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EXECUTIVE SUMMARY

BUCHANAN COUNTY GROUNDWATER REPORT

It is the purpose of this report to gather al1 of the availabje

information on the groundwater of Buchanan county, and to present

it in a form in which it can provide governmental agencies, private

industry and individual citizens with a concise picture of the

existing groundwater conditions in the County, and its future

prospects.

Buchanan County lies within the coa'lfields of Southwest

virginia, and it is the largest producer of bituminous coal in

the conmonwealth, with an annual output exceeding 14 million tons.

The increased demand for coal as a domestic source of energy will
require the expansion of both surface and subsurface mining

operations. Population will increase, meeting the demands of an

expanding work force, Protection of the existing groundwater

resources and its careful utilization in thd future will help

fi'11 the anticipated increased requirements for water by both

industry and population.

The topography of Buchanan County is formed from a raised

plateau which has been eroded into a complex group of ridges and

namow, steep-wal1ed, flat-bottomed, V-shaped valleys. The valley

bottoms are flood plain deposits of boulders, cobbles, sands and

clays which have been transported from the highlands. They are

seldom more than 30 feet thick.



Stream flows vary greatly throughout the year, with even the

largest streams diminishing to a trickje in dry weather. The

steep-sided valleys quickly exit rain water, reducing the volume

of recharge into the water table. The denuding of land for strip

mining operations hastens runoff even further.

in Buchanan Countyo nearly all the rocks c'lose to the surface

date from the Pennsylvanian Age, which is part of the greatest

coal-producing period in the earth's history. They are mostly

sandstones, shales and coal beds. Shales usually produce sma'll

quant'ities of water. The voids between the grains of the sand-

stones are often filled with recemented mineral matter, clay and

silt-size particles, and mica flakes, reducing their ability to
hold and transmit water. Fractures and fissures in the rocks are

often closed at depths be'low 400 feet due to the weight of the

overlying strata. This diminishes both the volume and flow of

groundwater. Below 400 feet, the water becornes increasingly salty.

The groundwater in Buchanan County is typically slight'ly acid,

ironyn somewhat hard and often contains compounds of sulfur. in

the coalfields, the water may contain methane and hydrogen sulfide

gases. A typ'ical water well is discussed in the report, along with

a recomnended technique for venting the well to reduce the danger

of accumulating gases. Also discussed are methods for reducing

iron, manganese, corrosiveness and bacteria from the groundwater.

Nearly all of the drinking water in Buchanan County comes from

wells, although some is produced by springs, and a few fami'lies on

ridges use water from cisterns. The largest wells have been



developed to serve large shaft minesr codl preparation plants and

coke ovens. several large coal preparation plants have flow rates

greater than a million gallons per day, but they recirculate their

water so that we1'1, mine or surface water is required only to

replace water lost during processing.

The report discusses the methods which would be necessary to

deve'lop a 'large-scale groundwater supply. This would involve

placing several wells in a valley fed by a large stream, alternate

pumping, proper well depth and using large casing. Also discussed

are groundvlater prob'lerns such as depletion due to overpumping or

infiltration into abandoned mines, and quality deterioration caused

by mining activities.

The report recomrnends the adoption of moderate regulations for

groundwater use, with priority for human consumption. It concludes

by stating if population, industrial usage and mine dewatering

continue to grow at recent rates, the total groundwqter supply wil'l

probably fal1 short of the County's needs by the year 2000.
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FOREI,IORD

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

state' and to pr''ovide private citizensn groundwater users,

developers" investors, wel I drilling contractorsr coosultants,

professionals, and government officials t*lth as complete a

picture as possible of the groun&later situation" including

prospects, rS it exists in each of the counties of VirEinia.

0n the basis of this report, prospective grounduater users

and anyone else interested in the development and protection of
that inva:luable resource that is groundwater can call a consulting

hydrogeologist to handle their specific groundwater problern, while

the state blater control Board remains at the public's service for
general infonnation and governmental action.
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BUCHAiIAN COUNTY GROUNDI,IATER

PRESENT COIIOITIOI{S A$ID PROSPECTS

by

Susan R. Epps

ASSTRACT

Euchanan County, part of the coal f{elds of $suttn*estern

VirEinia, is characterized by steep and rccky terrain with no

large rivers. Surface streams have such low flows in dry

weather that groundwater must supply water for huunan and rnst

other needs.

