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Multiply By To obtain 

Length 

inch (in.) 25.4 millimeter 

fool (ff) 0.3048 meter 

mile (mi) 1.609 kilometer 

Area 

"re 4.047 square meter 

"re 0.4047 hectare 

Volume 

gallon (gal) 3.785 liter 

gallon (gal ) 0.003785 cubic meier 

fluid ounce 29.573 milliliter (mll 

Recharge 

inch per year (intyr) 25.4 millimeter per year 

Flow 

fool per day (ft/d) 0.3048 meter per day 

fool per year (ftiyr) 0.3048 meter per day 

Hydraulic conductivi ty 

foot per day (ft/d) 0.3048 meter per day 

Transmissivity 

foot squared per day (ft1/d) 0.09290 meter squared per day 

Temperature 

degree Celsius (Oe) "C=(OF - 32) / 1.8 degrees Fahrcheit 

Hyd rau lic condueth'ily and transmissh-ity: In this rcpon, hydraulic conductivity is reported 
in feet per day (ft/d), a malhemalical reduction of the unit cubic foot per day per square foot 
[(ftJ/d)lft2]. Transmissivity is reported in feet square per day (ft2/d) , a mathematical reduction 
of the unit cubic feet per day per square foot times feet of aquifer thickness ([(fl3/d)lfl2]fl). 

Vertical datum: In this report . "sea level" refers to the National Geodetic Vertical Datum of 
1929-a geodetic datum derived from a general adjustment of the first-order level nets of the 

United States and Canada. formerl y called Sea Level Datum of 1929. 
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Geohydrology of the Shallow Aquifer System, Naval 
Weapons Station Yorktown, Yorktown, Virginia 

By Allen R. Brockman, David L. Nelms, George E. Harlow, Jr., and Jason J. Gildea 

Abstract 

This repan presents the results of a study by the 
U.S. Geological Survey (USGS), in cooperation with the 
Naval Weapons Station Yorktown, Base Civil Engineer, 
Environmental Directorate, to describe the geohydrology 
of the shallow aquifer system at the Station and in the 
adjacent area. Twe lve test ho les and 28 wells al 7 we ll 
clusters were installed across the Station in 1995, and 47 
soil probe holes and 6 piezometers were installed in 
1996. Geophysical logs, x·ray mineralogy and venical 
hydraulic conductivities from She lby-tube samples, hori. 
zontal hydraul ic conductiv ities from single-well teslS, 
water- level-fluctuation graphs. water-level maps, and 
pollen analyses were used to define the geohydrology of 
the srudy area. 

The geohydrology consists of six units includi ng 
the: (I) Columbia aquifer, (2) Cornwallis Cave confining 
unit, (3) Cornwallis Cave aquifer, (4) Yorktown confin
ing unit, (5) Yorktown-Eastover aquife r, and (6) 
Eastover-Calven confining unit. The geohydrologic units 
are in sediments of Miocene to Holocene age. Horizonta l 
hydraulic conductivities in the aquifers range from 0.004 
to 9 ftld (feet per day). Venical hydraulic conductivities 
in the aquifers and the two upper thin (8 to 14 ft) , leaky 
confining units are comparable and range from 10- 5 to 
10- 1 ftld. The top of the thick (140 to 166 ft) basal 
Eastover-Calven confining unit is from 40 to more than 
80 ft below sea leve l and has vertical hydraulic conduc
tivities of 10-6 to 10--4 ftld. 

A conceptualization of ground-water flow was 
developed from the col lec ted geohydrologic data. Water 
flows downward from the Columbia aquifer in the 
recharge areas through the Cornwallis Cave confining 
unit to the Cornwallis Cave and Yorktown-Eastover aqui
fers. Water flows laterally, downward, and in some 
instances, returns upward through the lower two aquifers 
to discharge at seeps, springs, streams, and estuaries. 

Ground-water divides across the south-central pan of the 
Station in each of the lower aquifers separate wate r flow
ing nonh toward the York River estuary from that flow
ing south toward the James Ri vcr estuary. 

INTRODUCTION 

The U.S. Geological Survey (USGS), in coopera
tion with the Nava l Weapons Station Yorktown, York
town, Va., began a study of the shallow aqu ifer system at 
the IO,624-acre installation in 1995. The Station is in a 
geologically unique area where slumping and dissolution 
of calcareous sediments has resulted in complex geomor
phic features. Human development has been influenced 
by an evolving landscape and the availability of ground 
water (Johnson and others, 1982; Brockman and Rich
ardson, 1992; and Johnson and others, 1993). 

The Naval Weapons Station tract was known to 
the native Americans as the "Chischiak" region (Hage
mann, 1988). During colonial times. the land was par
celed out among the West, Lee. Digges , and FeJgate 
families, and the remains of some of their dwelli ngs are 
preserved both at the Station and adjacent Colonia l 
National Historica l Park. One of the first reco rded envi
ronmental fatalities at what was to become the Naval 
Weapons Station Yorktown installation occurred during 
the colonial period when Governor Digges' daughter 
drowned in quicksand in one of the collapsed valleys 
(Clingan, 1961). 

During the American Revolution, General Wash
ington entrenched his forces along the narrow, collapsed 
shell-hash ravines to tighten hi s military li nes arou nd 
Lord Cornwallis ' forces to the east of the Station (Mitch
ell, 1962, p. 206). Washington 's headquaners were near a 
spring in Colonia l ational Historical Park that now 
bears Washington 's name (Charles Rafkind, Colon ial 
National Historical Park, o ral commun., 1995). During 
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the Civil War. Confederate troops built dams across 
many of these same drainages in the vicinity of the Sta
tion to flood the narrow collapsed valleys and thereby 
created deep moats to defend against the advancing 
Union army (Foote. 1986, p. 399). 

With the arrival of the 20th century and World War 
I, agricu lture was replaced by industry when the Station 
was established in 1918 as the "Navy Mine Depot" to 

manufacture mines for use in the North Sea. During 
World War II , production of ordnance and research and 
development of high explos ives began at the Stat ion 
(Naval Weapons Station, 1993). Ordnance production 
and rcsearch continues today at a tenant facility at the 
Station, bu t the last major ordnancc plant ceased opera
tions in 1994. Today. the Station is primaril y involved in 
the maintenance, storage. and distribut ion of ordnance 
for the Atlantic Fleet. 

The Environmental Directorate at the Naval Weap
ons Station Yorktown is responsible fo r the management 
of the environmental resources of the Station and identifi
cat ion and remediation of environmental contamination 
that results from Station activities. On October 15, 1992, 
the Station was placed on the Nat ional Priorities List as a 
Compre hensive Environmental Response. Compensa
tion, and Liability Act (CERCLA) site by the U.S. Envi
ronmental Protection Agency (USEPA) (U.S. 
Environmenta l Protection Agency Region III and others, 
1994). The USGS study of the shanow aquifer system 
was conducted to provide infonnation for environmental 
and public works acti vities at the Station. 

Purpose and Scope 

The purpose of this report is to describe and char
acterize the geohydrologic framework of the shallow 
aquifer system at the Station. This report presents the 
results o f a 2-year study of the sha llow aqui fer system. 
Data generated during the investigation were submitted 
to the Station on September 26, 1996 (Allen Brockman, 
U.S. Geological Survey, un pub. data, 1996). 

The report ( 1) defines the geohydrologic frame
work for the shallow aquifcr system, (2) determines the 
hydraul ic properties of the geohydrologic units, and (3) 
presents a conceptualization of the ground-water-flow 
system. Lithologic and water-level data were used (0 

define the geohydrologic framework. Lithologic data 
were obtained from (I) test-hole and well drilling, (2) 
borehole geophysical logging, (3) foundation borings, 
and (4) soi l-probe borings. Slug tests provided data for 

evaluat ing horizontal hydraulic conducti vities. while ver
tical permeameter tests of Shelby-tube cores provided 
venical hydraulic conductivity data. Pollen samples were 
analyzed to identify the location of recent channcl dcpos· 
its across the Station. Synoptic and cont inuous water
level measurements from the Station-wide observation 
we ll network were used in conjunct ion wi th the defined 
framework to depict ground-water flow. 

Location 01 Study Area and Physiographic 
Setting 

The study area consists of the Naval Weapons Sta
tion Yorktown only, and is located in central York County 
and pan of James City County and Newpon News City. 
Va., between the James and York Ri ver estuaries ofChes
apeake Bay (fig. 1). The Station is within the Atl antic 
Coastal Plain Physiographic Province (fig . I). The 
Coasta l Plain, which consists primari ly of unconsolidated 
sediments, extends from the Atlantic Ocean westward to 
the Fall Line, a distance of 75 to 90 mi. The Fall Line 
represents the boundary between the Coastal Plain and 
the Piedmont Physiographic Province. The IOpography of 
the Coastal Plain is divided into a series of terraces of 
different elevations deposited during rising and falling 
sea level throughout recent geologic history. These ter
races are bounded by scarps cut by shoreline erosion 
(Johnson and others, 1993). 

The Naval Weapons Station study area and the 
adjacent area is divided into four terraces and three 
scarps as shown on plate I (scarp map modified from 
Mixon and others. 1989; Johnson and others, 1993). The 
Lackey Plain (Johnson. 1972) is the highest terrace in the 
study area and is highest in altitude between 90 and 100 
ft above sea level and lowest in altitude at 70 ft above sea 
level along the crests of the bounding scarps. 

The Lackey Plain is bounded on the south, east, 
and north by the Kingsmill , Lee Hall, and Camp Peary 
scarps, respectively (Johnson and others. 1993). Along 
the York River estuary at the base of the Camp Peary 
scarp is the Croaker fla t, a low-lying terrace. Along the 
James Ri ver estuary at the base of the Kingsmill scarp is 
the Huntington Rat, another low- lying terrace. The 
Croaker flat and the Huntington flat are highest in alti
tude at 45 ft above sea level along their respective scarps 
and lowest in altitude at nearl y sea level along the coast
line (Bick and Cach, 1969). At the base of the Lee Hall 
scarp is the Grafton Plain. The Grafton Plain is highest in 
altitude at 60 ft above sea level along the scarp and 
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lowest in altitude at 48 ft above sea level east of the Sta
lion (Johnson, 1972). The study area extends from the 
Lackey Plain 10 the Croaker flat (terrace and scarp inset, 
pI. I). 

Previous Investigations 

Many studies have been done that define the 
regional geohydrologic setting in the Coastal Plai n of 
Virginia, and some studies have focused on the York
James Peninsula where the Station is located. Cederstrom 
( 1957) did the first comprehensive geohydrologic study 
of the peninsula and provided well-construction records, 
drillers' logs, and ground-water-qual ity data. The Vir
ginia Department of Environmental Quality, fonnerly the 
Virginia State Water Control Board ( 1973), described the 
geohydrology and water qua lity of the "upper and pri nci
pal artesian systems" in the same area of the peninsula 
invest igated by Cederstrom. By correlating electri c geo
physical logs collected throughout the Virgi nia Coastal 
Plain, Meng and Harsh (1 988) div ided the geohydrologic 
framework of the Coastal Plain into nine regional aqui
fers . Laczniak and Meng (1988) conceptualized the 
ground-water-flow system and used a finite-difference 
ground-water-flow model to simulate the ground-water 
flow under the York-James Peninsula. Brockman and 
Richardson (1992) locally refined the York County part 
of the sha llow geohydrologic framework originally 
described in Meng and Harsh (1988) and modified in 
Laczniak and Meng (\988). The USGS maintains records 
of selected water- leve l and (or) geophysical -log data 
from wells outside the study area shown in figure I and 
catalogued in tables 1 and 2 (located at the end of this 
report). 

Geohydrologic studies at the Station have focused 
on the potent ial fo r surface-wate r and (or) ground-water 
contamination posed by hazardous-waste sites. During 
an ini tial assessment study (Johnson and Associates, Inc ., 
and CH2M Hill , 1984), 15 potential environmental con
tamination si tes were identified at the Station. Drillers' 
logs, water-level, water qual ity, and slug-test data were 
collected from 64 shallow we lls (less than 100 ft.) 
throughout the Station during subsequent confinnation 
and remediation investigation studies (Dames and 
Moore, 1986, 1988; Baker Environmental, Inc., and Roy 
F. Weston, Inc., 1993; Baker Environmental, Inc., 1995) 
as part of the Environmental Directorate 's Installation 
Restoration Program (I RP). Addi tional deta iled studies 
of the IRP sites are in progress. 

A nearby geohydrologic study was conducted for 
the USEPA Region 1Il at the Commonwealth of Virginia 
Emergency Fuel Storage Facil ity (CVEFSF) , a 460 acre 
site, fonnerly pan of the Navy's Cheatham Annex 
(Engineering-Science, Inc., 1994). The CVEFS F study 
was conducted in a setting similar to much of the Station, 
less than haifa mile from the northwestern Stati on 
boundary. Drillers' logs, water-level, water quality, slug
test, and aquifer-test data were collected at the CVEFSF 
from 48 shallow wells (less than 100 ft). 
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METHODS OF INVESTIGATION 

Methods used to investigate the geohydrology of 
the Station include: we ll installation and sediment collec
lion , soil probing, borehole geophysics, waler-Ievel mea
surements, si ngle-well aquifer tests, and pollen sample 
analysis. 
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Well Installation and Collection of Lithologic 
Data 

The USGS installed 12 test holes for geophysical 
logging, 28 wells at 7 well cl usters, 47 soil probe holes, 
and 6 piezometers across the Station between July 1995 
and December 1996 to defi ne site geohydrology. WeJl, 
test hole, soil probe hole, and piezometer placement was 
planned to yield a maximum of geohydrologic infanna
tion while avoiding known hazardous waste sites. Well 
clusters and test holes were located 10 maximize cross
sectional views of the Station's geohydrology and to 
investigate arcas adjacent to estuaries where confi ning 
units are conunonly breached. Soil probe holes and pie
zometers were located to provide supplementary data in 
areas between the well clusters and test holes . 

The USGS test holes, wells, soil probe holes, and 
piezometers range from \3 [0282 ft in depth, and their 
locations and other data points from the Station are 
shown in figu re 2 and catalogued in tables 1 and 2 (at the 
end of th is report). The wells were screened at distinct 
depth increments in shelly or sandy sediments [0 deter
mine the number and extent of pemleable water-bearing 
zones (potential aqui fe rs) within the interval of interest. 
All of the cluster we lls and test holes were drilled by the 
hydraulic-rotary method. Cuttings and split-spoon sam
ples were collected fmm each well borehole fo r detai led 
lithologic description. Shelby-tube samples were col
lected for vertical hydrauli c and mineralogic analyses; 67 
Shelby-tube samples from the USGS dri lling investiga
tion were analyzed by x-ray diffraction and falling-head 
penneameter tests (U.S. Anny Corps of Engineers, Ohio 
River Division Laboratory, unpub. data. , 1996). 

Well construction and screen length depended on 
well depth and aquifer thickness. Test wells were drilled 
before well installation to identify potential geohydro
logic contacts. Ben tonite grout was tremied in from the 
boltom to fi ll and abandon each test well after geophysi 
cal logging was completed. Well clusters were con
structed as shown in figure 3. All wells are constructed of 
4-i n.-insidc-diamctcr schedule 40 flush-threaded polyvi
nyl chloride (PVC) casing and screens. Screen length 
ranges from 5 fI for the shallowest two wells to lOft for 
the deepest two wells in each four-well cluster. Screen
slot size is 0.0 I in . for all the we lls. Piezometers were 
constructed as shown in figure 4. All piezometers were 
constructed ofO.75-in.-inside-diameter galvanized-iron 
pipe and sc reen. Four of the piezometer screens (57F33 , 
57F34, 57F35, and 58F 154) each consist of a single 0.5 ft 

length of perforated pipe and the othe r two piezometer 
screens (58F 158 and 58F159) consist ofa single 0.5 fi 
length of a slotted pipe. 

The annu lus of each well was fi lled with three 
materials: (I) fi lter sand, (2) bentonite pellets, and (3 ) 
benton ite grout. Initially, medium filte r sand was piped to 
the bottom of the annulus of each well and added until 
the sand pack was level with the top of the potential aq ui 
fer. Next, 0.25-in. benton ite pellets were piped to the top 
of the filter sand to seal otT the sand pack and the poten
tial aquifer. Finally, bentonite grout was piped to the top 
of the bentonite pellets and up through the annular space 
to land surface to complete the fi nal sealing of the well. A 
concrete pad and a lockable steel protector were con
structed at land surface to complete each wel l. 

Galvanized-iron pi pe for each piezometer was 
installed using a soi l probe. A steel point was affi xed to 
the bottom of each piezometer before insta llation to pre
vent sediment from entering from the bottom of each pie
zometer string. The borehole at each piezometer was 
bored by advancing galvanized pipe into the ground with 
the soil-probe hydraulic jack. Thus, no open annular 
space remained around each piezometer fo llowing instal
lation . The nalUral swell ing of clays and clayey sediment 
around the piezometer pi pes eliminated any need for 
additional annular sealing. The piezometers were capped 
and a concrete pad was constructed at land surface for 
completion. 

A soi l probe was used to collect addi tiona l litho
logic data from across the Station in the fall 1996 to sup
plement data collected during the earlier drilling phase. 
The soi l probe is a hydraulically powered coring device 
used to advance 2- to 0.75-in. diameter steel or ga lva
nized pipe into the subsurface to collect soil cores or 
install piezometers. The soil-probe unit used at the Sta
tion was mounted on the back of a small utility truck, and 
it could be operated in either a direct-static-force or 
percussion-hammer mode. Maximum poten tial penetra
tion depth in the unconsolidated sediments was more 
than 100 ft with the soil probe at most Station locations. 

Borehole Geophysics 

Borehole geophysics was used both to define a 
preliminary geohydrologic framework and to guide 
screen placement at the Station. Natural-gamma and 
electromagnetic-conductivity geophysical logs were 
recorded at 12 USGS test wells from across the Station. 
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Interpretations from these geophysical data were aug

mented with additional lithologic and hydrologic data 

collected later in the invest igation. 

Geophysical logs from the test wells correlative 

with other geophysical logs from the vicinity of the Sta

tion we re used to compile geohydrologic sections follow-

iog the approach detailed in Meng and Harsh ( 1988) . 
Electric geophysica l logs published in the earlier York 
County study (Brockman and Richardson, 1992) are pub
lished again in Ihis report 10 extend geohydrologic sec
tions in the area adjacent to the Station study area. 

