklin and West Point suggests that
équally'igrge quantities might be developed in the Middle Peninsula '
or Northern Neck area where total draft is at preéent rather small.
‘This indeed may be a practicable and inexpensive sourée of a large
water supply. On the other hand, it is not to be thought that the
available water in the Coastal Plain is limitless. ;Determination
of the anount of water entering Coastal Plain formations is a
problem that cannot be completely solved for se&eral reasons. Yet
reasonable approaches to the problem do afford an excellent idea of

: invelvel _ anrivnd m
the magnitudesAthat should be considered if af e developmegt of
artesian water is to be conéidered. Such developments might be very

large local industrial demands (which seem unlikely at the moment),



developmant of large quantities of watar for low flow augmentation
of Rappahannock or Mattaponi Rivers, or as supplementary suppliss
for nuiby or more distant cities.
Following the methods used by Mack (1966, p. 34; also,
Ferris, 1949, p. 236) in Maryland, Gecrge Tarver of the U.S.
Geological Survey has calculated (written communication, 1969)
that roughly 140 mgd could be cbtained from srtesian formations
from a series of closely spaced wells in the area 12 miles east
of the Fall Zone from Fredrickshurg to Petersburg utilizing a
drawdown to the dase of ths Miocane formations. The Middle
Peninsula "share” of this volume would be about 20 to 25 mgd.
Such a determination should be thought of as oniyfhelpful
rather than absoluts. First, the method necessarily assumes that
almcst all the water flowing eastvard in the arcesian beds under
the assumed hydraulic hesd can be- captured. Bcca:s\c this is
mechanically impcssible, the figure given would be somewhat high.
Secord, data on the water-transaitting proparties of the artesian
beds are only rough approximations. The averige transmissidility
=3y e greater thm the assumed valus of 25,000 gp ft day--it
could hardly be smaller. Third, snd probably most important, it
is not known how much extra water would be transmitted straight
dowvnmward through the less permesable roof formations when srtesian
watsr lavels are lowered by heavy puzmping. This amount would de
large where the roof formation is sandy and smaller where it is

narly.
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A great deal of detailed data would be necessary before any kind
of an answer to the question of roof leakage could be made.

Iastly, it must be borne in mind that in the Coastal Plain
where formations are more or less continuous, or at least inter-
connected, over very wide areas, & deep cdhe of depression.around
a heavy pum@ed well or group of wells will spread widely and draw
in water from great distances. If a heavily pumped unit were
established at Port Royal, for instance, water would flow to it
from intakés to the northwest, west, and southwest and a discharge
could be sustained that is much greater than might otheéwise be ex-
pected. .

In brief, the problem, generally speaking, is insoluble from
the point of:view of the tremendous amount of detailed data needed
on the highly variable composition of the geological formations, both
_fhe artesian water carriers as well as the overlying roof formations.

Another approach is to consider what is happening in the

qyrecnl
é:xeam water

Virginia Coastal 'Plain today. Total withdrawal of
might bé ag'much as §5 mgd, yet as far as is known, no great in- -
crease in the hydraulic gradient from the Fall Zone to centers of
heavy pumping has taken place. This suggests that the maxdspem
development of arﬁesian water might be several times greater than
the present pumpage rather than only t&ice as much.
Wees—adii—ia—said—and—done, %?dOUbtedly the most worthwhile

and critical cobservation to be made is to see what happens to water



levels betieen centers of high discharge and the Fall Zone. Cn the
basis of these observations, reasonably valid conclusions may be
drawn to the effect that the great artesian water resource is
approaching a certain limit or, conversely, that the limit still
lies two or more dimensions beyond present total dlscharge

st Fine M \Le Temes e

The 20 to 25 mgd figure arrived at aboveAhas a validity only

in showing we are not dealing with\afinexhaustible resource.

(gggcklsh Waté?}"‘*————"‘”'5>

As mentioned above and as discussed in detail in chapters on
Middlesex, Mathews, and Gloucester Counties, artesian beds in the
lowgr Middle Peninsula yield brackish water. The presence of this
water not only precludes the possibility of obtaining bounteous
supplies of fresh water very.cﬁeaply but is a source of danger to
heavy pumpers in the adja;ent fresh water area. Where heavy con-

tinuous fresh water discharge is maintained near the boundary area

between the two water types, a cone of depression is created that

wael\
will spread seuGmidisgmie=s, castward M westward

+l€ 't\&‘l -') PSP A A
- and w111 tend to move inland and contamlnate the fresh water wells.

The spread of a cone tending to induce westward movement of brackish
water will depend, amoﬁg other things, upon the long term sufficiency
pf fresh water moving in from the Fall Zone area to the wells. With
ample fresh water moving eastward, there will be little or no

danger of brackish water moving updip.
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Two thoughts relative to the brackish vater area seem worth-
whils. JYirst, breckish water is not walusless for all purposes.
It may be used in certain cooling orerstions or, conversely, ita
heat my be extractsd. mnvtnﬂmdlchnpmmnl
for certain purposes. Jor exmmple, in Newport News, s gas plant
uses brackish water for scrubding sas. Maintsmance of figh, shell-
24sh, or wild duck habitat might be considered through addition of
bruckish artssian wvater vhere such areas are endangered by pollu-
tants or excessive drought. Pure bdruckish artesian water would de
ideal for f£illing swimming pocls that will de constructed in the
lover Feningula ares, & section given over in good fart to the
recreation industry.

Pomping brackish water in quantity would have the effect of
lower4ng the normal hydraulic gradient from the drackish weter ares
toward inland cemters of pumping and would thus inhibit the movement
of txackish weater in that direction. Utilization of dDrackish water
 might therefore be encouragsd as & mesns of [romoting & modest
econcmic development of the ares as well as a step in inhiditing
the vestward movemsnt of brackish vater inland.

Recharge of Breckish Water Strata

An experiment carried out st Camp Peary, near Willismsburg,
Va., showed that it is possible to store fresh water in drackish
water artesian beds (Cederstrom, 1957, p. 46). Seventeen million
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gallons of water ffqm a surface supply were recharged through a
degp well. After a brief interval the well.was pumped and it was
found that the first half of the recharged water was fresh. With
continued pumping the water discharged gradually.aai toock on more
and more the character of the formational weter.

The practicebility cf_storing very large quantities of fresh
water in brackish water formatioﬁ; is being tried out under care-
fully controlled conditions at Norfolk at this time of writing.

Pard T~

In the lcwEaniddle Peninsula it may be worthwhile to consider
the desirability of similarly storing fresh water in the brackish
water'arggsian beds. Fresh water in modest qnantit}es is generally
evailable there from shallow wells. Small quantities might be
injected continuously during,.séy, 9 months of the year to provide
e larger supply to be pumped back during the three summer months
of much higher demand. It should be pointed out
that there are technical problems in the functioning of such a

device and it would be best to séek.specialized professional advice

before carrying out any recharge operation. B

In providing larger @anﬁi’?iés ‘of water than are now evailable
in the lower peninsula, the alternatives t0 a deep well recharge
operation in the lower peninsula appear to be (l) small surface
water reservoirs subject to high evaporation and pollution, in
manv instances requiring long pipelines to point of use and
lisble to failure in times of drought, (2) batteries of shallow
wells requiring much flat land as well fields, relatively high
maintenance costs and, in most insfancgs, considerable investment

£
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in pipe hookups and pipeline to point of uge ar, (3) a trunk line
hringing water 30 or 40 mileg down the peninsula from a surface

or groamd-water source serving a mmber of commmities. If the last
mntioned srrangement is considered, it would seem thet an artesian
vater source would be the moxes desiradble and by far the most
econcmical in that pure water could de obtained at very low cost

at the souwree and filtration would not be required. At the present
stage of technology and anticipated needs of the lower peninsula
ares In mind, a desalinization plant could herdly de considered in
thet an sccoeptadle cost 1o the average consumer could be achieved

only vhere extremely large quantities of water are produced.

The sttitule hes been taken in some parts of the Coastal Plain
thet & political subdivision owns the water that lies in the
artesian formstions bemeath that subdivision, presumably based an
the concept that artesian water is a static rescurce not essily
replsnishedle.