The County has shale" sandstone, and coal covered by thick

soil ln valley bottcras only. Potable groundvlater is found

mainly {n the upper fenr hundned feet of bedrock. lrbderate

guantities of groundxater are available in valleys but the ridges

have little or Ro uater. Tho groundrrater quality is fair to

poor, with acid, iron, sulfur, salinity, and gas being the main

problerm" Quantity and quality are further reduced as well

depth increases. In certain areasn mining activities and over-

derelcwnt of wells have depleted the groundrnter resource and

degraded its quality. Future consideration rnr,rst be given to

the llmitrtlons of the grormdmter resource and the interrelatlon

betneen it and the development of the coal resource.

xix





CHAPTER I

INTRODUCTION

General

Buchanan County lies in the coal fields of Southwest Virginia,

and is part of the Appalachian Plateau Province. It is bosnded on

the northwest by Pike county, Kentuckyi on the northeast by McDoryell

County, Uest Virginia; on the southwest by Dickenson County, Virginia;

and on the southeast by Russell and Tazeruell Counti.es, Virginia. Its

largast town is Grundy, the county seat, which is centrally located.

Several cottutu;nities have grown up in the vicinity of large coal mines.

South of Grundy are Vansant, Deel, 0akwood and Keen ldountain, which

form an almost continuous chain of developnent in the Levisa Fork

valley along U. 5. 460. A built-up strip extends north frrm &rundy

along the Levisa Fork and U. S. 460 to Big Rock, which is near the

Kentucky line, Hurley community is in the northern corner of the

County.

The 1970 census indicated that 32,071 people lived in Buchanan

County, and 2,050 people were in the town of Grundy. Nearly all
live ln the namow valleys and hollows. The econoqy is dependent

on coal mining, which eaployed almost half the work force in 1g70.

Buchanan County had Virginia's heaviest coal production, 14,814,524

tons, in 1970. 0ther products from natural resources include

natural gas, coke and lumber. Manufacturing and farming are small

contributors to the County's econoqy.



Methqds of Inyestiqation an3 Fata AssemQl.v

Itlost of the data in this report have come from continuing effort
projects by the state ilater control Board. No attempt was made to do

geologic mapping, as information of this type is obtainable from the

Virginia Division of llineral Resources. l,later samples for analysis

are spigot sarryles, and the analyses were performed by the llater

Control Boardrs laboratory in Abingdon, and by the State Consolidated

Laboratory. Field data taken for wells include coordinate locations,

geologic format{onr €rvirsnment and any information the oh,ners can

supply, such as depth or yield. illore complete information on well

construction and yields was obtained from well drillers in the form

of t'later Hell Completion Reports.

All well infonnation, completion reports and records of chernical

analyses used in this report are in the files of the state l{ater

Control Board in Richmond, and the Southwest Regional Office in

Abingdon. These data have been computerized for storage and

retrieval" ilod were used to compile Tables 3 and 4.

l{ater tCell Numberino Svstem

Each water well on file with the State ldater Control Bsard has

been assigned a nunber. tdell nunbers are assigned consecutively as

infornntion is received, giving each well iR a csunty a unique

nurber. In this report, wells are identified thruughout the text

and plates by their numbers, which are listed with other well infor-

mation in Table 3.
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CHAPTER II

PHYSICAL SETTII{G

Physical Characteristics

Buchanan county, part of the coal fields of Southwest virginia,
could be characterized as a jumble of irregular mountains cut by

rlarrott'r steep-sided va:lleys. Altitude rang€s frorn 845 feet above

sea level where the Levisa Fork enters Kentucky to 3,735 feet on

Big A Mountain at the Russell county boundary. Buchanan county has

an area of 508 square miles about 87 percent of which is forested.

The nrost pl.oninent ridge is Big A l,buntain which forms the

southeast boundary of the County. Other ridges attain a maximun of

2'300 to 2,600 feet above sea level. They have no preferred orien-

tation though all have steep sides with slopes that freguenily reach

50 percent or rpre. The valley of the Levisa Fork roughly bisects

the county, passing southeast to northwest and through Grundy. It
is intersected by thd valleys of Dismal creek and slate creek from

the east. The bottoms of these larger valleys are seldom npre than

500 feet wide. Nearly all but headwater streams have developed a

flood plain or flat bottom in their vaileys though most of these

valleys are very narrqd. The Buchanan county land fonn is typically

either steep rnuntainslde or flat flsod plain with little area of
gentle slope.

Buchanan County's topography has been altered by man. Strip

mines have cut into rnny ridges and follow the same level along the

nnuntain. The larger ones may be 100 feet wide, have vertical cuts



80 feet high and are a mile long. Refuse piles of waste rock and

coal have accumulated near coal mines and preparation plants.

These wastes are usually piled in a hollow or valley and may

complete'ly fill in these spaces. The same material is frequently

used for fill in valley bottons.