Water-Level Measurements 

Water-level data were used to provide infonnation 
on seasonal and tidal fluctuations and vertical head gradi
ents between aquifers and to verify the geohydrologic 
framework established from borehole geophysics. Water 
levels in the cluster wells were measured at 15-minute 
intervals from early 1996 (after well development at each 
cluster) to July 1997 by use of water-level-recording 
devices consisting of a pressure transducer and digital 
data recorder in each well. In the seven USGS well clus
ters, 24 wells were equipped with water-level recorders. 
Recorded water levels were veri fied with periodic 
chalked-steel-tape measurements. Additional electric
tape water-level measurements were recorded monthly at 
an extended network of other observation well s from 
May 1996 to July 1997 to document seasonal variation at 
these wells. 

Single-Well Aquifer Tests 

Slug tests were conducted at the USGS wells in 
May 1996 to detennine horizontal hydrau lic conductivity 
in the aquifers. Slug tests were not conducted at wel ls 
58F IOI, 58FII I, 58G53, and 58G58 because the wells 
were dry throughout the period of the investigation. 
Horizontal hydraul ic conducti vities were calculated from 
slug tests in 24 of the 28 wells. Additional horizontal 
conductivities detennined by Baker Environmental, Inc., 
and Roy F. Weston, Inc., (1993 ) from other selected wells 
were included to supplement the USGS data set. 

Slug tests provide an estimate of the horizontal 
hydraulic conductivity (Lohman, 1979), and they are use
ful where conventional aquifer tests cannot be done 
withill fuudillg cOllstraims. The sl ug used al the Station 
consisted of a 4-ft length of stainless-steel pipe filled 
with sand and sealed at both ends. The slug displaced 
approximately 1.03 gal of water. resulting in a maximum 
vertical change of 1.6 ft in water level in a 4-in . well. A 
pressure transducer and data logger were used to record 
the water-level response to the introduction of the slug as 
well as to its subsequent removal. The results were 
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analyzed to delennine horizontal hydraulic conductivity 
by methods detailed in Bouwer (1989) for unconfined 
aquifers and in Cooper, Bredehoeft, and Papadopulos 
(1967) for confined aquifers. 

Analysis of Pollen Samples 

Pollen analys is was used to identify the extent of 
sediments that have been eroded and redepos ited by the 
York River and tributary streams in the northeastern area 
of lhe Station during approximately the last one million 
years. These sediments were recognized from distinctive 
plant debris withi n clays and from the presence of very 
coarse grained units that do not easily correlate to the 
geohydrologic units in the western and southern areas of 
the Station. The pollen analysis aided in the geohydro· 
logic interpretation of the northeastern area of the Sta· 
tion. 

Pollen samples were collected using a soil probe 
during the fall 1996. Of the 12 samples collected from 
different depths in soil·probe holes scattered across the 
northeastern area of the Station, 10 samples consisted of 
sand, clay, or shell hash. The remaining (wo samples 
(clay) were collected from separate soil probe ho les in 
the southern and western areas of the Station. Each of the 
12 samples was collected in a 2-ft by I-in. diameter ace· 
tate liner using a hardened-steel soil-probe sampler, and 
each was sealed immediately following retrieval from the 
soil probe hole. The acetate encased samples were cut 
into approx imate ly 5· in. scctions at the USGS prepara
tion faci lity and resealed before shipment to the pollen 
lab in January 1997. 

Pollen analyses on the samples were conducted at 
the Department of Geography and Environmental Engi
neering at the Johns Hopkins University. To extract pol
len from the sediment, a specific volume of sediment was 
washed first in hydrochloric and then in hydrofluoric acid 
and acetylzed to remove carbonates, silicates, and 

organic material. The residue was washed in acetic acid, 
dist illed water, and alcohol and then isolated in tertiary 
butyl alcohol. Aliquots (0.2 mL) were mounted in sili
cone oil on glass slides and analyzed under 400 x (mag
nification). All pollen grains on the slide were identified 
and counted to detennine sample age. (Grace Brush, 
Johns Hopkins University, written commun., 1997). 

GEOHYDROLOGY 

The Naval Wcapons Station Yorktown is in Vir
ginia's Coastal Plain Physiographic Province. The 
Coastal Plain Physiographic Province generally consists 
of layered, unconsolidated, sedimentary deposits that 
thicken and slope seaward. The deposits consist of inler
bedded clay, silt, sand, and gravel and variable amounts 
of shell materia l that fonn a system of layered aquifers 
and confining units. 

Geologic Setting 

The stratigraphy and deposi tional hi story of the 
sediments of the shallow aquifer system at the Station 
and adjacent areas of the York-James Peninsula are 
described in Brockman and Richardson (1992). The 
following geologic description of the immediate Naval 
Weapons Station Yorktown vicinity is drawn from that 
report. 

Stratigraphy 

The stratigraphy of the shallow aquifer system at 
the Station consists of nine fonnally named geologic for· 
mations, which range in age from early Miocene to late 
Pleistocene, and undifferentiated alluvial and marsh 
deposits of Holocene age (fig. 5). Two of these fonna
tions are subdivided to fonn two to four geologic mem
bers. Distinct geohydrologic units at the Station correlate 
to one or more of the geologic members or fonnations, as 
described in the section "aqui fers and confi ning units." 
All fonnations and members of Miocene or Pliocene age, 
except the Sedley and Bacons Castle Fonnations, are in 
the Chesapeake Group (Ward and Blackwelder, 1980; 
Johnson and others, 1982). The Sedley and younger for
mations are not included in a specific group (fig. 5). 

The Miocene Calvert Fonnation contains interbed
ded shelly and sandy clay, si lty clay, and diatomaceous 
clay (Ward, 1984; Mt:ng and Harsh, 1988). The sandy 
and silty clay interbedded sequences that compose the 
Calvert Fonnalion are the oldest geologic un its correlated 
with the geohydrologic units for the Naval Weapons Sta
tion Yorktown study. 

The Miocene SI. Marys Fonnation unconfonnably 
overlies the Calvert Fonnation (Ward, 1984; Meng and 
Harsh, 1988) at the Station. The SI. Marys Fonnalion 
contains sil ty and sandy clay with shells. 
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System Series Geologic unit 
Geohydrologic unit 

Lackey Plain Flat 

'" Holocene All uvial and marsh deposits ~cOlumb;a 
<0 

~C!''-~ aquifer c 
2 Pleistocene , Fe <0 ~ Columbia ~~!~i; Yorktown 0 
0 'ii) aquifer -'~'~i;'" Eastover 

; Castfe 
~ 

aquifer ~ 

~;-~ " I 00'''''' "''' 0 

Moore a- lii <0 
Cave aquller c 

~ 0 
1;; .Q 

Pliocene Morgarts Beach " Yorktown E ~ confining unit 11 confining 
Member ~ 0 unit u. '" c 

Rushmere Member 
c 

~ 0 

~ 
0 
U Yorktown-Eastover 

~ Sunken Meadow "'" 
aquifer 

Member §' 

g Cobham Bay 

'" Member 
<0 
t 
!!' Claremont Manor 

Member 

Miocene St. Marys Eastover-Calvert 

Formation confining unit 

Calvert Formation 

Figure 5. Relation between the geology and geohydrologic units at the Naval Weapons Station Yorktown. 

Above a second unconfonnity at the top of the S1. 
Marys Formation is the upper Miocene Eastover Fonna
lion . The Eastover Fonnalion is di vided into two mem
bers (Ward and Blackwelder, 1980). The Claremont 
Manor Member contains clayey silt and si lty to sandy 
clay. The Cobham Bay Member is a slightly coarser 
grained unit, containing very fine- to fine-grained sand, 
si lty sand, si lt, or sandy clay at the Station. 

The lower Pliocene Yorktown Fonnation overlies a 
third unconfonnity, at the lOp o f the Eastover Fonnalion. 
In the southern part of the Station, a silty clay or clayey 
silt, possibly part of the Eastover Fonnation (c. Richard 
Berquist, Virginia Divis ion of Mineral Resources, oral 
commun., 1997) is present locally along the Eastover
Yorktown unconfonnity. The Yorktown Fonnation is 
divided into four members: (I) the Sunken Meadow 
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Member, (2) the Rushmerc Member, (3) the Morgarts 
Beach Member, and (4) the Moore House Member (Ward 
and Blackwelder, 1980). At the Station, the Sunken 
Mcadow Member cOnlains shelly fine to coarse gra ined 
sand and is li thologica ll y identical to the Rushmere 
Member, which cOnlains shelly fi ne (0 coarse grained 
sand and sihy sand (c. Ric hard Berquist, oral commun., 
1997). The Morgarts Beach Member comains clay, 
clayey silt, and sandy to silty clay. The Moore House 
Member contains shell hash, clayey or sandy shell hash, 
very fine- to medium-grained sand, or shelly clay. Above 
the Moore House Member is a weathered zone and a 
fourth unconformity. 

The upper Pliocene Sedley Formation unconform
ably overlies the Yorktown Formation in the vicinity of 
the Station (Bick and eoch, 1969; Johnson and others, 
1982; C. Richard Berqu ist. written commun., 1994). Pol
Icn samples collected from th is horizon on opposite sides 
of the Camp Peary scarp indicate that the Sedley Forma
tion is truncated by the scarp and presem only under the 
Lackey Plain at the Station. wcst and south of the scarp. 
At the Station, the Sed Icy Formation contains clay wi th 
or without sand lenses or stringers, sandy or si lty clay. or 
clayey silt. 

The upper Pliocene Bacons Caslle Formation 
unconformably overl ies the Sedley Formation in the 
vicinity of the Station (Bick and Coch. 1969; C. Richard 
Berquist, written commun. , 1994). In the vicinity of the 
Station, the Bacons Castle Formation contains medi um to 
coarse gravelly sands and si lt (Bick and Coch, 1969). 

The surficial geology of the Croaker flat (terrace 
and scarp inset, pI. I) consists of the Pleistocene Shirley 
Formation and und ifferentia ted Holocene deposits (fig. 
5). The surficial geology of the Lackey Plain at the Sta
tion (terrace and scarp inset, pI. I) consislS of the Pleis
tocene Windsor and Chuckaruck Formations at differem 
terrace elevations and additional Holocene deposits. The 
Camp Peary scarp (pI. I) div ides the distinct surficial 
geology of the Lackey Plain from that of the Croaker flat 
at the Station. The Windsor, Chuckatuck, and Shirley 
Formations at the Station contain very fine- to very 
coarse-grai ned sand (commonly si lty to clayey), pebbles, 
and sandy clay. The Holocene deposits contain clay, silt, 
or sand with some organic deposits. 

Under the Lackey Plain at the Station, the Windsor 
and Chuckatuck Formations unconformably overlie the 
Bacons Castle Formation. Under the Croaker flat at the 
Station, the Shirley Formation unconformably overlies 
a clay of uncertain stratigraphic designation. Pollen 

analyses of samples of this clay (table 3, wells 58G64. 
58G67, and 58G75; 9 ft altitude) indicate a rcla tive geo
logic age of Pliocene to Ple istocene. Below the clay is a 
sand that contains pollen of Ple istocene age at one well 
(table 3; 58G66; 4 ft). At we lls 58G65 (- 2 ft ), 58G74 
{-2 ttl, and 58G75 (-3 ftl . scarc ity or absence of pollen 
in this sand precluded age determination. From correla
tion with lithologic logs from well s 58G54, 58G60, 
58G61, 58G62, and 58G77, the sand below the Pliocencl 
Pleistocene clay of the Croaker flat unconformably over
lies sand in the Rushmerc Member of the Yorktown For
mation. 

In the absence of morc definit ive stratigraphic 
informat ion, the stratigraphy of the Croakcr fla t is inter
preted in this report. Below the Rushmere Member of the 
Yorktown Formation, the Croaker flat stratigraphy is the 
same as that under the Lackey Plain at the Stat ion. An 
angular unconformity is present at the top of the Mor
garts Beach and Rushmere Members ofthc Yorktown 
Formation. The Bacons Casll e and Sedley Format ions 
and the Moore House Member of the Yorktown Fonna
tion are presumed missing a long the angu lar unconfor
mity, because of the low topographic pos ition of the 
fl at. A Pleistocene clay. potentially as old as thc Wind
sor and the Chuckatuck Formations. overlies the angular 
unconform ity. The Shirley Formation is at land surface 
(M ixon and others, 1989), above the Pleistocene clay. 

Depositional History 

The Station is located west of the outer rim ofa 
late Eocene bolide impact crater (Poag and others, 1994; 
T. Scon Bruce, Virginia Department of Environmental 
Quality, oral commun., 1997). The deposition of sedi
mentary uni ts of Miocene to Pleistocene/Holocene age 
were affected by the filling of this brecc iated and faulted 
crater (Poag, 1997). Contort ion and variable thickeni ng 
of sedimentary units draping over the projccted location 
of the crater rim is common and apparent in cross sec
tions, maps, and interpretations from earlier studies 
(Cederstrom, 1957, p. 156; Ward and Blackwelder, 1980, 
p. 30; Johnson and others. 19R5, p_ 3; Rrockmlln and 
Richardson, 1992, p. 11 - 12). 

Miocene and Pliocene sediments at the Stat ion 
were deposited on a shallow shel f near the western edge 
of the deeper bolide crater. Silty clays of the Calvert and 
St. Marys Formations wcre deposited in a shallow bay 
during multiple early to middle Miocene marine trans
gressions (Ward, 1984). Fine-grained sediments of the 
lower Eastover Formation were deposited in an 
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Table 3. Age of pollen samples from selected soit-probe holes at the Naval Weapons Station Yorktown 

[For locations or ObSt'f\'3lion wells see figure 2) 

Altitude of Relative 
Well sample In feet Geo hydrologic geologic age of Sediment 

number above sea level unit pollen' type 

57F34 29 Cornwallis Cave aquifer Pliocene clay 
58FI30 44 Cornwallis Cave confining unit Pliocene sandy clay 
58G64 21 Yorktown confin ing unit Pleistocene organics and clay 
58G64 -4 Yorktown confining unit Pleistocene clay 
58G65 18 Yorktown-Eastover aquifer Pleistocene silt 
58G65 - 2 Yorklown-Eastover aquifer indeterminate sand 
58G66 J3 Yorktown-Eastover aquifer indetenninate(2) clayey shell hash 
58G66 4 Yorktown-Eastover aquifer Pleistocene sand 
58G67 7 Yorktown confining unit Pliocene clay 
58G74 -2 Yorktown-Eastover aquifer indeterminate sand 
58G 75 9 Yorktown confining unit Pleistocene day 
58G75 - 3 Yorktown-Eastover aquifer indcterminate ""d 

I Pollen analyses performed by Grace Brush, Department of Geography and Environmental Engineering at the Johns Hopkins 
University. 1997. All dates arc qualified as "tentative" by the analyst. 

lSample conlained insufficienl pollen for analysis: relative geologic age of Pleistocene determined from stratigraphic position 
to underlying sample at 4 feet alt itude in well 58G66. 

open-marine embayment (Ward and Blackwelder, 1980). 
Shelly sand of the upper Eastover Format ion was depos
ited in an open-mari ne, shallow bay (Ward and Black
we lder, 1980). The Yorktown Formation was deposited 
in environments ranging from an open-marine shallow 
shel f to back barrier lagoons and shallowi ng seas (Ward 
and Blackwelder. 1980). The Sedley Formation was 
deposited in ri vers and estuaries (Bick and Coch. 1969). 
The Bacons Castle Formation was deposited in ri vers 
(Sick and Coch, 1969). Pliocene sediments deposi ted 
east of the Station within the projected impact crater rim 
and above the bolide deposit generally are fine r grained 
(noted in geologic logs for wells 58F50, 58F6 1, and 
58F65- unpubl ished data on file at the U.S. Geological 
Survey; Virginia Distr ic t office) than sediments of correl
ative Ul li ts al the S tation . The fine gra in size of Miocelle 

and Pl iocene sediments east of the Station could reflect 
local deposition in a lagoon or embayment similar to 
environmen ts interpreted for sediments of th is age along 
the James and York Rivers (Johnson and others, 1993) 
and at Langley Air Force Base (A llen Brockman, U.S. 
Geological Survey, unpub. data, 1996) 12 miles southeast 
of the Station. 

Pleistocene and Holocene sediments at the Station 
were deposited in a drowned-river estuarine setting simi
lar to the modem Chesapeake Bay (Johnson and others. 
1987) puncruated by periods of fa lling sea level and 
deeply eroded river channe ls (Hack, 1957; Colman and 
others, 1990). The Windsor Fomlation was deposi ted in 
lagoons or on a shallow marine shelf(Johnson and oth
ers, 1987). The Chuckatuck Formation was deposited in a 
bay, and the Shirley Fonnation was deposited in rivers 
and estuaries (Johnson and others. 1987). The Camp 
Peary scarp and the angular unconformity between the 
Pleistocene and Pl iocene sediments of the Croaker flat 
most likely formed duri ng one or more periods of fluctu· 
ating sea level documented in other regional studies 
(Hack, 1957; Colman and others, 1990). For units similar 
10 Ihe PJ ioceJte/Ple istocene organic day at the Croaker 

flat, Hack (1957) interpreted a period of ris ing sea level 
intermediate between a river and an estuarine stage as the 
depositional environment. The Holocene sediments were 
deposited in the estuarine environment, as the rising sea 
level during the last 18,000 years has fl ooded the ances
tra l river channels of the Chesapeake Bay (Colman and 
others, 1990). 
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Aquifers and Confining Units 

The gcohydrologic framework of the shallow aqui
fer system at the Naval Weapons Smllon Yorktown con
sists of six uni ls: ( 1) the Columbia aquifer, (2) the 
Cornwallis Cave confin ing unit, (3) the Cornwallis 
Cave aquifer. (4) the Yorktown confini ng un it, (5) the 
Yorktown-Eastover aqu ifer, and (6) the Easlover-Calven 
confining unit as shown on the diagram, map. and gcohy
drol ogic sections (fig. 5 and pI. 1). Well data used to con
Sln.1CI The COnTour maps arc listed in tab les I and 2. at the 
end orlhi s report. 

Gcophysical logs were used to identify the lOpS of 
gcohydro logic units. The initial identificat ions req uired 
refinement after com parison with water-leve l data. Many 
of the apparent gcohydrologic contacts were in the unsat
urated zone o r the sed iments . The fina l geohydrologic 
interpretat ion is based on geophysical-log data in con
junction with water- level data . 

