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Geohydrology and Simulation of Ground-Water Flow in Ohio River 

Alluvial Aquifers near Point Pleasant, Lubeck, Parkersburg, Vienna, 

Moundsville, and Glendale, West Virginia 

By Mark D. Kozar and Kurt J. McCoy 

Abstract 

Ground-water flow was simulated for four areas in alluvial 
aquifers bordering the Ohio River in western West Virginia. 
The four ground-water-flow models included well fields for the 
Point Pleasant, Camp Conley, Lubeck, Parkersburg, Vienna, 
Moundsville, and Glendale public water systems. The models 
were developed to assess the direction and rate of ground-water 
flow to public supply wells in the well fields and to assess the 
effects of large ground-water withdrawals on the ground-water
flow system. The models can be used by water resources man
agers to develop source-water protection areas for the public 
supply wells in the study area and in other Ohio River alluvial 
aquifers. In addition, results of this investigation may be used to 
help assess the potential rate and movement of nonreactive con
taminants in emergency situations, such as a chemical release 
resulting from a railway or highway accident. Many of the well 
fields discussed in this report are near transportation corridors 
and chemical manufacturing facilities. 

The alluvial aquifer along the Ohio River has the capacity 
to yield millions of gallons of water per day to wells completed 
either in the banks of the Ohio River or as lateral collectors 
extending beneath the river. Withdrawal of large quantities of 
ground-water by pumping wells completed in the alluvium can 
result in large cones of depressions, alter normal flow patterns, 
and induce infiltration of water from the river towards pumping 
wells. During high-water events, such as floods, the normal 
hydraulic gradient can be temporarily altered, and flow to the 
alluvium from the river can be induced. 

Glacial outwash deposits of sand and gravel form the pri
mary aquifer that is tapped as a source of ground water not only 
for public water systems but also for use by industry, agricul
ture, commercial facilities, and in rare instances, by residential 
home owners. Fluvially deposited fine-grained silts and clay, 
deposited mostly as a result of floods, typically overlie the gla
cial outwash deposits and form a confining layer. The glacial 
outwash and fine-grained silt and clay layers form a series of 
terraces in the alluvium between the Ohio River and the nearby 
Pennsylvanian and Permian-age bedrock uplands. 

Recharge to the alluvium can occur from several sources 
including seepage from adjacent bedrock, leakage from overly
ing tributary streams, induced infiltration of water from the 
Ohio River as a result of pumping, flow from the river to the 
alluvium due to a reversal of hydraulic gradient during floods, 

and from precipitation falling on the alluvium. Recharge from 
adjacent bedrock and leakage from overlying tributary streams 
was negligible. Induced infiltration of river water and precipita
tion are the major sources of recharge to the alluvial aquifer. 
Induced infiltration of water from the Ohio River accounted for 
various amounts of water pumped from the following well 
fields: Parkersburg (75 percent), Glendale (72 percent), 
Moundsville (50 percent), Lubeck (39 percent), Vienna (7 per
cent), and Point Pleasant (4 percent) well fields. The remainder 
of the recharge was from precipitation falling on the alluvium. 
None of the water withdrawn from the Camp Conley well field 
is derived from infiltration of river water. 

Generally, the composition of alluvial sediments along the 
Ohio River between Huntington, West Virginia and Pittsburgh, 
Pennsylvania become coarser further to the north. Because the 
glacial outwash deposits in alluvial flats in the northern part of 
the study area were closer to the Laurentide Ice Sheet, they are 
coarser grained than those in the alluvial flats further to the 
south. Consequently, the hydraulic conductivity of alluvial 
aquifers to the north (300 to 500ft per day (ft/d)) are typically 
higher than those to the south (75 to 300 ft/d). 

Introduction 

Commercial and industrial facilities, many cities, and 
some domestic residences rely on the high-yielding alluvial 
aquifers of the Ohio River for public and industrial water sup
plies. Wells in this area commonly produce several hundred to 
thousands of gallons per minute (gpm) of water. Four of he 
state's largest public ground-water supply systems, which are in 
Marshall, Mason, and Wood Counties, rely on wells that pene
trate the alluvial terraces of the Ohio River. The alluvial terraces 
consist of poorly to well-sorted sand, silt, clay, and gravel 
deposits overlying river-scoured Pennsylvanian or Permian-age 
bedrock. In such highly permeable sediments, numerous 
sources pose potential threats to ground-water supplies, includ
ing pesticides and nitrates from agriculture, pathogens such as 
bacteria and viruses from leaking sewer lines and septic sys
tems, and industrial chemicals from production and processing 
plants. In addition, numerous transportation corridors cross the 
area including railroads, highways, and barge traffic on the 
Ohio River. Numerous industrial chemicals as well as petro
leum products commonly are transported along these corridors 
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and could pose potential threats to ground-water supplies if 
spilled within well-capture zones. 

In 1996, amendments to the Safe Water Drinking Act (U.S. 
Environmental Protection Agency, 2004) were passed to 
address growing concern of possible contamination of drinking
water sources. This mandate, enforced by state and federal reg
ulatory agencies, required public ground-water- supply systems 
to delineate recharge areas as part of the Wellhead Protection 
Program. Most of the recharge and wellhead protection areas 
(WHPAs) in the study area had been previously delineated by 
the West Virginia Bureau for Public Health- Office of Environ
mental Health Services (WVBPH-OEHS) using simplified ana
lytical ground-water-flow models. Although such simplified 
analytical models provide a good first approximation of poten
tial WHPAs, they typically cannot effectively simulate ground
water flow in complex hydrogeologic settings. Numerical 
ground-water-flow modeling using three dimensional models 
such as the U.S. Geological Survey (USGS) MODFLOW 
(McDonald and Harbaugh, 1988) software, provides a tool from 
which more accurate simulations of ground-water flow and 
delineations ofWHPAs can be developed. In 2001, the USGS 
began a project to develop ground-water-flow models in coop
eration with the WVBPH-OEHS. The major objective of this 
investigation was to assess ground-water-flow rates and direc
tions in alluvial aquifers in four areas along the Ohio River in 
the western part of West Virginia. The project spanned from 
January 2001 through December 2003. 

Purpose and Scope 

This report presents results from four separate numerical 
ground-water-flow models of alluvial aquifers along the Ohio 
River. The models simulate ground-water flow rates and direc
tions and were used to estimate the contribution of water to 
municipal well fields either from recharge to the alluvium or 
from induced infiltration of water from nearby streams in Point 
Pleasant, Lubeck, Parkersburg, Vienna, Moundsville, and Glen
dale, West Virginia. Five-year time-of-travel zones based on 
particle tracking are included to assist water-resources manag
ers in delineating source-water protection areas for the public 
water systems in the modeled areas. Because this report incor
porates the likely maximum and minimum extremes in perme
ability of alluvial sediments likely to be encountered along the 
entire West Virginia reach of the Ohio River, the results of this 
study may be applicable to similar alluvial aquifers along the 
Ohio River in West Virginia, Pennsylvania, and Ohio as far 
south as Ironton, Ohio. 

To determine ground-water-flow directions and time of 
travel to public water supplies in alluvial aquifers along the 
Ohio River, some components of the computer program Visual 
MODFLOW version 2.8.2 (Waterloo Hydrogeologic, 2000) 
were used. The software is a commercially derived graphical 
user interface to the USGS MODFLOW -96 three-dimensional 
finite-difference ground-water-modeling software (Harbaugh 
and others, 1996). The software also provides an interface to 

MODPATH (Winston, 1999), which is a USGS particle-track
ing program. Visual MODFLOW was used to simulate ground
water flow and to provide estimates of hydraulic head in the 
aquifers analyzed. Ground-water-flow directions, rates of flow, 
effects of ground-water withdrawal, and hydrologic budgets 
were simulated with the Visual MODFLOW software. Particle 
tracking, using the MOD PATH module of the program, was 
conducted to estimate flow paths to individual public supply 
wells. 

The models within this report were primarily developed 
from existing data, especially data from contamination investi
gations conducted in support of U.S. Environmental Protection 
Agency (USEP A) RCRA (Resources Conservation and Recov
ery Act) and CERCLA (Comprehensive Environmental 
Response, Compensation, and Liability Act) investigations. 
Due to budget and time constraints, only minimal field data was 
collected during the course of the investigation, mainly to pro
vide water-level and stream-flow data in areas where such data 
was not available. A large quantity of aquifer test, well log, 
water level, and other data was also available from USGS data
bases and published reports. Finally, well construction, pump
age, and other hydrogeologic data were retrieved from each spe
cific water plant included within this report. 

The primary objective of the study was to estimate the rate 
and direction of ground-water flow by numerical simulation of 
the alluvial aquifer. A second objective was to simulate ground
water-flow paths to public supply wells using particle-tracking 
software. These preliminary ground-water-flow models will 
provide data and information to water-resources managers that 
will help them delineate wellhead protection areas for public 
supply wells. 

Previous Investigations 

Early ground-water-flow models of the Ohio River allu
vium include digital simulations of drawdown in Kentucky by 
Grubb, (1975) and Kernodle, (1977). A steady-state and tran
sient model of ground-water flow in the Louisville, Kentucky 
area was completed by Lyverse and others (1991). Unthank 
(1996, 1998) and Unthank and Nelson (1999) modeled alluvial 
aquifers in northwestern Kentucky to estimate hydraulic prop
erties, recharge, and discharge to the Ohio River. In a three
layer model, the Corporate Remediation Group (2003) simu
lated ground-water flow at an industrial site in Washington Bot
tom, West Virginia to evaluate and predict ground-water flow 
under various pumping stresses. Burgess and Niple (1996) 
modeled seven scenarios in the Little Hocking, Ohio area to 
determine WHP As and to evaluate the fate and transport of 
potential contaminants in the aquifer. CDM (2002a) prepared a 
ground-water-flow model for the Vienna area to assess the 
potential transport of perchloroethylene (PCE) in the aquifer. 
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Figure 1. Locations of study areas where ground-water flow was simulated, West Virginia. 
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Description of Study Area 

Four alluvial river terraces along the Ohio River, com
monly referred to as bottoms, were identified for modeling of 
ground-water flow to public ground-water-supply systems (fig. 
1). Bottom areas are defined as low-lying, flat alluvial deposits 
along past and present river floodplains. Descriptions of each 
area are from Carlston and Graeff (1956). The modeled areas 
are all in the alluvial sand and gravel deposits of the Ohio River 
and its terraces and extend over a 166-mile (mi) reach of the 
Ohio River from Point Pleasant in Mason County to Glendale in 
Marshall County, West Virginia. 

Point Pleasant 

The Point Pleasant Bottom in Mason County, West Vir
ginia, is 12.5 mi long from the mouth of the Kanawha River 
near the City of Point Pleasant. At its widest point, abandoned 
river channels extend into the surrounding bedrock hills for up 
to 2.8 mi. Normal pool stage of the river in the area is 538 ft. 
Records from 29 wells in the northern areas show about 30 to 
40ft of sands and gravels overlying the bedrock surface. The 
sands and gravels are overlain by clays, sands, and sandy clays. 
In the southern areas, clays and sandy clays cover sands and 
gravelly sands 25 to 48 ft thick. In the area immediately adja
cent to the Point Pleasant well field, confining units typically 
are absent, and the aquifer is more or less unconfined. Three 
well tests conducted in the area indicated saturated thicknesses 
of 28 to 41 ft and a mean hydraulic conductivity of 340 ft/d 
(Cross and Schemel, 1956). 