. Xoowing that much weter emters the artesian beds along the
Fall Zone and that an indeterminate quanmtity emtars by roof leakage,
whers the shallow vater table is higher than the artesian hesd, and
Xzowing also that weter levels decline from vest to cast, may con-
elude - 1. < that water in the artesian beds is in transit. Water
enters the artesian beds in the western pert of the Coastal Plain,
mves slowly esstward and is discharged by wells, by slow upwerd
lsakage through the roof where artesizn head is higher than the

shallov veter table — . _




and perhaps moves on out toward the Continental Shelf. A continuous
replacement of discharged water is going on.

Darcy's Law shows that the volume of movement eastward depends
on (1) the character of the formations, (2) their thickﬁess and,
(3) the slope of the water table. The latter factor mey be thought
of as the pressure head. The first two factors are fixed but the
slope of the water table is variable.

Under natural conditions, that is, before the drilling of
many wells beginning about 1890, the slope of éhe water table was,
very gentle and hence the amount -of water moving eastward in the
Coastal Plain formations was small. Discharge was »xeeedsy out
to sea or upward through the roof.

With the construction of many hundreds of flowing wells on
low ground, artesian water levels were lowered sharply in the
“vicinity of those well fields.. The pressure system was tapped at
low levels by these wells(e.g., artesian head may have been 30
feet above sea level and the well outlets at 5 or 10 feet above
sea level) and water flowed to these wells from adjacent areas
of higher pressure. The combined effect of pressure lowering
extended;pany miles back and in thé Fall Zone area water levels
may have declined a few inches or more.

By 1920, the total movement of water eastward through the
artesian beds was undoﬁbtedly greater than it had been in 1890.

Nét only do we visualize the discharge of many hundreds of weils,

some of which had flows ranging up to 50 to 100 gpm, but we see

8
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also from the point of visw of hydraulics thet the slope of the
water table is sanewhst steeper; very slightly steeper all along
the western Comstzl Plain and scowwbat more steep in the general
area of the flowing wells.

By using move vater and increasing the slope of the artesian
water lovels, an increase in the rate of movement of artesisn water
ad taken place. The slight lowering of water levels in the Fall
Zooe axves 1kad 2130 crextad that much more space to absord rain
waters Ixlling upon the strfhocs in that area. Ry this tims wm~
restricted development of flowing wvells on low ground had diminighed
mmmmcﬁ*ﬁmmm“mm
mmmmm.dhnm,m,mw
artesian deds remined Just as full of water in 1520 ag theay were
in 1890.

A further large gain in ssstusrd flow of axrtesian water vas
scecuplished In the period from about 1920 to the present with the
cangtruction of many mmnicimal ad s few industrial wells. Water
lavels ware lowered locally, scxwtimes sherply in the tamediste
vicinity of heavily rmped wells, cones of dspression spread widely
mumm-wdmmmmumw.
nwmmmxmmunhwmm%mm,
many flowing wells cessed to flow, although ample water contimed to

be svailsble frow them by pmps. Regardless of the salveas of vater
formerly vasted by flowing wells (few of them wers equipped with
Mulm)/




it is apparent that a very mich pgreater volumc ol water is being
discharged at present than wag true in 1920. luwlefly, more water
was made available by drawing from lower lcvels (come pump intakes
draw water from 50 feet or more below the surfuce). Only by
using more water, accomplished by depressing artcsian water levels
locally and increasing the castward artesian pressure slope, was

it possible to gain more water.A'j

A__ e e eem e e
's‘~ \ . .
%Y At present the artesian formations are still as full of water
’ " ‘d& oY PI S A Miluvisren A, ep

as they were in 1890. Thuaﬁ\the’boncept that artesian water
beneath the land is as static as the land itself is utterly with-
out foundation. fhe concept that the supply iz limited is valid
only when we, think of total discharge several times greater than
the present discharge. Certainly a cone of depression develops
around a small flowing well or a group of heavily puwaped municipal
or industrial wells but this "eost" of lowered hcad is one of the
:pricesvof acquiring additional water.

From a long term point of view, it will t¢ impossible for any

” "

individual or political subdivision to "yrot=et
their own supply. Pumping in adjacent cr «vzrn neoewhat distant
areas will slowly draw in artesion watcr oo wherever pressures

are high, following the accepted yprincip.c 'ou’. watler flows down-

i
hill or, in this case, the precsvrce sl .
A
- \ ggc\ .
In an Atlantic Coast state r Tmli-g was recem ly ruie that no
: = "
new well could be discharged whore wit're levels ta wiy ireexisting

14
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well would be affected. Obvicusly, since an increase in gradient
is required to bring in additional water, no new wells can be
conytructed in the Coastal Plain of that State if the ruling is
adhered to.

In conclusion, it is suggested that 1t is & proper function
of the state to address itself to the rxrcblem of management of
ground wvater in the Coastal FPlain. Much more watsr is available by
darressing vater levels locally. The effect of lower water levels
in individual property owners’' wells created by mumicipal and
industrial pumping and the interference of municipasl and industrial
wells upon each other is presently deserving of much deliberate
thought and eventual conclusions based upon the hydrologic, economic,
and gocial factors involved.

Shallow Water

Moch of the Middle Peningula, in fact much of the entire Coastal
Plain, is covered by sandy terraces, some of vhich are a mils or two
in length and perhaps a mile o more wide. Such essextially flat
sandy aresas are subject to rapid recharpgs and may absorb, on the
nm, as much sg 2 mi{llion gallons of water a day per square mile.
The terrace deposits are not very thick, 30 feet being the maximm
thickness in most places, and dwring periods of low rainfall they
drain laterally into adjacent atyeams. BEence, the smount of vater
svailable at any one place is rsther small and not too grest s
reliance n&’m Placed on their capacity to supply adequate vater
in times of drought.

ha



Connecting up a series of shallow wélls and delivering the
gater pumped to some distant point of use would be very expensive
and the volume of water delivered would Qary greatly from season
to season. However, when we consider that the Coastal Plain is
roughly 16,000 square miles in area and that a goodly portion of
it ig covered by terrace formation, perhaps 10,000 square miles,
we are dealing with a recharge of lO,éO0,000,dOO gallons a day,

a volume that is much tco large to be ignored in long range planning:
As stated, capture of this water, in smaell or large part
would be expensive by conventional means. Storage of the captured

water would also be a problem.

It seems entirely possible that terrace water could be
drained down into the huge artesian water reservoir by means of
suitably constructed recharge welé%?séies eliminating both the
cost of a complex small yield well system and storage facilities.
Such proposed recharge wells would consist of two elements; a
6- or 8-inch diameter "shallow" collector well extending to the
bottom of the terrace formation, with two or three feet of screen
neaxr the bottomband an iﬁner 2-inch diameter injection well. The
inner pipe would risé Just above the level of the top of the screen
of the outer larger diameter well and would extend down to én
appropriate artesian formation where it would terminate in a short
screen. Thus, where differences in head exist, water would drain

from the terrace sands down into the artesian formation. With the

12
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top of the injection well extending slighfly above the top of the
collector well screen, the water level in the terrace formation
could not fall below the screen level, uniess influenced by other
" factors.
Such a device wﬁs constructed in Anchorage, Alaska (Cederstrom‘

and WNaller
Qe Trainery\p. €4). The experience s?owed that it will be
necessary to work out economical construction and development
techniques by experimentation but there is no reason to doﬁbt that
this can be done.

The water recharged into the artesian beds would help restore
artesian pressure head locally, thus lowering costs of pumping
from deep wells. In substituting injected terrace water for
artesian water moving in from long distances, an addition to the
total deep well supply would be gained.

As Inferred in the paragraph above, the recharge water would,
in effect, be picked up again by a nearby artesian well and used
‘ locally or piped to some distant point of use. To be gquantita-
tively significant, multiple recharge wells would be necessary.

In many places extra recharge to the terrace formations in which
injection wells are éited could be gained b& leading spring or
stream water flowing from higher terraces across the lower terrace.
Assuming the ground was available, normal overland drainage from
the terrace in which the well field is 1§cated might be inhibited

by small earth embankments or by ditching.

13



The terrace water, under nearly all circumstances, would be an
organically pure water ip that the formation itself functions as
a filter sand. Likewise, upon discharge from the injection well
and in migrating to the pickup well, still further filtration of the
water would take place. Naturally, in such a proposed scheme, pro-
tection of the system from pollutants pf all types should be
rigorously enforced.