A n earlier USGS study of the hydrogeology of the 
adjacent York County (Brockman and Richardson. 1992) 
is refcrenced and modified to define the geohydrologic 
framework of the Station for th is report. Interpretations 
of geohydrologic contacts from some wells in Brockman 
and Richardson ( 1992) were revised during this study. 
One geophysica l log at the Station from the earlier study 
and the earlier interpreted geohydrologic contacts were 
not used in this study. 

The geophysica l log from well 58F18 at the Sta
tion 's x-ray fac ility was included in the framework inter
pretat ion of Brockman and Richardson (1992). The well 
58F 18 log is of marginal quality. and when compared 
with the new USGS geophysical logs of nearby test holes 
and soil-probe data, the logging-depth scale was appar
ent ly inaccurate. Thus the well 58F 18 geophysical log in 
Brockm,m and Richardson (1992) was not included in the 
framework interpretation for this Naval Weapons Station 
Yorktown study. 

Following an ini tial review of new geophys ical and 
gcohydrologie dala collected at the Station, interpreta
tions of geohydrologic contacts from wells 58F50, 
58F61. and 58F65 in Brockman and Richardson (1992) 
were revised for this s tudy (tables I and 2). Geohydro
log ic contacts of the Yorktown- Eastover aquifer arc 
recorded as ind istinct signatures on logs from thcse test 
wells; the result of deposition of nearly unifonn, fine
gra ined sediments in the Yorktown-Eastover aquifer and 
the Eastover-Ca lvcn confin ing unit near or wi thi n thc 
projected bo lide-cratcr arca. east o f the Station. The 
absence of distinct contacts in these geohydrologic uni ts 

overlying the bol idc event is reflected in obscure geo
physical signatures, making interpretation difficult . Inter
preted geohydroiogie contacts for we ll s 57F2, 58F3. and 
58F38 a lso were adjusted after reviewing additional gco
physical logs and gcohydrologic data from the Station 
(tables I and 2). 

The mineralogy of the individual geohydrologic 
units is described more completely in the fo llowing sec
tions of this repon, but the absence of the clay minera l 
kaol inite in any of the sediment samples collected during 
this Nava l Weapons Station study (U .S. Am1Y Corp~ of 
Engineers, Ohio Ri ver Di vision Laboratory, unpub. data, 
1996) is or singular note. Earl ier studies have distin
guished between fluvi al and mari ne depositi onal environ
ments based on the kao lin ite-to-illite clay-mineral 
assemblage in the sediments (Staub and Cohen, 1978: 
Bailey, 1981). These studies relate abundant kaolin ite to 
freshwater deposition and abundant illite to mari ne depo
sition. The absence of kaolinite from sedimenl o r 
Pliocene to Holocene age interpreted to be of fluvial ori
gin (Hack, 1957: Bick and Coch, 1969; Johnson and oth
ers. 1987). is perplexing. Kaolinite may have been 
removed through geoc hemical changes after deposition 
o r may not have mineralized during an abbreviated sedi
ment transport from granitic-source rocks (Hurlbut and 
Klcin, 1977). Short sediment transport is further sup
ported by the presence of un degraded plagioclase and 
onhoclase in many of the samples (U.S. Anny Corps of 
Engineers. un pub. data. 1996). Greater cons ideration of 
detai led mineralogic analys is and depositional interpreta
tion is beyond the scope of this s tudy. but minera logic 
rcsults gathered at the Station merit additional research. 

Water-level-a ltitude maps for each of the thrcc 
aqu ifers in the shallow system are described in thc fol
lowing sections. G round-water flow is in the d irection of 
decreasing head (water pressure + water elevat ion) 
(Heath, 1983). Th us water-level-altitude maps arc impor
tant in providing a general picture of the d irection of 
ground-water flow at the Station and in the adjacent area. 
All of the water levels referenced in this study are listed 
in table 2. A primary water- leve l data set was recorded 
from se lected Station wells on F~bruary 3, 1997. This 
date was selec ted because all new Station wells and pie
zometers were completed before and measured on this 
date, and a comprehensive map could be prepared. The 
primary water levels do not represent seasonal high, low, 
or average water·levei values. The primary water leve ls 
are supplemented by a secondary water- level data set 
consisting of water levels recorded on other dates or 
inferred rrom sed iment moisture in test holes. Use of sec-
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ondary water leve ls to estimate the February 3,1997, 
water-level maps in this report is subject to error from 
seasona l fiuclUation and (or) estimates of limited accu
racy from boreholes. No significant pumping from sha l
low-system aquifers is recorded for the York-James 
Peninsu la cast of Wi lliamsburg (Kull and Laczniak, 
1987). Thus. error in secondary water levels related to 
anthropogenic effects is estimated to be minima l. Water
table and potentiometric contours on the maps in the fo l
lowing sections are based on the primary water levels. 
supplemcnling with thc secondary water levcls as a gen
era l guide only. 

Columb ia Aquifer 

Brockman and Richardson (1992) defined the 
Columbia aq uifer in York County as the unconfined aqui 
fer in sedimenls of Pleistocene and Ho locene age. At the 
Station. thc Columbia aquifer is the unconfined aquifer in 
the Bacons Castle, Windsor, ChuckalUck, and Shirley 
Fomlalions of Pliocene/Ple istocene age and in undiffer
enliated Holocene deposits (fig. 5). 

Lithology and Extent 

Sediments of the Columbia aquifer at the Station 
arc recorded in drillers' logs as very fi ne-grained to very 
coarse-grained sand with or without pebbles, si lty to 
elayey sand. or sandy clay. Bulk x-ray mineralogy of 
five Shelby-tube samples shows that aquifer sediments 
from across the Station consiSI of86 to 97 percent quartz 
with I to 2 percent iilite. glauconite. or biot ite and (or) 
muscovite (mica); and minor amounts ofca lci tc, plagio
clase, orthoclase, chlorite, pyrite, and (or) lepidocroc ite 
(U.S. Amly Corps of Engincers. Ohio River Division 
Laboratory. unpub. data. 1996). 

The water table in sediments correlati ve with the 
Columbia aq ui fer (fig. 5) defines the top of the aquifer. 
The altitude of the water table fluctuates, but the water 
tablc as a surface generally is subparallel to the land sur
face (see top of the saturated zone in pl. I). The altitude 
of thc top of the water table on February 3, 1997, was 
highest in the southwestern part of the Station, at morc 
than 80 n. above sea level (58F 121 ; fig. 6). The low alti
tude extreme forthe top of the aquifer is less than 20 ft 
above sea level in the northeastern part of the Station (fig. 
6). In the area adjacent to the Station, only one secondary 
water-level measurement (wcllS9F74) is included in 
table 2. This water level indicates the relative alt itude of 

the top of the Columbia aquifcr below the lower Grafton 
Plain to the east of the Station (terrace and scarp inset, 
pI. I ). 

The maximum th ickness of the Columbia aquifer 
on February 3.1997. was morc than 20 ft locally in the 
southeastern part of the Stat ion (fig. 7). The mi nimum 
thickness was less than 5 ft at many locations across the 
Station (fig. 7). The Columbia scdiment is saturated in 
isolated pods throughout most of the Station, but it is 
unsaturated in Ihe northwestem area (pI. 1 and fig. 7). 
The Columbia aquifer is unconfined throughout its extent 
at the Station. 

Ephemeral perched aq uifcrs can fonn in Columbia 
sediments above the Yorktown confin ing unit of the 
Croakcr flat and above the Cornwall is Cave confining 
unit in other parts of the Stat ion. The perched aquifers 
fonn in areas outside the limit of the Columbia aquifer 
(fig. 7) during periods of excessive rainfall. Perched aqui 
fers sporadi cally drain to the undcrlying shallow aquifer 
system during drier periods and eventually disappear 
(Feller. 1994; Guymon, 1994; Bouwer. 1995). Other than 
deli neating the full ex tent of the Com wall is Cave and 
Yorktown confin ing un its above which perched aquifers 
can fonn, Ihis study does not cha racterize the geometry 
of the perched aqu ifers at thc Station. 

Hydraulic Properties 

Horizontal and vertical hydraulic conductivities 
were delcnnined for the Columbia aquifer. Slug tests 
were done al 4 well s in the Columbia aqu ifer (table 4) . 
Horizontal hydraulic conducti vit ies. deri ved in accor
dance wi th the Bouwer techn ique (1989), range from 
0.4 to 8 ftld. Vertical penneameter tests were done on 

Table 4. Horizontal hydraulic conductivity values for the 
Columbia aquifer, determined from slug tests 
[For locations ofobsc' ... at;on wells see figure 2) 

Well 
number 

58FI06 

58FIl6 

58F12! 

58F16! 

Hot;;wntal h ydrauli.:; 
conductivity 
(feet pet day) 

8 

.4 

I Rounded to one significanl figure from Baker EnvironmcntaL 
Inc .. and Roy F. Weston. Inc .. 1993. 
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5 samples of the Columbia aquifer (table 5). Vertical 
hydraulic conductivities range from 1.7x10-4 to 
1.7x 10- 1 ftld. 

Cornwallis Cave Confining Unit 

The Cornwallis Cave confining unit in York 
Coumy is defined by Brockman and Richardson (1992) 
as the silt and day sediments of Pliocene to Holocene 
age overlying the uppennost confined aquifer. At [he Sta· 
[ion, [he Cornwall is Cave confining unit generally corre· 
lates with the upper Pliocene Sedley Fonnation and silts 
at the base of the upper Pliocene Bacons Castle Fonna· 
tion (fig. 5). Locally, at the unconfonnities, the confining 
un it may indude d ay or si lt in the underlyi ng Moore 
House Member of the Yorktown Formation or in the 
overlying fonnations of Pleistocene age. 

Sediments of the Cornwallis Cave confining unit at 
the Station are recorded in dri llers ' logs as day with or 
without sand lenses or stringers, sandy or silty clay, or 
clayey si lt. Bulk x·ray mineralogy of five Shelby·tube 
samples shows that confining unit sediments from across 
the Station consist of88 to 98 percent quartz with I to 5 
percent ill ite. glauconite, or mica; and minor amounts of 
plagioclase, chlorite, pyrite, and (or) lepidoeroci te (U.S. 
Anny Corps of Engineers, Ohio Ri ver Division Labora· 
tory, unpub. data. 1996). 

The altitude of the top of the confining unit is high· 
est near the western border of the Station at more than 70 

ft above sea level, and lowest immediate ly northeast of 
the center of the Station at less than 30 ft above sea level 

(fig. 8). The maximum thickness of the confin ing un it is 

22 ft (58G49) in the nonhcm area of the Station. and the 
minimum thickness is less than 5 ft at locations across 

the Station (fig. 9). The thickness of the confin ing unit 
was not contoured because of the absence of a basewide 
trend . Generally Ihe Ihickness is 8 ft where the Comwal· 
lis Cave confining un it is present. The Cornwall is Cave 

confin ing unit is truncated by the Camp Peary scarp and 
is present only to the south and west of the sca rp . The 

confining unit is missing beneath the Croaker flat and 
beneath many of the stream valleys (fig . 9). The confin

ing unit is missing in isolated areas across the Sration 
from the result of ancestral stream erosion (fig. 9). 

The Cornwall is Cave confining unit impedes the 

vertical flow of ground water between the Colum bia and 
Cornwallis Cave aquifers at the Station, as vertica l 

hydraul ic conductivities indicate. Vertical permeameier 
tests were done on fi ve samples of the Comwall is Cave 

confining unit (table 5). Vertical hydraulic conduct ivit ies 
range from 3. 1 x I 0- 5 to lAx I 0-2 f tld. 

TaMe 5. Vertical hydraulic conductivity values for the Columbia aquifer and the underlying Cornwallis Cave confining 
unit, determined from vertical permeameter tests 1 

(For loI:ations or observation wells see figure 2) 

Vertical hydraulic 
Well Altitude Interval Geohydrologlc conductivity 

number (Ieel) unit (Ieet per day) 

58FI03 61 <0 59 Columbia aquifer 7.1 x 10-2 

58F I08 52 <0 50 Columbia aquifer 8.8x IO-2 

58F116 75 <0 73.5 Columbia aquifer 1.7x tO-1 
58FI16 64 <0 .2 Columbia aquifer 6.0x 10- 2 

58FI20 69.5 <0 ., Columbia aquifer 1.7x1O- 1 

58F99 34.5 <0 32.5 Comwallis Cave confining unit 5. l x I0-3 

58F I03 55.5 <0 53.5 Comwallis Cave confining unit 1.4x 10- 2 

58F I08 43.5 <0 41.5 Cornwallis Cave confining unil 3.1 x 10-5 

58Ft 13 58 <0 5. Comwallis Cave confining unil 1.3xlO- l 

58F I20 63.5 <0 62.5 Comwall is Cave confining unit 2.6x tO- 3 

1 Venical permeameter testS conducted by U.S. Army Corps of Engineers, Ohio River Division Laboratory, 
unpub. data, 1996. 
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Cornwallis Cave Aquifer 

Brockman and Richardson (1992) defined the 
Cornwall is Cave aqu ifer, for the York Coun ty area, as the 
aqu ifer in sediments of the Moore House Member of the 
Yorktown Formation. including the confi ned aq uifer in 
overlying sediments. For th is report. the definition is nar
rowed to the following: The aqui fer in sediments of the 
Moore House Member of the Yorktown Fonnation with 
some minor local except ions (fig. 5). Locally under the 
Lackey Plain, sandy sediments of younger ages di rectly 
overl ie the Moore House Mem ber along the upper uncon
fonnity su rface. AI these locations. the younger sedi
ments are included in the Cornwall is Cave aqui fer. 

Lithology and Extent 

Sediments of the Cornwall is Cave aquifer at the 
Station are recorded in drillers ' logs as shell hash wi th or 
without some coquina, clay, or si lt; clayey or sandy shell 
hash: very fi ne-grained to medium-grai ned sand; or 
she lly clay. Bulk x-ray minera logy of 13 Shelby-tube 
samples shows that aq ui fer sediments from across the 
Station consist of 76 percent quartz, 18 percent calci te, 
and 2 percent pyrite; minor amounts of sideri te, plagio
clase. orthoclase. ill ite, glauconi te or mica: and chlorite, 
chalcopyrite, and (or) lepidocrocite (U.S. Anny Corps of 
Engineers, Ohio Ri ver Division Laboratory, unpub. data, 
1996). The high percentage of calcite in the sediments of 
the Cornwalli s Cave aquifer may result in the isolated 
developmem of karst solution features in some parts of 
the Station. as noted at other York County locations 
(Brockman and Ri chardson, 1992, p. 21 ; Johnson and 
others, 1993. p. 24). Water losses possibly resulting from 
increased porosi ty is due to dissolu tion of sed iments in 
this unit (recorded at a ll seven USGS well clusters at the 
Stati on during dri ll ing in the Cornwal lis Cave aqu ifer). 
No signi ficam voids. however were identifi ed at the 
USGS well clusters during subsequent soi l- probe investi
gat ions. 

The altitude of the top of the confined aquifer is 
highest llear the western boundary of the Station at more 
than 60 ft above sea level (fig. 10). The lowest altitude 
for the top of the confined aquifer is inunediately north
east of the center of the Station, at less than 20 ft above 
sea level. The aquifer top is not contoured in the uncon
fi ned area of the aquifer. In the unconfined area, the water 
table in sediments correlative wi th the Cornwa ll is Cave 
aquifer (fig. 5) defines the top of rhe aquifer. The water 
table of the unconfined aqui fer and the poten tiometric 
surface of the confined aquifer are contoured in figure II. 

The highest water level in wells screened to the Cornwal
lis Cave aqui fer on February 3, 1997, was more than 80 ft 
above sea level in the southwestern part of the Station 
(fig. I I). The lowest water level on th is same datc was 
less than 20 ft above sea level near the easternmost poim 
of the Station. A potentiometric high in the Cornwall is 
Cave aquifer ex tends from west to east across rhe south 
central part of the Station (fig. 11), indicating a divide 
between ground water Rowing northward toward the 
York River and that flowing southward toward the James 
River. In the area adjacent to the Station. secondary 
water-level measurements from wells 58F63 and 59F73 
in the Cornwallis Cave aquifer arc shown in table 2. 
These water levels are intennediatc in altitude relative to 
the Station and indicate water levels in we ll s in the aqui
fe r below the lower Grafton Plain to thc east of the Sta
tion (pI. 1). 

The maximum thickness of the Cornwallis Cave 
aquifer is morc than 60 ft above sea level near the west
ern boundary of the Station (fig. 12). The minimum 
thickness of the aq uifer is less tha n 5 ft in scaltered areas 
across the northeastern Station (fig. 12). The Cornwall is 
Cave aquifer is truncated by the Camp Peary scarp and is 
present only to the sou th and west of the scarp. The aqui
fe r is missing beneath the Croaker fla t, and part of the 
eroded Felgates Creek and other stream va lleys (fig. 12). 
The aqui fe r is confined genera lly benea th the elevated 
areas between stream valleys in the southern half of the 
Station but unconfined in the remaini ng areas of the Sta
tion (fig. 11). 

Locally in the western part of the Station, an addi
tional clay unit is present in the middle of the Cornwall is 
Cave aquifer. Th is clay uni t is present at wells 57F34. 
58G79, and test well 58G59. Though the geometry of the 
mid-Cornwalli s Cave aqui fe r clay uni t is too localized to 
have much bearing on the ground-water flow at the Sta
lion, it may be of greater thickness and more extensive to 
the west of the Stat ion. 

Hydraulic Properties 

Horizontal and vertica l hydraulic conducti vities 
and transmissivities were determined for the Cornwall is 
Cave aq uifer. Slug tests were done at six wells in the 
Comwall is Cave aquifer (tab le 6) . Horizontal hydraulic 
conductivi ties, derived by the Bouwer techn ique ( 1989), 
range from 0.3 to 9 ftld. Transmissivit ies for confined 
aq ui fers were derived by the method described by 
Cooper and others, 1967. Aquifer transmissivi ties based 
on data from three wells range from 20 [0 400 ft2/d. This 
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Table 6. Horizontal hydraulic conductivity and transmissivity 
values for the Cornwallis Cave aquifer, determined from slug 
tests 
(Transmissi\' i,y no' de'ennined for unconfined aquifers. U: for locations of 
ooser\'31ion wells see figure 2J 

Horizontal Transmissivity2 
hydraulic 

Well number conductivity 1 (feet squared 

(feet per day) 
per day) 

58F1OO 4 U 

58F105 5 30 
58Fl tO 9 U 

58Ft 15 9 400 
58Fl20 .4 20 

5805 7 .3 U 

ICalcul:ued by mcthod in Bouwer. 1989 
2Calculaled by mcthod in Cooper and others. 1967. 

method (Cooper and others, 1967) can be used to deter
mine transmissi vities onl y for confi ned aqui fers. Hori
zontal hydrau lic conductivities of the confined aquifers at 
the Station detenn ined by the Bouwer techn ique gener
all y are one-ten th the magnitude of horizontal hydra uli c 
conductivities converted from transmissivities in the 
Cooper technique (George Harlow, U.S. Geological Sur
vey. unpub. data. 1997). Vertical penneameter tests were 
done on 13 samples of the Cornwallis Cave aqui fer (table 
7). Vertical hydraulic conductivities range from 6.2x 10-4 
10 2.4x1 0- t ft/d. 