Hydrol oq.v

Buchanan County is part of the BiE Sandy River Basin which

drains in a northwestward direction to the Mississippi River and

ultimately to the Gulf of Mexico. The County lies in the head-

waters of the tributaries of the Big Sandy River. The Levisa Fork

drains the central portion of the County, Russell Fork drains the

southwest side, and Tug Fork and its tributary, Knox Creek, drain

the northeastern side of the County. Streams in Buchanan County

have steep profiles and rocky beds.

Severe variations in stream flow result from the County's steep

terrain. Utilization of surface water is hampered because even the

largest streams diminish to a trickle in dry weather, and construction

of reservoirs would flood scarce level land displacing people and

their livelihood in the valleys. Quick runoff makes streams prone to

flash floods, and several times a year some stream overftrows its banks.

Records from a gaging station on the Levisa Fork at Grundy i'llustrate

the unreliability of surf,ace streams. Average flow over 28 years is

272 cubic feet per second (cfs), the minimum flow is 0.2 cfs and the

maximum flow was 33,200 cfs. Average runoff for the County is 1.13

cfs per square mile.



Cl imate

The climate of Buchanan County, determined by latitude,

elevation, topography and the prevailing winds, is classed as

central temperate. The County receives precipitation from

winter storms" hr^Elid tropical air masses and thunderstorms.

Precipitation is about 37 to 44 inches per year; an average of

about ?:l inches of snow falls in a year. The heaviest precipi-

tation results from late winter rains and summer thunderstoflns,

l'leather records for Grundy show the highest nBnthly average

precipitation in llarch and Ju'ly at 4.10 and 4.15 inches,

respectively. The dryest part of the year begins in September

with a lotr ralnfall of 2.00 inches in 0ctober.

The average annual tunperature reported at Grundy in nine

years of reccrd is about 57" F. The average temperature for

January is 34.4on and for July is 76.6o. This station has

recorded extremes of -l2o and 100o.

Soils and Veqetation

Soils are sandy, stony and thin over most of the County. They

are derived from the weathering of bedrock; the sandstones break

down into sand and the shales weather to clay. soil on the ridges

is generally no more than a fsot thick, of low fertility, and water

holding capacity is lmderate to Boor. Thicker soils are found in

the valleys. Colluvial soils slide and wash down slopes forming

piles at the bases of ridges. Soils in valley flats consist of

silt, sand, gravel and boulders that have been deposited by streams.

These terrace deposits rmy reach a maximum depth of about 20 feet.



About 87 percent of Buchanan County is forested. 0ak, hickory

and maple predominate, and the greater part of the forested area

consists of sapling and pole-size timber. About eight percent of

the County is farmed chiefly for tobacco and grazing. Strip nines

and refuse piles have created areas nearly bare of vegetation, but

legislation provides that recent strip mines, spoil and refuse must

be revegetated.



CHAPTER III
HYDROGEOLOGY

9eglc'gic Seltins ?!d Hif}pr,v

Buchanan County is part of the Appalachian Plateau Province

which is charaeterieed by layered sedimentary rocks with little
folding and breaking. The Province includes the coal min{ng

areas of Virginia, l'lest Virginia, Kentucky and Tennessee, where

the surface rocks are rnostly shale, siltstone, sandstone and coal.

Buchanan County lies next to the folded rocks of the Appalachian

Valley and Ridge Province, where long" broad valleys have fsrmed

in limestones and the higher ridges are.capped by sandstone.

The rocks discussed in this report originated as sedinnnts

deposited in ancJent seas and coasts. Almost all of the hard rock

formations at or near the surface in Buchanan County date from the

Pennsylvanian Age, which exJsted roughly 280 to 320 million years

ago. The environment then probably resembled that of the present-

day Middle Atlantic Coast. Rivers flowed westward from the area

of the present Appalachian Mountains to an inland sea which

sometines covered parts of Buchanan County. Sand and pebbles were

deposited along rivers and beaches; silt, rmrd and clay settled out

in marshes, lagoons and on the sea floor. Where the land was low

and swampy, thick fern*like vegetation grew and formed peat beds.

Thousands of feet of sediments accumulated with time and the weight

of upper layers compressed the lower layers into rock. Sand and



pebble beds became sandstone, and conglomerate, mud and silt became

shale and siltstone; plant remains became coal.

During the time of Appalachian Mountain building, the Buchanan

county area yras subjected to lesser arpunts of the same forces that

created the mruntains to the east. First, the area rose well above

sea level, which stopped deposition of sediments and began erosion.

Then, rock layers buckled under pressure into slight folds; and last,

the rocks broke forrning several long faults.