In conclusion, the device could be used simply to maintain
artesian head to a greater or lesser dégree where héad has teen
lowered by somewhat distant heavy pumping or it could be implemented
on a much larger scale for the purpose of adding significantly to

the total supply, particularly near centers of heavy pumping.

The device as sketched out above will not function particularly

well in introducing fresh water into brackish artesian formations

in much of the eastern Middle Peninsula area. A great deal of the
'land there is low, artesian levels may te as high as the land
surface and sufficient head différential is lacking. ©Cn high ground
drilling 2-inch injection wells to the depth requiféd, TOO feet or
more might be both d;fficult and overly expensive relative to the

improvemenp in quality of water that might be expected.
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Logs of Wells

Following each county discussion a number of well logs are
given. These are, with few exceptions, dr;llers' records of
formations penetrated and are the basis for most of the discussions
of the geology and, with the well records, the basis for conclusions
regarding the hydrology. Many of the logs were obtained direétly
from the driller, others were reconstructed from suites of samples
furnished by the driller. Several logs were obtained from files of
the Virginia Division of Mineral Resources and a very few wefe
taken from Semuel Sanford's report on the éround-water resources of
the Virginia Coastal Plain.

All designations of the geological age of formations penetrated
were drawn by the writer. Boundaries were generally drawn on the
basis of lithology but in a very few instances were based oﬁ study
of microfossils in samples at hand. In many instanées, a comparison
with the better known geology to the north and south of Middle

Peninsula was helpful.
tecacnie Bata

weensmic duts pertaining to the various zuuncios harve been tuken’
from 4 seri:s of eccnomic dut. suwmmuric:s puslisued by the Divisisa of

?linning, C£fice of .dminlstrustion, Coverrur's Sffice, Licimeonc, Va.



Caroline County

Carcline is a middle Virginia county lying Just scutheast of
Horth Anna-Pafsunkey Rivers the southeriy boundary. The area is
529 squars miles. The population wes 13,3581 in 1960 but as of 1948
an increase to ebout 14,000 seems probable. The largest towns are
Bowling Green, with a porulation of 528 in 1960 and Port Royal with
128 in 1960.

The propulsticn was about half rural in 1950 but is estimated
to be only 19 percent rursl in 1960. This shift iz due more to
nonagricultural employment outside the county rather than to a
major dsvelomment of industry in the comty. Mamfacturing of wood
memummnmb«tmxm
county and an alumimm product company is located at Milford.

Over 40 percent of farm incooe was derived fram field crope,
duriey tobacco, soybeans, corm and wvheat, abhcut 20 percent each
frow livestock and dmiry rroducts and 10 percent each from poultry
and forest products.

4. P. H111l Military Beesrvation, 120 square miles in ares, is
locsted Just east of Bowling Green sad-edds—in-sems-measure—to—the
eccucmic-astividy-witirin—-the-—esualy.

U.S. Highway No. 1 and Interstate 95 cross the western part of
the county. U.3. 301 comects Sowling Green with Ricimond to the
south and rasses northeastward to Port Royal, across Raprahannock
River and on to Maryland. State Route 2 connects Bowling Creen
with Fredericksburg. '



The Richmond, Fredwicksdurg and Potomee Railuay passes through

Mo

central Caroline County. ) traffic is handled by both
Waﬁmm.
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Caroline County is the westernmost of the Middle Peninsula
g'émp of counties. Here unconsolidated Coastal Plain sediments lap
up upon the oldgr.; crystalline rocks making up ?he .Piedmon’c Province.
The crystallines are exposed in the westermmost part of the county.

The Geologic Map of Virginia shows that the oldest sediments
exposed are those of the Aqui‘a./Foma.tion* m—censideée&—to’be_ of
Pa.leoce\n/e age. These crop out along Rappeahannock River in the
vicinity of Moss Neck and along the upper Mattaponi in the viecinity
of Milford. Sediments of Eoce\x{e age, the Nan,jeg:y Formation,
overlie the Agquia Formation and are exposed along the Rappahannock
and the Mattaponi. However, throughout the greater part of the
county, Mioc&'{e marls overlie and mask the older formations and
they in turn are obscured to a large degree by a veneer of sandy
terrace formations of Pleistc'){ene age.

The Mattaponi Formation of Paleocene .and Iate Cretacecus age
1s present below the Aquli{ Formation in central and eastern Caroline
County but is not expo;sed anywhere in the coﬁnty. The still c;lder
Potoma.c/ group of sediments undoubtedly a.::e present at depth in

central and ea.stern Ca.roline County but little is known of t&

Pre-Cretaceous Basemeht Rock
Triassic System
Basement rocks have been penetrated by severa.l wells in western

2 Table | omd -;-
Caroline County (1-6, 8, 16, lbl) Records do not show what type of
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shove ses lswel. At Iadymmith the rock was most likely crystallines -

of the type exposed at the surfsce in iomedistely adjscemt western-
most Caroline Couwrty, ™8t in and around Ruther Glem:. the raek is
mmam&mamzcm. "Hnd elay”
strude ot 8 feat 1n vell 6 st Caroline Pines Development, sie
miles gouth southeast of Ruther Glen is intermreted 10 de soft
Triassic shales. 'Rock’ reported at 270 feet, 1f accepted, wouid
place dedrock &t more than 200 faet below its positicn at Buther
Glan. This seems unliksly. Trisgsic rock wes panetanted in a
deep well at Dosvell which liss ersimmtoaistenwe routh of Bother
Glan in Fanover County 8t about 150 feet sbove ses lewsl
(Cederwtrom, 1957, 3. 78). |

Trizssic rocks werw remched &t a depth of 4T fewt, 260 Tast
below sem level, in tde old muicipal well at Bowling Green. There
thay consist of u zerias of altermatirg sandstines and shales,
gecerally red e browa in color. Grantte ves smoommteved in the
sae vell at 1,160 fwed, 545 fewt dalow ses level.

The ocowrrence of badrock in well 41 at Mosa Beck Manor is of
more thean umal intarest in that at lemst 200 fuet of Triassic beds
wis Jenetrated by & Jet drill. The highly colored “clay” rerorted
#t&mm.mars&mmuumum
mMMQSMMicwWMIm:MMan
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mmwmmmnm(mmq,,mu&).
Henow it 1a possible that the bedrock surfuce lies higher at Moss
Beck than as shova 1n.2ifite” / , ssction A-A'. Hovever, sa shown,
the bedrock surface lies about 350 feet delow sea lavel at Moss
Neck Mancr, that ix, SO feet lower than it is st Bowling Green.

Cretacacus System - Potame Group

Mmmmmummgmpmun
mmuw&mbusmmé;apmmw
County. The white clays and sands listed in the &rillars’ log of
the deep well (16) st Bowling Green between 365 and 477 feet axw
textatively assigwd to the Potonee Groups Hovever, the boumisry
that are assigned to the Mattaponi Formation camot be drem
scourmtaly.,

The log of the deep well (31) st Moss Neck indicates anly
that scuewtmt highly colored clays lie between (xobabla) bedrock
and fairly charectaristic Eocene and Palsocens heds. However, it
seeng likely that deds of the Potarmc Group were rengtrsted in
thet wall. At Sales Corner, the dsepest beds penetrsted in well b6
ars asgigned to the Potammc Group. EHeve they are simply referred
t0 By the driller ss "clay”’ or "sltermating ssnd and clay.”

It can hardly be queationed that the Potamae Group of sediments
thieker] sastvard and &fe seversl hunired feet thick in eastern
Caroline County.

L5



Cretaceous to Tertiary Systems

s A
‘Upper Cretaceous ‘end Paleocene Series’ - Mattaponi Formation

' ‘ ot lomA X )
The Mattaponi Formation of(Paleccene| to Spper CretaceOLlsAageJ.

characterized by highly colored mottled clays and glauconitic in places;
is believed to be present as far west as Bowling Green. "Mottled blue
and red ciay" is reported at 15 to L6 feet below.éea level in=well 22
(22, takle 2 J
in the USO welldand "red, blue, and yellow clay" is reported at much
the same depth in the old CCC camp well (23) 13 miles east of Bowling
Green.
-]

"Yellow sticky clay,"/\reported in‘ the deep town well Fog
(16, Tmble 2 ) from 9 to 70 feet below. sea level. It may be noted
that at Oak Grove, Westmoreland County, fossijl;ferous giauconitic yellow
clay of:k:;uia (?) (Paleocene) age was encountered in a well at about
200 feet below~sea level. Yellow and yellow brown clays, with older
indeterminate fossils (Cederstrom, 1945, p. 17, 1957, p. 19 and
Sinnott, 1967), continue twme to abéut 500 feet below sea level.
Returning to consideration of the Bowling Green well, yellow clay is
reported as deep as 150 feet below sea level, thus suggesting that the
Ivhgpaponi Formation is at least 14O feet thick.