Yorktown Confining Unit 

The York town confining unit in York County is 
defined by Brockman and Richardson ( 1992) as the silt 
or clay of the Morgarts Beach Member of the Yorktown 
Fonnation. This unit is redefined, at the Slati on, in th is 
report as the si lt or clay of the Morgarts Beach Member 
under the Lackey Plai n at the Station and includi ng the 
overlying silt or clay of Pleistocene age under Croaker 
flat at Ihe Station (fig. 5). At Croaker fl at, units between 
the Morgarts Beach Member and younger Pleistocene 
clays apparently are missing along an angular unconfor
mity (table 3; fig. 5) . Pollen analyses indicate that the 
Morgarts Beach Member is missing locally below 
Croaker flat along the angular unconfonnity surface 
at the Station (tab le 3- wells 58G65, 58G66, 58G75; 
fig. 5). 

Sediments of Ihe Yorktown confin ing unit at the 
Station are recorded in drillers' logs as clay, clayey silt. 
sandy clay, or silty clay with or without some shell hash 
or sand stri ngers. Bulk x-ray mi neralogy of six Shelby
tube samples shows confining uni t sediments from across 
the Station consists of 85 to 97 percent quartz with 1 to 3 
percent ill ite, glauconite, or mica; I percent pyrite; and 
minor amounts of plagioclase and (or) chlorite (U.S. 
Anny Corps of Engineers, Ohio River Div ision Labora
tory, unpub. data, 1996). 

The altitude of the top of the confining unit is hi gh
est in a small area in the nOl1heastern part of the Station, 
at more than 40 ft above sea level and lowest in the 
southwestern part of the Slation, at altitudes be low sea 
level (fig. 13). The max imum thickness of the confini ng 
unil is 36 ft in the northeastern part of the Stalion 
(58G77), and the minimum th ickness is less than 5 ft at 
scattered locations across the Station (fig. 14). As a result 
ofloca l variability and the absence of a basewide trend, 
the thickness of the confining uni t was not contoured. 
Generally the thickness is 14 ft where the Yorktown con
fin ing unit is present. The confining unit is missing along 
the ancestral York River channel. beneath part of the 
eroded Felgates Creek stream valley in the Lackey Plain 
area of the Station, and in IWO isolated areas of apparent 
Pl iocene erosion (fig. 14). 

The Yorktown confining un it impedes the venica l 
fl ow of ground water between the Cortlwa ll is Cave and 
Yorktown- Eastover aquifers under the Lackey Plain at 
the Stalion and between Ihe Columbia and Yorktown
EaSlOver aqu ifers beneath the Croaker flal at the Stat ion. 
Ven ical penneameter tests were done on six samples of 
the Yorktown confi ning unit (table 7). Vertical hydra ulic 
conductivities range from 1.3 x I 0-5 to 7.4x I 0-3 ftld. 

Yorktown-Eastover Aquifer 

For York County, Brockman and Ric hardson 
(1992) defi ned the Yorktown-Eastover aquifer as the 
aqui fer in sandy and shelly sedi menls of the Cobham Bay 
Member of the Eastover Fonnation and the Sunken 
Meadow and Rushmere Members or the Yorktown For
mati on. At the Station, the Yorklown-EaslOver aquifer 
contains these Miocene and Pliocene sediments but also 
includes some sandy sediments of Pleistocene age (fig. 
5). Pleistocene sedi ments in the Yorktown-Eastover aqui 
fer are present along the angular unconformity beneath 
the Croaker flat (table 3). 

24 Geohydrologlc Framework of the Shallow Aquifer System, Navat Weapons Station Yorktown, Yorktown, Virginia 
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Table 7. Vertical hydraulic conductivity values for the Cornwallis Cave aquifer and the underlying Yorktown confining 
unit, determined from vertical permeameter tests 1 

[For locacions of observ31ion wells see figure 2] 

Allitude Vertical hydraulic 
Wen interval Geohydrologlc conductivi ty 

number (feet) unit (feet per day) 

58F99 28.5 '0 27 Cornwallis Cave aquifer 4.8x lO- J 

58F99 16.5 '0 14.5 Cornwallis Cave aquifer 1.6x 10- 1 

58F I03 25.5 <0 24.5 Cornwallis Cave aquifer 6.8x I0- J 

58F I04 39.5 '0 38.5 Cornwallis Cave aquifer 1.Ox IO-2 

58F I09 29.5 '0 28 CornwaUis Cave aquifer 6.2x IO-l 
58F1 13 52.5 '0 50.5 Cornwallis Cave aquifer I.3 xlO- 1 

58F tl 5 3 1.5 '0 29.5 Cornwall is Cave aquifer 9.6xlO- J 

58F li S 2.5 <0 Cornwall is Cave aquifer 2.7xlO- 2 

58F1IS - 3.5 <0 -4.5 Cornwallis Cave aquifer 5. 7x lO- 2 

58Fl19 49.5 <0 47.5 Cornwa llis Cave aquifer 1.2x 10- 1 

58055 41 w 39.5 Cornwallls Cave aquifer 1.9x 1O- 1 

58G55 8 w 6.5 Cornwallis Cave aquifer 2.4xI0- 1 

58G 55 34 <0 32 clay in Cornwall is Cave aquifer 6.8xl 0-2 

58F98 5.S w 3.S Yorktown confining unit 7.4xI 0- J 

58F 103 16.5 w 14.5 Yorktown confining unit I.2 x iO-4 

58F I08 20.5 w 18.5 Yorktown confining unit 4.0x l0-5 

58Ftl3 IS w 13 Yorktown confining unit 1.6x IO-l 
58F l 18 -4.5 w -5.5 Yorktown confining unit 1.3 x 1 0- 5 

5SG55 1 '0 - 1 Yorktown confining unit 1. 2xiO-4 

IVenical penneameter tests conducted by U.S. Army Corps of Engineers. Ohio River Division Laboratory. wriucn 
commun .. 1 996. 

lithology and Extent 

Sedimenls of the Yorktown-Eastover aquifer at the 
Slation are recorded in drillers' logs as very fi ne-grained 
to coarse-grained sand, silly sand, silt, or sandy clay wi th 
or without some conglomerate. shell hash, and clay. Bulk 
x-ray minera logy of 27 Shelby- tube samples shows that 
aq ui fer sediments from across Ihe Station consist of 87 
percent quartz; 8 percent calcite; 1 percent ill ite, glauco
nite, or mica: I percent pyrite; 0.5 percent lepidocrocite; 
and minor amounts of plagioclase, orthoclase, and (or) 
ch lorite. Ankerite was present in one sample (U.S. Anny 
Corps of Engineers. Ohio River Division Laboratory, 
unpub. data, 1996). 

The altitude of the top of the confi ned part of the 
Yorktown-Eastover aqui fer is highest in three isolated 
areas in the eastern part of the Station at more than 20 ft 
above sea level (fig. 15). The lowest altitude of the con
fined aqui fer top is more than lOft below sea level at two 
locations on opposite extremes of the Station- the east
em and southwestern boundaries (fi g. 15). The aquifer 

top is not contoured in the unconfined area of the aquifer 
(fig. 15). In the unconfined area, the water table in sed i
ments correlative with the Yorktown-Eastover aquifer 
(fig. 5) defines the top of the aquifer. The water table of 
the unconfined aqui fer and Ihe potentiometric surface of 
the confined aquifer are contoured in figure t 6. The hi gh
est water level in wells sc reened to the Yorktown
Eastover aqui fe r on February 3, 1997, was more than 60 
ft above sea leve l in the southeastern part of the Station 
(fig. 16). The lowest water levels on this same date were 
less than lOft above sea level near the York River estu
ary. A west-to-east potentiometric high in the Yorktown
Eastover aqu ifer divides the ground-water flow toward 
the York Ri ver from that toward the James River 
(fig. 16). 

In the area adjacent to the Station, seven secondary 
water- level measurements from wells in the Yorktown
Eastover aquifer are shown in figure 17. The secondary 
water level to the west of the Station (weI157FI 4) is 
slight ly higher than the alt ilUde of Ihe water-level 
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contours along the western Sta tion boundary. The appar
ent general direction of grou nd-water flow in the 
Yorktown-Eastover aqui fer is toward the Station from 
we11 57 F14. Secondary water levels to the northwest of 
the Station (wells 57G 101 and 5SGS2) are higher than or 
comparable to the water levels and altitudes of the water
level COlllours along the northwestern Station boundary. 
From the non hwest. the apparent general direction of 
ground-watcr fl ow in the Yorktown-Eastover aquifer is 
toward either the Station or the York River and the tribu
tary drainages. in a direction p:lrnllello ground-water 
flow at the Station. 

Secondary water levels to the southeast (well s 
58F54, 5SF65. 59F72. and 59FSI), are all lower than or 
comparable to the a lt it udes of the waler levels and water
level con tours along the southeastern Station boundary. 
The apparent general direction o f ground-water flow in 
the York town-Easto\'er aquifer from the Station is toward 
either the southeast or the York River and the tributary 
dra inages. in a di rection parallel to ground-watcr fl ow at 
the Station. Water-l evel contours for the Yorktown
Eastover aq uifer at the Station indicate the presence of 
another loca l high or ground-water divide a long the 
southeastern Stat ion boundary between wells 5SFI 05 and 
5SFl14 (figs. 2 and 16), in addition to the York-James 
ground-water divide. Along thi s part of the Station 
boundary, ground-water flow in the Yorktown-Eastover 
aqui fer is apparently directed radially outward- west. 
northwest. and north toward the Station and east and 
southeast toward the adjacent area. 

The maximum thickness of the aqui fer is more 
than 100 fi at two isolated locations in the northeastern 
part of the Stat ion (fig. 18). The mi nimum thickness is 
less than 60 ft through the central part of the Station (fig. 
IS). The aq uifer extends across the entire Station and 
generall y is confined except along the eroded Fclgates 
Creek stream valley and eroded stream valleys of the 
Croaker fl at in the nonheast (fig. t 8). 

Locally in the southeastern and eastern parts of the 
Station, an additional clay uni t is present in the middle of 
the Yorktown-Eastover aquifer. This clay unit is present 
at we1l5SFI54 and test wells 5SFI02, 58FI07. 5SF112, 
and 58F 117. The mid-Yorktown-Eastover clay possibly 
is pan of the Eastover Fomlat ion (c. Richard Berquist, 
oral commun., 1997). Lenses of this clay can be identi
fied from geophysical-log deflcctions at test wells 5SF50, 
58F61, 59FSO, and 59F71 (pI. I, section 0 - 0'). Water 
levels in we ll s screened above (5SF99, 58FI 04, 5SFI09, 
and 58F114) and below (58F98, 58F I 03, 58FI 08, and 

58F1 13) this clay generally do not exh ibit significant di f
fere nces (table 2). The un it apparentl y has little effect on 
ground-water flow in the Yorktown-Eastover aq uifer. 

Hydraulic Properties 

Horizontal and venical hydraul ic conducti vities 
were detcrmined for the Yorktown-Eastover aquifer. Slug 
tests were done at IS we lls in thc Yorktown-Eastover 
aqu ifer (table 8). Horizontal hydraulic conductivi ti es. 
derived in accordance with the Bou wer technique ( 1989), 
range from 0.004 10 3 ftld. Transmiss i v i t ic~ (Cuur.x;r aud 
others. 1967) from 10 well s range from 0.5 to 40 ft2/d. 
Venieal penneameter tests were done on 27 samples of 
thc Yorktown-Eastover aquifer (table 9). Vertical hydrau
lic conduc ti vities of sands in the Yorktown-Eastover 
aqu ifer range from I. 7x I 0- 5 to 4.8x I 0- 1 ft/d. Vertical 
hydraulic conductivities of clays in the aquifer range 
from 4.0x I 0-6 to 1.3x 10- 3 ftld. 

Table 8. Horizontal hydraulic conductivity and transmissivity 
values for the Yorktown-Eastover aquifer, determined from 
slug tests 

[Tn.n5lTliss ivily nol dclaminal for unconfined aqui fers. U; Ir:msmissh il)' 
could 11(11 be dctCTltlined from :!\'111Iablc doll:!. I; unavailable data. --- ; for 
locations of obscn'ation well s Ii« figure 2J 

Horizontal 

Well number 
hydraul ic 

conductivity' 
(feet per day) 

58F70 .3m 
S8F79 .1 (3) 

58F98 .05 

58F99 .5 
58F lO3 .08 

58FI04 .2 

58FI08 .03 

58Fl09 J 

58F\ \3 .02 

58F114 2 

58F 11 8 .02 

58FI 19 .4 

58048 .03(3) 

580 50 .004 

58G5 1 .3 

Transmissivi ty2 
(feet s quared 

per day) 

4 

20 
6 
4 

.5 

6 

.9 

4 

I 

40 

u 
u 

!Calculated by method in Bouwer. 1989. 
2Calculated by method in Cooper and Olhers. 1 %7. 

l Roundcd to one signifi cant figure from Baker Environmental. 
Inc., and Roy F. WeslOn. Inc .• 1993. 
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Table 9. Vertical hydraulic conductivity values for the Yorktown-Eastover aquifer and the underlying Eastover-Calvert 
confining unit, determined from vertical permeameter tests' 

(For locations of observation wells see figure 2] 

Altitude Vertical hydraulic 
Well interval Geohydrologlc conductivity 

number (feet) unit (feet per day) 

58 F98 - 36.5 '0 - 38.5 Yorktown-Eastover aquifcr 7.l x I0-1 

58F103 -2.5 '0 -4 Yorktown-Eastover aquifer 1.7x1 0-3 

58FiOJ - 37.5 '0 - 38 .5 Yorktown-Eastover aquifer 4.3)( 10-3 

58F108 4.5 '0 2.5 Yorktown-Eastover aquifer 7.1 x 10- 3 

58F 108 - 36.5 '0 - 38.5 Yorktown-Eastover aquifer 9.9x lO-4 
58FI13 - 32 to - 34 Yorktown-Eastover aquifer 1. 7x 10- 5 

58F I 14 - 2 w - 3 Yorktown-Eastover aquifcr I .Ox I0- 2 

58FI18 - 23.5 '0 - 24.5 Yorktown-Eastover aquifcr 6.2x [0- 2 

58FIl8 -43.5 '0 -45 Yorktown-Eastover aquifcr 1.9x I 0- 2 

58F I1 8 - 53.5 to -54.5 Yorktown- Eastover aquifer I.3x10-3 

58050 12.5 '0 11.5 Yorktown-Eastover aquifcr 4.8xI0--
58G50 3.5 '0 1.5 Yorktown-Eastover aquifer 4.5x lO-1 

58G50 - 23.5 '0 - 25 Yorktown-Eastover aquifer I.I x1 0-3 

58050 - 38.5 '0 -40 Yorktown-Eastover aquifer 2.0x lO-2 

58G50 -48.5 w - 50 Yorktown-Eastover aquifer 6.8x 10- 3 

58G50 - 66.5 w - 68.5 Yorktown-Eastover aquifer 1.1 x 10-3 

58051 16.5 '0 15 Yorktown-Eastover aquifer 1.8x I0- 3 

58G51 - 2.5 '0 -4.5 Yorktown-Eastover aquifer 8.8x 10- 1 

58055 - 51 '0 -53 Yorktown-Eastover aquifer 6.0x 10-' 
5SG55 - 14 '0 - '6 Yorktown-Eastover aquifer 1.8xI 0- 2 

5SG55 - 36 '0 - 38 Yorktown-Eastover aquifer 2.5x I0-' 
5SG61 -40.5 w --41 .5 Yorktown-Eastover aquifer 7.4x I0-4 

58062 -40 '0 -42 Yorktown-Eastover aquifcr 3.7>< 10-2 

58F98 --47.5 '0 - 49.5 clay in Yorktown-Eastover aquifer I.]x10-3 

58FI03 - 14.5 to - 16 clay in Yorktown-Eastover aquifer 4.0xI 0-6 
58FI08 - 7.5 '0 - 9 clay in Yorktown-Eastover aquifer 2.0><10- 5 

58FI13 - \4 '0 - 16 clay in Yorktown-Eastover aquifer l.4xI 0- 5 

58FI02 - 92.5 '0 - 94.5 Eastovcr-Calven confining uni t 8. 5xI0- 5 

58F103 -46.5 '0 - 48.5 Eastover-Cah'cn confining unit 1.2,,- 10-4 
58 FI 12 --<i4.5 '0 - 66.5 Eastover-Calvert confining unit 4.5xI0- 5 

5SF I 17 --07 '0 -69 Eastover-Calvert confining unit 1.7x 1 0-' 
58Fl22 -78.5 '0 - 80.5 Eastover-Calvert confining unit 6.0x 10-6 
58 FI24 - 9 1.5 '0 - 93.5 Eastover-Calvert confining unit 3.7xI0-4 
58054 - 105.5 w - 107.5 Eastover-Cal\'ert confining unit 3.4,,- 10- 5 

58G59 - 7\ '0 - 73 Eastover-Calvert confining unit 4 .8,,- !0-5 
58060 - 85.5 '0 - 87.5 Eastover-Calvert confining unit 1.9x10-4 
58061 - 90.5 to - 92.6 Eastover-Calvert confining unit 2.3x I0- 5 

58062 - 90 '0 -92 Eastover-Calvert confining unit 4 .3,,-10-4 

I Vertical permeamcter tests conducted by U.S. Army Corps of Engineers, Ohio Ri ver Division Laboratory, unpub. data. 1996. 
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Eastover-Calvert Confining Unit 

The Eastover-Calvert confining unit at the Station 
is defined in Brockman and Richardson (1992) as fo l
lows: The si lt. clay. and fine-grained sand sediments of 
the Calvert and S1. Marys Fonnations and the Claremont 
Manor Member of the Eastover Fonnat ion. Clayey si lt. 
silty clay, sandy clay. some sand lenses, and some shell 
hash a lso are common in th is unit at the Stat ion. The top 
of the Eastover-Calvert confin ing un it defines the base of 
the shallow aquifer system at the Station. Bulk x-ray 
mineralogy of II ShelbY-lUbe samples shows that confi n
ing un it sediments from across the Station consist of90 
percent quartz; 1.5 percenl illite. glauconite. or mica; I 
percent py rite; and minor amounts of calcite, plagioclase, 
orthoclase, ch lorite, and (or) lepidocrocite (U.S. Anny 
Corps of Engi neers. Ohio River Di vision Laboratory. 
unpub. data. 1996). 

