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FORENORD

This report is part of a series intended to cover the entire

State, ancl to provide private c'itizens, groundwater users, developers,

jnvestors, wel I dli 1 1 ing contractors, consul tants and professional s,

and government officia'ls wjth as complete a picture as possible of

the groundwater sjtuation, jncluding prospects, as jt exjsts in each

of the counties of Virginia.

0n the basis of this report, prospective groundwater users and

anyone else jnterested jn the development and protect'ion of that

invaluable resource that'is groundwater can make up their mind and

call a consulting hydrogeologist to handle the'ir specific groundwater

prob'lem, while the State Water Control Board remains at the

publ ic's service for generai inforr,ration and governnental act'ion.
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ROANOKE COUNTY GROUNDI,IATER

Present Cond'iti ons and Prospects

ABSTMCT

Roanoke County is situated in a rnountajnous area that has undergone

numerous geologic processes whjch have resulted in complex geologic

condit.ions. Intensively folded and faulted sedimentary rocks comprised

mainly of shale, sandstone and limestone, antl igneous anrl metamorphic rocks

underlie the county. In addit'ion to va'luable water-bearing alluvium of

stream va] 'l eys , three aqui fer systems have been i denti f i ed , whi ch prov'ide

about 10 milljon gallons per day of groundwater for public and jndustrial

use. These aquifer systems have the potentiai to supply three t'imes

as much groundwater.

The pre-Cambrian-Cambrian Aquifer System extends throughout the south-

ern and eastern portion of the County. It has fair to good water-bearing

characteristics, with local areas of high y'ields. Groundwater quality

i s general ]y excel 
'l ent. Thi s aqui fer suppl j es about 18 percent of pubi i c

and industrial groundwater needs'in the County, but its potential has

barely been taPPed.

The Cambrian-0rdov'ic'ian Aquifer System occurs throughout the County

and forms the major va]1ey areas. Thjs aqujfer has good to excellent

water-bearing properties. The quality of groundwater within this aquifer

is generaliy excellent, but it may be moderately hard in isolated areas'

About 80 percent of Roanoke County groundwater needs are met through this

aquifer system. The potential for future development is excellent'

part'icul ari 1y for i ndustri al purposes '

The Mississippian-Devonian-sjlurian Aquifer system underlies the

western portion of the County' li'lells in this system have poor to fa'ir



yields, depending on their topographic locatjon. Groundwater quality

is generally poor to fair, with excessive jron and suiphur common.

About two percent of the County groundwater needs are presently met with

th'is aquifer. The potential for future development for public and

industrial supplies is generally poor.

Man's activities can have severe and long-iasting effects on the

qua'lity of groundwater, and it must be recognized that groundwater is

a delicate resource that requires adequate conservation and management

'if it'is to fulfill its role in meeting the demands of the future.

Prevention is the key to majntaining groundwater quality because once

contam'inated jt is difficu'lt, jf not impossible, to restore'it due

to the lim'itations of technology and the cost 'involved.



CHAPTTR I

I NTRODUCT ION

General Settinq

Roanoke County, encompassing approximately 277 square miles, is

located in west central Virginia (P1ate 1), rural jn nature, with

agriculture and livestock production accounting for most of the land

use in the County.

The c'it'ies of Roanoke and Salem, and the town of V'inton compr"ise the

major urban area of the County, all of which are s'ituated'in the Roanoke

Va11ey. According to the D'ivision of State Planning and Communjty Affairs'

the total population of the County in January L976 was 67,000, while

Roanoke, salem and vinton llad populations of 105,000, 22'000 and 7'400

respectiveiy. Growth jn the County has been centered in the Roanoke

Va11ey and the populat'ion of the Roanoke Metropoi'itan Area has'increased

from 158,803'in i960 to jts present level of 201,400 and is expected

to increase to 207,700 by 1980,236,200 by 1990 and 264'700 by the year

2000.