Lubeck;Washington Bottom 

Also caiied Washington Bottom after original owner 
George Washington, the Lubeck Bottom is 5.2 mi long and 
0.7 mi wide and is in Wood County, West Virginia. The 
wooded, rural area includes land used for agriculture, chemical 
and plastic production, and a 250-acre closed solid-waste land
fill. The Ohio River normal pool elevation in the area is approx
imately 582 ft. Test borings show basal sands and gravels 19 to 
77ft thick overlain by 14 to 35ft of clays, sandy clays, and silts. 
Thicker sands and gravels are found under higher terraces. An 
aquifer test conducted by the USGS yielded an estimated. 
hydraulic conductivity of approximately 334 ft/d (Cross and 
Schemel, 1956). 

ParkersburgNienna 

The ParkersburgNienna Bottom extends north 6.5 mi 
from the mouth of the Little Kanawha River. Its width is 0.8 mi, 
narrowing toward the small town of Vienna. Normal pool ele
vation at the dam is approximately 582ft. Parkersburg and 
Vienna are just north of the Lubeck/W ashington Bottom area 
and are also in Wood County. Three test borings at the dam 
show fine to coarse sands and gravels 25-27 ft thick, overlain by 

loam and clay in places. At the Parkersburg well field, the allu
vium thins to about 60ft, containing 15 to 25ft of permeable 
sands and gravels overlain by varying thicknesses of fine sand, 
silt, and clay (Jeffords, 1945). Overlying clays and silty clays 
are generally 5 to 15ft thick. Aquifer tests conducted at four 
locations in the Parkersburg area indicate a mean hydraulic con
ductivity near 850 ft/d and saturated thickness of approximately 
21 ft (Cross and Schemel, 1956). Land use on the alluvium in 
Parkersburg and Vienna is highly developed with numerous 
commercial and industrial facilities and residential homes. 

Moundsville/Glendale 

The Moundsville/Glendale Bottom is a cut-off meander 
channel extending 3.5 mi along the Ohio River in Marshall 
County, West Virginia. The predominantly residential Glendale 
occupies the relatively narrow (0.5 mi wide) northern part of the 
bottom. By comparison, a broad circular southern part at 
Moundsville has a width of more than 3 mi. Normal pool stage 
of the Ohio River in the area is approximately 623ft. Weii 
depths range from 70 to 100 ft and wells are known to have pen
etrated 100ft of gravel near the middle of the meander (Cross 
and Schemel, 1956). Pumping rates above 100 gal/min are typ
ical for industrial wells drilled in the thick gravel bed. Saturated 
thicknesses generally range from 30 to 40ft. 

Geohydrology 

The geology of the four study areas is typified by highly 
permeable sand and gravel glacial outwash deposits. The depos
its have the capacity to yield millions of gallons of water per day 
to wells, especially to wells completed in river-bank deposits or 
completed as long, horizontal, radial-collector wells extending 
beneath the river bed. Residents of the Ohio River Valley have 
been withdrawing water from wells completed in these sedi
ments since the mid-to late 1800's. 

Geology 

Alluvial aquifers of the Ohio River have been of interest 
for more than 100 years. Hennen (1909), Grimsley (1910), and 
Krebs ( 1911) provided county reports with detailed geologic 
information including lithologic, stratigraphic, and structural 
data of the study area along the Ohio River. Deutsch and others 
(1966) published a comprehensive survey of ground-water 
resources for the Ohio River Basin and several of its larger trib
utaries. The West Virginia Geological and Economic Survey 
(WVGES) produced a three-part report including a description 
of Ohio Valley geology in West Virginia by Cross and Schemel 
(1956) and ground-water resources of the Ohio Valley in West 
Virginia by Carlston and Graeff (1956). 

The Ohio River follows a gentle gradient along the border 
between West Virginia and Ohio for 277 mi before it reaches 



Kentucky. Hilly terrain of south-southeast dipping Lower Per
mian and Pennsylvania-age rocks is dominant in the upland 
areas and gives way to a flood plain less than 500ft below. 
Lower Permian and Pennsylvanian bedrock consists of cyclic 
groups of interbedded sandstones, shales, limestones, clays, and 
coals (Cross and Schemel, 1956). Local rises in bedrock eleva
tion have been ascribed to changes from older limestone strata 
to younger more resistant sandstones (Cross and Schemel, 
1956). 

Pleistocene alluvium from glacial outwash deposits of the 
pre-, early-, and late-Wisconsinan age have been reworked and 
deposited at lower elevations forming terraces (Simard, 1989). 
Carlston and Graeff ( 1956) found the maximum thickness of the 
alluvium beneath the highest terraces is 120ft, and that the 
thickness of the alluvium generally decreases in the down
stream direction. 

Pleistocene sands and gravels directly overlying the bed
rock surface are thought to be the result of continental glaciation 
of the northern Ohio River headwaters. Jeffords (1945) sug
gested these sediments are from 15 to 25ft thick in well-fields 
in the Parkersburg area. Pleistocene sand and gravels in Mar
shall County to the north are similar in thickness (Cross and 
Schemel, 1956). Hall ( 1917) found sediments in Parkersburg to 
be firmly cemented in the 18 in. above bedrock. 

Heterogeneous alluvial deposits ranging from gravels to 
clays overlie the Pleistocene glacial deposits. Generally, the 
alluvium thickens away from valley walls and near the mouth 
of tributary streams. North of Parkersburg, the alluvial fill con
sists mainly of gravels, sands, and gravelly sands whereas fine 
sands, silts, and clays dominate sediments downstream from 
Parkersburg. Lenticular interbeds of varying composition are 
not uncommon throughout the alluvium (Cross and Schemel, 
1956). Surface sediments consist of fine-grained sands to silts 
and clays of Holocene age and average 10ft in thickness, some
times up to 40ft in the flood plain (Cross and Schemel, 1956). 
This poorly permeable layer serves to limit recharge from pre
cipitation, and in places acts as a confining layer (Cross and 
Schemel, 1956). Simard (1989) identified a sequence of five 
river terraces formed as the channel shifted back and forth cut
ting into the Wisconsinan deposits. Three flood plains also were 
identified. Radiocarbon ages of the fluvial and alluvial sedi
ments ranged from 5,000 years to more than 40,000 years 
(Simard, 1989). 

Hydrology 

The high-yielding alluvial aquifers of the Ohio River Val
ley have been extensively studied. Jeffords (1945) was one of 
the first to investigate the effect of river stage on ground-water 
levels in the adjacent alluvium. He concluded that a large 
amount of recharge to the alluvial aquifer was derived from the 
river when the Ohio River was at high stage. Induced infiltra
tion from the Ohio River to pumping wells in the aquifer is 
likely where such wells are close to the river, although local het
erogeneity of river-bottom sediments may reduce the connec-
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tion (Mathes and others, 1995; Jeffords, 1945). Tributaries to 
the Ohio River may provide additional recharge as they flow 
across alluvial and fluvial deposits (Mathes and others, 1995). 

Recharge from tributary streams to underlying alluvial 
aquifers in the region has not been well quantified. Discharge 
was measured at two tributary streams during this investigation 
both at the point where the streams flowed onto the alluvium 
and at a second point just prior to discharge to the Ohio River. 
Both streams are characteristic of streams which flow across 
alluvium and discharge to the Ohio River. The change in flow 
was not appreciable between upstream and downstream sites on 
either stream. This may indicate that tributary streams are 
armored to a certain extent suggesting tributary recharge is neg
ligible in most cases. Also, throughout the region, ground-water 
levels typically are far below the base of tributary streams and 
significant gains or losses to and from streamflow are not antic
ipated. 

In the absence of significant recharge from tributary 
streams and from bedrock, the majority of recharge under ambi
ent conditions is likely from precipitation. A large percentage of 
precipitation is lost to surface runoff and evapotranspiration. 
Evapotranspiration in the Louisville, Kentucky, area accounted 
for 65 percent of precipitation; the remaining 35 percent was 
almost equally divided between infiltration and runoff (Rora
baugh, 1949). Infiltration from the river can occur naturally 
when local hydraulic gradients are reversed during high river 
stages, which is common during floods, typically in winter and 
spring. Under base-flow conditions, however, hydraulic gradi
ents generally are from the alluvium towards the river. Dis
charge from surrounding bedrock aquifers serves as an addi
tional source of recharge but is likely small in comparison to 
that derived from precipitation (Mathes and others, 1995). 

In a survey of 183 wells in Ohio River alluvium of West 
Virginia, Kozar and Mathes (2001) found an average saturated 
thickness of35.6 ft and average static water level of 43ft below 
land surface. Well yields ranged from 30 to 5,500 gal/min. In a 
test of 19 wells, transmissivity of the aquifer ranged from 130 
to 1,750 square ft per day (ft2/d) with average saturated thick
ness of 25 ft between Parkersburg and Point Pleasant (Carlston 
and Graeff, 1956). Transmissivity ranged from 540 to 59,000 
ft2/d in wells analyzed by Kozar and Mathes (2001). The same 
report provided a median storage coefficient of 0.20 for Ohio 
River alluvium, indicative of an unconfined aquifer. Mean 
transmissivities of750, 4,200, and 7,500 ft2/d were reported by 
Corporate Remediation Group (2003), Mathes and others 
(1995), and Burgess and Nipple (1996), respectively. 

Ground-Water Levels and Flow Directions 

Ground-water levels vary throughout the alluvium but 
generally indicate a hydraulic gradient towards the Ohio River 
under normal conditions (Kazmann and others, 1943). Under 
normal pool conditions, in the absence of significant pumping, 
hydraulic gradients are almost exclusively towards the river. 
Exceptions occur during floods or other high-water events. 



When the stage of the Ohio River increases markedly over a 
short period of time such as during a flood, a reversal in the nor
mal hydraulic gradient occurs and river water can flow into and 
recharge the alluvium. These effects usually are very short in 
duration and are not believed to significantly alter the hydro
logic budget in the alluvium; however, such effects may have 
pronounced effects on the flow of contaminants in the alluvium. 
In addition, large pumping centers can cause very large cones of 
depression to form, which may result in lowering the water 
level in the aquifer to levels below that of the normal pool stage 
of the Ohio River. 

Ground-Water Recharge 

Estimates of ground-water recharge for alluvial aquifers 
bordering the Ohio River are highly variable. An early estimate 
of recharge for the alluvial aquifer near Louisville, Kentucky 
was 9.2 inches per year (in/yr) (Rorabaugh, 1949). Estimates of 
recharge for bedrock aquifers in the region based on streamflow 
hydrograph analysis ranged from 6.7 to 9.6 in/yr (Kozar and 
Mathes, 2001), or 16 to 24 percent of the average annual precip
itation of 40.7 in. (NOAA, 2002) at Parkersburg. Recharge rates 
for alluvial aquifers with little silt or clay could be potentially 
much higher. A calibrated ground-water-flow model for the 
Vienna area from prior modeling studies indicated recharge 
rates in the range from 6.9 to 11.5 in/yr (CDM Corporation, 
2002b). Results of calibrated ground-water-flow models in the 
Washington Bottom area near Lubeck ranged from 4 in/yr on 
Holocene flood plains to 20 in/yr in colluvial deposits near the 
margins with upland bedrock outcrops at the edge of the valley 
(Corporate Remediation Group, 2003). A test conducted in the 
Weirton area for a large collector well assumed a recharge rate 
of approximately 11.4 in/yr (Ranney Corporation, 1981 ). In the 
wellhead protection plan for the Little Hocking, Ohio, well 
field, a recharge rate of 12 in/yr was assumed (Burgess and 
Niple, 1996). Estimates of ground-water recharge for alluvial 
aquifers along the Ohio River in West Virginia applied to mod
els in this report range from 0.1 to 11.8 in/yr (Table 1) and vary 
based on the composition of the alluvium in certain areas. Allu
vial deposits with a high percentage of sand and gravel tend to 
have recharge rates approaching 12 in/yr whereas deposits with 
a large percentage of silt and clay may be as low as 3 in/yr. 