Mearnrhile, streans continued to flow in a general northwestward

direction across the County. tjhen the land was raisedn the streams

began cutting valleys and erosion started removing the upper layers

of rock. Erosion by weather and streams continues today, although

down-cutting of valleys has slowed, perrnitting streams to deposit

sand, silt and boulders in va:lley bottoms. The stream deposits are

considered to be of Quaternary Age, as they are still being rnade and

shaped.

Stt"uclure

In general, the rocks in the County are almost level. Slight

folding has occurred, causing rock layers to dip or slant down only

70 to 80 feet per mile, on the average, toward the northwest. There

are three anticlines where rock layers have been slightly arched

upuard, which are shown on Plate 2. The largest arch, the Dry Fork

anticline, runs near the southeast boundary of Buchanan County and

into Tazenell county. It has raised and tilted the rocks in an area

several miles wide along the southeast border, but dips are still
only a few degrees. In the western corner of the county is a small

l0
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arch called the Pine Mountain anticline, with a slight downwarp, the

Middlesboro syncline, beside it. Small local folds are visible in

many places as undulations in the nearly flat rock layers. In

general, the same rock will be found at about the same elevation

within a distance of a few hmdred feet.

Three rnajor faults have broken the bedrock near the edges of

the County. The St. Paul fault has thrusted older rocks upward and

northwestward over the coal field rrcks, forming roughly a square

mile of Big A Mountain in Buchanan County. The Russell Fork fault

runs along the stream of that narne. The south side of this fault

has rpved approxirntely four miles westward relative to the north

side of the faultn according to Mitler (1974). The Pine Mountain

fault is parallel to the Kentucky border and lies within a mile of

it. Rocks on the southeast side of the fault have thrusted north-

westward and over the northrest side of the fault. In addition to

these are many small faultsr rFSt of which show only a fs inches

of vertical rpvement and a very small break in the rock.

Formations

In order to identify and describe rock strata, they are divided

into fortmtisns wfrich have recognizable characteristics over an area.

Formatisns are usually d'iscussed frsm oldest to younEest in the order

that thqy were fompd. The sedJnentary rocks of Buchanan County have

had younger layers placed upon older layers, so the formations will

be discussed from deepest to highest. Only the formations that are

exploited for groundwater or involved in mining activities will be

considered. Except for Big A Mountain, all of the hard rock

13
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formations discussed belong to the pennsylvanian Age, a part of the

carboniferous Period or great coal forming time of the earth,s

history. The unconsolidated deposits along streams are considered

to be of Quaternary Age.

Fornations of, Missjgsipp.ian and SilurlaJr Aqe" A portion of
Big A Mountain that lies within Buchanan county is formed by a

number of formations, each having a small outcrop area. For this
report' these roc,ks are grouped together as Mississippian and

Siluraian Age formations because of their small area and insignifi-
cance as a gr0undwater source. These fonnations consist largely of
sandstones which are made up of purer sand with less mica and fine
material than the coal field sandstones. The sandstones and a

conglomerate shoru red, brown and white colors, and some of the sand-

stones break into blocky chunks as they weather. Redn brown and

green shalesr Erd limy shales make up the remainder of this group

of rock.

Pgcahgnt,lrs, Formation. The pocahontas Formation in Buchanan

county lies deep underground and is one of the important coal

bearing formations. The top of the formation is about g00 to 1,000

feet above sea level in the vicinity of Grundy. It probably has a

small outcrop strip near Big A f'lountain, but elseurhere it is reached

only by deep shaft mines. The fonnatisn consists of sandstone,

siltstone, shale and coal. The sandstones are rnostly gray, have

mica flakes, are mediurn to fine grained and poorly sorted. The

siltstones and shales are also gray, and the shales have many coal

plant fossils. The Pocahontas No. I to No. 7 coal beds are included

l6



in this fonmation. The Pscahontas Formation is th'ickest, rnore than

600 feet, on the southeast boundary of Buchanan County. The upper

surface of the fonnation is an unconformityn an irregular surface

created when part or all of the formation was removed by erosion,

Because more rock is missing toward the northwest" the Pocahontas

Formation becomes progressively tbinner {n that direction and dls*

appears entlre:ly before r.eaching the Kentucky border.

LPe,aqd ll.eu Rlvqr, Fornltiops. The Lee Forrntion appears .at the

ground surface in a narrow strip near Big A Mountain and in the

lowest elevations in western Buchanan County. In the eastern part

of the County, the Lee Forwation and sone of the overlying Norton

Fonnation merge into the New River Formation. The $lew River

Fonnation is exposed at the surface in the eastern corner of the

County. Its eguivalent, the Lee For"mation, lies at increasing

depths westnard. Near Keen Mountain, the top of the formation is

drawn about 300 feet absve sea level. It lies about 600 feet above

sea level at Grundyr Erd absut 930 feet above sea level near Big

Rock.