!,later needs are primarily being served by surface water from the

Roanoke Rjver and the Carvins Cove Reservojr, with groundwater supplying

about 33 percent of the total water demand. However, as water demands

by individuals, municipalities and'industries jncrease, groundwater should

be viewed as an attractive resource because of its high quality and good

ava'i I abi I 'ity as wel 1 as j ts cost eff j ci ency.

Current information jndicates that about 10.5 million gallons per day

(MGD) of groundwater is used in the County, while jnformation on completed

wells jnd.icates that approximately 30 MGB of groundwater could be obtained

from present wells, if so desired.



Purpose and Scope

The purpose of this report is to consolidate available information

on groundwater jn Roanoke County, to prov'ide 'indiv'idual s, industries,

and munic'ipalities with a picture of the groundwater resources in the

County, and to describe how these resources may be developed to meet

the present and future needs of the County. Although directed towards

the laymen, this report is also'intended to provide a background for

more professional 1y oriented readers.

Methods of Investigation

Most of the general .background and geoJogic information appearing in

this report is a sunmary of previous work. Some of the information 0n

water well construction and groundwater quality has been obta'ined from

other State Agencies, although the bulk of it has been collected by the

State Water Control Board.

Much of the previous'ly unpubljshed informatjon on individual well

construction data and quality analyses has been collected as a result

of the Groundwater Act of 1973. This Act requ"ires that drilling

contractors submit a Water lrlell Completion R€port (From Glll-z) for all

wells drilled, and that owners of industrial and public water suppfies

submit quarterly reports (Form GW-6, Groundwater Pumpage and Use)

detailing groundwater withdrawal. in addit'ion, the Board requires that

drillers submit drill cutt'ing samp'les collected at ten-foot intervals

on al1 public and industriai supply water wells and those wells which are

drjlled to unusual depths or are located'in areas deemed deficient in

geol ogi c 'inf ormati on .
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A concentrated effort has been made over the past year to gather

'informat'ion relating to groundwater qual'ity trends in Roanoke County. In

addition to specific sampiing areas, groundwater quality informatjon is

obtajned from regu'lar monthly sanrpling runs made by the Board's West

Central Regionai Office. Domestic suppljes are generally sampled although

sorne smal I 'industrial and commercial suppl ies are checked occas'iona11y.

Another source of quality information is the Pollut'ion Response

Program (PReP), maintained by the Board for the sole purpose of responding

to cjtizen reports of water pollution of any type. This includes pollut'ion

of both groundwater and surface water by accidental orintent'ional spil'ls

of hazardous chemica'ls, ojl, gasol ine, refuse and 'industrial wastes.

Al I wel I informat'ion, wel I comp'letion reports and records of ground-

water quality analyses cited in thjs report are on permanent file at the

Board's Headquarters 0ffice jn Richmond and the fiest Central Regional

Office 'in Roanoke. These data are computerized for storage and retrieval,

and were used to compile Appendjces A and B.

Prev'ious Investiqations

Several geologic investigations have been made of the Roanoke area,

which'include part or all of the count'ies of Roanoke, Botetourt, Bedford,

Craig and Montgomery. The earliest geologicaf investigations for iron

and manganese ore along the foot of the Blue Ridge l'lountains were by

bJatson (.l907), Harder (.]908, .|909) 
and by Stose, et. al. (.l9.I9). Later

l^/oodward (.|932) and Butts (1933) presented the results of two geoiogicai

invest'igations that encompass naps delineating various geologicai units.

More specjfic and recent reports of the geology of the area have been

conducted by Butts (,|940), Andrews ('1952), Dennison (.l956), Chen (.|959),



Hergenroder (.|966) and |.Jalker ('1966). Recently, Amato (1974) did detajled

geo'logic mapping of the Salem Quadrangle at a scale of l:24,000.