In addition to recharge from precipitation, the alluvial 
aquifers along the Ohio River also may receive significant infil
tration directly from the Ohio River and possibly to a minor 
extent from tributary streams crossing the alluvium (Jeffords, 
1945). As previously discussed, induced infiltration can take 
place under two scenarios, either when the cone of depression 
for a pumping well lowers water levels in the aquifer to depths 
below the stage of the Ohio River or when the normal hydraulic 
gradient is reversed due to flooding or high river stages. 
Induced infiltration of water directly from the Ohio River can 
contribute the majority of water yielded to wells, especially 
from large collector wells, which may far exceed that possible 
from precipitation alone. 
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Table 1. Recharge rates used in ground-water-flow simulations of 
various alluvial aquifer settings. 

[in/yr, inches per year] 

Description of model areas 

ParkersburgNienna Area 

Recharge rate 

(in/yr) 

Parkersburg well field and lower terraces 6.0 

Parkersburg upper terraces 

Vienna Wellfield 

Point Pleasant Area 

3.0 

9.0 

Point Pleasant oxbow 11.0 

Point Pleasant well field and lower terraces 12.0 

Lubeck Area 

Lubeck well field 7.0 

Washington Bottom upper terraces 9.8 

Blennerhassett Island 11.0 

Reworked Ohio River bottom sediments 0.1 

Moundsville/Glendale Area 

Moundsville well field 11.0 

Glendale well field 11.0 

Aquifer Characteristics 

Aquifer characteristics are hydraulic properties of aquifers 
and include transmissivity, hydraulic conductivity, saturated 
thickness, storativity, porosity, and depth to water. For alluvial 
aquifers along the Ohio River, existing data and reports were 
compiled and used for simulating ground-water flow and for 
particle tracking. The alluvial aquifers bordering the Ohio River 
vary in the composition of sediments but generally share many 
common characteristics. All the aquifer characteristics used for 
the simulations described in this report are listed in table 2. The 
only aquifer characteristic that changes to a significant degree 
in the alluvium is hydraulic conductivity. Because glacial out
wash deposits in the northern part of the study area are com
posed of coarser grained sediments than the alluvial deposits 
further to the south, the transmissivity and hydraulic conductiv
ity of alluvial flats to the north typically are higher than those to 
the south. Fine-grained flood-plain sediments of fluvially 
deposited silt and clay overlie the coarser grained glacial out
wash deposits in many areas (Simard, 1989). 
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Table 2. Aquifer characteritics used in ground-water-flow simulations of various alluvial settings. 

[ft, feet; bls, below land surface; n- 1, reciprocal feet; ft/d, feet per day; n/a, not applicable]. 

Hydraulic Thickness of Depth to 
Model areas conductivity alluvium water Porosity 

(ft/d) (ft) (ft bls) 

Point Pleasant Area 

Point Pleasant well field 350 75-95 40-55 0.30 

Point Pleasant oxbow 87 55-75 41-55 .35 

Camp Conley well field 83 75-95 42-48 .30 

Point Pleasant confining unit 0.1 39-58 9-45 .35 

Lubeck/Washington Bottom Area 

Lubeck well field 190 60-85 24-35 .30 

Washington Bottom well fields 190 60-65 33-40 .30 

Washington Bottom confining unit 1-4 80-105 60-80 .35 

Washington Bottom colluvium 190 85-95 65-80 .30 

Blennerhassett Island well field 250 50-58 27-40 .30 

Blennerhassett Island confining unit 20 0-15 27-40 .30 

Reworked Ohio River bottom sedi- 15 45-55 n/a .30 
ments 

ParkersburgNienna Area 

Parkersburg well field 175 45-65 30-40 .30 

Parkersburg confining unit 1-2 65-95 50-68 .35 

Vienna well field 300 70-80 30-58 .30 

Vienna confining unit 3 65-100 50-68 .. 35 

Moundsville/Glendale Area 

Moundsville well field 500 5.5-80 20-30 .30 

Glendale well field ~00 65-85 30-40" .30 

Moundsville confining unit 65-90 30-55 .35 

Glendale confining unit 65-100 30-55 .35 
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Ground-Water Withdrawals 

Ground water is withdrawn from Ohio River alluvial aqui
fers for many purposes including public water supplies, public
service water districts in rural areas, irrigation of crop land, 
industrial water for processing, power-plant cooling water, and 
less commonly, for small commercial and domestic supplies. 
For this investigation, ground-water-flow models were devel
oped mostly for large municipalities in Point Pleasant, Lubeck, 
Parkersburg, Vienna, Moundsville, and Glendale, West Vir
ginia and for the Camp Conley Public Service District in Mason 
County. Average rates of ground-water withdrawal for these 
systems and the few smaller point sources near these well fields 
are listed in table 3. 

The largest public supplier in the study area is the City of 
Parkersburg that withdraws approximately 4,800,000 gallons 
per day (gal/d) of water and the smallest supplier is the Camp 
Conley Public Service Water District which withdraws only 
34,000 gal/d. Two large chemical manufacturing facilities in 
the area immediately north of the Lubeck well field withdraw 
approximately 8,800,000 gal/d and 2,060,000 gal/d, respec
tively. Such large withdrawals are common for industrial sites 
along the Ohio River and include facilities that manufacture 
steel, plastics, chemicals, and other products. 

Simulation of Ground-Water Flow 

Ground-water flow for four distinct alluvial aquifers that 
border the Ohio River in West Virginia was simulated for this 
investigation. The modeled areas from south to north are 1) 
Point Pleasant in Mason County, 2) Lubeck and Washington 
Bottom in Wood County, 3) Parkersburg and Vienna in Wood 
County, and 4) Moundsville and Glendale in Marshall County. 
The four model areas are in an approximate 150-mi stretch of 
the Ohio River in West Virginia. Where appropriate, model 
simulations include parts of the alluvial aquifer in Ohio. This 
was done to assess the effects of pumping centers on either side 
of the Ohio River on the hydraulic head distribution throughout 
the aquifer. Large pumping centers on one side of the Ohio 
River may affect head distribution in the alluvial aquifer on the 
opposing bank if large amounts of water are withdrawn from the 
aquifer. This is the case for the Lubeck/W ashington Bottom and 
the ParkersburgNienna models. Pumping in the Point Pleasant 
and Moundsville/Glendale areas was not sufficient to have 
major effects on head distributions in the aquifer. Also, alluvial 
sediments are not exposed on the Ohio side of the river in these 
areas. 

Conceptual Models 

The conceptual model of ground-water flow for the four 
areas outlined in this report is fairly straightforward. Because 
the alluvial materials are primarily sand and gravel with overly
ing deposits of silts and clays, the aquifer is expected to be 

homogenous. Some variability between vertical and hydraulic 
conductivity is expected due to stratification in the aquifer as 
thin lenses of clay or sand are commonly interspersed in the 
sand and gravel aquifer matrix. Overall, flow in the aquifer 
should meet assumptions of Darcian flow. 

Flow to the aquifer is possible from several sources includ
ing infiltration of precipitation (recharge), bedrock seepage, 
direct infiltration from the Ohio River during floods, and leak
age from tributary streams crossing alluvial sediments. For the 
areas described in this report, seepage from bedrock aquifers 
was not considered a major source of inflow because the 
hydraulic conductivity of bedrock aquifers in the region is typ
ically low when compared to that of the alluvial aquifers. Seep
age from bedrock aquifers was therefore not simulated in any of 
the models. Although infiltration of flood waters from the Ohio 
River may be a source of water to the aquifer, under normal 
conditions most ground water discharges to the river. Where 
pumping wells are near the river, induced infiltration of water 
directly from the river is common. Seepage from overlying trib
utary streams to the underlying alluvial aquifer is considered 
minimal based on discharge measurements made during this 
investigation and the fact that most tributary streams in the 
modeled areas were dry for substantial periods during this 
investigation. Precipitation is therefore the main source of 
recharge to the alluvial aquifers. 

Of the 40.7 inches of precipitation (NOAA, 2002) that typ
ically falls annually on the area, 9-12 in. may be expected to 
infiltrate and recharge alluvial aquifers, with lesser amounts of 
recharge in areas characterized by thick sequences of silt and 
clay. The remaining 28.7 to 31.7 in. of precipitation is either lost 
to streams as surface runoff or lost to evaporation or transpira
tion by plants. For bedrock -dominated streams in the region, 
total streamflow averages 18.7 (in/yr). Of the 18.7 in/yr, 
approximately 11.7 in. (29 percent) is attributed to baseflow 
discharge and 7 in. (17 percent) is attributed to surface runoff. 
Evapotranspiration would therefore account for approximately 
22.0 in. (54 percent) of the precipitation lost annually. Most 
recharge takes place in the colder months from November 
through April when evaporation and transpiration by plants are 
minimal. Only minor amounts of ground-water recharge typi
cally occur in the warmer months under normal conditions. 

Under normal conditions, ground water is expected to flow 
from upland terraces towards the Ohio River or adjacent tribu
tary streams (Kazmann and others, 1943). This flow pattern can 
be altered by two processes. First, large cones of depression 
may form around pumping centers withdrawing large volumes 
of water (Kazmann and others, 1943). This large cone of 
depression would be expected for large water systems with
drawing millions of gallons of water per day. Smaller systems 
that only withdraw a few tens of thousands of gallons of water 
per day that would have flowed to the river would not be 
expected to produce cones of depressions large enough to cause 
a significant flow of water from the river into the alluvium. The 
second process that may alter the typical ground-water-flow 
gradient are high water events, especially during floods. During 
a high-water event on the Ohio River, water levels in the aquifer 
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Table 3. Pumping rates used in ground-water-flow simulations. 

[gal/d, gallons per day; map id, map identifier as used on illustrations within this report]. 