The a lt itude of the top of the confi ning unit is high
est (40 ft below sea level) along a rise trending northwest 
from the southern ti p of the Station toward the western 
watershed of Felgates Creek (fig. 19). The lowest a ltitude 
for the confining unit top is more than 80 ft below sea 
leve l a long the York River estuary (fig. 19). The maxi
mum confining unit thickness is more than 166 ft at the 
eastern Station boundary (58 F I 02); and the minimum 
thickness is 140 ft at the south western boundary 
(58F I60. table 2) . The confining unit thi ckness was not 
contoured as a resu lt of sparse data. but the unit generally 
is more than ISO ft thick across the Station (table 2). The 
confining unit is present th roughoulthe Stati on. 

The EastOver-Calvert confini ng unit im pedes the 
vertical flow of ground water between the Yorktown
Eastover and deeper Coastal Plain aqu ifers at the Station, 
as vertical hydraulic conductivities indicate. Vert ical per
meameter tests were done on II samples of the Eastover
Calvert confining unit (table 9) . Vertical hydrau li c con
ducti vities range from 6.0x I 0-6 ftld to 4.3 x I 0-4 ftld. 

Conceptualized Ground-Water Flow 

Maps and geohydrologic framework diagrams pro
vide a detailed description of the separate components of 
the ground-water-flow system at the Naval Weapons Sta
tion Yorktown, but a knowledge of water fluctuation 
through time and the interaction between the system 
components arc essenti al to understanding the geohydrol
ogy of a dynamic system. This section presents a descrip-

tion of ground-water fluctuation followed by an 
interpretation of the aggregated sha llow ground-water
flow system at the Stat ion. 

Ground-Water Fluctuation 

Hydrologic condi tions affecting water- leve l fluctu
ations al the Station include variations in rain fa ll and 
evapotranspirat ion, geohydrologic setting. tida l fl uctua
tion, and human acti vi ty. The relation between rainfall 
and rising ground-water levcls is complex because of 
rainfall-re lated factors. such as intensi ty. duration, sur
face runoff, soil moisture, vertical percolat ion rate, baro
metric pressure changes, and air entrapment pressure. 
Ri sing water level in a well duri ng and fo llowing rai nfall 
events results from a combination of these factors . as fur
ther explained in Freeze and Cherry ( 1979) and Todd 
( 1980). 

Evapotranspirat ion is a mode of ground-water dis
charge 10 the atmosphere that causes decl ines in water 
levels (Todd, 1980). Evapotranspirat ion components are 
evaporation and plant transpi ration. both of which are 
driven by temperature and sunlight. The evapotranspi ra
tion process fo llows diurnal and seasonal cycles resu lting 
from diurnal and seasonal changes in tempcrature and 
plant growth (Todd. 1980). 

The geohydrologic sett ing within the ground
water-flow system at the Stat ion is an important fac tor in 
the altitude and fluctuations of water levels. Conti nuous 
monitoring of water level s not only provides in formati on 
on the magnitude of ground- water fl uctuations, but il is 
an integral process in the deli neation of geohydroJogic 
units . Analysis of water-level data at well cl usters across 
the Station (fig. 20) and defin ition of the geohydrologic 
un its indicates that two primary geohydrologic settings 
typical ly occur at the Station: (I) recharge areas where 
sedi ments of the Columbia, Cornwall is Cave, and 
Yorktown-Eastover aquifers are saturated, and (2) dis
charge areas where sediments of the Columbia aquifer 
are unsaturated. but sediments of the Cornwallis Cave 
and Yorktown-Eastover aqui fers are saturated. The Corn
walli s Cave aquifer may not be present in either o f these 
settings, where it is missing a long an unconfoml ity 
beneath Croaker flat. 

Primary recharge areas, scattered about at higher 
e levations of the Station and across Croaker flat, are 
characterized by saturated sediments in the Colum bia and 
Yorktown-Eastover aquifers, and where present, the 
Cornwallis Cave aquifer. The Columbia aqu ifer is uncon
fined, but the Cornwall is Cave and Yorktown-Eastover 
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aquifers genera lly are under confined conditions. Water
level fl uctuations are pronounced in the Columbia aq ui fe r 
and become progress ive ly more subdued in the deeper 
aqui fers (fig. 21). The large rises in water levels in the 
Columbia aqui fe r welts (58F I 06 and 58F 121) duri ng the 
late summer and early autumn months probably arc more 
a response to air ent rapment pressures in the unsaturated 
zone than to actual recharge events (Freeze and Cherry, 
1979; Todd, 1980). The sl ight differences in water- level 
alti tudes in the York town-Eastover aquifer welts 
(58FI03, 5SF I 04 , 5SFII8. and 58FII 9) indicate thm the 
horizontal component of flow within this aquifer proba
bly is greater than the vertical componenl. 

Vertical hcad gradients between aquifers arc gener
alty high in recharge areas and ground-water flow is 
directed downward; for example, the vertical head gradi
ents between the aq ui fers arc downward at both clusters I 
and E (fig. 21). The vertical gradient is greater at cluster J 

than at cluster E. Cluster I is located at or near a ground
water di vide (recharge arca), whereas cluster E is located 
in a selling further downgradicnt. 

Ground-water temperature fluctuations tend to fol
low the same pattern as water-level fluctuations. Dai ly 
mean water temperatures, measured by down-hole sen
sors, in welts in the Columbia aquifer are more season
ally influenced (greater variation) than those in the 
deeper aqu ifers. Water temperature in the Columbia aqu i
fer is highest in the la te autumn and early winter months; 
whereas slightly higher temperatures in the deeper aqui
fers generally occur in the late winter and cady spring 
months. This apparent seasonal lag probably is a reflec
tion of the slow downward transfer of heat in the earth 
and in ground water. 

In discharge areas al lhe Station , the sediments of 
the Columbia aquifer are unsaturated. the unsaturated 
zone is generally thick, the Cornwa ll is Cave aquifer is 
saturated and unconfined, and the Yorktown-Eastover 
aquifer is under confined conditions. In discharge areas 
beneath the Croaker flat. the Columbia aquifer sediments 
are unsaturated, the Cornwallis Cave aquifer is mi ssing, 
and the Yorktown-Eastover aq ui fer is saturated and 
unconfined. WaICr-level fluctuations in the unconfined 
Cornwallis Cavc aq uifer (58Fl 00 and 58F I 10) generally 
are not as pronounced as in recharge setti ngs (fig. 22). 

Vertical head gradients between aqui fers are gener
all y low in discharge areas and ground-water flow direc
tion can be either downward or upward. Ground-water 
flow is directed toward the discharge areas (seeps, 
springs, streams, and estuaries); fo r example, the vertical 

head gradient is downward at cluster 8 (fig. 22A), in a 
discharge area adjacent to the York Ri ver. The vertical 
head gradient is upward at cluster G (fig. 228). in a dis
charge area adjacent to a tributary of Felgates Creek. The 
di rection of the venical gradient probably is a fu nc tion of 
the relati ve position of the ground-water-d ischarge point 
or area to the gcneral geometry of the ground-wa tcr-flow 
system at a specific location. Numerica l mode ling cou ld 
be used to indicate the nature of the relation between ver
tical gradients and discharge areas at the Stal ion. Varia
tions in ground-water temperature genera ll y are less than 
1°C; but, unlike the areas where the Colu mbia aquifer is 
saturated. the maxim um water tempera lUres occur in the 
late winter and early spri ng months (fig. 22). 

A unique di scharge selling is present where the 
Yorktown-Eastovcr aquifer is unconfined and both the 
Columbia and Connvall is Cave aqu ifers are Illi ssing 
along the York River (figs. 15, 16, and 18. wells 58G50 
through 58G54). Similar water-level altilUdes. response 
to rainfall events. and seasonal fluc tuations in wells 
58G50. 58G51, and 58G52 indicate that the cntire shal
low aq uifer system is connected and acts as an extremel y 
thick unconfined aquifer (fig. 23). General ly uni foml ver
tical hydraulic conductivities throughout this unit (we ll s 
58G50 and 58G51. table 9) support th is conclusion. Th is 
unique sClling is comparable to the York County shallow 
aquifer system (undivided) unit described in Brockman 
and Richardson (1992. p. 9). Variations in ground-water 
temperature genera ll y are less than JOe. The occurrence 
of minimum and maxim um water temperatures in the 
deeper parts of the aquifer tends to lag behind the shal
lower parts by approximatel y 3 to 4 mon ths. 

Semi diumal ti des in the York Ri ver estuary induce 
nearshore fl uctuation in ground-water levels at the Sta
tion. Tidal osc illations. which are in response to estuarine 
loading of the overlying geohydrologic units during tidal 
surges at the surface (Todd, 1980. p. 245). only were 
recorded in wells completed in the Yorktown-Eastover 
aquifer (58F98. 58F99, and 58G5l). Typical water-level 
fluctuations in response to tidal oscillat ions fo r wells 
58F98, 58F99, and 5SG5 I are shown in figure 24. Fl uctu
ation of ground-water levels in response to tides di min
ishes with distance in land at the Station, and no tidal 
fl uctuation is observed al the other USGS wcll c lusters 
on the Station. 

No anthropogenic stresses such as those caused by 
pumped wells, injection wells, or other recharge sources 
(l ike leak ing structures) are curren tly known at the Sta
tion or in the immediate vicin ity. The introduction of 

Conceptualized Ground-Water Flow 37 



85 
80 

75 

70 

65 

60 

55 
w'" 

GAPS INDICATE MISSING DATA 

58Fl06 (E4) 
Columbia aquifer 

5BF105 (E3) 
~ Cornwallis Cave aqUiler'-y 

- -----..r---r--~ 
58Fl03 (Ef ) / 
Yorktown-Eastover aquifer 

(A) CLUSTER E 

~ 58F104 (E2) 
Yorktown-Eastover aquifer 

~~ 18 
z I-~ GAPS INDICATE MISSING DATA 
<{~w 
w w U 16 
:>"-'" >- :> w 
~ ww 

~~~ 
14 

wW 
>- 0 
«z ;,-

12 

90 

85 
80 

75 

70 

65 

60 

18 

16 

14 

12 

-==:::= ~ ~8F:6>=== 
M A M J J A S 0 N 0 J F M A M 

1996 1997 

GAPS INDICATE M ISSING DATA (8) CLUSTER I 
58F121 (14) 
Columbia aquifer 

~~~~ 

58F119 (12) 
Yorktown-Eastover aquifer -------- \~--
-----~-- -. 

58FI18(ll ) 
Yorktown-Eastover aquifer 

/' ~,,- ...... ~-
/ -- -

GAPS INDICATE MISSING DATA 

M A M J J 

~ / 58FI20 (13) 

=---",OC 58F1::>:-----
A s o N o 

1996 
J F M 

1997 
A M 

Figure 21. Water levels and daily mean water temperatures al well clusters E (A) and 
I (8) , Naval Weapons Station Yorktown. 

38 Geohydrologic Framework of the Shallow Aquifer System. Naval Weapons Station Yorktown, V;:>rktown, Virginia 



20 

18 

16 

14 

12 

10 

8 

15.5 

15.0 

14.5 

42 

. ~ 40 
Ww 0 > 
=>w 
t-~ 38 
5~ 
«'" 
~w w> 36 >0 
W ", 
-1« 
CO t-

34 ww 
~~ 
;<;:; 