Groundwater characteristics of the area were surnrnarized by Latta (.l956)

andincluded a compilat'ion of water well data. The most recent work, by

|,Jaller, (unpublished Ph.D. d'issertation, and State tlater Control Board

report, 1g76) is a comprehensive study of the water resources of the Upper

Roanoke River Basin, emphas'izing aquifers and groundwater in Roanoke

County and part of Botetourt, Floyd and mainly ftlontgomery Count'ies.

t,later llel I Numberj ng System

The State Hater Control Board's Bureau of Water Control l4anagement

maintains water well information such as well depth, size and yield, and

other pertinent data in a computerized system at the Board's Richmond

headquarters; also, information on water quality and water level changes

is computer-ma'intained at R'ichmond by the Board's Bureau of Surveillance

and Field Studies. Retrieval of this 'information for specific wells is

possible by the water well numbering system.

This system comprises two numbers: the first one'is a county identity

number (Roanoke County js .l80), 
and the second number is a sequential l'ist-

ing of wells in the county. For example, well number 180-349 refers to

a specific well ln Roanoke County. At the time of this report, over 400

wells are listed in the fjle for this. County, although it is estimated

that the total number of wells in the County 'is substant'ially higher.
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CHAPTER I i

PHYSICAL SETTING

Phys i ograph.y

Roanoke County lies withjn the Blue Ridge and the Valley and Ridge

Physiographic Provinces. Local ly, the physiographic units jnclude the

(1) Blue Ridge Mounta'ins along the southeastern portions of the County;

(2) Fort Lewis-Brushy Mounta'in-Catawba Valiey Complex of the Valley and

Ridge Phys'iographic Prov'ince in the northwestern area of the County;

and (3) Roanoke Valley which is broad and flat and comprises the central

and northeastern portions of the County.

The major topographic features of the County exhib'it approximately

3,000 feet of relief between the summjt of Poor Mounta'in (3,381 feet)

and the Roanoke River where it exits the County (800 feet) nearits

confluence with Back Creek (Plate 2). The southeastern portion of the

County is characterized by forested mountains intersected by narrow,

steep-sided ravines and va11eys. However, the topography of the north-

western area of the County is markedly different, characterized by the

1ong, narrow, parallel, northeast-trending valleys and mountain ridges

of the va11ey and Ridge Physiographic Prov'ince. In general , the mounta"ins

in this part of the County are rugged, heavily forested, with numerous

small streams djssecting them.

Hydrol pgy

Most of the County lies w'ithin the Roanoke River Basin; however'

the area of the county drained by catawba creek l'ies with'in the James

River Basin with the gap between Crawford Ridge and Sandstone Ridge in

the northwest part of the County demarking this dr'ajnage divide' Carvins

11tl
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Creek is impounded to form the largest reservoir with a storage capacity

of 6,500 million gailons, and furnishes the major port'ion of potable

water to the city of Roanoke and the town of V'inton. Carvins Cove

Reservoir is augmented during tjmes of high flow through jnter-bas'in

transfer from the James R'iver Basin.

Several stream fiow gauging stations are maintajned throughout Roanoke

and adjacent counties. The data from these are published annually by the

U.S. Geological Survey in "Water Resources Data for Virginia!'. The

extremes of discharge values for the water year of 1974 are shown below:

TABLE 1

EXTREI4ES VALUES

Stati on

FOR DISCHARGT IN CUBIC

Flood of Record

FEET PER SECOND

Year 1974
Maximum Minimum

Roanoke River-
Lafayette

Roanoke River at
Roanoke

Tinker Creek
near Dalevil le

Roanoke River
at Niagara

3,860 ft3ls

4,740 ft3/s

3,580 ft:/s

5,980 ftals

51 ft3ls

58 ft3ls

2.8 f t3 /s

11 ft3ls

Cl imate and Precipitation

A relatively mild climate characterizes Roanoke County, hot and hum'id

in summer; cool and rainy in winter, wjth some snow. The average annual

temperature is about 55odegrees Fahrenheit; the hottest month is July with

an average temperature of 75oF, and January is the coldest month with an

average temperature of 360F. Precipitat'ion during the warm months (April-

September) averages about 23 'inches whi'le the fall and winter months

24,500 ft3/i (1972)

25,300 ft3/s (1972)

4,000 ftz/s (1972)

28,800 ft3ls (197?)

t<



experjence about 16 jnches (some of it snow, but predominately rajn),

with an average yeariy precipitation of about 40 inches.