Local well name (map id) 
Pumping rate 

(gal/d) 

Parkersburg/Vienna Area 

Parkersburg Collector # 1 ( 1) 1,274,933 

Parkersburg Collector # 4 (2) 1,274,933 

Parkersburg Collector # 3 ( 4) 1,147,440 

Parkersburg Collector# S ( 3) 1,083,694 

Vienna#? (15) 204,7SO 

Vienna# 8 (8) 204,7SO 

Vienna# 9 (5) 204,7SO 

Vienna# 10 (6) 204,7SO 

Vienna# II (14) 19S,300 

Vienna# 13 (12) 19S,300 

Vienna# 14 (13) 19S,300 

Golf Course# 1 (11) 20,000 

Golf Course# 2 ( 10) 63,330 

Plant Well (7) 29,900 

Church Well (9) 6S,OOO 

Lubeck/Washington Bottom Area 

Lubeck- Well A (6) 110,841 

Lubeck- Well B (5) 110,841 

Lubeck- Well C (4) 110,841 

Lubeck- Well D (3) 110,841 

Lubeck-WellE (2) 110,841 

Lubeck- Well F ( 1) 110,841 

Chemical Plant #1 -Well 1 (22) 98,921 

Chemical Plant#1- Well2 (23) 98,921 

Chemical Plant #1- Well3 (24) 98,921 

Chemical Plant#1- Wel14 (15) 98,921 

Chemical Plant #1 -WellS (25) 98,921 

Chemical Plant #1 - Well 6 (26) 1,273,889 

Local well name (map id) 
Pumping rate 

(gal/d) 

Lubeck/Washington Bottom Area 

Chemical Plant #2- Well 1 ( 18) 144,010 

Chemical Plant #2- Well 2 (19) 1S8,411 

Chemical Plant #2- Well3 (21) 172,812 

Chemical Plant #2- Well4 ( 17) 144,010 

Chemical Plant #2- WellS (16) 144,010 

Chemical Plant #2 -Well 6 (20) 144,010 

Chemical Plant #2- Well 7 (9) 144,010 

Chemical Plant #2- Well 8 (8) 144,010 

Chemical Plant #2- Well 9 (7) 144,010 

Chemical Plant #2- Well 10 (14) 144,010 

Chemical Plant #2 - Well 11 (13) 144,010 

Chemical Plant #2 - Well 12 ( 12) 144,010 

Chemical Plant #2 - Well 13 ( 11) 144,010 

Chemical Plant #2- Well14 (10) 144,010 

Point Pleasant Area 

Point Pleasant Well# 7 (S) 11S,200 

Point Pleasant Well # 1 ( 4) 241,000 

Point Pleasant Well# 2 (3) 262,800 

Point Pleasant Well# 3 (2) 262,800 

Point Pleasant Well# 4 (1) 208,800 

Camp Conley PSD Well (6) 34,000 

Moundsville/Glendale Area 

Recovery Well (10) 824 

Glendale# 1 (7) 131,000 

Glendale# 2 (6) 131,000 

Hospital# 1 (8) 3S,2SO 
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Table 3. Pumping rates used in ground-water-flow simulations.-Continued 

[gaUd, gallons per day; map id, map identifier as used on illustrations within this report]. 

Local well name (map id) 
Pumping rate 

(gal/d) 

Chemical Plant #1 -Well 7 (27) 120,530 

Chemical Plant #1 -Well 8 (28) 229,280 

Chemical Plant #1 -Well 9 (29) 99,969 

Chemical Plant #1 - Well10 ( 31) 355,248 

Chemical Plant #1- Wellll (32) 212,107 

Chemical Plant #1- Well 12 (30) 292,275 

would be expected to rise to above normal levels. This would 
result in a temporary reversal of the normal gradient and cause 
water to infiltrate the alluvium from the adjacent Ohio River. 
These events are short in duration (typically only a few days) 
and result in only a temporary change in the hydraulic gradients 
in the alluvium. Water levels would return to normal quickly 
after the Ohio River stage had receded to normal pool stage. 

Numerical Models 

Visual MODFLOW Version 2.8.2 (Waterloo Hydrogeo
logic, Inc., 2000) was used in this study to simulate ground
water flow. This program incorporates MODFLOW -96 
(Harbaugh and McDonald, 1996), which is a three-dimensional 
ground-water-flow model, and MODPATH (Winston, 1999), 
which is a particle-tracking routine. Both software packages 
were developed by the USGS. Visual MODFLOW is an 
enhanced version of MOD FLOW -96 that includes MODPATH 
with additional graphical user interfaces attached to aid model 
use. 

The normal assumptions with regard to ground-water flow 
in porous media were considered applicable to the study area. 
Ground-water flow is assumed to be laminar. The aquifers sim
ulated were also assumed to be homogenous and isotropic in 
representative cells; on a larger scale, local variability in aquifer 
properties has a negligible effect on the overall rate and direc
tion of simulated ground-water flow. Stratified lenticular 
deposits of silt and clay occur locally in the aquifer and result in 
a horizontal hydraulic conductivity that is several times more 
permeable than in the vertical direction. Although this differ
ence between horizontal and vertical hydraulic conductivity has 
not been quantified in the study areas, a horizontal-to-vertical 
hydraulic conductivity ratio of approximately 10:1 was used for 
all ground-water simulations. 

All simulations of ground-water flow for this investigation 
were developed as steady-state models. Transient effects were 
not considered to be a major concern, because the models did 

Local well name (map id) 
Pumping rate 

(gal/d) 

Hospital# 2 (9) 35,250 

Moundsville # 14 ( 1) 358,000 

Moundsville# 8 (2) 572,000 

Moundsville # 12 ( 3) 428,000 

Moundsville # 12a ( 4) 572,000 

Moundsville # 9 ( 5) 428,000 

not incorporate storage or solute transport. Transient effects, 
such as rising stages on the Ohio River, have an effect on 
ground-water flow but their occurrence and duration are so 
infrequent and short that a steady-state model can effectively 
simulate ground-water flow for the four modeled areas. How
ever, estimates of the 5-year time-of-travel paths to public sup
ply wells were made as part of the steady-state models devel
oped for this investigation. The modeled areas were generally 
selected where extensive pre-existing hydrogeologic data sets 
were available. Data-collection activities were kept to a mini
mum due to the large amount of available data for most study 
areas. Field data-collection activities performed during this 
project concentrated on investigating hydrologic processes that 
were poorly understood, such as the effect of tributary streams, 
and on compiling well construction, maintenance, and pumping 
records from the major public, industrial, and commercial water 
suppliers in the modeled areas. Only the Moundsville/Glendale 
and Parkersburg areas required field investigations to document 
water levels for calibration purposes. 

Particle-tracking routines used in this investigation require 
data on aquifer porosity. Unfortunately, few data are available 
documenting the porosity of sediments in alluvial deposits 
along the Ohio River. Nevertheless, the sediments are similar to 
many sand and gravel deposits in other areas in the country. 
Average porosity for alluvial sediments generally ranges from 
25 to 50 percent for sand and gravel and from 35 to 70 percent 
for silt and clay (Freeze and Cherry, 1979). Values of porosity 
of 25-30 percent were applied to coarse-grained sediments. Val
ues of 30-35 percent were applied to fine-grained sediments to 
construct the ground-water-flow models. 

Point Pleasant 

The Point Pleasant model extends from the Bellmeade area 
on the north side of Point Pleasant, West Virginia near Ohio 
River mi 262. north to Eightmile Island and Ohio River mi 256. 
(fig. 2). The model area includes the Bellmeade area of Point 
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Figure 2. Location of the Point Pleasant model area, West Virginia (refer to figure 1 for general location map). 
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Pleasant, the southern part of the community of Maggie, the 
McClintic Wildlife Management area, and the Point Pleasant 
and Camp Conley Public Service District (PSD) well fields. A 
large part of the area once comprised the Point Pleasant Ord
nance Works where explosives were manufactured during 
World War II (Kazmann and others, 1943). 

Ground-water and soil contamination have been docu
mented at several locations near the Point Pleasant .and Camp 
Conley PSD well fields, primarily resulting from activities at 
the old Ordnance Works and a nearby manufacturing facility 
(Peter Costello, West Virginia Department of Environmental 
Protection, written commun., 2000). As a result of the ground
water and soil contamination at these primary sites, several 
hydrogeologic assessments have been conducted in support of 
USEP A RCRA and CERCLA investigations. A site-wide 
hydrogeological study of the Point Pleasant Ordnance Works 
(IT Corporation, 1996) included borehole logs, water-level 
measurements, aquifer tests, and water-quality data. An initial 
hydrogeologic assessment of the facility was conducted by the 
USGS during World War II to provide for expansion of opera
tions (Kazmann and others, 1943). Additional data obtained 
included Ohio River depth soundings and bottom maps (Kent 
Browning, U.S. Army Corps of Engineers, written commun., 
2000) and borehole logs and pumping records for the Point 
Pleasant Water Plant (Dan Rogers, Point Pleasant Water 
Department, written commun., 2000). Additional data used to 
calibrate and develop the ground-water-flow model for the 
Point Pleasant and Camp Conley areas were obtained from the 
files of the West Virginia Department of Environmental Protec
tion (Peter Costello, written commun., 2000), including bore
hole geophysical logs and water-level data for the U.S. Army 
Reserve Center, and borehole logs and water levels for the man
ufacturing facility. 

Boundary Conditions and Layers 

Boundary conditions for the Point Pleasant model were 
different than for any of the other models presented in this 
report. In the Point Pleasant area some alluvial sediments were 
deposited in an old meander cutoff (oxbow) of the Ohio River. 
This oxbow has not been documented in the past, but borehole 
records indicate two sequences of sand and gravel separated by 
an intermediate layer of silt and clay. The Point Pleasant model 
was therefore designed as a three-layer model to simulate the 
effects of the intermediate silt and clay layer in the old meander 
cutoff. Layer 3 represents the sand and gravel alluvial aquifer 
from an elevation of 475 to 510ft (fig. 3). Layer 2 extends from 
510 to 570 ft and represents the intermediate silt and clay layer 
(also shown on fig. 3). The uppermost layer (layer 1) extends 
from 570 ft to land surface and represents the uppermost sand 
and gravel layer (fig. 4). Layer 2 essentially is not present in the 
area occupied by the alluvial aquifer adjacent to the Ohio River. 
The layers slope to higher elevations in the eastern part of the 
model to represent thinning of the alluvium in upland areas. 

Generally, the area adjacent to the river is characterized by 
a fairly homogenous layer of sand and gravel. The northern part 

of the sand and gravel alluvial aquifer is less permeable than the 
southern part. It is likely that the knob of bedrock in the area to 
the north of the alluvial aquifer prevented the accumulation of 
large deposits of the more permeable sands and gravel whereas 
the southern part of the aquifer was exposed to reworking of 
sediments by the force of the Ohio River. As a result, a hydrau
lic conductivity of 83 ft/d was assigned to the northern part of 
the alluvial aquifer and a value of 350 ft/d was assigned to the 
southern part of the alluvial aquifer. The composition of sedi
ments in the old meander cutoff is similar to that in the northern 
part of the alluvial aquifer and was assigned hydraulic conduc
tivities (77 to 87ft/d) similar to that for the northern part of the 
alluvial aquifer. The intermediate silt and clay layer was 
assigned a hydraulic conductivity of 0.1 ft/d. 

The model consists of 59 rows and 28 columns and 
includes 1,652 cells (fig. 4). Approximately one third of the 
cells represent areas with bedrock outcrops and are inactive 
cells in the model. The model encompasses an area of 19,087 by 
23,585 ft or approximately 16.1 square miles (mi2). The major 
boundary conditions of the model consist of river cells along the 
Ohio River and tributary streams and inactive cells in areas 
where bedrock crops out. A variably spaced model grid was 
used with a finer density of cells in the areas of the model near 
active pumping wells and a coarser grid in areas of the model of 
less relevance. As in the other models, simulation of ground
water seepage from adjacent bedrock aquifers was considered 
unnecessary. Oldtown Creek is the only major tributary in the 
model area. Discharge measurements were made on Oldtown 
Creek at two locations, one in the headwaters of the basin and a 
second near the bridge on route 62. There was no appreciable 
increase or decrease in flow across the alluvial flat, indicating 
little interaction of the stream with the underlying alluvial aqui
fer. 

Because there was no overlying confining unit, recharge to 
the alluvium in the Point Pleasant area was greater than that for 
either the Lubeck/W ashington Bottom or ParkersburgNienna 
areas. For the model, recharge was set at 12 in/yr in the alluvial 
aquifer bordering the Ohio River and 11 in/yr in the area occu
pied by the old meander cutoff (fig. 5). Attempts to lower 
recharge rates below 11 in/yr were unsuccessful because the 
model could not calibrate to known heads with lower recharge 
rates. 