32 

30 

ui", 
co=> 17.0 => -

Zl-~ ««w wffiu 
,,"-'" >-"w 165 
~ww 

~~~ Ww 
t- 0 

16.0 «z ;<-

GAPS INDICATE MISSING OATA (A) CLUSTER B 

-----------~--"'<~8F100IT- ~ 
Cornwallis Cave aquifer 

58F99 (82) 
Yorktown-Eastover aquifer ~ 

~ " .. '-....... .......:~J-_"'"""..."...""""--
58F98 (BT) 
Yor1ltown-Eastover aquifer 

GAPS INDICATE MISSING DATA 
58F99 (82)" ........ ) 

~~-------~~---------.~ 
""" 58FT 00 (83) 

J F M A M J J A s o N D J F M A M 
1996 1997 

GAPS INDICATE MISSING DATA (8) CLUSTER G 

58Fl09 (G2) 
Yorktown-Eastover aquifer \ 

""" 58F l 08 (Gl) 
Yorktown-Eastover aquifer 

58F1101Gr~ 
Cornwallis Cave aquifer 

GAPS INDICATE MISSING DATA 

! 
!------,i 

M A M J J 
1996 

A 

58Fl09 (G2) 

I L 

\ 58F110 IG3)7 

SON 0 J F M 
1997 

A M 

Figure 22. Water levels and daily mean water temperatures at well clusters B (Al and 
G (8), Naval Weapons Station Yorktown. 

Conceptualized Ground-Water Flow 39 



4.5 

GAPS INDICATE MISSING DATA 
CLUSTER F 

4.0 
. ~ 

WW Q> 
=> w 58G52 (F3) >- ~ 
-< 
':;w 3.5 

Yorktown-Eastover aquifer 

<'" 
~ w w> 
>0 
W '" 0'< 3.0 ">-ww 
>-w 
<~ 
;o z 

2.5 ~58G50 (Fl) 
Yorktown-Eastover aquifer 

2.0 

ui", 16.0 
" => => - GAPS INDICATE MISSING DATA 

z ~~ 
<"w 

58G52 (F3) __ ww" 
:>0.'" >:>w 15.5 
~w w - >- a: 

SaGS1 (F2) i3a:(!} 
WW 
>- 0 
<z 
;0- 15.0 

F M A M J J A S 0 N 0 J F M A M 

1996 1997 

Figure 23. Water levels and daily mean water temperatures at well duster F, Naval Weapons Station Yorktown. 

such stresses at the Station or in the adjacent area could 
result in future changes in ground-water fluctuation and 
thus changes in ground-water gradients. 

Ground-Water-Flow System 

The shallow ground-water-ftow system al the Sta
tion consists of the Columbia, Cornwall is Cave, and 
Yorktown-Eastover aquifers (fig. 25). The system is 
recharged direct ly by rainfall or indirectly from rainfall 
by leakage through the Cornwallis Cave and Yorktown 
confi ning units . Preli minary results of young ages (30 
years or less) from ground-water da ting at the Station in 
early 1997 indicate that most of the recharge originates 
from either the Station or the nearby adjacent area (David 
Nelms, U.S. Geological Survey, unpub. data, 1997). 
Some of lhe ground water is recharged on higher terraces 

to the northwest, flowing lens of miles before reaching 
the Station vicini ty (Laczn iak and Meng, 1988). The sys
tem discharges to the York River and the James Rive r 
estuaries and their tributaries. 

Columbia Aquifer 

The Columbia aqui fer extent generally is cOnl igu
ous to the recharge area ex tent at the Station. The Col um
bia aquifer is divided into disconlinuous pods or lenses 
scattered about the higher elevat ions of the Sta tion and 
across the Croaker flat, along stream di vides (sections, 
pI. I). Many of the Columbia aqu ifer pods are assumed to 
be in hydraulic contact with upland wet land areas , which 
appear to fl uctuate in size in response to ra in fall and 
evapotranspiration ratc. 
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58F99 (A) and in well 58G51 (8 ) at the Naval Weapons Station Yorktown. 

Vertical hydraulic conductivities in the two upper 
confining uni ts range from a low of 1.3 x I 0-5 ftld in the 
Yorktown confin ing uni t to a high of 1.4xl 0-2 ftld in the 
Cornwallis Cave confining unit (tables 5 and 7). Vertical 
hydraulic conductivities for sands in all of the aquifers 
are comparable in range to those of the confining units, 

from a low of 1.7x l0-5 ftld in the Yorktown-Eastover 
aquifer to a high of 4.8 x 1 0- 1 ftld in the same aquifer 
(table 9). Compounded with the similarity in vertical 
hydraulic conductivities between the aquifers and the 
upper confining units are limited confining-unit thick
nesses (generally 8 ft for the Cornwallis Cave confining 
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unit and 14 ft for the Yorktown confining unit). There
fore, both confining units are genera lly leaky. The 
Cornwal lis Cave confining uni t at the Station serves as a 
min imal vertical barrier between the Co lumbia and 
underlyi ng Cornwall is Cave aquifers. 

Water may temporarily become perched above the 
Cornwallis Cave confining unit in Columbia sed iments 
beyond the Columbia aquifer limi ts shown in figures 6 
and 7, but this water rapid ly dissipates through evapo
transpiration or downward leakage. Water levels in the 
Cul umbia a4ui fer nut:tuate vert it:all y (fig. 2 1) and lawr
ally in response to recharge. evapotranspirm ion. and 
downward leakage through the underl ying Cornwallis 
Cave confining unit. Although some lateral grou nd-water 
flow in the Columbia aquifer radi ates Oluward from the 
interior of each pod (fig. 6), the dominant direction of 
flow is downward through intervening confining units, 
recharging the underlying Cornwallis Cave and 
Yorktown-Eastover aquifers. The Columbia aquifer gen
era lly does not discharge to springs at the Station. 

Cornwallis Cave Aquifer 

The Cornwall is Cave aquifer receives recharge as 
leakage through the Cornwall is Cave confining un it at 
elevated areas between stream valleys and adjacent 
slopes of the Station. This recharge originates e ither from 
the Col umbia aqui fer or from rainfall percolating down
ward outside the boundaries of the Col umbia aquifer. The 
Cornwallis Cave aquifer generally is confined beneath 
elevated areas between stream valleys and unconfi ned 
along adjacent slopes and in the valleys. Water levels in 
the unconfined aquifer fluctuate vert ically and laterally in 
response to recharge, evapotranspirat ion, and downward 
leakage through the underlying Yorktown confining unit. 
Ground water flows through the Cornwall is Cave aquifer 
to d ischarge directly to seeps, springs, stream valleys, 
and estuaries . Most of the springs identified al the Station 
during this study emanate from the Cornwallis Cave 
aquifer. The lateral compone nt of ground-water flow in 
the Cornwallis Cave aq ui fer is d irected from e levated 
illlerstream areas to the nearby minor or major stream 
valleys (fig. II; we ll s 59F63 and 59F73, table 2). The 
potentiometric high across the south cenlral part of the 
Station (fig. 11) divides ground-water flowing toward the 
York and James Rivers. 

Some ground water flows downward through the 
less penneable Yorktown confi ni ng unit into the underly
ing Yorktown-Eastover aquifer. The Yorktown confining 
unit generally is less penneable than the Cornwa llis Cave 

confining unit (tables 7 and 5, respect ively) . The York
town confining un it across (he Lackey Pla in at (he Station 
serves as a more substant ial verti ca l barrier between the 
Cornwal lis Cave and underlying Yorktown-Eastover 
aqu ifers than the upper confining unit. The Yorktown 
confini ng unit is infe rred to be of higher penneability and 
less of a barrier under the Croaker flat, where sed iment 
reworking during the Pleistocene Epoch may have 
resulted in increased penneability. 

Yorktown-Eastover Aquifer 

The Yorktown-Eastover aquifer rece ives recharge 
as leakage th rough the Yorktown confi ning unit. Th is 
recharge originates from (1) the Cornwallis Cave aquifer 
across the Lackey Plain at the Station, (2) the Columbia 
aquifer below the Croaker flat. or (3) rainfall percolat ing 
downward outside the Columbia aquifer bou ndaries at 
the Croaker flat. The YorklOwn-Eastover aquifer is gen
erally confined across most of the Station. but unconfi ned 
along part of Felgates Creek and in stream va lleys and 
along adjacent slopes in Croaker flat. The unconfined 
areas fluctuate vel1icall y and laterally in response to 
recharge and evapotranspiration . Ground water flows 
through the Yorktown- Eastover aqu ifer to discharge 
di rectly to stream valleys and estuaries. Because the lOp 
crop line o f the aqui fer is close to sea level, no seeps or 
springs could be definitely identifi ed as emanating from 
the York town-Eastover aquifer during field reconnais
sance for this study. The lateral component of ground
water flow in the Yorktown-Eastover aqui fer fo llows a 
pattern simi lar to the overlying Cornwall is Cave aquife r, 
except the potentiometric highs in the Yorktown
Eastover aqui fer are slightly offset to the south along 
part of the York-James ground-water d ivide (figs. I I and 
16). Lateral ground-water flow is from the major poten ti
ometric highs between streams toward the major stream 
valleys (figs. 16 and 17). 

The underlyi ng Eastover-Cal vert confi ning unit 
effectively isolates the Yorktown-Eastover aquifer from 
deeper ground-water-flow systems as evidenced by low 
penneability (table 9) and great thickness (table 2, sec
tions, pI. I). A small amount o f water is able to flow 
down through the tight, thick Eastover-Calvert confi ning 
uni t in the Station vicinity (Laczniak and Meng, 1988), 
but this amount is estimated to be small compared to the 
total water in the shallow ground-water system. 
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STUDY IMPLICATIONS FOR REMEDIATION 
ACTIVITIES 

The four principal findings of this study are as fol 
lows: (I) The shallow aq ui fer system at the Naval Weap
ons Station Yorktown is divided inlo three aquifers and 
two leaky confining units across the Lackey Plain, bm 
only two shallow aquifers and onc leaky confining unit 
are present under the Croaker flat ; (2) the base of the 
shallow aquifer system is a ISO-ft thick. low penneability 
con fining unit ranging in ahilude from approximately 40 
1080 ft below sea leve l-effectively isolating the system 
from deeper aquifers: (3) ground water flows downward 
from the Columbia aquifer (rec harge area) through the 
underl yi ng confining un it and then through the Cornwal
lis Cave and Yorktown-Eastover aquifers toward the 
stream valleys and estuaries (discharge areas): and (4) a 
ground-water di vide trends west to east across the south 
cen tral Station from which ground- water flow is either 
generall y nonh toward the York Ri ver estuary or south 
toward the James Ri ver estuary. These findings can be 
used to design monitor networks on we ll s and streams. to 
provide guidance for design depths for remediation of 
pOIential grou nd-water contaminants, to identify general 
grou nd-water-flow directions and rates on or off Station 
propeny, and to guide the design of numerical ground
water-flow models of the shallow aqui fer system at the 
Station. 

Knowledge that ground water at the Station gener
ally flows from elevated areas between stream valleys to 
adjacent st rea m valleys and estuaries will be fundamen
tally usefu l in siting wells to monitor con tami nation and 
background cond iti ons at remediation-study si tes and in 
projecting offsite effects. The number of monitor wells 
could be optimi zed by se lecting common background 
(upgradicnt) well sites for multiple closely spaced reme
diation sites. By ident ifying nearby discharge areas. si te 
investigators can supplement down grad ien t wells with 
spring or stream 5.1mpling sites and reduce site construc
tion costs. 

The number, depth. and thicknesses of shallow 
aquirers. as described o n maps and diagrams in this 
repon. can be used to detennine well locations. well
screen lengths. protective casing depths, and the number 
of wells nccded per cluster to discern Significant differ
ences in the venica l water-quality p rofi le at a remediation 
study site. Through an understanding of the geohydro
logic framework and careful screen and casing emplace
ment, shon c ircuiting of the natural ven ical ground-water 
profile from cross screening of multi pic aquifers can be 

avoided. In addition. knowledge of the depth to the near
est underlying confining unit at each remediation st udy 
site can be used to des ign monitori ng wells for detecting 
dense nonaqueous phase liquids that migrate to the bot-
10m of aquifers. If deep contamination is identified, 
depths to confining units are needed to design the venical 
extent of remediation techniques. 

The geohydrologic data in this repon can be used 
to estimate the average linear velocity of the ground 
water with the following equation (modified from 
Lohman , 1979, p. 10): 

v = 

where 

_Kdh 
df 

-0-

v "" average linear velocity (Uf). 
K "" horizontal hydr:mlic conductivity ( Lrr) (see 

(I) 

dl tables 4, 6, and 8), 
--.!. = hydraulic gradient. or unit change in water level per unit 
dl length of Row (from fig s. 6. II. or 17). and 
9 = effective porosity. as a decimal fraction (0.43 for fine 

grained sand- Todd. 1980. p. 28). 

Infonnatio n included in this repon regarding the 
direction and rate of ground-water flow across the Station 
boundaries can assist envirolllllental managers in assess· 
ing the potent ial areal effects from contamination 
releases occuri ng on either Station propeny or adjacent 
areas. Knowledge of ground-water-flow direction is 
essentia l in remcdiat ion studies fo r ident ifying ambient 
ground-water quality at the Station as a benchmark for 
remediation goals at contami nated sites . If a contamina
tion release occurs along one o f the heavily used trans
portation corridors adjacent to the Station, environmental 
managers also can usc the results of this s lUdy to deter
mine ground-watcr-ftow rates and now direction and to 
identify impactcd areas and adverse effects on ambient 
we lls or remediation slUdy sites. 

Thc infonnation in this repon can be used to 
design numerical ground-water-flow models. which yield 
a more rigorous anal ysis of ground-watcr-ftow di rect ion 
and rate than can be achieved using geohydrologic 
fromcwork data a lone. In combination with solute trans
pon modeling. ground-water-flow models can be used to 
estimate thc direc tion and velocity of plume movement 
and the potential effec ti veness of various remediation 
stratcgies (M aidment. 1993). Among a few of the reme
diation strategies under consideration at the Station that 
could be eva luated usi ng numerical models are conven
tional pump-and-treat technologies. bioremedia(ion 
(intrinsic or acti ve) . and long-tenn monitoring. 
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SUMMARY 

In cooperation with the Naval Weapons Station 
Yorktown the USGS began a study of the shallow aquifer 
system at the 10,624-acre Station installation in York
town, Va., in 1995. This repan (1) defi nes the geohydro
logic framework fo r the shallow aquifer system, (2) 
determines the hydraulic properties of the geohydrologic 
units, and (3) presents a conceptualization of the ground
water-flow system. 

The shallow aquifer system stratigraphy at the Sta
tion consists of nine formally named geologic forma
tions, which range in age from early Miocene to latc 
Pleistocene, and deposits of Holocene age. Older shall ow 
sediments in the vicinity of the Station were deposited on 
a shallow shel f near the western edge of a deep Eocene 
bol ide impact crater. Younger shall ow sediments at the 
Station were deposited in estuaries and rivers . 

The geohydroiogic framework of the shallow aqui
fe r system at the Station consists of six uni ts: (I) the 
Columbia aquifer, (2) the Cornwa llis Cave confi ning 
unit, (3) the Cornwallis Cave aqu ifer, (4) the Yorktown 
confining unit, (5) the Yorktown-Eastover aquifer, and 
(6) the Eastover-Calvert confining unit as shown in maps 
and diagrams throughout this report . The Col umbia aqui 
fe r is unconfi ned and the Cornwall is Cave and Yorktown
Eastover aquife rs are confined in some areas of the Sta
tion and unconfined in others . The aqu ifer sediments pre
dominantly contain quartz in a ll of the aquifers, and a 
lesser amount of calcite in the lower two aquifers. Other 
constituents include illite, glaucon ite, or mica; pyrite, and 
lepidocrocite having sparse amounts of other minerals. 
Kaoli nite is consp icuously missing from both the aquifer 
and confining unit sediments sam pled at the Station. Hor
izontal hydraulic conductivities range from a low of 
0 .004 ftld in the Yorktown-Eastover aquifer to a high of 
9 ftld in the Cornwall is Cave aquifer. Vertical hydraulic 
conductivities for sands in all of the aquifers are compa
rable in range to the upper two confining units, from 
1.7xlO- 5 ftld in the Yorktown- Eastover aquifer to 
4 .8xI0- 1 ftld in the same aqui fer. Pollen analyses and 
low topographic elevation indicate that the Cornwall is 
Cave aqui fer has been eroded along an unconfonuity sur
face and is missing below much of the northeastern part 
of the Station. 

The Cornwall is Cave and Yorktown confi ni ng 
units are thin (generally 8 to 14 ft in thickness), but the 
Eastover-Calvert confining unit is thick ( 140 to more 
than 166 ft in thick ness) at the Station. The top of the 
Eastover-Ca lvert confining unit (from 40 to less than 

80 ft below sea level) defines the base of the sha llow
aquifer system. The confining-un it sediments predomi
nantly contain quartz and minor amounts of ill ite, gla uco
ni te, or mica with pyri te. Verti cal hydraul ic 