Soils and Vegetation

Soils and vegetation influence groundwater conditions and so'ils are

highly'dependent on geology. The underlying geo'logy has a signif icant

effect on the properties of soils developed over them, and'in view of

this, a generalized discussion of soil cond'itions is presented below.

For example, a so'il developed on limestone will have a higher clay

content than one developed on sandstone. Seventeen major soi'l assocjations

are recognized'in Roanoke County; however, for simplicity they are con-

solidated in four major types of soilsi

Blue Rjdge Complex. These soils tend to be deep, wel1-drained and

permeabl e , 'located on sl opi ng to steep rel i ef of the mounta'ins . Some

shallow, poorly-drained soils are present in the valieys, but their

extent js not great. These soils have a large impact on the amount of

water allowed to 'infiltrate into the groundwater regime. Due to their

deep nature they act as a sponge, allowing water to continue percolating

downward to replenish the groundwater.

Limestone and Dolomite. These so'ils are mostly deep, moderately well-

drajned, gently sioping and moderately permeable. Due to the karst

nature of the limestone terrain, these soils have a major impact on the

groundwater by directing recharge to sinkholes with minjmal infiltrat'ion

through the so'il .

Alluvial Sediment (Flood Plain and Terrace Depos'its). Soils of this

type are well to poorly-drained with moderate to poor permeability on

gently sloping to nearly level stream terraces. These deposits can store



large volumes of water to replenish the groundwater regime.

Sandstone and Shale. These soils are mostly shallow to moderately

deep, well-dra'ined, having moderately high permeability on moderately

sloping relief. Soils in th'is group have little impact on infiltration.

Abundant vegetation is ev'ident in Roanoke County and is a result of

the relatively mild climate and sufficient precipitation. Large stands

of deciduous and evergreen rrees cover the mountain slopes, with valley

areas primarily having grass and agriculture crops present. Heavy veget-

ative cover inhjbits surface run-off and subsequently, permits greater

amounts of water to seep into the subsurface and replen'ish the groundwater

resource. 0n the other hand, areas with little vegetative cover (e.g.grass)

or cleared areas have higher surface run-off figures and,

less water enters the groundwater regime. As large areas

are cleared and run-off coefficients increase, a decrease

recharge and a decline jn the water tab'le may result.

AS

in

a resul t,
forest I and

groundwater

1F





CHAPTTR I I I

HYDROGEOLOGY

I ntroduct"ion

There is a strong reiationsh'ip between the geology and the occurrence,

movement and quality of groundwater. Geologic jnformatjon 'is a requisite

to understandjng the hydrogeology of Roanoke County or any area. Many

factors contro'l groundwater condit'ions, the most important being the

ljthology (types of rocks) and the geologic structure (totas, faults).

The ability of different types of rocks to absorb, store and transmit

water varies greatly according to their nature. Further, structural

deformation undergone by these rocks may either foster orimpa'ir ground-

water conditions. Rocks wh'ich act as a reservoir and allow water to move

are termed as aquifers, wh'ile those which are not porous and permeab'le

enough to yield water are aquicludes. A general'ized diagram of aquifers

and the hydrologic cycle, the circulation of water on and below the land

surface is shown on Plate 3. Groundwateris constantly moving over

extensive distances from areas of recharge to areas of djscharge (springs,

streams, wells, etc.), but movement is very slow compared with surface

water velocjties. As water moves underground, it acquires a chem'ical and

phys'ical qua'lity which depends on the type of rocks in which'it circulates.

For jnstance, carbonates generally are associated with hard water; sand,

gravel, sandstone, and'igneous and metamorphic rocks with low content in

dissolved sol ids water, and c'layey formations with highly mineral'ized

water. The overal'l movement of groundwater jn Roanoke County is shown on

Pl ate 2 . l,lovement 'i s cl osel y control I ed by topography and geol ogy '

The three major rock types (igneous, metamorphic and sedimentary)

are present in Roanoke County. Igneous and metamorphic rocks have similar

17
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water-bearing properties and make up about 25 percent of the county.