At Moss Neck Manor (well L1) which is less than 2 miles east of
Bowling Green, "mixed tan and white clay” at 130 feet below sea level

should be part of the Mattaponi sequence. M,Z7 ?
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In the blue clay stratum (289 to 335 foot depth range) immedistely
m&”mmmw&ucw”;mm&nm
vas found that appears to be similar to the asssmblage found at
600 fsst near Kilmmrmock. Hence the top of the Mattaponi is placed
st the base of the "stons” (rrodedly thin limestone and sand strsta)
at a depth of 269 feet which is 8b feet Delow sea level.

At Salss Corner, nesr Rappahannock Academy (well 46), the
formeticn is less distinctive. Blue clay reached at 106 feet delow
sea level probably represents the Mattaponi Formatiom.

At Port Roysl (well 53) dlue clay penetrated at 159 feet delow
ses level probedly marks the top of the Mattaponi Formatiom. Red
clay, penetrated st nearly 200 faet delow sea level iz certainly
Mattaponi. The thiciness cannot be assessed on the basis of well
Iasn.tlambutmmlythe "limestone” and underlying vhits sand
is part of the sequence, the minimua thickness then being 121 feet.
Inepection of the ross section A-Al, FES | suggeats that the
formtion {s mach thicker.

"Tough clay granules of mixed colors, gray, blue, red, rust,
vhite, and brown” is reported (32, Tsble 2) at Acois Corner, 3%
miles east of Bowling Greem, at about 200 feet below sea lsvel.
Presumably overlying lithologically less distinctive strata that
are reached by the drill at sbout 86 feet below sea level should

vy
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also be assigned to the Mattaponi. Similar beds wers also reported
at Pish Hook Iake (well 35) and Acois Corner (well 32).

The Mattaponi Formation appears to be absent at Ladysmith
(well 1). DBetween Bowling Green and Ladysmith those beds lap up
sgainst a bedrock surface that rises scmevhat sharply in a vest-
ward direction. Whether or not the Mettaponi Formation crops out
Just above se= level along the Rappshannock in eastsrmwost
Syotaylvanis County is yet to be determined.

The yellow clsy penetrated in a well at Pemola (28, table 2)
st 195 faet iz probebly at or nesr the top of the Mattaponi section.

Tartinry System
Paleocens and Eocens Seriss -~ Manjemoy and Aquia Formations

Tt is known that the lover unit, the Aquis Formation, is fairly
thick along the Pall Zone but thins out downdip (Cederstrom, 1957,
p. 28). The overlying Sanjemoy is relatively thin or absent along
the Pall Zone but thickens downdip (see cross section A-AY, pl. 1).

The advancing Nenjemoy . — —_
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sea‘éroded the seaward portion of the Aquia bads more deeply than

4

it did where that sea approached its shoreline somewhere west of

;,'-'ﬂ ‘f"‘b\* B
the Fall Zone. 1,Rela‘.;ively thick Nanjemoy beds were then deposited
upon the Paleocene (Mattaponi-Aquia) surface. In succeeding Miocene
time another advancing sea transected the Nanjemoy beds (and any
Late Eocene beds that may have overlain the Nanjemoy in Caroline

CevhPE oy
County) but cut more and more deeply as it advanced westward dee q

A
to a previous slight seaward tilting of the Coastal Plain as a
whole. |

The base of the Aquié Formation can be estimated with a fair

Ac*mmaf\on o4
degree of success from well‘logs at hand butdthe stratigraphic top
of the Nanjemoy (base of the Miocehe) is more difficult in this
county than elsevhere O;_v_ae_'fwto erosion of the highesr beds and rather
meager descriptions of the formations.in some—of the well logs at
hand. As indicated above, no attempt i; made to define the contact
between the Nanjemoy and Aquia Formations.
<

Aloné:gﬂappahannock River, the Nanjemoy and Aquia Formations
crop out the full length of'the county. However, at higher elevations >
back from the river the Nanjemoy is overlain by beds of Miocene ége.

At Port Royal the top of the Nanjemoy Formation may extend to
abouf 50 feet apove sea level and hence is not determinable from
logs of wells there because they are situated on low#f ground.
Thé base of'the Aj?ia is considered to be the thin sand penetrated
at 193 feet (159 feet below sea level), thus making the combined

and
NanjemoyeAquia thickness a little over 200 feet thick. These

K7

b7



Caroline

combined formations (%he—e%&-&*maﬂaa;alnaup) are at about their
‘maximum thickness here. The same thickness relationships hate ~~
been shown to occur in the York-James Peninsula (Cederstrom, 1957,

Zéﬁte 1).

At Sales Corner,a mile west of ﬁﬁappahannock Academy, # well b
firsf encountered glauconitic beds at about 60 feet above sea
level. The series of glauconitic beds and basal sands continue
to about 106 feet below sea level. The combined Nanjemoy and Aquia f., uay.en
are thus about 164 feet thick. This corresponds reasonebly well *
with findings at Dogue, a few miles to the northwest in King George
County (Sinnott, 1967) where inspection of micrd:yossils helped to
establish the section with reasonable accuracy.

At Moss Neck Manor (well 41, Table 2 ) slightly west of the
Sales Corner locality, the Miocene-Eocene contact is arbibtrarily
placed at 80 feet above sea'level. On that basis the combined
Nanjemoy and Aquia Formations are about 160 feet thick. .

Elsewhere in the county top of the Eocene is somewﬂat difficult
to recognize from logs at hand. At Bowling Green a stratigraphic
break is recorded in the log of well 22 at 80 feet above sea level.
Thig is probably the contact between the Eocene and overlying
Miocene beds. The Aquia, and possibly thin overlying Nanjemoy
beds, appear to be 95 feet thick here, extending to 15 feet below
sea level. Preédmaﬁly it is at about that level in wells at
Howérds Corner (33), Acods Corner (32), Eubank Corner (34), and

Fish Hook Lake (35).

24



The dase of the Aquia is marked by a "fine black sand” strstum
that extends to 76 feet below sem lsvel at Hovards Corner- A
mmumummmm%mthu
sea lavel and at Accis Corner to 62 feet below sea level. In the
latter two localities the glauconitic stratum is 89 and 110 feet
thick.

At Grece Ctmrch (36) the base of the Aquis may de &t 5 feet
below sea lsvel st the base of "blue clay.” At Guinea which is
north and abeut 5 nilss west of Bowling Green the base of the Aquis

iz sbout 30 feet sdove sea lovel. The 31 fest of strata adove this

level my Ve safely assigned to the Aquia and it is likely that
mtorcuthmlringfél'\mz "tough blue clay” is also Aquis
in age. The top of the Aquis, or Eanjemcy if rresent should be at
about 120 feet sbove sen level here.

Reols s south and slightly west of Bovling Green. The Auuia

Fxaxtion, if present, camncot be separated from the 125 foot strstum

of "blue marl” recorded in the log of well 28.

At Ruther Glen (6) "dlue mad" extends to about 80 feet above
sea level below which "hard sandy clay” is thought to represent
wasthered bedrock. Again, differentiation of the "biuenud”etmct
be mede on the besis of the data at hand.

7/
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Trisgsic System

Tive of the wells thet end in basement rock in Caroline County
yield from 7 to 35 grm. It is thought probabie that these vells
@2 In the Sewark foraetim of Triassic age. The two wells yislding
about 35 gm (1, 6, tadle J ) are arcund 300 feet deep. It is
possible that someehat larger yields might have been cbtained from
these wells and from the other vells ending in dedrock if they had
been contimed to depths of 350 to W50 fest.

The Geep well st Bowling Grwen daveloped culy s little vater
from the Trisssic deds and uderlying granitic rocks. At Moss Neck,
the Triassic ssction may not have besn adequately tested — or not
tezted &t all -~ immseuch sz there ths jet driller vas seeking an
wneonmolidated send formation.