conductivities fo r the upper two confining units range 
from a low of 1.3x 10-5 It'd in the Yorktown confining 
unit to a high of l.4x I 0- 2 ftld in the Cornwallis Cave 
confining unit. The vertical hydraulic conduct ivities of 
the Eastover-Calvert confini ng unit range from 6.0x 1 0- 6 

to 4.3x I 0-4 ftld. The upper two confining un its are leaky 
in comparison to the basal confi ning unit and have verti
cal hydraul ic conducti vi ties with in the range of the vert i
cal hydraul ic conducti vi ties of sands in the aquifers. 

Two primary geohydrologic selt ings are present at 
the Station: ( I) Recharge areas, where sediments o f the 
Columbia, Cornwall is Cave, and Yorktown-Eastover 
aquifers are saturated, and (2) discharge areas where sed
iments of the Columbia aquifer a re unsalurated, but sedi
ments of the Cornwallis Cave and Yorktown-EaslOver 
aquifers are saturated. The Cornwall is Cave aq ui fer may 
not be present in either of these settings, where it is miss
ing along an unconfonn ity beneath Croaker fla t. In 
recharge areas water-level fluctuations are generally pro
nounced, vertical head gradients between aquifers are 
generally hi gh. and ground-water flow is directed down
ward. In discharge areas, water-l evel fluctuations are less 
pronounced, downward gradients are generally low or 
may reverse to an upward direction. and ground-water 
flow is directed toward the discharge areas (seeps, 
springs, streams, and estuaries). 

In the conceptual ground-water-flow system at the 
Station, ground water flows downward from the Colum
bia aqui fer in the recharge areas to and through the Corn
wallis Cave and (or) Yorktown-Eastover aqu ifers to the 
discharge areas (seeps, springs, streams, and estuaries). A 
ground-water di vide trends west to east across the south 
central Station in each of the lower two shallow aqui fers. 
Ground-water flow generally is either north toward the 
York River estuary or south toward the James River estu
ary on opposite sides of the divide. 

These findings can be used to design monitor well 
and stream networks, to provide guidance for design 
depths for remediation of potentia I ground-water contam
inants, and to identify general ground-water-flow direc
tions and rates at the Station and adjacent areas. These 
results also can be used to design numerical ground
water-flow models of the shallow aqui fer system at the 
Station. 

Summary 4S 



REFERENCES CITED 

Bailey, A., 198 1, Chemical and mineralogical differences 
between Kittanning coals from marine-i nfluenced versus 
fluvia l sequences: Joumal ofSedimenlary Petrology, 
v. 51. p . 383-395. 

Baker Environmental, Inc .. 1995, Summary of background 
constituent concentrations and characterization of the 
biotic community from the York River drainage basin, 
Naval Weapons Station, Yorktown, Virginia: Baker 
En vironmental. Inc .. Coraopolis, Pa., (variously paged]. 

Baker Environmental , Inc" and Roy F. Weston, Inc., 1993, 
Final round one remedial investigation rcpon for siles 
1- 9, 11, 12, 16- 19, and 21 , Naval Weapons Station. 
Yorktown, Virgi nia: Baker Environmental , Inc., 
Coraopolis. Pa. , tvariously paged]. 

Bick, K.F., and Coch. N.K., 1969, Geology of the Williams
burg, Hog Island. and Bacons Castle quadrangles, Vir
ginia: Virgi nia Division of Mineral Resources Repon of 
Investigations 18,28 p. 

Bouwcr, Hennan. 1989. The Bouwer and Rice slug test~an 
update: Ground Water, v. 27, no. 3. p. 304-309. 

Bouwer. Hemlan, 1995. Estimating thc ability of the vadose 
zone to transmit liquids. in Wilson. L.G. and others, cds., 
Handbook ofvadosc zone characterization and monitor
ing: Boca RalOn, Fla., CRC Press, Inc., p. 177- 188. 

Brockman. A.R .. and Richardson, D.L.. 1992. Hydrogeologic 
framework of the shallow aquifer system of York County, 
Virginia: U.S. Geological Survey Water-Resources Inves
tigations Rcpon 92-4111, 36 p. 

c.c. Johnson and Associates. Inc., and CH2M Hill, 1984, 
Initial assessment of Naval Weapons Station, Yorktown, 
Va .. [variously paged]. 

Cedcrstrom. DJ ., 1957, Geology and ground-water resources 
of the York-lamcs Pen insula. Virginia: U.S. Geological 
Survey Water-Supply Paper 1361. 237 p. 

Cli ngan, Susan, 1961, The history of the Naval Weapons Sta
tion, Yorktown. Virginia: Yorktown, Va., Naval Weapons 
Stat ion, 24 p. 

Colman, S.M. , Halka. l .P .• Hobbs, CH., III .. Mixon, R.B ., and 
Foster, D.s. , 1990, Anciem channels of the Susquehanna 
River beneath Chesapeake Bay and the Delmarva Penin
sula: Geological Society of Amcrica Bullctin, v. 102. 
p.1268-1 279. 

Cooper. H.H .. Jr .. Bredehoefl. J.D. , and Papadopulos, I.S., 
1967, Response ofa finite-diameter we\lto an instanta
neous charge of water: Water Resources Research, v. 3, 
no. 1, p. 263-269. 

Dames and Moore, 1986. Confinnation study step IA (Verifica
tion), round one, Naval Weapons Stat ion, Yorktown, Va., 
l variously paged]. 

Dames and Moore, 1988. Confinnation study step IA (Verifica
tion). round two. Naval Weapons Station, Yorktown, Va., 
[variously paged). 

Engineering-Science. Inc., 1994. Suppiememal site character
ization and ecological assessmen t rcpon. Commonwealth 
of Virginia Emergency Fuel Storage Facility, York 
County. Virginia: Prepared fo r the Commonwealth of 
Virginia Depanmem of Emergency Services and the U.S. 
Environmental Protection Agency Region III (variously 
paged}. 

Fetter, CW., 1994, Applied hydrogeology (3d ed.): Ncw York, 
N. Y. . Macm illan College Publishi ng Co., 691 p. 

Foote, Shelby. 1986. The Civil War. a narrati ve (v. I): New 
York. N.Y., Vintage Books, 840 p. 

Freeze. R.A .. and Cherry. J.A .• 1979, Groundwater: Engle
wood Cliffs, NJ., Prentice- Hall , 604 p. 

Guymon, G.L., 1994, Unsaturated zone hydrology: Englewood 
Cl iffs, NJ., Prentice-Hall , 2 10 p. 

Hack, J.T., 1957, Submergcd river system of Chesapeake Bay: 
Bulletin of the Geological Society of America, v. 68, p. 
817- 830. 

Hagemann. l .A .. 1988_ The heri tage of Virginia: the story of 
place names in the Old Dominion (2d cd.): West Chester. 
Pa., Whitford Press, 297 p. 

1·leath, R.C. 1983, Basic g round-water hydrology: U.S. Geo
logical Survey Water-Supply Papcr 2220. 84 p. 

Hurlbut, CS., Jr .• and Klein, Comelis. 1977, Manual of miner
alogy (19th cd.): New York, N.Y., John Wi ley and Sons. 
Inc., 532 p. 

Johnson, G.H., 1972, Geology of the Yorktown, Poquoson 
West, and Poquoson East quadrangles, Virginia: Virginia 
Division of Mineral Resources Rcpon of Investigations 
30,57 p. 

Johnson, G.H., Beach, Todd, Harris, M.S., and Hennan , Julie. 
1993, Late Cenozoic environments along the lames River 
of southeast em Virginia: College of William and Mary, 
Virginia Field Conference. 1993. Guidebook, 36 p. 

Johnson, G.H., Berquist. CR., Jr., Ramsey, Kelvin, and 
Peebles, P.C. 1982, Guidebook to the late Cenozoic 
geology of the lower York-James Pen insula, Virginia: 
Williamsburg, Va., College of William and Mary, Depan
ment of Geology, Guidebook No.3 , 58 p. 

lohnson, G.H.. Peebles, P.C, Olte, L.J .. and Smith , BJ. 1985, 
The late Cenozoic geology of southeast em Virginia and 
the Great Dismal Swamp: Williamsburg, Va., guidebook 
prepared for the Eastern Section American Association of 
Petroleum GeOlogists field trip no. 1,68 p. 

Johnson, G. H., Ward, L.w. , and Peebles, P.C, 1987, Stratigra
phy and paleontology of Pliocene and Pleistocene depos
its of southeastern Virginia, in Geological excursions in 
Virginia and Nonh Carolina: Geological Society of Amer
ica, Southeastem Section, 36th Annual Meeting. 1987, 
Guidebook, Field Trips nos. 1- 7, p. 189- 218. 

Kull, T.K. and Laczniak, RJ ., 1987, Ground-water withdraw
als from the confined aquifers in the Coastal Plain of 
Virginia, 1891- 1983: U.S. Geological Survey Water
Resources Investigations Report 87-4049, 37 p. 

46 Geohydrologlc Framework of the Shallow Aquifer System, Naval Weapons StaUon Yorktown, Yorktown, Virginia 



Laczniak, R.J.. and Meng, A.A., III , 1988, Ground-water 
resources of the York-James Peninsula o f Virginia: U.S. 
Geological Survey Water-Resources Investigations 
Report 8&-4059,178 p. 

Lohman, S.w., 1979, Ground water hydraulics : U.S . Geologi
cal Survey Professional Paper 708, 70 p. 

Maidment, D.R., \993, Handbook of hydrology: New York, 
NY, McGraw- Hili, Inc., [variously paged]. 

Meng, A.A. , III, and Harsh, J.F., 1988, Hydrogeologic frame
work of the Virgi nia Coastal Plain: U.S. Geological Sur
vey Professional Paper 1404--C, 82 p. 

Mixon, R. B., Berquist, C.R .. J r. , Newell, \v'L., Johnson, G.H. , 
Powars, D.S., Schi ndler. J.S., and Rader, E.K., 1989, Geo
logic map and generalized cross sections of the Coastal 
Plain and adjacent parts of the Piedmont. Virginia: U.S . 
Geological Survey Miscellaneous Investigations Series 
Map 1-2033, 2 sheets, scale 1:250,000. 

Mitche ll , J.8., 1962, Decisive battles of the American Revolu
tion: Greenwich, Conn., Fawcett Publications, Inc., 224 p. 

Naval Weapons Station, 1993, Proud of our past, focused on 
the future: Yorktown, Va., Naval Weapons Stmion 75th 
anniversal)' publication, 7 p. 

Poag, c.w. , 1997, The Chesapeake Bay bol ide impact: A con
vulsive evenl in Al lantic Coastal Plain evolution : Sedi
mental)' Geology, v. 108, p. 45-90. 

Poag, C. W., Powars, D.S., Poppe, L J., and Mixon, R.B .• 1994, 
Meteoroid mayhem in ole Virginny: source of the North 
American tektite strewn fie ld: Geology, v, 22, p . 69 1- 694, 

Staub, J.R., and Cohen, A.D., 1978, Kaol inite-enrichment 
beneath coals; a modem analog, Snuggedy Swamp, South 
Carol ina : Journa l of Sedimental)' Petrology, v. 38, 
p.97- 135. 

Todd, D.K. , 1980. Groundwater hydrology (2d cd.): New York, 
N .Y. , John Wiley and Sons, 535 p. 

U,S. Environmental Protection Agency Region II I. Common
wealth of Virginia. and the U. S. Department of the Navy, 
1994, U, S, Department of the Navy, Naval Weapons 
Slat ion-Yorktown, Yorktown, Virginia. Federal Facili ty 
Agreement under CERCLA Section 120: Admini strati ve 
Docket Number: III- FCA-CERC-009, 72 p. 

Virginia State Water Control Board, 1973, Ground water of the 
York-James Peninsula, Virgini a: Basic Data Bulletin 39, 
74 p. 

Ward, L. w., 1984, Stratigraphy o f outcropping TeniaI)' beds 
along the Pamunkey River--Central Virginia Coastal 
Plain, in Ward, L W, and Kraft, Kathleen, eds., Stratigra
phy and paleontology o f the outcropping Teniary beds in 
the Pamunkey River region, centra l Virginia Coasta l 
Plain-Guidebook for Atlantic Coastal Plain Geological 
Association 1984 fi eld trip: Atlanlic Coastal Plain Geo
logical Association, p, 11- 78. 

Ward, LW., and Blackwelder, B.W, 1980, Stratigraphic revi
sion o f upper Miocene and lower Pliocene beds of the 
Chesapeake Group, middle Atlantic Coastal Plain: U.S. 
Geological Survey Bul letin 1482-0, 7 1 p. 

References Cited 47 



TABLES 1-2 



~ 
Table 1. Record of control wells, control boreholes, and altitudes of the top of the geohydrologic units at the Naval Weapons Station Yorktown and 

0 in adjacent area 
[Laliwdeand longitude mc reporTed in degrees ("). minutes ('), and seconds (,,): ai1irudc in feet. al1itude datum is ~e'l lc\'el ; unconfined aquifer. U; un it is miss ing, M; eroded top. va lue followed by E; 

" unavailab le dala .••• : WI'NSTA. r-uval WC:1POIlS SIMion Yorktown: DEQ. Virginia Dcpanmcnl of Env iron11lenla l Qualily: CVEFSF, Commonwealth of Virgin ia Emcrg;;ncy Fud Slor~gc F1Ic il ily: • 0 less than. <I 
~ 
< Cornwallis Eastover-~ Cornwallis Yorktown Yorktown-0 Cave Calvert .- Well or Land-

confining 
Cave confining Eastover 

conlinlng ~ borehole latitude Longitude IdenliticaUon or owner surface aquifer unit aquifer 

" unit unit 
~ "0, altitude 

a itilude of 
alliludeof ahilude of a lliludeof 

altitude 01 ; top top top 
3 top top • • 57F2 37 1423 763828 Williamsburg Country Club 85 45 2 8 80 0 
~ 

57F3 370916 764022 Virginia Electric Power Company Surry well A 25 -29 .. 
" 57F14 37 1401 763904 Busch Gardens well 2 85 
• 
"' 57F33 37 1444 763757 WPNSTA well GP33 30 M U 2 - 7 
~ .. .- 57F34 37 1401 763732 WPNSTA well GP34 85 68 6t 0 - It 

• ~ 
57F35 37 1401 763732 WPNSTA well GP34B 85 68 6t ~ 

< 

~ 57GI01 371633 763735 CVEFSF well MWI 8 76 68 60 40 26 

"' 58F3 371120 763654 Dow Blldische Company well 7 22 M M - 14 - 38 - 108 < 

* 58F38 371250 763652 M.B. Hitchens well 2 42 30 - to - 18 - 56 
.3 58F50 371208 7634 11 DEQ Newport News Research Station test well 55 32 22 t3 - 3 - 63 z • < .. 

58F54 371208 76341 1 DEQ Newport News Research Station 55 :; 
• 581'61 371045 763107 DEQ Deer Run Research Station tCST well 55 39 35 - 5 - 19 - 59 • ~ 
0 58F63 37 1045 763107 DEQ Deer Run Research Station 55 , 
• 581'65 37 1250 763005 DEQ Yorktown Batllefield Research Station 55 - 53 - 59 - III 

~ 58F69 37143 1 763229 WPNSTA well12GWOl 72 46 28 .-, 
< 

~ 58F70 37143 1 763229 WPNSTA well12GWOIA 72 46 28 10 0 
58F78 371432 763203 WPNSTA well13GGW02 62 38 26 20 • ? 58F79 371432 763203 WPNSTA well BGGW02A 62 38 26 20 S 

< 
58F98 371440 763147 WPNSTA well BI 47 - 12 0 

it 58F99 37 1440 763 147 WPNSTA well 132 47 - 12 0 • ? 
< 58FlOO 37 1440 763 147 WPNSTA well 133 47 U ~. 

;' 58FIOI 37 1440 763147 WPN $TA well 134 48 .' 58F I02 371440 763147 WPNSTA Test well BT 4R J8 U to - 12 -68 
58FI03 371348 763335 WPNSTA well El 80 8 

581'104 371348 763335 WPNSTA lIIell E2 80 S 



Table 1. Record of control wells , control boreholes, and altitudes 01 the top of the geohydrologic units at the Naval Weapons Slation Yorktown and 
in adjacent area- Continued 
[Lalilude and longilUde are rqIOned in degrees (G). minUles n. and seconds r): allilU(k in feel. ahilude dall,.m is sea level: uncoofined aquirer. U; unil is missing, M; eroded lOp. value rollowed by E; 
unavailable dala .... : WPNSTA, Naval Weapons Sla,ion Yorklown; DEQ, Vi rgin ia Dcpanmenl of Envil'OOmcnlal Qualily; CVEFSF. Commonweallh ofVirginm Emergtncy Fuel Slorngc fac:ilily; 
less Ihan, <I 

Cornwa1lls 
Cornwallis Yorktown Yorktown-

Eastover· 

Well or Land- Cave 
Cave conlinlng Eastover 

Calvert 
confining confining borehole latitude Longitude Idenlilicallon or owner surface unit aquifer unit aquifer 

unit 
"0. ahitude altitude of altitude of alUtuda 01 altilude of altitude 01 

top top top top 
top 

" 58F t05 371348 763335 WPNSTA well E3 80 '0 
~ 58F t06 )71348 763335 WPNSTA well E4 80 0 .. 

58F I07 37 1348 763335 WPNSTA test welll!T 80 " '0 19 8 -46 2-
8 58FI08 371403 763428 WPN STA well Gl 66 

~ 58FJ09 37 1403 763428 WPN STA well G2 66 14 

! 58F lI O 37 1403 763428 WPNSTA well G) 66 U i' 
" 0 

58F11 1 37 1403 763428 WPNSTA well G4 6' 

[ 58F1I 2 )7 1403 76)428 WPNSTA test well GT 66 48 U 24 14 -46 
58FII 3 371300 76)4 10 WPNSTA well HI 83 4 

[ 58F II 4 371300 763410 WPNSTA well 112 83 4 
~ 

~ 
58F II 5 )71300 ,. 7634 10 WPNSTA well H) 83 " • 58F I16 371300 7634 10 WPNSTA well 114 8J , 

~ 

• 58F I1 7 37 1)00 76341 0 WPNSTA tesl well HT " 60 " 28 4 -40 -[ 58 FIl 8 371359 763650 WPNSTA well II 86 - II 
• 58FI19 37 1359 763650 WPNSTA well 12 87 - II • 
2-
;; 
• 58FI 20 37 1359 763650 WPNSTA well 13 86 58 
<; 

58FI 21 37 1359 763650 WI)NSTA well 14 87 ~ 

2- 58FI22 37 1359 763650 WPNSTA teSI well IT R6 65 58 1 - II - 64 ;; 
• 
~ 

58FI 23 37 1424 763245 WPNSTA test well OT 71 36 26 2J 9 - 60 
• 58FI 24 37 1440 763322 WPN STA test well rT 60 36 Jl 22 6 - 60 0 
~ 
~ 
~ 

"- S8FI2S 37 1442 763232 WPNSTA well U811 MW3 " J9 U 
.8 58FI 28 371440 76)147 WPNSTA borehole GPOl 48 o· 
0 58F I29 371 440 763322 WPNSTA borehole GP02 6" "-

" 58F I30 )7 1428 7633 11 WPN STA borehole GPO) '0 53 41 

58F131 37 1420 763339 WPNSTA borehole GI>04 66 41 39 
~ 



~ Table 1. Record of control wells, control boreholes, and altitudes of the lOP of the geohydrologic units at the Naval Weapons Station Yorktown and ~ 

in adjacent area-Continued 

a [lmil\Jdc and loo~ilude arc reporled in degfCes (0 ), minutes n, nnd seconds t"l: oltitude in feel, altitude d:olum is sea level: ur>Confined aquifer, U; unit is missing. M: erlXled lOp, value followed by E: 
unavailable dala. ---; WI'NSTA, "'aval Weapons Station Yorktown: DEQ. Virginia [);:partmcnl of r:nvlronmcnlal Quali ty; eVEFSI', Commonwealth of Vi rginia Emergency Fuel Siorugc Fadli1)': 

~ less Ihan. <) ~ 
~ 

Cornwallis Eastover-0 Cornwallis Yorktown Yorktown-
S WeUor land· Cave 

Cave conlinlng Eastover 
Calvert 

.' bOrehole LaUlucle Longitude Identification or owner surface 
conlinlng aquifer unit aquifer 

conllnlng 
~ unit unit ; "0, altitude 

altitude 01 
altlludeol eltitude 01 altiludeol 

aliliudeol i! top top top 

! 
top top 

58FI32 37 1412 763356 WPNSTA borehole CP05 87 52 44 
2- 58FI33 37 1356 763403 WPNSTA borehole CP06 85 52 45 

" 58FI 34 37 1403 763428 WPNSTA borehole GI>07 66 • 
'" 58F135 371]48 76]441 WI'NSTA borehole GPOS 85 55 50 ~ 

"-
~ 58F136 ]71]37 7634 I 8 WI'NSTA borehole GP09 86 62 55 25 22 

~ 
~ 
c 581'137 37 1] 19 763440 WPNSTA borehole 0 1'1 0 70 70 to 60 54 
~ 58F138 ]71]00 76]4 10 WPNSTA borehole GI'l I 83 
'" ~ 581" 139 ]7 1324 763]51 WI'NSTA borehole GPI2 82 53 48 • • 58F I40 ]7 1]48 76]]35 WI'NSTA borehole 0 1'1 3 80 .3 