The porosity and permeabi'lity values are near zero in unweathered

graniteS, gneisses and many other crystalline rocks' However' once

geologic processes alter the rocks over long periods of tjme, there

'is room for water to occurin fractures.' faults, along contacts between

the roct< types, io'ints and other small openings. Fractures usualiy

become smaller and fewer with depth. some of the metamorphic rocks such

as phyl'lite, slate and schist may conta'in water along the cleavage planes.

Sedimentary rocks form about 75 percent of the rock underlying the

county. water occurs 'in vojds, bedding planes' fractures and solutjon

channels. L'imestone and dolomite have highly errat'ic water-bearing

properties. Porosity is frequently moderate or low, but where iojnts

have been enlarged'into solutjon channnels by the dissolv'ing action of

water, large volumes of water may be transmitted and stored' Sandstone

conta'ins water in pore Spaces whjch are dependent on sorting, grain size'

shape, packing, and the degree of cementation. Sandstone cemented with

soluble calcite or clay minerals may break down easily and develop high

permeability. Some calcareous sandstone formations are excellent aquifers;

a sandstone cemented wi th s'i1 ica may have practi cal 1y no permeabi'l i ty

unless fractured. Shale has a high porosity, but the permeability is 1ow

so that extraction of water from pore spaces is difficult, 'if not imposs'ible.

Small quantit"ies of water may, holvever, be trapped in and extracted from

joints, bedding planes and shaley partings. Clay has hydrologic propert'ies

sim'ilar to and rather worse than those of shale and is impermeable o 'i .€.

incapable of supp'lying water to wells. Unconsolidated sand and gravel are

highly porous and permeable, and constitute good aquifers.
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Geologic Setting

Roanoke County is uniquely located along what js termed as the "hinge

point" between the northern and southern Appalachians. Consequentiy,

the area is very complex, folding and faulting being of major importance

in the Va1]ey and Ridge portion of the County (Plate 4).

The anti cl i nes and syncl i nes resu'l ti ng f rom fol d'ing are si gni f i cant

with respect to groundwater; for example' water col'lected in valleys

eroded'into anticlines js channeled into the limbs and troughs of the

adjoining syncline where it may be under appreciable artes'ian head (Plate 5).

Wel'ls may'intercept such water at considerable depths, t^ritlr water flot4inq

at the surface under artesian cond'it'ions (Plate 6). Faults are breaks

in the earth's surface along whjch there has been displacement of rock

masses relative to one another. In the Va11ey and Ridge portion of the

County, mass'ive amounts of older rocks have been thrust northwestward

over younger rocks. Th'is thrust faulting has created extens'ive zones

of rock breakage and open'ings in the area of the fault zones and solution

actjon of groundwater further enlarges these openings resulting in favorable

conditjons for groundwater occurrence, espec'ia11y in the fjrst 200 to 400

feet below the land surface. The major faults that have an appreciable

positive effect on the groundwater conditions in the County are shown on

Pl ate 4.

Geoloqic Formations and Groundwater Occurrence

General geology and groundwater conditions jntroduced above are deta'iled

below in the discuss'ion of groundwater in Roanoke county.

The nomenclature in thjs report js consistent w'ith that in Report of

Investigations 37, for the Sa1em Quadrangle by Rover V. Amato (L974)'

published by the V'irgin'ia Division of Mineral Resources, and in the Geolog'ic



MAJOR G EOLOG IC STR UCTU R ES

IN

ROANOKE COUNTY

;€ ,<
'."-<Y, \:

*.'J,

4/':

Y/
,( -.(, .

:s'a

.;,: ..