Cretacecus System -~ Potame Group

As discusged abowve, the Potamc Group of sediments of Barly
Cretacecus age have been penetruted Ly few wells in Caroline County
and 1little can be said of their water-bearing potential axcept that
in the central part of the county, sas at Bowling Green, they do not
ajpear to de highly productive.

In eastexn Caroline County, seversl hundred feet 2f Potomac

sedimeuts are almost certainly present. At Port Roysl the Powers well
(53) 1s belisved to panetrsta over 300 feet of Potamac beds. The
10

%
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the Potomee beds and the overlying Mattaponi Formetion is placed st
315 feet, delow & section of colored clays and & thin limestone
stratus. In the Potomac ssctiom, as shown in the log, send is fairly
Froxinent. It seems likely that installation of multiple screens
followed by the thorcugh development possidle in a larger diameter
wll would resuls in a fairly high yield well. Further, additiomal
sanis nay be present at even greater depth.

mmﬁmm-mmmrmzm

Gn A. P. B1l1l Military Ressrvation, north and esst of the
Bowling Oresn ares, seversl wells {32-33) ending in the lower part
of the Mattapont Formaticn cbtain from 40 to 50 grm with drewdowns
yanging from 32 to 115 feet. The screens in these wvells are &ll
20-glos and it is possidle thet grester yields might have desa
cbtained there if the sands penetrated were, in fact, medium to
conrye sands and screens with wider slots had Deen used. Severel
wells in and around Bowling Qreen (18-20, 22, 23) develop sands
higher in the Msttaponl section. (ne of the town wells (18) ylelds
TS &mm but the ylelds of the others is not known.

A mater of vells in the Mbes Neck-Port Royal ares along
Bappshannock River end in sands in the Mattaponi Formatiom. Several
wells are ayound 170 feet deep and are thought £0 end in the upper
Part of the Mattaponi Porumtion dut others develop a sand that lies
more than 100 feet deeper (see log of wells A6 and 53).

11



™he USGS test well (37) at Moss Neck was jetted to about the
same depth below sea lavel as well 46 at Sales Corner. The 92 fest
of Mttapont section, as shown in the log in Table 2 wes sandy
20 grevelly in lsrgest part — perhape 60 feet of materisl could
have been developed in 8 moduction well. The well wae located at
ex elavation of about 20 feet above sea level and had a flow of
140 gme. Casing was 3 inches in diameter and extended to 48 feet
below the surface. The flow thersfore represents the combined yield
of all aquifers penstrated.

An 012 3-inch well (38) in the Joem Nack ares develsped TO g
&3 the time it was drilled but it preswmdly developed water from
mmw,mmfmwmmmpmm.



Paleccene Series - Aquis Formstion

It iz not certalin thet any v o -

ras the A ~

Group
Pleistocens Series - QOlunbis Scemmtion

4 groet mny rural inhaditants sbtain their water supply from
dug wells ranging from 25 to 50 feet itz depth. The smamt of vater
uged iz gemerelly very small. In some places mmervus hesd of
eattle are also mpplied from shallow wells.

nmumpm(as)msmm.mcmuu
25 fout deep. The druft is il to De as much as 20 gm. At Pencla
s dug vell (31) supplies & smll carmery and pickle plant. Here
reiact drimee have miinizsed the supply in the Dxmmediate vicinity
of the plamt. ' .

Qmlity of Vater
T = .
) "
v‘\.“\‘ -
11»
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Qualry = Water
Water in Coastal Plain formations enters those beds in the
central and western part of the county but at first has only little

opportunity to gain in dissolved mineral content. The entering

N

uwemy
rainwvater and snow melt is slightly acidic &se to its carbon dioxide

content and, beihg acidic, takes limy materiallinto solution as it
travels eastward and becomes hard. Hardness is present as calcium
(and less magnesium) bicarbonate.

As the artesian waters percolate still farther eastward they
come in contact with sediments having the capacity to exchange
sodium for calcium, as a resulf of ﬁhich the hard waters become
softened although the total mineral content is essentially unchanged.

t Royal) 4= an example of such aw. This change from hard to

'soft water is seen in the difference between samples taken from the

area of regharge (9, 13, 3£,"Table 3 ) and the sample from Port
Royal (52). Those near the area of recharge are somewhat hard and,
as seen from the high bicarbonate, have already undergone some base
exchange. These waters, then, are sodium-calcium bicarbonate waters.
At Port Royal deep Coastal Plain water is extremely soft bué some-
what high in sodium bicarbonate. As is characteristic of water from
artesian aquifers in the Coastal Plain south of Middle Peninsula,
the concentration of sulfate does not increase much’zzggto break-
down of that constituent by biochemical action (Cederstrom, 194&?.2ﬁ3.
Waters from wells Lh and 48 at Rappahannock Academy are most

unusual. Water from artesian aquifers that is both very hard and



high in sulfate (162 §¥ﬁ'in the sample from well 48) are unknown in
the York-James Peninsula and in the Coasta; Plain south of James
River. A sample from Fairview Beach (Sinnott, 1967) from a rela-
tively shallow artesian well is of this type, however, and contains
85 g%%;of sulfate and 270 ég%@bf hardness.

It is thought that the hard high sulfate artesian waters may
have been derived from local recharge near ﬁappahannock and Potomac
Rivers. In passing through the fairly vermeable Eocene beds that
crop out for some distance downstream from the Fall Zone, these waters
gain more dissolved mineral content than those waters entering older
artesian aquifers along the Fall Zone. Having traveled a much shorter
distance, they have not had much time to become softened by base
exchange nor has the sulfate 4 be®Broken dovn by biochemical action.

Most of the waters from deép-wells are only moderately mineral-
ized and.are excellent for domestic purposes. The harder waters
should be quite suitable for irrigation but the very soft sodium-
bicarbonate waters present in the lower part of thé county are con-
sidered gquite unsuitable for that purpose. The very hard waters
found ‘at Rappahannock‘Academy are somewhat troublesome in domestic
usage, |

6n1y one sample is at hand from a well that obtains wafer from
bedrock (3, Table3 ). Tt is a somewhat hard bicarbonate water.
Hardgess is 99 £§§{E

Some partial analyses of waters from wells dué in the terrace
formations are at hand, but are not givéen in Table 3 . They range
. wafT
in hardness from 18 to 78 pom although only two out of 9 sanmples

2



have more than 50 mg/1 hardness. Bicarbopate renges from 8 to 86 mg/1
in samples at hand salthough it is more coomonly less than 50 mg/l.
Other constituents are low. A few samples comtain as much as 17 mg/l
of nitxate, suggesting that organic pollution may be present.

A sample from a well (31, Table 3 ) contaminated by waste brines
from & rickle plant near Penola contaired 1,500 mz/l of chloride and
bad a bardness of 216 mg/1.

5



Table 2 .--logs of wells in Caroline County, Va. {ectuil)

Well 16, Municipality, Bowling Green
(Iog by Sydnor Pmp and Well Co.)

Altitude 215 flet

Not descrided

Aquia (?) Formstion (Paleocene)
Sand; water
Jod, bloe

Mattapont Formation (Wju—

Upper Cretacecusdomq
Clay, vhite
Clay, yellow
Cay, gy
Clay, yellow
Qay, vhite
Sandstone; & littls water
Clay, vhits and yellow interbedded
FPotomme (?) Group (Lower Cretacecus)
Baxdpan
Sand, nater
Clay, white
Sand
Clay, vhite
Sand

Thickness
(zeet)

B oo v @

q o

Ww B o on

(zeet)

216

B

§28 &4

367
37h
3%
391
394
K11

%



477

2/9
27
Vell 16, Muicipality, Bowling Green (conmt.) ""'
Thickness Depth
(foet) (zeot)
Clay, vhite 66 T
Sewark qun (Trisssic) ‘ g
 Samistoos 3 heo
Clay, wvhite 2 500
Sand 8 508
Clay, white 23 333
Sandstone, brown 15 548
Sand, red 12 560
gandstone, drown 295 83
Qay ("sbale”) 1 Bhb
Sandstons, brown n 8715
Clay ("shale") and interbedded -
ssndstone : 63 938
Clay ("shmle”), red 2 gho
Soapsicne ' 1 gh1
Sandstone, brown 9 950
Clay ("shele”), red b - 954
Sanistove, grey and red 38 992
Clay ("shals”), sandy 2 9%k
Sandstons, brown (3 1,000
Sandstons, vhite, weter 3 1,003
Mud 1 1,005
Sandstons, brown, white and grey 8k 1,088

<



Well 16, Municipality, Bowling Green (cout.)