Model Calibration and Limitations 

The model of ground-water flow for Point Pleasant was 
calibrated by matching measured and simulated water levels. Of 
the four areas described in this report, the Point Pleasant area 
had the largest set of aquifer-characteristic data for model 
development and calibration. A total of 23 wells provided 
water-level data for model calibration. Model calibration goals 
were to match simulated to observed heads within 15% of the 
overall range in water level within the aquifer (about+ or- 4.2 
feet). This is considered acceptable as water-level data was not 
collected as part of this investigation and the model is based 
entirely on existing data. Of the 23 wells used for model calibra-
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Figure 3. Values of hydraulic conductivity, inactive cells, and location of production and head observation wells in layers two and three of 
the Point Pleasant model. 
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Figure 4. Values of hydraulic conductivity, model grid, inactive cells, and location of production and head observation wells in the upper 
layer ofthe Point Pleasant model. 
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Figure 5. Head observation wells and recharge assigned to the upper layer of the Point Pleasant model. 
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tion, only 3 failed to meet the 4.2 ft error criteria and most wells 
calibrated to within a few feet of observed water levels. The cal
ibrated model had a mean error of -1.41 ft and a root mean
squared error of 3.80 ft. Most of the error was from wells in and 
near areas where the hydraulic conductivity changes signifi
cantly over short distances. In these areas, it is difficult to match 
simulated water levels to observed water levels. Fortunately, 
these areas are not adjacent to the active public supply wells, 
and the errors do not significantly affect the simulation of 
ground-water flow to the major pumping centers. Overall the 
model calibrated well and compared favorably to a potentiomet
ric surface map prepared for the area in support of contamina
tion investigations in the area (IT Corporation, 1996). 

Potential limitations that could affect the accuracy of the 
simulation are mostly related to a lack of data in the uppermost 
regions of the potential recharge area to the public supply wells. 
Fortunately, data were sufficient to characterize the areas near 
the public supply wells. Additional data, especially borehole 
logs and water levels, would be needed to better refine the 
hydrogeology in the easternmost area of the model. 

Model Analysis and Interpretation 

Other than a few domestic wells that pump minimal quan
tities of water, the major ground-water withdrawals in the Point 
Pleasant well field and surrounding area are from the city of 
Point Pleasant well field and the wells at the Camp Conley PSD 
(fig. 6). Simulated flow paths indicate that none of the water 
pumped from the Camp Conley wells originates from the Ohio 
River. The 5-year time-of-travel area is less than 0.25 mi in 
length, and derives most of its recharge from an area primarily 
to the east of the wellfield. The Point Pleasant and Camp Conley 
well fields derive water from the same general area and a 
change in the pumping schedule of one would likely cause a 
change in the flow paths and time of travel to the others. The 
degree of the change would be proportional to the rate of change 
in pumping. 

Results of the simulations conducted for the Point Pleasant 
well field indicate that only a minimal amount of water, approx
imately 4 percent, is derived from river bed infiltration of water 
from the Ohio River. Most water (96 percent) is derived from a 
large circular area approximately 5,000 ft by 4,700 ft that sur
rounds the Point Pleasant well field. The 5-year time-of-travel 
area is approximately 0.84 mi2

. The contaminated land to the 
south is in the cone of depression surrounding the Point Pleasant 
well field and some wells on the southern side of the Point 
Pleasant well field have tested positive for trace amounts of 
contaminants. 

Lubeck/Washington Bottom Area 

The study area for the Lubeck/Washington Bottom 
ground-water-flow model extends from Ohio River mi 195 near 
Meldahl to Ohio River mi 190 to the north and incorporates part 
of Blennerhasset Island (fig. 7). The model area includes the 
Lubeck well field and two chemical manufacturing plants in 

Washington Bottom. The modeled area is very large (approxi
mately 23 mi2

) and was designed to be much larger than the 
expected recharge area to the Lubeck well field. 

The model area was extended to these limits for two rea
sons. First, a surfactant, commonly known as C8 has been used 
in production processes at the chemical plant (chemical plant 
#1) in the northern portion of Washington Bottom for a number 
of years, and some C-8 was released into the Ohio River and to 
the atmosphere as part of normal plant operations. Several wells 
in the Little Hocking well field showed traces of C-8 contami
nation; this led to an investigation to determine the extent and 
severity of the potential contamination. A ground-water-flow 
model was prepared to assess potential movement of C-8 from 
the plant area (Corporate Remediation Group, 2003). The high 
density of data available for the areas encompassing chemical 
plant #1 and another nearby chemical manufacturing facility 
(chemical plant #2) provided a clear boundary condition for the 
model and extensive data for model development and calibra
tion. 

In addition to the data collected for the C-8 investigation, 
a wealth of data was available from prior studies: (l) hydrogeo
logic investigations at' the two chemical plants in Washington 
Bottom (Michael P. Sherrier - URS Corporation, written com
mun., 2001 and Peter Costello, W.Va. Department of Environ
mental Protection, written commun, 2000); (2) a wellhead pro
tection area report for the Little Hocking, Ohio well field 
(Burgess and Niple, 1996); (3) hydrogeologic evaluations for 
additional water supply from Blennerhasset Island (Burgess and 
Niple, 1988; Leggette, Brashears, and Graham, 1986); and (4) 
investigations of bedrock geology for a part of the corridor D 
highway project and bridge crossing Blennerhasset Island just 
south of Parkersburg and at the north end of Washington Bot
tom (Ronald L. Adams, H.C. Nutting, written commun., 2002). 
Well records also were obtained for the Lubeck PSD (James 
Cox, Lubeck PSD, written commun. 2001). 

Boundary Conditions and Layers 

Boundary conditions for the Lubeck/W ashington Bottom 
model are complex and have several constraints. The stratigra
phy of the alluvium in the Lubeck area is complex; however, 
sediments can generally be categorized as glaciofluvial deposits 
of sands and gravels overlain by finer-grained fluvial deposits 
of silt and clay, many of which were deposited during floods 
(Carlston and Graeff, 1956). As such, the model design for the 
Lubeck area is composed of only two layers, a lower layer (fig. 
8) representing more permeable sand and gravel deposits and an 
upper layer (fig. 9) representing finer grained silt and clay 
deposits. The model consists of 95 rows and 101 columns and 
includes 9,595 cells (fig. 8) and encompasses approximately 23 
mi2. Due to the sinuous shape of the study area, nearly half of 
the cells in the model are inactive cells (fig. 9) and the model 
actually only simulates ground-water flow over an area of 
approximately 12 mi2. 

There is a great deal of variability in the hydraulic conduc
tivity, especially in the upper silt and clay layer (table 2). 
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Figure 6. Calibrated heads and 5-year time-of-travel paths to the Point Pleasant well field in the lower layer (layer 3) of the model. 
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Stream lines are from the National Hydrography Dataset, 1:24,000 (USGS, 2002; road lines are from the 
Roads Digital Line Graph, 1:24,000 (USGS, 2002) 
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Figure 7. Location of the Lubeck/Washington Bottom model area, West Virginia (refer to figure 1 for general location map). 
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Stream lines are from the National Hydrology Dataset, 1:24,000 (USGS, 2002); road lines are from the 
Roads D igital Line Graph , 1:24,000 (USGS, 2002). 
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Figure 8. Values of hydraulic conductivity and location of production and head observation wells in the lower layer of the 
Lubeck/Washington Bottom model. 
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Stream lines are from the National Hydrography Dataset, 1:24,000 (USGS, 2002) . 
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Figure 9. Well locations, model grid, inactive cells, and values of hydraulic conductivity in the upper layer ofthe Lubeck/Washington 
Bottom model. 



Hydraulic conductivity based on prior published estimates is 
complex for the model area. Generally, the lower alluvial aqui
fer was simulated from an elevation of 530 to 570ft and 
assigned a hydraulic conductivity of 190ft/d. The upper confin
ing layer representing fluvially deposited silts and clays was 
simulated from 570ft to land surface and assigned a hydraulic 
conductivity of 1.0 ft/d. The uppermost terraces are composed 
primarily of permeable sands and colluvium and assigned a 
hydraulic conductivity of 190 ft/d, similar to that for the deeper 
aquifer. 

Only alluvial sediments were included in the modeled 
area, and surrounding bedrock areas were not incorporated. 
This approach is valid because of the extreme variability in 
hydraulic conductivity for alluvial aquifers in the area com
pared to bedrock aquifers. The transmissivity of alluvial aqui
fers in the area ranged from 2,100 to 59 000 ft2/d with a mean 

2 . ' 
of 9,400 ft /d (Kozar and Mathes, 2001). Bedrock aquifers in 
the area have transmissivities averaging only about 130 ft2/d 
(Kozar and Mathes, 2001). Thus, the low transmissivity of bed
rock aquifers would result in negligible inflow of ground water 
to the alluvial aquifer from bedrock. 

Results of the ground-water-flow model for this study 
were compared with the previous model developed for the 
Lubeck area that incorporated bedrock areas (Corporate Reme
diation Group, 2003), and no discernible difference between the 
models was found. This comparison indicates that simulation of 
ground-water flow in Ohio River alluvial sediments does not 
require inclusion of flow from bedrock areas and also indicates 
that ground-water flow to the alluvium from bedrock is mini
mal. 

River cells and no-flow cells were the two primary bound
ary conditions used in the design of the Lubeck model. The 
Ohio River was simulated with a series of river cells and 
included a large backwater wetland area near the Lubeck well 
field. No-flow cells were set at the margin between the bedrock 
and the alluvium. During the course of this study (January 2001 
to December 2003), the modeled areas experienced severe 
drought. As a result, no tlow was visible in any of the tributary 
streams flowing from bedrock onto the alluvium. Seepage mea
surements could not be made to assess the effect of ground
water seepage to or from these tributaries. Discharge measure
ments made in the Parkersburg/ Vienna and Point Pleasant areas 
as part of this investigation (to be discussed later in this report) 
did not indicate appreciable flow either from or to the tributary 
streams, and the minimal seepage from the streams would have 
had a negligible effect on the overall water budget even if 
present. The few tributary streams in the area were therefore not 
specifically included in the model using either river or drain 
cells. If flow had been present in the streams, it is likely that 
only a minor component could have infiltrated to the underlying 
alluvial aquifer. 

Recharge was assigned to the upper layer (fig. 10) on the 
basis of the relative permeability of sediments at the surface. 
The area occupied by the lower terraces was assigned a recharge 
of 7 in/yr and the colluvial deposits in the area were assigned a 
recharge of 9.8 in/yr. Alluvial sediments on Blennerhasset 

Simulation of Ground-Water Flow 21 

Island generally were more permeable and were assigned a 
recharge of 11 in/yr. 

Model Calibration and Limitations 

One major modification to the model was necessary to pro
vide an accurate simulation of ground-water flow in the area. 
An influx of fine-grained sediments deposited by large volumes 
of water from the Little Kanawha River into the Ohio River has 
apparently resulted in significant reworking of the sediments in 
the Ohio River immediately downstream of the confluence with 
the Little Kanawha River. Thus, the hydraulic conductivity of 
sediments in the Ohio River immediately downstream from the 
Little Kanawha River is likely to be much lower than the 
hydraulic conductivity of river sediments near Parkersburg and 
Vienna. A previous ground-water-flow model developed to 
document potential transport of C-8 in the Washington Bottom 
area (Corporate Remediation Group, 2003) encountered this sit
uation and resolved the problem by adjusting the conductivity 
of river-bottom sediments. 