(}'./-.-

..-\-..,3,
.t g -:

fi

j ' .:L'; ',i-r
- \,ly',.,: ,-',:':- ..tY "r'
,"t'--'--\,

Anticline
Syncline
Overturned Anticline
Overturned Syncline

-f)

1i,r-

rl

LEGEND

- 

Fault

--T- Thrust Fault
--E- Overthrust Side

Source: Virginia Division of Mineral Resources

\

2'l

PLATE NO.4



Map of Virginia at scale 1:500,000 (1963). Symbols for the formations

appear in parenthesjs after each formation. The locations of the

rock formations and their water-bearing properties are shown on Plate 7,

while Plate 8 represents three generalized cross-sections of the hydro-

geology of the County, with cross section lines indicated on Plate 7.

These geologic formations and related groundwater conditions are sumrnarized

in Table 2,

Pre-Cambrian and Cambrian (greater than 600 million years old)

The Blue Ridge Complex (p6v). This complex is composed of various

igneous and metamorph'ic rocks of Precambrian age which form the core of

the Blue Ridge Mountains. These rocks, mainly green'ish-gray granite,

form the Bent Mountain and Lost Mountain area of the County. Good

exposures can be seen in the deeper stream beds along State Route 694

in the vicinity of Twelve 0'Clock Knob. The avajlability of groundwater

in this formation is fair to good but varies greatly. Systematic locatjon

of wells 'is necessary to ensure a good yield and reliable source.

The Chilhow'ie Group (6ch). One of the best ridge markers in the area

is the Chilhowie Group. Rocks of this group form the tops of Poor, Roanoke,

Mill, Long Ridge, and Fisher View Mountains. They cons'ist predominately

of slightly metamorphosed cong'lomeratic quartzite, sandstone and shale,

and const'itute a poor aquifer.

Cambrian (500-600 miIIion years)

The Shady Dolomite (65) This grouping is exposed iust south of

Roanoke in the vic'in'ity of the Rockydale Quarry. It js a massive,

coarse-grained dolomite with interbedded shale and ciay. There are very

few outcrops'in the area due to its thick soil cover. The availability



DIAGRAMMATIC SKETCH OF GROUNDWATER OCCURRENCE IN LIMESTONE

Water wells in a region of folded limestone rocks. Dark areas indicate
zones with solution openings. Well A is successful but pumping lift is

excessive. Well B has a low yield. Well C is successful and has only
a small pumping lift. Well D has been developed in alluvium.

Source: Davis and DeWiest. '1966 PLATE NO.5

NEWLY DRILLED ARTESIAN WELL IN ROANOKE COUNTY

Source Virginia State Water Control Board - WCRO PLATE NO. 6
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of groundwater jn this formation is excellent, with high yjelds fre-

quently encountered.

The Rome Formation (€r) This format'ion underlies a large port'ion of

the Valley along the western portion of the Blue Ridge. The Rome js

composed of red, green and purple shale which weather to a yeliowish-

gray co1or, and interbedded ljmestone, dolomite and sandstone. Dark

red shale js the characteristic rock, but only make up about a thjrd

of the exposed formation. The high carbonate content of this formation

is responsible for its excellent water-bearing properties in the County.

The Elbrook Formation (6e). Th'is formation is composed of thin-to-

medium bedded dolomjte, with some l'imestone and shale. It occupies a

belt west of the Rome Formation, with another outcrop area in the

catawba valiey on the hang'ing wall of the Pulaski fault. The ground-

water availability and reljabi'lity is excellent with high yields

frequently encountered.

Ordovician (425-500 million years)

The Knox Group (06K) This group consjsts of the Copper Ridge Dolomite,

the ehepultepec Limestone, and the Beckmantown Formation. The Copper

Ridge is composed of limestone and dolomite with chert (flint) and some beds

of sandstone. The Chepu'ltepec consists of about .l50 feet of most'ly fine-

grained limestone and small amounts of dolomite. The Beckmantown

formation is chiefly dolomite with lesser

stone and 'is very cherty. The Knox Group

northern portion of the County in a smal'l

amounts of interbedded lime-

outcrops primarily in the

belt along the western edge

of the Catawba Vailey. It has excellent water-bearing properties with

high yields often encountered.
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