Mod
Sandstone, brownm

Clxy ("shale”), sandatoms,
red and browm, intarbedded

Preylazbrian (7)

Crantte, much less "sandstons’; thin
"md" layers at interwls to
1,402 feet. A dry crevics reportad
at 1,480 feet and a crevice with
scme wvater at 1,509 faat.

Thickness
(feet)

1

Depth
(teet)

1,08
1,130

&/



Table 2 .~-Logs of wells in Caroline County, VB. (cont.)

Well 22, USO House; Bowling Creen

Altitude 200 feet

Columdbia Group (Pleistocens)
Qlay and sand, yellow

Chesapeaiks Group (Mioccens)
Mrl, blue

Aquis Pormation (Palsocene)
Marl, blus, shallg

Lhtuiuni Formtion (&nhceeno)n
Upper CretacecusFom,

Cixy, mottled dlue and red
Clay

811t

Sand, medium texture; water

N5

Thickness
(feet)

0

19

§ 6

Depth
(feat)

0

10

5 & R

355



Table 7 .-- Logs of wells in Caroline County, Va. (cont.)

Well 28’ Dr. 1. J. Head, Penola
(log from Va. Dept. Mineral Resources filas)
Altitude 202 feet

Thickress
(feet)

Columiyia Group (Pleistocens)

Sand 25
Chesapeaics Group (Miocens)

Cay, yellow 55
Undifferentinted

¥, blue N 125
Mattapont Formation ( to Upper th)

CIBtEaNTR

Clay, yellow b1

Clay, drowm 29

Sand, clay, Yxown 32

gSand, comrse and clay, sandy 11

Depth
(Leet)

25

838 4&

s



Table 2 .--Iogs of wells in Caroline County, Va. {cont.)
WVall 32, A. P. H111 Militaxy Reservation, Acois Cormer

Altitude ¥ reet
Thickress Deyth
(Leet) (feet)
Undescribed ' 61 6L

Chesapeaks Croup (Miccene)
Clay, blua-gray 81 %2
Aquis Formation (Paleccene)

W. Mu, fm, shall
" frmgments, clayey 1o 252

Snd, fine to medium; water? n 263
Mattaponi Formetion N laocens to Upper Chliwown ::o
Ergianncim)—

Clay, tough granules, grey, blue,

red, rust, white, and drown 58 321
Undescribed 8r ko8
Sant, veter 2 330

. imn e ve——— —
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Table 2 .-—-Iogs of wells in Caroline County, Va. {cont.)

Well 33, A. P. Hill Military Resexrvation, Howards Corner
(Iog from Ya. Div. Minersl Resources files)

Altitude 5° feet

Pomt)  (cewt)
Columbis Group (Plesistocens)
Sand, fine 12 12
Sand, medfum, some clay 68 80
Chssapeaks Group (}ifocens)
Clay, blus-gray -~ —
Nanjemoy (Eocens) and Aquia (Palsocene)
Qay, blue-grey - 2sh
Saxd, black, fine 25 315
\
Mattapont Forsation (Faleocens 8 Upper taiaiea o3’
Clay, gay, tough 42 357
8and, clayey T2 k29
01:2 m, &y, dlue, red, rust, A2 -
Sand, water S52 523
Clay, gray 1 527



Pable 2 .--Iogs of wells in Caroline County, Va. (conmt.)

Well 35, A. P. Hill Military Reservation, Fish Hook Iake

Altitude -5 fest

Thickness
(teet)
Columdis Group (Pleistocene)
Clay, sandy 20
Sand, coarse and pea gravel 61
Chesapeaike Group (Miocens)
Clay, blus-grey -

Banjemoy and Aquia Formations
(Bocens and Paleocens)

Clay, blus-gray

Mattapond m@tm (ﬁa’mf). Upper nilamoan o0
Clay, tough, granules, various colors 207
Sand, medium, clayey 102
Clsy, oey ‘ 8

Depth
(feet)

81

2h3

k50
552
558

56



Table  .—Logs of wells in Caroline County, Va. (cont.)

Well 3;;

é 4 AL /£--" fAK/"" -

Altitude \10 feet

Thickness
(feet)

Columbis Group (Pleistocene)

So1l 32

Sand, yellow 9
Chesapeake Group (Miocene)

Clay, dlue -
Aquia Formation (Paleocens)

Clay, dlus -
Mattaponi Formation (‘@ Upper e o )

Clay, hard, and gravel 8

Clay, blue | 15

Clay, brown 2

Clay and sand 5

Sand and gravel; water

Depth
(teet)

32
5]

L I

J7



Table .--Iogs of wells in Caroline County, Va. (cont.)
Well 41, T. V. Houser, Moss Neck Manor

Altitude 205 feet

Thickness Depth
P (Leet) (feet)
Columbia Group (Pleistocene)
Clay, yellow : 32 32
Chesa.peé.ke Group (Miocene)
Clay, blue , 93 125
Na.njemoy, and Aqui: Formations |
(Bogene and Paleocene)/
Clay, blue 35 160
Sand and shells 5 165
Clay, blue: 9T 262
27 289

Stone/ y '

ttapon{ Formation -"-‘\
r Cretaceousd anl@? )

;é// Clay, blue . L6 335

Clay, mixed tan and white 10 345

Clay, brown to red : 27 372
Undifferentiated

Clay, hard, tan to red 118 490

Clay, hard, sandy, tan to white 45 535

‘Cla‘y, red 25 560

4 /
W .
Newark Formasion (Triassic)

Clay, hard, tan to yellow 40 600

Stone L 604

7S



Well 41, T. V. Houser, Moss Neck Manor (comt.)

Exrd formation, tan

Stons, moderately hard
Soapstone (hard elay?, shale?)
' Eard formation, white

Stone

Haxd formatiom, tan
Sandstone, hard

Stone, moderstely hard to hard

(Leet)
35
15

10

® 6 8 8 w

Depth
(zeet)

&R

d ¥ 8

57



Table 2 .--Logs of wells in Caroline County, Va. (cont.)

Yell 46, A. P. Hill Military Reservation, Sales Corner

(Log by D. J. Caderstrom and L. W. Youngquist)

208
Altitude 190 feet

Tlow)  (zeet)
Columbia Group (Plsistocens)
Clay and sand \ 31 3L
Chesapeaks Group (Miocene)
Clay, blue 101 132
A
oot i N
phosphatic pebbles 15 14T
Shells ¢ Wrd
Clay, blue, trace of glauconite & 154
Clay, glauconitic 3 158
Clay, hard 3 158%
m:’?-:ha:;ﬁi:‘“ °f Eltucontte, 313 190
Clay, dlus, slightly glauconitic 10 200
Clay, dlue, trace of glauccnite,
a few shells 90 290
Clay, dlus, glauconitie 3 293
Sand, quartz, coarse 3 296

— LA



Well 46, A. P. Hill Military Reservation, Sales Corner (conmt.)

Depth
(feet)

Mattaponi Pormation (Paleocens to Upper
Cretaceous)

Clay, blue, trace of glauconite

Gravel, medimm textwre, water

Cay, silty, ooy

Cxy, silty, zrey to red

Sand, quarts, fine, water

Sard, quartz, medium, wvater
Potcmme (?) Group (Lower Cretacecus)

Qay

Clay and sand, altexrmating

Thickness
(feet)

h36

ko

a A

9/



Table +==logs of wells in Caroline County, Va. (cont.)

Well 53, W. T. Powers, Port Royal

Altitude 3b4 feet

Columbia Croup (Pleistocens)
Soil
Ranjemcy Formation (Boceme) paireEid 2
Clay, blue ("rock” reported at
51 and at 63 fset in an
sijacent well)
Sand, glauconite
Aquia Formation (Paleocens)
c:g blue (A thick ded of hard shells
to 17h feet and a Rlauconite bed,
st 167 feet iz reported in adjacent
'm.)