The ground-water-flow model was calibrated by matching 
simulated and measured water levels. A total of 76 wells pro
vided water-level data for model calibration. Model calibration 
goals were to match simulated to observed heads within 15% of 
the overall range in water level within the aquifer (about+ or-
4.5 feet). This is considered acceptable as water level data was 
not collected as part of this investigation and the model is based 
entirely on existing data. Of the wells used for model calibra
tion, only 9 of the 76 wells failed to meet the 4.2 ft error criteria 
and most wells calibrated to within a few feet of observed water 
levels. The calibrated model had a mean error of 1.59 ft and a 
root mean squared error of 3.24 ft. Most of the error is due to 
wells being situated near pumping centers. In these areas, com
puted water levels in pumping cells reflect the average water 
level in the cell. The simulated heads of monitoring wells in 
these cells were slightly higher than those actually observed. 

Numerous limitations could affect the accuracy of this 
simulation. The major limitation is lack of detailed information 
on the composition of the alluvium near the Lubeck well field. 
Although substantial data are available from past investigations 
in Washington Bottom, little data relates to aquifer properties 
for the area immediately adjacent to the Lubeck well field. In 
addition, reworking of sediments in the Ohio River downstream 
from the confluence with the Little Kanawha River has resulted 
in significant alteration of the hydraulic properties of sediments 
in the streambed. Unfortunately, the exact nature and properties 
of the reworked sediments are not known. Finally, the geometry 
of the alluvial aquifer is poorly understood in the area near the 
Lubeck well field. 

Model Analysis and Interpretation 

Results of modeling in the Washington Bottom and the 
Lubeck well field indicate that the primary source of flow to the 
Lubeck well field is not derived from the immediate area occu
pied by the nearby chemical plants (fig. 11). Most flow is 
derived from the area immediately adjacent to the Lubeck well 
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Stream lines are from the National Hydrology Dataset, 1:24,000 (USGS, 2002); road lines are from the 
Roads Digital Line Graph, 1:24,000 (USGS, 2002). 
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Figure 10. Head observation wells and recharge assigned to the upper layer of the Lubeck/Washington Bottom model. 
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Stream lines are from the National 
Hydrology Dataset, 1:24,000 
(USGS, 2002) 
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Figure 11. Calibrated heads and 5-year time-of-travel paths to the Lubeck well field in the lower layer of the Lubeck/Washington Bottom 
model. 
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field near Vaughts Run and Sandy Creek. Part of the flow to the' 
Lubeck well field also is derived directly from the Ohio River, 
which could be a source of contaminants. Hydraulic gradients 
indicate that the water table near the Lubeck well field is actu
ally at a higher elevation than the water table near the chemical 
plants. The Lubeck well field probably does not receive 
recharge from the northern part of the Washington Bottom area. 
Of approximately 665,000 gal of water pumped daily from the 
Lubeck well field, about 261,600 gal (39 percent) is derived 
from induced infiltration from the Ohio River and about 
403,400 gal (61 percent) is derived from the capture of ground 
water in the alluvium. The area over which recharge to the allu
vium would occur in a 5-year period (5-year time of travel) is 
approximately 3,320 ft by 4,338 ft or 0.5 mi2 (fig. 11). 

Parkersburg/Vienna Area 

The modeled area for the ParkersburgNienna model 
extends from the confluence of the Ohio and Little Kanawha 
Rivers near Ohio River mi 185 in Parkersburg to the upper end 
of the alluvial flat at the north end of Vienna near Ohio River mi 
178 to the north (fig. 12). The modeled area includes the cities 
of Vienna and Parkersburg. Both cities are located on the same 
alluvial flat or river bottom and it was logical to simulate 
ground-water flow for both sites simultaneously. 

Data for the ParkersburgNienna area are not as abundant 
as in the Lubeck!W ashington Bottom area. A RCRA investiga
tion was conducted and a ground-water-flow model (CDM, 
2002b) was developed to assess the fate and transport of PCE 
from a long-term discharge at a dry-cleaning operation in 
Vienna. The RCRA investigation provided a substantial amount 
of hydrogeologic data (Aaron Frantz, CDM Federal Programs 
Corporation, written commun., 2001) from which a ground
water-flow model could be developed that encompassed the 
larger Parkersburg and Vienna area. Water-level measurements 
were made by USGS personnel in a series of old production 
wells in the Parkersburg well field; data collected was used for 
model calibration for the southern part of the model area. Data 
from the Lubeck!W ashington Bottom area was very useful for 
design and calibration of the ParkersburgNienna model. Wash
ington Bottom is less than 2 mi south of the confluence of the 
Ohio and Little Kanawha Rivers and is hydrogeologically sim
ilar to the ParkersburgNienna alluvial flat. Extrapolation of 
data from one site to the other helped model design and calibra
tion for both models. 

Boundary Conditions and Layers 

The Parkersburg alluvial aquifer is adjacent and similar to 
the Lubeck!W ashington Bottom area with one major exception. 
The Little Kanawha River flows into the Ohio River at the 
southern terminus of the ParkersburgNienna bottom. Fine
grained sediments from the Little Kanawha River are deposited 
below but not above the confluence. Therefore, the alluvial sed
iments in the Parkersburg/Vienna bottom typically have a 
higher proportion of sand and gravel and a smaller proportion 

of silt and clay than river bottom deposits in the Lubeck!Wash
ington Bottom area. The assigned hydraulic conductivity of 
Ohio River bottom sediments was therefore much higher 
(hydraulic conductivity of 175-300ft/d) for the Parkersburg/ 
Vienna area than for the Lubeck!W ashington Bottom area 
(hydraulic conductivity of 4-15ft/d). However, the alluvial sed
iments in the lower glacial outwash terrace deposits in the Park
ersburgNienna area (hydraulic conductivity of 175-300 ft/d) 
were not appreciably different from those of the Lubeck!W ash
ington Bottom area (hydraulic conductivity of 190-250 ft/d). 

The ParkersburgNienna model included two layers, a 
lower layer (fig. 13) representing glacial outwash sands and 
gravels and an upper layer (fig. 14) representing primarily flu
vial silt and clay flood-plain deposits. The upper silt and clay 
confining layer was assigned hydraulic conductivities ranging 
from 1 to 3 ft/d and the lower layer was assigend hydraulic con
ductivities ranging from 100 to 300 ft/d (table 2). The upper 
confining unit is common in most of the alluvial terraces along 
the Ohio River (Carlston and Graeff, 1956). The lower alluvial 
aquifer was simulated from an elevation of approximately 540 
to 600 ft and the upper layer representing fluvial deposits was 
simulated from 600 ft to land surface. The model consists of 69 
rows and 30 columns and includes 2,070 cells (fig. 14). Approx
imately one-third of the cells represent areas with bedrock out
crops and are inactive in the model. The model encompasses an 
area of 16,605 by 35,705 ft or approximately 21.3 mi2. 

The two primary boundary conditions used in model 
development included river cells and inactive cells. Bedrock 
aquifers have much lower permeabilities than alluvial aquifers 
and were therefore simulated as inactive cells (fig. 14). Because 
there was flow in tributary streams during development of the 
Parkersburg model, and because the effect of these streams on 
the overall hydrology of the area is unknown, river cells were 
used to simulate ground-water seepage to and from tributary 
streams. The interaction between tributary streams and the 
underlying alluvial aquifer were determined to be minimal. 

Recharge for the Parkersburg model ranged from 3 to 9 in/ 
yr (fig. 15) and was assigned to layers according to the perme
ability of sediments in the terraces. The composition of alluvial 
sediments in the Vienna area was very different from that in the 
Parkersburg area. Because the overlying silt and clay deposits 
are much thicker in the Parkersburg area than in the Vienna 
area, recharge rates of 6 and 9 in/yr, were assigned to the Park
ersburg and Vienna areas, respectively. The upper terraces in 
the Parkersburg area are characterized by much thinner accu
mulations of alluvial deposits, with a high percentage of silt and 
clay, and were assigned a recharge value of only 3 in/yr. 

Model Calibration and Limitations 

The ground-water-flow model for the ParkersburgNienna 
area was calibrated by matching simulated and measured water 
levels. A total of 28 wells provided water-level data for model 
calibration. Model calibration goals were to match simulated to 
observed heads within 10% of the overall range in water level 
within the aquifer (about+ or- 4.0 feet). This is considered 
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acceptable as water-level data was only collected in the area 
near the Parkersburg well field as part of this investigation. The 
remainder of the model, especially for the Vienna area, is based 
entirely on existing data. Of the wells used for model calibra
tion, only 4 of the 28 wells failed to meet the 4.0 ft error criteria 
and most simulated water levels calibrated to within a few feet 
of observed water levels. The calibrated model had a mean error 
of 1.44 ft and a root mean-squared error of 3.22 ft. Most of the 
error is from observation wells located near the River or near 
pumping centers with steep hydraulic gradients. Computed 
water levels in cells with pumping wells reflect the average 
water level in the entire cell whereas water levels of observation 
wells in these cells would be expected to have slightly higher 
simulated water levels because they generally would not be 
adjacent to the pumping wells. It is also difficult to match sim
ulated and observed water levels in areas near river cells 

The accuracy of the model simulation for the Parkersburg/ 
Vienna area is mostly related to the characterization of the 
geometry of the aquifer system. Hydrogeologic data are avail
able for the alluvium at and adjacent to the Ohio River and the 
Parkersburg and Vienna well fields, but the area closer to the 
bedrock valley wall has less data and is not as well character
ized. The resulting uncertainty of the geometry of the alluvial 
aquifer could result in errors in time-of-travel estimates made 
using particle-tracking software. Additional borehole logs 
would be needed to refine the aquifer geometry in the area near 
the bedrock valley walls and the uppermost river terraces. 

Model Analysis and Interpretation 

Ground-water flow in the alluvial aquifer near Parkersburg 
and Vienna is complicated and has been modified substantially 
by the cones of depressions from the major pumping wells in 
the area (fig. 16). This is especially true for the Parkersburg well 
field (fig. 16) where pumping of 4.78 million gallons of water 
per day (Mgalld) has resulted in a cone of depression in the 
water table approximately 2 mi long parallel to the Ohio River 
and 1 mi wide. 

Conversely, cones of depression around wells in the 
Vienna area are much smaller (fig. 16) because of two factors. 
The first factor is total withdrawals: wells in the Vienna area, 
including the municipal wells and wells at an industrial plant 
and nearby golf course, only withdraw an average of 
1.58 Mgal/d compared to 4. 78 Mgal/d for the Parkersburg plant. 
The second factor relates to well location: wells in the Vienna 
area are scattered over the entire alluvial flat from the southern 
end of Vienna to its northern terminus; wells in the Parkersburg 
well field are clustered in a tight group on the river bank and on 
Neal Island. There is a considerable difference in hydraulic gra
dients in the alluvium due to differences in the hydraulic prop
erties of the two areas. The alluvial deposits in the Parkersburg 
area have a higher percentage of silt and clay than the alluvial 
deposits in the Vienna area. The confining unit in Parkersburg 
is substantially thicker than the confining unit in the Vienna 
area. As a result, withdrawal of ground water in the Parkersburg 
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area produces larger cones of depression than those in the 
coarser-grained deposits in the Vienna area. 