z 58F I41 37 1448 763706 WI)NSTA borehole GP26 90 66 63 M Il • < 
"-

'" 58FI42 37 1434 763629 WPNSTA borehole 01'27 80 56 U • • 58F143 37 1426 763602 WPNSTA borehole 0 1'28 84 58 50 23 19 '8 , 
58F I44 ]7 1402 763534 WPNSTA borehole 01'30 83 M U • g 5SF I4 5 371359 763650 WPNSTA borehole 01'31 86 59 

0 58F l46 371336 76]549 WPNSTA borehole OP32 68 51 38 24 , .. 
~ 5RF I4 7 371424 763720 WPNSTA borehole 0 1'35 88 70 53 

• 58 FI 48 371340 763619 WI'NSTA borehole 01'36 80 55 48 
? 

5R FI49 .. 371337 763559 WPNSTA borehole 0 1'37 70 48 43 

~ 5R FI 50 37 1451 763524 WI'NSTA oorehole 0 1'38 68 49 39 M 2t 

• 5RFI51 37 1446 763429 WPNSTA oorehole 01'39 55 28 18 S 5 
? 
< 
~. 5RF I52 371246 763503 WPNSTA borehole GI'42 71 41 39 20 
3' 

58FI54 37 1256 76353 1 WPNSTA well 0 1'43 0' 34 M U 20 13 
5RFI55 37 1343 76343 1 WPN STA borehole 0 1'44 90 <6' 48 

5RFI56 371359 76345] WI'NSTA borehole 0 1'45 58 44 34 21 

58F I57 .37 1413 763550 WI'NSTA borehole GI'46 " 52 44 



Table 1. Record 01 control wells, control boreholes, and altitudes of the top of the geohydrologic units at the Naval Weapons Station Yorktown and 
in adjacent area- Continued 
[Latitude and longitude are reported in degrees (0). minutes (,), and seconds ("); altitude in feet, aliitude datum is sea level; unconfined aquifer. U; unit is missing. M; eroded top. value follow~,{] by E; 
unavail3ble data. _ •• ; WI'NSTA. Nu>al Weapons Sl31ion Yorktown; I)EQ. Virginia Depmunenl of Environmental Quality; CVEFSF, Commonwealth of Virginil! Emergency Fuci Storage Facility; 
less than. <] 

Cornwallis 
Cornwallis Yorktown Yorktown-

Eastover-

Well or Land-
Cave 

Cave conf ining Eastover 
Calvert 

confining confining 
borehote latitude Longilude Identification or owner surface 

unit 
aquiler unit aquifer 

unit no. alti tude 
altitude of 

altiludeol altiludeof alti ludeol 
alUtudeof 

lop 
top lop lop 

lop 
~ 58f'1 58 371336 763543 WPNSTA well GP48 31 M U 24 18 • 0 
0 58F159 37 1430 763449 WPNSTA well GP49 I' M M 2 
il. .. 58F16O 37 1339 763653 WPNSTA well GATE 13 80 - 70 
0 58F161 37 1356 763403 WPNSTA well BGGW03 85 0 , 
~ 58F162 371356 763403 WPNSTA well BGGW03A 85 52 42 20 

• 
" 58F163 37 1420 763339 WPNSTA well BGGW05 66 41 iF 
0 58F164 371420 763339 WPNSTA well BGGW05A 67 41 3' 0 

~ 58F165 371431 763527 WPNSTA well BGGW06 7' 40 

a 58F1 66 371431 763527 WI'NSTA well BGGW06A 7. 40 38 M I. 
0 

58F167 371 448 763706 WPNSTA well BGGW08 .2 • , 
0 ,. 
~ 58F I68 371448 763706 WPNSTA well BGGW08A .0 64 57 • , 

58FI69 37 1456 76332 1 WPNSTA wel19GWOI 3S M M 28 ~ 

E 58FI70 17 1428 763221 WPNSTA wcl112GW07 71 56 18 

" 58FI71 37 1428 763221 WPN STA well 12GW07A 71 56 18 -4 ~ • • 58FI72 37 1419 763236 WPNSTA well12GWI6A 7S 48 16 - 8 .. 
" • 58F173 371449 763316 WPNSTA well 190 W07 49 40 18 - 10 
S 
~ 58F174 37 1447 7633 17 WPNSTA borehole S1319-01 4' M 20 2 .. 

58F175 37 1457 763223 WI'NSTA borl!holl! AOI HPOI 52 32 23 

" • 58F176 371302 763457 WPNSTA well U451 MW5 59 37 2S c 
8 , 58 FI 77 371403 763432 WPNSTA well U851MW4 59 51 21 
~ 

~ 58F178 37 1402 763433 WPNSTA well U851 MW5 59 40 20 .. a 
58F179 371430 76301 3 WPNSTA borehole 0713-9 84 65 55 •• c 
58F180 371354 763418 WPNSTA borehole 33B-3A 90 52 42 22 7 , 

" 58FI81 371259 763428 WPNSTA borehole 4113-4 75 60 

~ 
58 1'1 82 371258 763430 WPNSTA borcholc41 B·3 71 50 



~ Table 1. Record of control wells, control boreholes, and altitudes of the top of the geohydrologic units at the Naval Weapons Station Yorktown and 
in adjacent area-Continued 

" 
[Latitude am.! longill.wic are rcportfd in degrees C). minut~'S I'), ~I!\d sccorJds ("): altitude in fecI. ultiludc datum is SC~ level; ullConfined aquifer, U: unit is miss ing, M: eroded top, value followed by E: 

~ unavailable data, ••• ; WPNSTA, Naval Wc~pons SI;I\;On YorklO"n: OEQ. Virginia Department of Envirorunc.uul Qu;Jlily: CVEFSF. Commonwealth of Villli!1lu Emcl);cncy Fuel Slomgc faci li ty: 
~ less than, <I ~ 
~ 

Cornwallis Eastover-• Cornwallis Yorktown Yorktown-.. 
Well or Land-

Cave 
Cave conllnlng Eastover 

Calvert 
~ 

conllnlng confining o· borehole Latitude Longitude Ident ification or owner surface aquifer unit aquifer 
~ unit unit ;: no. a ltitude altitude of altitude 01 a llitude 01 alt itude 01 altiludeol 3 top top top 0 top top 

! 5805 372 111 763648 A. Barrelt 8 76 
2- 58G24 37 1526 763417 WPNSTA well40WO I 48 M M l8 t9 
S' 58042 371539 76341 1 WPNSTA wcll 170W I6 4S M M 32 • 
'" 58048 37 1542 763522 WPNSTA well BGGWOI A 80 63 U 21 9 ~ 

" .. 58G49 371542 763522 • WPNSTA wcll13GOW0 1 80 63 U ,. 
~ • 58050 37 16 19 763451 WPNSTA well FI 24 U 
~ 58G5 1 371619 76345 I WPNSTA well F2 24 U 
If 58G52 37 1619 76345 I WPN STA well F3 24 
~ 
~ 58053 37 1619 763451 WPNSTA wcll F4 24 

11 58G54 37 1619 76345 1 WPNSTA test well FT 24 M M M U - 78 
< 

" '" 58055 37 1544 7637 14 WI'NSTA well NI 59 - 3 0 • 58056 37 1544 763714 WPNSTA well N2 59 - 3 1! , 
58057 37 1544 7637 14 WPNSTA well N3 59 U • 

~ 58058 37 1544 763714 WPNSTA well N4 59 
0 58059 37 1544 76371 4 WPNSTA test well NT 59 59E U 2 - 3 - 6t , 
... 
0 

i< 58G60 
0 

37 1543 76343 1 WPNSTA test well QT 25 M M IDE 5 - 75 

• 58061 37 1550 763440 WPNSTA test well RT J9 M M 27 4 - 76 .' 
~ 58062 37 16 14 763459 WPNSTA test wel l ST 20 M M M U - 80 
0 

~ 58064 37 15 14 763349 WPNSTA borehole GPI 4 4S M M 29 - 4 

• 58065 371540 763406 WPNSTA borehole GPI5 44 M M 26 20 
.' 
1 58066 371542 7634 15 WPN STA borehole GPI6 4S M M l8 18 ,. 

58G67 37 1550 763440 WPNSTA borehole GP 17 39 •• M M 27 4 

580 68 37 1536 763503 WPNSTA borehole GP19 72 <49 J6 

58069 37 1548 763556 WPN STA borehole GP20 Rl 51 U 

58G70 37 1524 763603 WI)NSTA borehole OP2 1 77 57 42 



Table 1. Record of control wens, control boreholes, and al titudes of the top of the geohydrologic units at the Naval Weapons Slation Yorktown and 
in adjacent area-Continued 
[Latitude and longi tude are reponed in degrees n, minutes n, and seconds ("): allilude in feci, uhilOde dalulll is sea level: unconfined aqui ter. U: unil is mbsing, M: eroded lOp. w lue followed by E: 
unavailable data, .. -: WPNSTA, Na',at Weapons Station Yorktown: DEQ, Virginia Departmcll1 of Environll1cll1al QunlilY: CVEFSF, Cornrnonweahh of Virginia Enwrgency Fuet Siorage Faciti ly: 
less Ihan. <I 

Cornwallis Cornwallis Yorktown Yorktown· 
Eastover-

Well or Land· 
Cave 

Cave confining Eastover 
Calvert 

borehole Latitude Longitude Identification or owner surface confining 
aquifer unit aquifer 

confining 
unit unit no. allilude altitude 01 altitude of alUtude of altitude 01 altitude of 
top 

top top top 
top 

5SG7 1 37 1523 76361 S WPNSTA borehole GP22 82 62 U to 9 

'" 5SG72 371514 763636 WPN STA borehole GP23 88 69 61 ~ 

a 5SG73 371523 763719 WPNSTA borehole GP24 85 68 U 

"- 58G74 371521 763425 WPNSTA borehole GP41 30 M M 20 0 
n 

5SG75 371605 763439 WPN STA borehole GP4 7 0 32 M M 14 6 
[ 
• 5SG76 3715 14 763349 WPNSTA wcll BGGW04 45 M M 30 - 6 • 
~ 5SG77 3715 14 763349 WPNSTA well GGGW04A 45 M M 30 -6 
n 5SG78 371522 763619 WPNSTA well13GGW07 82 60 U 0 a 

5SG79 371522 763619 WPN STA wcl113GGW07A 81 60 U J7 .. 
~ 58G80 371556 763444 WPNSTA borehole 6HP/SBOS 6 M M 6E - 8 0 • ~ 
~ 58GS2 371630 7637 14 CYEFSF well MW 17 34 10 - 10 
yo 

5SGS3 371502 763343 WPNSTA wcll16GW07 24 M M 19E 7 • , 
5SGS4 371508 763343 WPNSTA borehole 16SBOI ~ 45 M M 36 9 • 

~ 5SGS5 37 1612 763445 WPNSTA borehole A06H POS 31 M M 26 
~ 5SGS6 37 1519 763322 Virginia Division ofMincral Resources 46 M M 32 22 • • 
"-

borehole 942 19·2 

" • 59F71 370841 762752 DEQ Harwoods Mill Research Station test well 42 24 2 - 56 - 66 - 90 5 
~ 59F72 370841 762752 DEQ J-larwoods Mill Research Station 43 
'l. 

" 
59F73 37084 1 762752 DEQ Harwoods Mill Rescnrch Station 41 

• 59F74 37084 1 762752 DEQ Harwoods Mill Research Station 42 ~ 

~ 59FRO 370958 762915 DEQ Pig Pen Trail Research Station 47 9 5 - 51 - 61 - 83 
~ 
~ 

59F8 1 370958 762915 DEQ Pig Pcn Trail Research Swtion 51 ~ 
;; 
.8 •• 
< , 

" 
~ 
~ 



~ Table 2. Record of geohydrologic-unit thickness and water-level altitude in wells at the Naval Weapons Station Yorktown and in adjacent area 
[Thicknesses and ah ill,lde$ U~ reported in fccl; ahihtde datum is sea level: unavailable duta, ._.; primary water levels were rccorded February 3. 1997: secondary "'aler levels werc either recorded on another dale 
or in fC1'TCd from sedimcnlmoisn'r{: in the tCSt iH> .... on :motm:r date: Columbia aquifer th icknesses were determined from primary water levels except values in p.1rcmhc!;Cs from secondary wmer levels: greater 

" thun. >: less than. <I • 0 
Columbia aquiler Cornwallis Cornwallis Cave aquifer Yorktown-Eastover aquifer Eastover-~ 

Yorktown ~ 

~ 
Well or Cave 

confining 
Calvert 

borehole primary confining primary primary confining 
0 thickness water 

secondary 
unit th ickness water 

secondary unit thickness water 
secondary 

unit 0 no, water level water level water level .' level thickness level thickness level thickness 
~ • 57F2 47 6 72 III il • 57F3 158 
~ 57FI4 60 
2- 57F33 • 9 3J 

" 7 • 57F34 61 " 57 

'" ~ • 
if 57F35 7 >8 76 • 
~ 
~ 

57G l0l 31 
< 58F3 • • 24 7. 122 ~ 

~ 58F38 40 8 38 178 
'" ~ 58F50 10 9 16 60 210 ~ 
.3 
z 58 F54 31 • < 58F61 4 40 14 40 .. ., 

58F63 4' • • '8 58F65 22 , 
58F69 18 29 • 

! g 58F70 18 18 10 26 .. 58F78 12 6 27 a 58F79 12 12 15 
0 • 58F98 " .' .. 58F99 " 0 

~ • 58Fl00 18 .' 
i 

58 FI01 DO' 
58FI02 10 22 56 > 166 .. 58F103 62 
58FI 04 62 



Table 2. Record of geohydrologic-unit thickness and water-level alti tude in wells at the Naval Weapons Station Yorktown and in adjacent area-Continued 
(Thicknesses and alt itudes are repol'led in feet; alt itude datum is sea level; unavailable data, " -: primary waTer levels were recorded February 3, 1997; secondary waTer levels .... ere either reeorded on another date 
or inferred from sediment moisture in the test hole on another date; Columbia aquifer thicknesses were determined rrom primary water levels except values in parentheses from secondary water levels; greater 
Than. >; less than, <J 

Columbia aquifer Cornwallis Cornwallis Cave aquifer 
Yorktown 

Yorktown-Eastover aquifer Eastover-
Well or Cave 

confining 
Calvert 

borehole primary 
secondary confining primary 

secondary unit 
pr imary 

secondary confining 
no. thickness water 

water level unit thickness water 
waler level 

thickness waler 
water level unit 

level thickness level thickness level thickness 

58F I05 67 

58F lO6 15 72 

S8F l07 15 7 31 11 54 
58FlO8 

58F l 09 38 

58F lIO 35 

58F l 11 Dry 

58F1 12 8 10 60 

58F I1 3 63 

58FI14 67 

" • n 
0 58F I1 5 69 il. .. 58Fl16 10 7. 

~ 58F I1 7 10 5 2J 24 44 > 157 
~ 58FI 18 66 ~ 
~ 

~ 58 Fl 19 66 

~ 

~ 58F1 20 82 , 
= 58FI2 1 19 " " 58Fl 22 19 7 6. 9 53 n· 
~ 58F l23 I. J 14 69 • • • • 58F124 4 I. 16 66 , 
~ • 58F125 8 2. • :; 

58F I28 7 .. 
58FI29 < 

!!. 
• 58F130 (2) >SS 11 >2 
a: 

" 581'13 1 2 
~ • 
~ 
~ 



Xi Table 2. Record 01 geohydrologic-unil thickness and water-level altitude in wells at the Naval Weapons Slalion Yorktown and in a~acenl area-Continued 
(Tllkknesscs and ahitUlks are reported III feCI: alti tude dawm IS sea ICI'd: ul\al'aibblc data • ••• ; primary WaIer levels "cre rco.:ordcd February 3. 1997; SCCOtl<.l:ary .... atcr levels ","ere either rcconk'd on 31Mltller date 

" 
or j" rcrred from scdimcm moisture i~ the tcS! hole 011 another date: Columbia aqu ifer thlckncsses were dC1crmilll-d from primary water Ie"els except values in P.1K'Iltheses from secondary water lc\'cI~ : grea ter 

• Illan. >; 1t."SS Ihan. <! 
0 - Columbia aquifer Cornwallis Cornwallis Cave aquifer Yorktown· Eastover aquifer Eastover-< Yorktown ~ Well or Cave Calvert ;; 

borehole primary confining primary confining primary confining 

" secondary secondary unit secondary 
0 "0. Ihlckness Wiler 

water level unit thickness waler 
waler level 

thickness water 
waler level unit n level level th ickness level 

~ thickness thickness • 3 58 F132 (3) • 55 , >3 

• 58F I33 7 
Q 
~ 58F134 .. 58F135 (HI 63 5 >17 

" • 5SFI36 (31 >65 7 30 3 
"' -• 
~ 58FI37 6 >2 54 

• 58F1 38 
~ 
< 58F1 39 ( 12) 65 5 >2 
~ 
"' 

58F I40 
< • 58F I41 3 0 
~ 
jl 
z 581'142 2 52 • < 
!. 58F143 (51 63 8 27 4 
;; 58F I44 50 0 • 
~ 581' 145 , 
• 58 FI 46 13 14 45 >4 

r 58 1'1 41 (41 74 17 >2 , .. 58F148 7 >2 55 0 

~ 581'149 5 48 

• 58F I50 (4) 53 10 0 ? .. 58F I51 10 10 28 J Q 
~ 

;; • 58FI52 2 19 41 >7 
? 
< 581' 154 0 7 18 
il 58 FI 55 69 <21 >2 .-.. 58 1'1 56 10 13 J7 

58 1'1 57 (HI 60 H >2 
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Table 2. Record of geohydrologic·unil thickness and water·level allitude in wells at the Naval Weapons Station Yorktown and in adjacent area- Continued 
\Thickncsscs and altitudes II~ reponed in feet; alti tude dalUm is §C3 level: unavai lable data ••• -: prim1\fy water levels were recorded February J. 1997; secondary water levels were ei ther recorded on another date 
or inferred from sediment moislllre in tile test hole on another dpte; Columbia aquifer thicknesses were dctermined from pr imary water levels e~cept values in pIIrenthcscs from st."cor.dary water levels; greater 
than. >; less than. <I 

Well or 
borehole 

no. 

58F158 

581-"159 

58FI60 

58F161 

58F162 

58F163 

58FJ64 

58Fl65 

58F I66 

58F1 67 

58F168 

58F1 69 

58 FI70 

58F]71 

58Fl 72 

58F1 73 

58FI 74 

58F1 75 

58F176 

58F I77 

58 FJ78 

58 F] 79 

58FI80 

SSFI S] 

S8FI 82 

thickness 

26 

4 

" 
18 

Columbia aquifer 

primary 
waler 
level 

78 

4l 

51 

82 

secondary 
water level 

Cornwallis 
Cave 

conllnlng 
unll 

thickness 

o 
o 

10 

2 

2 

7 

o 
9 

9 

l 

17 

o 
6 

12 
4 

12 
10 
10 

6 

Cornwallis Cave aquller 

thickness 

o 

22 

>13 

o 

>21 

20 

primary 
water 
level 

67 

4l 

49 

80 

secondary 
water level 

Yorktown 
confining 

unit 
thickness 

6 

>4 

o 

>10 

22 

24 

28 

18 
>2 

>2 

> 1 

IS 

Yorktown· Eastover aquifer 

thickness 
primary 
water 
level 

34 

l 

secondary 
water level 

Eastover
Calvert 

confining 
unit 

thickness 

140 



1: Table 2. Record of geohydrologic-unit thickness and water·level altitude in wells at the Naval Weapons Station Yorktown and in adjacent area-Continued 
IThicknesses nnd nltilUdcs me rcp<)Mcd in fccl: altitude dalUm is sea level: unuvuilablc datu, .• .; prim;lry water levels were rt'Cordcd February ), 19':17; st."Condary wuter levels werc either recorded on another date 

" 
or inferred from .st:dirncnt mOisture in the Ie'S! !lOlc on another dme: Columbia aquifer l hi~knc s5CS werc dCicnnil>l."(l from primary wa ler levels c~ccpl values in p.1lcnlhescs fronl st.'Co!ldary water lel'cls: grea ter 

• than. >; IC$$ than, <I 
0 
~ Columbia aquiler Cornwallis Cornwallis Cave aquifer Yorktown· Eastover aquifer Eastover· ~ Yorktown ~ Well or Cave Calvert 

~ borehole primary confining primary confin ing primary confining secondary secondary unit secondary c no. thickness waler unit thickness water thickness wal er unil n· 
level 

water level 
level 

water levet thickness level 
waler level 

;' thickness thickness 

~ 58GS 165 

• 58G24 0 0 9 
~ 58G42 0 0 >1 .. 58G48 19 14 18 

" • 58G49 22 38 
'" ~ • fj 

58050 3 • ,. 5805 1 3 ~ 
< 

58052 if 
iR 58GS3 

• 51:1054 0 0 0 
~ 
.3 
z 58055 18 • < .. 58G56 18 
;; 58GS7 22 • 11 58GS!:I , 
• 58G59 <4 

! 
5 58 "2 

.. 51:1G60 0 0 80 , 
-< 511G6 1 0 0 23 80 0 

~ 58062 0 0 0 3 • 5RG64 (> 1) >30 0 0 33 ? 
-< 58065 (12) l8 0 0 6 Q 

'" 0 • 58G66 0 0 10 ? 
< 58067 (7) J4 0 0 2J .a 58G68 <13 >2 36 .. .. 5I1G(,9 14 J6 

51:1070 15 >2 45 
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Table 2. Record of geohydrologic-unit thickness and water-level altitude in wells at the Naval Weapons Station Yorktown and in adjacent area-Continued 
[Thicknesses and altitudes are reported 'in feet; altitude datum is sea level; unavailable data. ---; primary water levels were recorded February 3, 1997; SC(;ondary water level~ were either recorded on another date 
or inferred from s..--dimcnt mo isture in the rest hole on llnOlhe r date: Columbia aqu ifer th icknesses were dctcmlined from primary watcr leve ls c ~cepl values in parentheses from secondn ry water levels: greater 
than, >: less than, <I 

Well or 
borehole 

no. 

58G7 1 

58G72 

58073 

58074 

58G75 

58G76 

58G77 

58G78 

58079 

58G80 

58G82 

58G83 

58G84 

58G85 

58G86 

59F71 

59F72 

59F73 

59F74 

59F80 

59F81 

thickness 

(7) 

Columbia aquller 

primary 
water 
level 

secondary 
water level 

Dey 

21 

41 

Cornwallis 
Calle 

confining 
unit 

thickness 

14 

8 
10 
0 
0 

0 
0 
) 

) 

0 

o 
o 
o 
o 

22 

4 

Cornwallis Cave aquiler 

thickness 

>2 

0 

0 

0 
0 

0 

o 
o 
o 
o 

58 

56 

primary 
water 
level 

51 
50 

secondary 
water level 

4S 

66 
< 58 

40 

Yorktown 
conllnlng 

unit 
thickness 

20 
8 

36 
J6 

>5 

27 

1 
10 

10 

10 

Yorktown-Eastover aquller 

thickness 

24 

22 

primary 
water 
lellel 

20 

secondary 
water level 

9 

16 

38 

40 

Eastover
Calvert 

conllnlng 
unit 

thickness 