Sand, vhite
%@m\(ﬁum§w |

_ Clay, bdlue
Clay; red, crubly
Clay, trom
gand, vhite

Clay, compact, sandy
Limestone

S8and, white

2o

Thickness
{feet)

30

o

B

& + B &

Depth
(zeet)

30

v

Y2



Vell
53, W. 7. Towers, Port Royal (comt.)

¢ ]
a:xchjamv? Ciawew Ceeac «.w&) a%m' ?ﬁ)
Clay, oray, and sand . >
Sand, white, and mad 2 -
Clay, beown, grading to red . i
srm::f vhite - >
Clay, bard s >
85 630

Mad
» GraY, sand, white, grevel
B €53

e
PR



Essex County

L4

Essex County lies along the south bank of Rappahannock River
southeast of Caroline Count& and wholly within the Coastal Plain
Province. It has an area of 258 square miles and a population of
7,776 of whom 1,086 reside in Tappahannock. -

Rﬁral farm population déﬁlined from 45 percent to 26 percent
in the 1950-60 decade and in 1960 agriéultural employment accounted
for only about 15 percent of the total emﬁloyment. There are 2k
manufacturing esfablishments in the county, most of which are small
and produce lumber or wood products but two rather large fabrie
plants are located in Tappahannock. Almost two-thirds of the farm
income is obtained from sale of field crops, chiefly SOybeaﬁs, corn
and wheat and almost one-third from livestock. The value of stand-
ing timber and poultry products sold is about 10 percent of the
total farm income.

A number of points of historical interest, largely pertaining
to colonial Virginia are found in Essex County, as a result of
which there is some tourist trade.

U.S. Highway 17 trave;ses the county parallel to Rappahannock
River connecting Tappéhannock with Fredericksburg and U.S. 360 leads
into Tappahannock from Richmond and across the bridge at Tappahannock.
to the Northern Neck counties. No railroads serve the county but
bus service is available. Tappahannock is and has been since early
colonial time a river port and the Rappahannock River still serves

as an important transportation route for bulk shipping.

¢



53
5)
~A municipal airport is located at Tappahannock.

An accredited college preparatory school for girls is located

at Tappahannock.

v



Geology

Essax County is umderlisin by unccusolidated depasits of
Cretacsous, Paleccsns, Eocene, Miocene, and Plesistocens sge that
mtmnmit:&:;o“m- Ho wells in the county have
renched dedrock hut, estimating from depths to bedroek in Caroline
County end st West Poinz, it may be as litils as 500 feet delow
sea level in the upper end of the county and about 1,200 feet in
the lower Tart of the county.

Cretacecus System -~ Fotomse Grouwyp

Altermating sand and clxy beds of the Potomme group of Early
Gretzcacus age rest upon bedrock dut 40 not crop cut and prodadly
have 10t Leen resched by sny wells In the county.

Cretacecus to Tertiary Sywtens
UQ@!—T‘ Ce-c“racgaus ol Qulescune Seriasn

Mattapont Formation - Bear Tappshamnock, highly colared clays
and subordinate sands are encounterved, (logs of wells 10, 15, 2%, and
28, tabla Sf)ggimmmummm. Thege are texta-
tively sssigned to the Mattaponi Formstion of Iste Crataceous %o
aleccens age.

The late M. H. Iycns of Tsprehannock stated (oral cammmication,
1940) that water Desring glauconite (“black’) ssnds ure rresent at
470 to 500 faet at Tappahamock. m,tum‘mauﬁn
520 to 540 feat iy descrided as vhite sand.” I glauconitic beds
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are resent as noted by Mr. Iyons, then all of the section fram 300
wm:mnnm&,nwmmlogerwn@u
probably ecxrectly sssigned tc the Mattaponi Paormmiion rather than to
beads of the Prtame Group.
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Essex

)‘ ote oot ST 5 ‘

A«Black sand is reported to extend to about 370 feet below sea
level in the Clanton well (26) at Tappehannock, more than 250 4feet
below the Miocene—Eoéene contact. The lower portion of this stratum
{ae—reporsed-by—the—dritler) should most likely be assigned to the
Mattaponi.

A-mere—puzzling-problem-is E?e brown or red clay penetrated
at about 240 feet below sea ‘level (sbout 150 feet below the Miocene

contact) in wells 10, 13, 15, 35, end 36 in and around Tappahannock

&¥¢gp sppears to be too low in the section to be the Marlboro clayx Mw«‘h«:

the basal member of the Nanjemoy Formation. In any event the
Marlboro clay in its typical development is pink rather than brown
or red. ‘Eénce, it seems more likely that this clay marks the top
of the Mattaponi Formation and probably correlative (to the extent
that correlations are bossible in Coastal Plain sediments) with the
first colored clays penetrated at Port Royal upstream.

Downstream from Tappahannock tan and red clays are first pene-
trated at about 365 feet below the surface in well 13 at Dunnsville.
Aquia Formation - The Aquia Formation,.festabthssslcinines

Bitor 15 messsliwenrssizedl® of Paleocene age. However',

Aquia strata containing fossils similar to the outcroppings on
Aquia Creek, although of Paleocene age )can be differentiated from
the underlying Mattaponi Formation. Studies elsewhere (Cederstrom,
1957) show that the typical Aquia of the outcrop zone thins out
downdip. Thus it would be expected that at Tappahannock = the

' Agquia Formation would not be very thick, perhaps only 10 feet or so,
but .‘thicker in the upper part of the county and probably absent a

a few miles downstream.
. 2
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Tertiary Systea
Xocens Seriess

Nanjemoy Formstion - As shown cn the logs, table 5, glauconitic
sand (black sand) and clay and intercalated thin rock strata nh:fup
the Fanjemoy Formation of CEEUPSUMANEES Eocens age. These beds
are as much as 125 feet thick at Tappshannock. Differentiation
otthcnbedn&cnund.rlying&quhbm in upper Essex County 1s
difficult. Below Tappshammock the Nanjemoy probably thins; it mey
not extend as far esstward as Urdemna.

Chickahominy Formation - The Chickshominy Formation is of late
Eocene age. In this area forsminifers defining this formation were
recognized at & depth of 120 faet Delow sea level in a vell at Cat
Point Creek, Richmond County, 8 few miles northenorthwest of
Tappeharmock. The formstion thins out updip and does not aprroach
the Fall Zone and it probably is not rresent in the upper part of
the county. The thickness of the Chickshominy in and arcund
Tappshannock is sssumed to be 10 or 15 feet. The Chickahominy
Formation is cartainly present at Wares Wharf and Bowlers Wharf
vhere "black sands” and "Black and vhite sands” are reported
{immediately below nondescript Miccene marls. It is, therefore,
assumed that the Chickahominy Formation is sbout as thick there zs
it is in comparable sreas in the York-James Peninsuls. Thus in
lover Essex County, the Chickshominy may be less than 50 feet thick.

/00



KRioccane Series
c(r\tss?ea.‘ri-. C:-_m?—
Ammmdmmm overlies the Eocens deposits

=d crops out in sany places in BEzzex County. Along the Rappahmumocic
River it {5 very thin in the uprer end of the county bdut ig abort
170 feet thick at the lower end of the county. IJensaih high ground
beckk fyom the river, the Miocens rises much higher above sea lavel
and &t Millars Tavern is prodably adout 300 fmet thick.

The Hiocens formmtions are ccuposed largely of blue clay and
shell merl axd subordinate fine sanda.

2 Qatermary System - Pleistocens Sexries
Colonbia Group=—

, Tha extire couxty is coversd by the Colusbia group of terrace.
deposits of Pleistocens ape. mmmmfetwm
aod clay dede is sbout 30 feet. The terrace depcsits are Inportant
in thev thay furzish weter to a great mny shallow dug wells.

Water Besring Tormations

Cretacecus to Tertinyy Systems
Uppear Cretacesus and Msleocene Sexries

Mattapont Formation - Walls deeper than about 300 feet in the
vicinity of Tappahannock tap vater-bearing sands in the Mattaponi
Tormation. Wells 1% 0 1T ermd in a sandy section about 370 feet
below sem level. A 2i-inch dlamster well thet furnished water to
the town of Tappehammock previzus to 1950 ia 360 feet deep. The
Lapiin Carage well (23) just south of Tsprahannock ends in the same
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sand stratim high in the Mettaponi Formation as the 360-£oot town
m,amhmm(@)ummmmm
of Mprahannock. .