Wells in the Parkersburg well field derive the majority of 
their water by inducing infiltration from the Ohio River. Collec
tor wells in the well field were designed and built for this pur
pose. Simulations indicate that approximately 75 percent of 
water pumped from the Parkersburg well field is derived from 
the river and only 25 percent is derived from capture of water in 
the alluvium. Because much of the water in the Parkersburg 
well field is derived from infiltration of water through the river
bed, estimated 5-year time-of-travel distances for wells are typ
ically short and confined to areas in the riverbed and the area 
between the cones of depression in the well field itself. The 
5-year time-of travel-area is roughlyl.18 mi2 in size. 

Wells in the Vienna well field produce less drawdown but 
typically pull in water over a larger area than wells in the Park
ersburg area due to the thinner confining unit in the Vienna area. 
Typical5-year time-of-travel areas for wells in the Vienna area 
are 3,000 ft in diameter or approximately 0.25 mi2

. Ground
water budgets indicate that the Vienna public supply wells 
receive a much smaller percentage of riverbed recharge than 
wells in the Parkersburg well field. Of the average 1.4 Mgal/d 
of water pumped from public supply wells for the city of 
Vienna, only 7 percent is estimated to be derived from induced 
infiltration from the Ohio River. The majority (93 percent) is 
derived by capturing ground water which would have flowed 
through the alluvium to the river. Smaller private wells, such as 
wells at a local golf course, a small industrial plant, and a church 
had much smaller 5-year time-of-travel zones and associated 
cones of depression. 

Moundsville/Glendale 

The WVBPH has been mandated to develop WHP A delin
eations for all public water systems in the State of West Vir
ginia. Many sites for which WHP A delineations are required 
lack substantive data for model development and calibration. 
Although there is a sparsity of data, these sites would still ben
efit from analysis using numerical ground-water-flow models. 
Successful model development for the Moundsville/Glendale 
area shows that it is possible to develop models for areas with 
limited data if there is a good conceptual understanding of 
ground-water flow in the aquifer. The Moundsville/ Glendale 
area was selected for model development to represent a worst
case scenario from a modeling standpoint. The Moundsville/ 
Glendale model was the last of the four models developed in 
this study so that data and conceptual understanding gained in 
developing and calibrating the models for the previous three 
model areas could be extrapolated. This approach resulted in a 
model, that although limited in calibration data, seems reason
able from a hydrogeologic perspective. 

The model for the Moundsville/Glendale area extends 
from the mouth of Little Grave Creek in the town of Mounds
ville near Ohio River mile 101.5 north to Glendale Heights near 
Ohio River mile 98.0 (fig. 17). Of the four models presented in 
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this report, the Moundsville/Glendale model covers the smallest 
area. Both the Moundsville and Glendale Water Plants and their 
respective well fields are close to the Ohio River and are less 
than 0.25 mi apart. Both well fields combined form a series of 
wells paralleling the Ohio River over a distance of less than 
1 mi. The Moundsville/Glendale m~del is simplistic from a 
hydrogeologic standpoint, and is based on simple geometric 
cross sections representing aquifer geometry with little varia
tion of hydraulic data within the model. The actual geometry 
and hydraulic characteristics of the aquifer are likely much 
more complicated. 

Data used in the design and calibration of the Moundsville/ 
Glendale model included written records from archives of the 
Moundsville (James Woods, Moundsville Water Department, 
written commun., 2002) and Glendale (Joe Blair, Glendale 
Water Department, written commun, 2002) Water Plants. Well
head protection plans prepared by the West Virginia Rural 
Water Association also provided significant data and insight to 
conceptualize flow processes in the aquifer for the Moundsville 
(West Virginia Rural Water Association, 1999a) and Glendale 
(West Virginia Rural Water Association, 1999b) well fields. In 
addition, USGS personnel measured water levels in eight non
pumping wells in the Moundsville/Glendale area to assist in 
model calibration. 

Boundary Conditions and Layers 

Due to the limited amount of data and the small size of the 
study area, the Moundsville/ Glendale model is very simple. It 
consists of only two layers, a lower layer extending from an ele
vation of 575 to 605 ft representing the lower sand and gravel 
alluvial aquifer and an upper layer extending from 605 ft to land 
surface representing an upper silt and clay confining layer. The 
model consists of 52 rows and 31 columns and contains 1,612 
cells (fig. 18). Approximately 40 percent of the cells represent 
areas with bedrock outcrops and are inactive. The model 
encompasses an area of 7,766 ft by 15,276 ft, or approximately 
4.25 mi2. 

As with the other models, the major boundary conditions 
for the model are river cells and inactive cells. River cells only 
were applied to the Ohio River; no tributary streams were sim
ulated in the Glendale/Moundsville area. During the course of 
this investigation, no flow was evident in any tributary streams 
in the model area. Unfortunately, the Moundsville/Glendale 
area was experiencing a severe drought at the time field data 
were collected for this study; however, even if flow had been 
present, data collected for the Point Pleasant and Parkersburg/ 
Vienna models indicate a lack of interaction between tributary 
streams to the Ohio River and the underlying alluvial aquifer. 
As with the other models, the seepage of water from adjacent 
bedrock areas was considered minimal in comparison to flow in 
the alluvium and infiltration of water from the Ohio River. 
Therefore, the bedrock areas in the model area were designated 
as inactive cells. 

Hydraulic conductivity data were sparse. A value of 
500 ft/d was assigned to the alluvial sand and gravel layer, and 

a value of 1 ft/d was assigned to the overlying silt and clay con
fining unit. Estimates of hydraulic conductivity were taken 
from a statewide report on aquifer characteristics, and data from 
Marshall County were used to assign values of hydraulic con
ductivity to the modeled area (Kozar and Mathes, 2001). 

Recharge was uniformly applied to the model at a rate of 
11 in/yr. This rate is similar to that used in the other models. The 
relatively .thin overlying silt and clay unit and the high perme
ability of the underlying aquifer results in a slightly higher 
recharge than in areas dominated by thick silt and clay confin
ing units. 

Model Calibration and Limitations 

Data available for design and calibration of a ground
water-flow model for the Moundsville/ Glendale area are mini
mal. Nevertheless, due to the small size of the study area, the 
water levels that were measured, and the knowledge gained in 
the design and calibration of the three previous models, ground
water flow in the Moundsville/Glendale area was simulated. 
The ground-water-flow model for the Moundsville/Glendale 
area was calibrated by matching simulated and measured water 
levels. A total of only 8 wells provided water-level data for 
model calibration. The area is almost exclusively served by 
public water systems and the 8 wells measured were the only 
wells available in the study area. Funds were not available for 
drilling monitoring wells as a part of this investigation and the 
simulation for the Moundsville/Glendale area was scheduled by 
design to represent a more or less worst case data scenario for 
modeling activities in Ohio River alluvium. Due to these limi
tations, model calibration goals were to match simulated to 
observed heads within 20% of the overall range in water level 
within the aquifer (about+ or- 2.4 feet). Of the 8 wells used for 
model calibration, only one had a water level which did not 
meet the 
2.4 ft error criteria. The calibrated model had a mean error of 
just -0.51 ft and a root mean-squared error of 2.10 ft. 

Major limitations of the accuracy of the Moundsville/ 
Glendale model are primarily related to a lack of data. Addi
tional data including water levels, borehole logs, and aquifer
test data would be needed to better refine the model. Any inter
pretation of ground-water flow on the basis of this model should 
be viewed as preliminary and subject to revision given addi
tional data. 

Model Analysis and Interpretation 

Four principal pumping centers were simulated for the 
Moundsville/Glendale area. These include the Moundsville and 
Glendale well fields, an extraction well for ground-water reme
diation at a local gas station, and the hospital in Glendale. The 
major pumping center is the Moundsville well field. Pumping 
from the Moundsville well field produces a large cone of 
depression around the well field and throughout the surround
ing alluvium (fig. 19). Of the approximately 2.0 Mgal/d of 
water pumped from the Moundsville well field, approximately 
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half is derived from induced infiltration directly from the Ohio 
River. The remainder is derived from capturing ground water 
that would have flowed to the Ohio River from alluvium to the 
north, east, and south of the well field. The 5-year time-of-travel 
area estimated for the well field covers an elliptical area of 
approximately 6,750 ft by 3,250 ft, or approximately 0.79 mi2 . 

The second major pumping center is the Glendale well 
field. The majority of water flowing (72 percent) to the Glen
dale well field is induced infiltration of water from the Ohio 
River. A smaller percentage of flow (28 percent) is derived by 
capturing water from the alluvial terraces north of the well field. 
The 5-year time-of-travel area is small, approximately 2,750 ft 
by I, 150ft, or 0.11 mi2 (fig. 19). Two other minor pumping 
centers, a local gas station and a hospital, receive 100 percent of 
flow from the alluvium with no induced infiltration from the 
Ohio River. The primary recharge area for these two minor 
withdrawals is primarily to the north of the wells. 

Sensitivity Analysis 

Ground-water-flow models described in this report were 
designed and calibrated based on various parameters: boundary 
conditions, recharge, layer configurations, and hydraulic con
ductivity. Because boundary conditions and layer configura
tions were established from site-specific data and well logs, 
there was little opportunity to vary these parameters. Only 
recharge and hydraulic conductivity values could be varied in 
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each model for calibration purposes. Sufficient data were avail
able to develop good preliminary estimates of hydraulic con
ductivity and recharge. Significant variability in recharge and 
hydraulic conductivity resulted from variations in the composi
tion of the alluvial sediments in each modeled area. This was 
especially true for the upper silt and clay confining layers for 
which little data were available. As a result, parameters were 
varied during the calibration phase to provide a best fit between 
observed and calculated hydraulic heads and hydrologic bud
gets. Parameters were also varied to determine how "sensitive" 
the models were to variations in input parameters. 

The ranges of hydraulic conductivity and recharge rates 
for the various models and the effect varying these parameters 
had on the calibration error for the models (root mean squared 
and mean error) are listed in table 4. The effects of varying the 
parameters arepronounced in some instances and negligible in 
others. Overall, the models are more sensitive to variations in 
recharge than they are to variations in hydraulic conductivity. 
The models also are sensitive to the hydraulic conductivity of 
confining units when hydraulic conductivities are small. An 
example is the Washington Bottom and Moundsville upper ter
races (table 4) where small changes in hydraulic conductivity 
have rather pronounced effects on simulated heads. As a result, 
known values of hydraulic conductivity were used to calibrate 
the models where possible. The major data limitation indicated 
by sensitivity analysis is information on hydraulic properties of 
the confining units. 

Table 4. Effects of varying parameters for sensitivity analysis during model development and calibration. 

[ft, feet; ft/d, feet per day; in/yr, inches per year; numbers in bold type indicate the parameters varied during the sensitivity analysis]. 

Calibrated Model Sensitivity Tests 

Description of model Hydraulic Mean Root mean Hydraulic Mean Root mean 
areas conductivity 

Recharge 
error squared conductivity 

Recharge 
error squared 

(ft/d) 
(in/yr) 

(tt) error (ft/d) 
(in/yr) 

(ft) error 

Point Pleasant Area 

Point Pleasant 350 12.0 -1.41 3.80 500 12.0 -1.47 3.78 
Well Field 

Point Pleasant Oxbow 87 11.0 87 9.0 -1.80 4.05 

Camp Conley 83 12.0 43 12.0 0.60 3.47 
Well Field 

Point Pleasant 0.1 11.0 0.1 6.0 -2.37 4.50 
Confining Unit 

Lubeck-Washington Bottom Area 

Lubeck Wellfield 190 7.0 1.59 3.24 300 7.0 2.83 4.60 

Washington Bottom 190 7.0 190 12.0 1.96 4.81 
Well fields 

Washington Bottom 1.0 9.8 0.5 9.8 0.93 4.29 
Upper Terraces 
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Table 4. Effects of varying parameters for sensitivity analysis during model development and calibration.-Continued 

[ft, feet; ft/d, feet per day; inlyr, inches per year; numbers in bold type indicate the parameters varied during the sensitivity analysis]. 

Calibrated Model Sensitivity Tests 

Description of model Hydraulic Mean Root mean Hydraulic 
Recharge 

Mean Root mean 
areas conductivity 

Recharge 
error squared conductivity error squared 

(in/yr) 
(ft) (ft/d) 

(in/yr) 
(ft) error (ft/d) error 

Washington Bottom 190 9.8 190 6.5 6.49 8.28 
Colluvium 

Blennerhassett Island 250 11.0 450 11.0 6.86 8.67 

Blennerhassett Island 20 11.0 20 15.0 1.51 3.68 
Upper Terraces 

Little Hocking 190 11.8 95 11.8 1.32 3.91 
Wellfield 

Reworked Ohio River 15 0.1 15 4.0 1.61 3.67 
Bottom Sediments 

Parkersburg-Vienna Area 

Parkersburg W ellfield 175 6.0 1.44 3.22 350 6.0 1.69 3.89 

Parkersburg 1-2 3.0 1-2 1.0 1.23 3.77 
Upper Terraces 

Vienna Wellfield 300 9.0 150 9.0 1.18 4.01 

Vienna Upper 3 9.0 3 12.0 1.95 4.08 
Terraces 

Moundsville/Glendale Area 

Moundsville 500 11.0 -0.51 
Wellfield 

Glendale Wellfield 500 11.0 

Moundsville Terraces 11.0 

Glendale Terraces 11.0 

Summary 

Ground-water-flow simulations were developed for allu
vial aquifers bordering the Ohio River in Point Pleasant, 
Lubeck/W ashington Bottom, Parkersburg/ Vienna, and 
Moundsville/Glendale, West Virginia. The models were devel
oped to assess ground-water-flow rates and directions in allu
vial aquifers and to assess the effects of large ground-water 
withdrawals on the ground-water flow system. This study was 
initiated in 2000 and was done in cooperation with the West 
Virginia Bureau for Public Health (WVBPH). The models can 
be used by water-resources managers to develop source-water 
protection areas for public supply wells in the study areas and 
in other Ohio River alluvial aquifers. Five-year time-of-travel 

2.10 900 11.0 0.14 1.86 

500 7.0 -1.28 2.45 

0.5 11.0 -1.00 2.36 

15.0 0.26 2.01 

zones, identified by use of particle tracking, were included as 
part of this investigation. 

Th~ geology of the areas for which ground-water models 
were prepared is typified by highly permeable sand and gravel 
glacial outwash deposits overlying bedrock. The hilly terrain of 
south-southeast dipping Lower Permian and Pennsylvanian age 
rocks is dominant in the upland areas and gives way to a flood 
plain less than 500 feet (ft) below. Pleistocene alluvium from 
glacial outwash deposits of the pre-, early-, and late-Wiscon
sinan age has been reworked and deposited at lower elevations, 
forming terraces. The alluvial deposits have the capacity to 
yield millions of gallons of water per day to wells, especially 
wells completed in river-bank deposits or completed as long 
horizontal lateral collector wells extending beneath the river. 
Fluvially deposited layers of silt and clay typically cover the 



glacial outwash deposits, forming a thin overlying confining 
unit that limits recharge from precipitation. The confining unit 
is present in all modeled areas but is partially absent in the Point 
Pleasant area. The alluvium there, from the river bank to about 
I mile (mi) east of the river is typified by more permeable sands 
and to a lesser extent gravels at the base. An old meander cutoff 
(oxbow) in the Point Pleasant area is characterized by a confin
ing layer of silt and clay between upper and lower alluvial aqui
fers. 

Under base-flow conditions, hydraulic gradients typically 
indicate ground-water flow from the alluvium towards the river. 
Infiltration from the river can occur naturally when local 
hydraulic gradients are reversed during high river stages that are 
common during floods. Induced infiltration from the Ohio 
River is likely where the aquifer is pumped close to the river, 
although local heterogeneity of river bottom sediments may 
reduce the connection (Mathes and others, 1995; Jeffords, 
1945). 

No appreciable gains or losses in streamflow were 
detected in any of the areas and tributary streams are therefore 
believed to have little connection with the underlying alluvial 
aquifer. Discharge from surrounding bedrock aquifers serves as 
an additional source of ground water but is likely small in com
parison to that derived from precipitation. In the absence of sig
nificant recharge from tributary streams and from bedrock, the 
majority of recharge under ambient conditions is from precipi
tation. A large part of precipitation is lost to surface runoff and 
evapotranspiration. Estimates of ground-water recharge for 
alluvial aquifers bordering the Ohio River range from 3 to 20 in/ 
yr. Estimates of ground-water recharge applied to models in this 
report range from 3 to 12 (in/yr) and vary based on the compo
sition of the alluvium. Alluvial deposits with a high percentage 
of sand and gravel tend to have recharge rates approaching 12 
in/yr whereas the deposits with a high percentage of silt and 
clay (thicker and more areally extensive confining units) may 
have recharge rates as low as 3 in/yr. 

In the study area, the alluvium varied in thickness from 
45 to 100ft. The thickness in the Point Pleasant well field was 
(75-95 ft), Lubeck (60-85 ft), Parkersburg ( 45-65 ft), Vienna 
(70 to 80ft), and Moundsville/Glendale (65 to 100ft). The aver
age hydraulic conductivity of the alluvium in each well field 
was Point Pleasant (350ft/d)), Lubeck (190ft/d), Parkersburg 
(175ft/d), Vienna (300ft/d), Moundsville (500ft/d), and Glen
dale (500 ft/d). The depth to water in the alluvium varied from 
24 to 58 ft below land surface. 

Because glacial outwash deposits in alluvial flats in the 
northern part of the study area consist of coarser grained sedi
ments than the alluvial flats further to the south, the hydraulic 
conductivity of the alluvial flats to the north (300 to 500ft/d) are 
typically higher than those to the south (75 to 300ft/d). Fine
grained flood plain sediments offluvially deposited silt and clay 
cover the coarser grained glacial outwash deposits but typically 
have very low hydraulic conductivities of0.1 to 3.0 ft/d. 

Public-supply wells in alluvial sediments along the Ohio 
River have the capacity to yield extremely large quantities of 
water. For public supplies described in this report, Parkersburg 
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withdraws the most water at 4.78 million gallons per day (Mgal/ 
d) and the Camp Conley Public Service District withdraws the 
least at only 34,000 gallons per day (gal/d). Average ground
water withdrawals for the remaining well fields are: Point 
Pleasant ( 1.09 Mgal/d), Lubeck 
(0.67 Mgal/d), Vienna (1.40 Mgal/d), Moundsville (2.36 Mgal/ 
d), and Glendale (0.26 Mgal/d). Two large chemical manufac
turing facilities in the area immediately north of the Lubeck 
well field withdraw approximately 8.80 Mgal/d and 
2.06 Mgal/d, respectively. Such large withdrawals are common 
for industrial and public-supply wells along the Ohio River. 

Results of the simulations conducted for the Point Pleasant 
area indicate that only a minimal amount of the water (approx
imately 4 percent) that is pumped from the Point Pleasant well 
field is derived from induced infiltration from the Ohio River. 
The majority of water (96 percent) is derived from a large cap
ture zone, approximately 5,000 ft by 4,700 ft, that surrounds the 
Point Pleasant well field. The 5-year time-of-travel area occu
pies approximately 0.84 mi2. The contaminated land to the 
south of the plant is within the cone of depression of the nearby 
Point Pleasant well field. Water from the adjacent contaminated 
site could potentially migrate to the Point Pleasant well field, 
depending on pumping scenarios in the well field. For the Camp 
Conley Public Service District, none of the water pumped orig
inates from the Ohio River. The 5-year time-of-travel area for 
the Camp Conley well field is small, less than 0.25 mi long, and 
derives most of its water from a small area primarily to the east 
of the well field. It is not likely to be affected by the contami
nated sites adjacent to the Point Pleasant well field but could be 
vulnerable to contamination from other potential sources of 
contaminants in the area. 

In the Lubeck well field, ground-water flow simulations 
show that ground water is derived from the area immediately 
adjacent to the well field near Vaughts Run and Sandy Creek. 
Part of the flow also is derived directly from the Ohio River. 
Hydraulic gradients indicate that the water table near the 
Lubeck well field is actually at a higher elevation than the water 
table near the chemical manufacturing facilities in the Washing
ton Bottom area. It does not appear likely that the Lubeck well 
field captures flow from the northern part of the Washington 
Bottom area. Of the approximately 665,000 gal of water 
pumped daily from the Lubeck well field, approximately 
261,600 gal (39 percent) is derived from induced infiltration 
from the Ohio River and approximately 403,400 gal (61 per
cent) is derived from ground water in the alluvium that would 
otherwise have flowed to the Ohio River. 

Ground-water flow in the alluvial aquifer near Parkersburg 
and Vienna is complicated and has been modified substantially 
by the cones of depressions formed from the major ground
water withdrawals in the area. This is especially true for the 
Parkersburg well field where pumping of 4. 78 Mgal/d has 
resulted in a cone of depression approximately 2 mi long paral
lel to the Ohio River and approximately l mi wide. Conversely, 
cones of depression around wells in the Vienna area are much 
smaller. This is due to a difference in total withdrawals and in 
well spacing. Wells in the Vienna area, including the municipal 
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wells and wells at an industrial plant and nearby golf course, 
withdraw a total of 1.58 Mgal/d compared to 4.78 Mgal/d for 
the Parkersburg plant. The wells in the Vienna area are scattered 
over the entire alluvial flat from the southern end of Vienna to 
its northern terminus, whereas wells in the Parkersburg well 
field are clustered in a tight group on the river bank and on Neal 
Island. In addition, the deposits in the Parkersburg area have a 
higher percentage of silt and clay than do alluvial deposits in the 
Vienna area, and the confining unit in Parkersburg is substan
tially thicker than the confining unit in the Vienna area. As a 
result, withdrawal of ground water in the Parkersburg area pro
duces larger cones of depression than would occur in the coarser 
grained deposits in the Vienna area. Approximately 75 percent 
of the water pumped from the Parkersburg well field is derived 
from infiltration of water from the Ohio River whereas only 7 
percent of water pumped from the Vienna well field is derived 
from the Ohio River. 

In the Moundsville/Glendale area, pumping from the 
Moundsville well field produces a large cone of depression 
around the well field and throughout the alluvium. Of the 
approximately 2.0 Mgal/d pumped from the Moundsville well 
field, approximately half is direct infiltration of water from the 
Ohio River. The remainder is derived from capturing ground 
water in the alluvium that would have flowed to the Ohio River 
from the area south of the well field. The majority of recharge 
(72 percent) to the Glendale well field is direct infiltration of 
water from the Ohio River. A smaller proportion (28 percent) of 
recharge is derived from precipitation falling on the alluvium. 
Pumping from the Glendale well field does not produce a cone 
of depression but rather a small 5-year time-of-travel area of 
approximately 0.11 mi2. 
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