At Lipern Acres (25), 2 miles wouth of Tapyahamnock, water is
cbtainsd from strata & little more than 400 feet Delow sem lsvel.
The came streta sre tapped upstress at lacrel Fark (11) snd Maryfield
(13) houstrg develsrments. '

h well 10 only clay iz reported at moderats depths and water
1{s developed from & sand stretu;m reached st 510 feet below ses level.
The oewer largs dismeter town wells (19020) develop strata at adout
that deyth as doss coe of the old 3-inch dimmeter town wells (18)

#% Tappalsnnock. mm‘mmm. 2% miles south
poutiwest of Teppshsmnock also cbtsine wetsr (well 30) from these
desp saxds.

Sands high in the Mattaponi sequence, somewdat more timn 400
fust below sen level, ave developed in the Johm Moncure Scheol well
(43) at }lllers Tavern. These are also tapped in well 3R st
Domaville.

Water will rise to 12 fest or 30 above sea level in the deeper
wells in the vicinity of Tappsharmock which is much ss wwt might
be expected along & major river vhere sriesian xessures have been
reduced for nors than Imlf & centiny through wmestrictsd flow of
=y wells on low ground. Rowever, —~~— —
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Sag-lawel, same moderatsly good flows werw cbtained from suall
dimnster wells in the middle 1940's. Well b developed a flow of
20 grm and well 9, also near Teppahammock, cbtained a flow of 15 gra.
e latter well is at about § faet above sea lawel. Both vells are
& 1ittls lass than 400 feet deep. Well 10, vhich dsvelops water st
320 to S5i0 feet obtained a flow of mly 5 g, rerheps becamse it
is on slightly higher gromd. However, it seems likely that to &
large degres, the rate of flow from wells located cn low ground here
(and elsevhere) and from various depths depends greatly upcn the
chmracter of the formation fros waich the well obtains water, the
degres %0 which the formmtion i3 developed, whether or not & screen
mmmna,mmmdouum,imawatm '
elogging that has taken place through the yesrs.

S Dairly good yislds to paps have besn dsveloped in recent
years from wells of larger dimsster finighed with scresns. The
mmiciral wells at Tappahannoek (19; 20) are repcrted to yisld 200
0% with, respectively, 18 and 28 feet of &rawdown. Obvicusly the
Yield of thess wells might b¢ increased considersbly by installation
of high capseity tumps that would utilize more of the aveilable
drewdown. At Loubern Acres (25), & yisld of 100 gim was sbtained
from & well eguipped with 20 feet of 3-inch dizmeter scresn. Irew-
down in this instance ves 51 fost. AL Maryfield housing develorment
(13), & yisld of 100 gm with 3k feet of drmelowmn is reported fram
& 6-1nch well fitted with @ 3-inch sereen. At the Tidewater Hospital
(27) the yield and drawdown vere much the same.

6
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A few dooestic wells Qrilled in the last two decades have been
equipped with screens ard develop smmll quantities of wvater.
Utilizing grester drawdown, somewhat higher ylalds could be develaped.
However, the potentisl of swch wells is severely limited by their
smll dizmeter in that on low ground they sre restricted to the
mnoung of suction 11t svailable to thes and on high ground the
yisld is even more linited by the capacity of the high 11£% pump
that can be installed.
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Essex

The upper section of the Mattaponi Formation in the Tappahannock
area does not contain as thick or as coarse water-bearing sands as
at West Point which lies directly south of the lower end of Essex
County. However, the most prolific sands at West Point are first
penetrated about 350 feet below the top of the Mattaponi Formation.
At Tappahannock it would appear that the deepest wells only begin-
to reach the zoné‘where thick gravelly beds might be expected. It
is likely deeper drilling in the county would penetrate additional
permeable sands from which yields up to a million gallons a day
(TOO_gpm) of high quality water per well could be developed.

_A number of wells in and near Tappahannock listed by Sanford
(?.(5'3,01;-7) at the time of his survey in 1906 are 270 to 280 feet
deep. Apparently these end in glauconite sands that are present
Jjust below the red or brown clay stratum discussed-ebova that is
thought to mark the top of the Mattaponi Formation here. None of
these wells had large flows although many were located on very low
ground. Sanford notes (p. 166) that in one such well the flow was
5% gpp.but it was said to have been 12 gpm initially. Presumablylbg I?oé’-+5
unrestricted flow of many wells up and down the river had already
reduced the artesian head. In a 272-foot well(i)mile upstream from
Tappahannock értesian head was said to be as much as 30 feet above
'high tide level in 1906. A great many of these wells have fallen

into disuse and very few are listed in i%ble w .
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Acuin FPormmtion - It is rossidle that some wells in the upper

and of the comnty have cbiaized vater from the Aquis Formaticn.
The Acuis thins out downdlp and it is not certain that the farna-
tiom extends as far eastward as Tappabanmock. Immemmch as the
questica is scmewhat academic, and foesil evidence to dstarmine
stratigravhic boundaries 13 lacking, all the drilled and jetted
vells of modarate deptk are considered here to end in the

Tanjeoy Formation.
-ru"’harj 3‘3 atem
Xocsne Sexrias

Banjemoy Formation - 4 few wells ranging in depth frox 150 to
250 feat deep develop waler from the glasueconitic sands in the
Banjency Toowmtion of Zarly sod Middls Zocene age.

welly gupplying business establishments at Tappabanmock have besn
comgtracted that drew water from the Manjemoy Foymstion. The G-inch
dismeter well (21) at the Virginia Ice and Coml Co. is reyorted to
have yielded 824 gom when pumped st the time of its capletion in
1930. It was finighed with 15 feet of 30-sglot byass screen places
detween 138 and 150 fest. The persanent pump had » capmeity of

60 grm. The old Wright Lusber Co. well (22) and the well st the
former Dr. Pepper dottling plant (23), are of comparable depth and
.dhﬂum.
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The well supplying Center Croes School (30) and the defunct
muzymnmnmnm(ulmmmum&m3
beds as do a mmber of domestia wells.

Chickahominy Formmtion - It is thought tdat seversl rather
shallow wells at Tappehaonock and in the lower end of Essex County
may end in the Chickshominy Pormation of late Bocens sgs. Samples
ﬂﬁMﬁWmMawﬁﬁh, however.

In & well (;6) 4rilled in 1536 at Bowlers Whar?, "blue”’ marl
iz seid to extend to 140 fwet below the surface, below which is
12 fest of whits sand snd ghell.” This is Jrobably send in the
Chickahominy Formmtion. Twenty five feet of "rock” lies delow this
send and from 17T to 210 fest “black and white sand”’ of the Ranjemcy (?)
Forzation wes penstrsted. The rock strstum from A9 to 167 feet, &t
Bowlevs Whar?, rresumd to be the (Rickahominy Formation, is described
'wam‘(‘;'zss)u“mxmnogmmam
6 inches to b inches apart; blue mud and shells, gray and red sand,
and grevel betwesn rocks; incrsased flow with sach sand bed penstrsted.”

e well described by Sanford (not listed in tadle U ) wvas
Bitunted at the Garrett and Bmt oyster house on the end of the
wharf. It hed & flor of 30 e &t an elevation of about
S feet above high tide and & head of over 15 feet. The nsaxdy
Claybrock and Neal well (35) of about the sems depth had & flow of

49 g at 12 feet adove high tide level.
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Miseens Series

It is not apparent that Miocene fmmationsg includs water
besxring sands in Essex Coumty.

Gaatermary System
Flaigtocere Saxiss

Smllow vells from 10 to 40 fewt deep, mostly dug wells obtain
wisr Jrom the agndy terrace formiions of Plaistocens age. A few
are dseper. It 8 great aany places the wells are equipped with
-wcpmﬁmmmmmmm”;nmw
from place to placs. The shallow wells furnish wveater £ domestic
tse In homes &nd 1 & few mall tusiness establistments such as
£111ing stations.
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Qality of Vater
Wtsr Oos Mattapont and Eocene Formations

Water from deep vells In Essex County may be classed as soft
sodium dicerbonate waterj although there iy some real diffaresces
13 dicarbonste content snd total bariness. Thoss waters with the
Mghest bicarbonste ccutent, 400 to 500 =g/1 (1, 2, 18, ils,
Tadlie & ) are invarisdly very soft with a hardness of less than

20 »ng/l. Those waters that have & bicarbonste contant renging from
around 120 t0 300 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>