The Lee Fornation varies considerably with area. l{here it is

thickest along the northwest border, the top, center and hottom of

the fo.mntion are rnrked by sandstones wfrich are 100 feet thick or

more. The sandstones are nearly all quartz, the bottorns of which

are coarsest and frequently have quartz pebble conglomerates.

Between the sandstones are two main intervals of dark gray shalesn

siltstsnes, coals and a few thin sandstones with mica flakes. The

Lee Formation includes the Pocahontas No. 8 and N0. 9, tlar Creek



and Horsepen coals in the lower shale, and the Tiller, Jawbone,

Raven and Aily coal beds are in the upper shale unit. Maximum

thickness of the Lee Formation along the Kentucky border is

approximately I,300 feet. The formation becomes thinner toward

the southeast, as it loses fir.st the upper and then the middle

sandstone. several miles east of Keen Mountain, the bottom sand-

stone disappears and the rocks are referred to as the Nevl River

Formation. lrjhere the New River Formation is at the surface in

eastern Buchanan County, it consists of sandstone, shal€, siltstone

and coal. The sandstones are usually gray, have a great deal of

mica and silt, and are thin bedded except for a massive gray sand-

stone. The shales and siltstones are darker gray with thin bedding,

coal beds and fragnnents of coal.

Itlor"ton. Foryqgign. The Norton Formation has the largest

exposure in the county. It includes most rocks at the surface in

the southern half of the county and west of the outcrop area of

the Nevl River Forrnation, and in lower elevations in the north-

western half of the county. Because of the northwestward dip, the

top of the formation slants downward toward the Kentucky border.

In the western and central portions of the county, the lower beds

of the Norton Formation merge wesbrard into the upper Lee Formation

and eastward into the New River Formation. The Norton Formation is

made up of shaleo siltstone and coal, with srnaller arpunts of

sandstone. The shales and siltstones are gray, thin bedded and

frequently have coal plant fossils. The sandstones are lighter 9rily,

medium to fine grained, and usualty have mica, clay and siIt. The

t8



Norton Formation includes the Norton, Hagy, splash Dam, Banner and

Kennedy coals. As the underlying Lee Formation becomes thinner

eastward' the Norton Formation acquires its upper and middle shales

and coals. The Norton Formation ranges from about 550 feet thick

in northwest Buchanan county to about 1,200 feet thick in the center

of Grundy.

G.lgdSyl.lle +n4!{ipp Fsqnqqjoqs. The GladevilIe Sandstone and

the overlying tdise Formation occur at high elevations in the central

and nsrthuestern ar€as of the County. Near the Kentucky border, the

bottoar of this group lies about 1,300 to 1,500 feet above sea level.

As the formatr'ons are traced southeastward and up-dip, they occur at

increasing elevations until they disappear altogether. The Glade-

ville is a gray, coarse, mica-bearing sandstone that weathers with

pronouneed iron stains nhile the l{ise Fornntion has dark gray shale

and siltstone, sandstone and coal. The top of the Hise Fonnation

has been eroded, and the total thickness is not rneasurable in

Buchanan County.

U,nc,pnqoJ.idated"?epo$its. Valley bottoms, fil led with tenrace

and flood plain deposits, have created the flattened hottoms along

all maior streams and rnny small ones in alr parts of the County.

Terrace ard flood plain deposits consist of silt, sand, gravel,

clay and borilders. The different sizes of material can be mixed

together in any fashion, but the base of the deposits and former

stream beds are frequently marked by beds of boulders. The thickness

of terrace and f'lsod plain deposits is usually less than 20 feet.
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Groundwater- Or:iqin and Mo.vemen!

Fresh groundwater originates as precipitation, primarily as

rain and snow-melt which soak into the earth, and moves according

to gravity. The groundwater systern receives all water reaching

the earthrs surface that does not flow off, evaporate, or is not

taken up by plants. Precipitation that has formed surface streams

may indirectly supply groundwater when the stream is higher than

the water table and sinks into its bed. More water can enter the

ground where soils are thick and porous, as in valleys and on gentle

slopes. After entering the ground, water is still under the in-

fluence of gravity and f'lows from higher to lower areas. It also

tries to follow a path of least resistance. It enters and follows

cracks in the bedrock and the rpre permeable rock layers. If all

the water cannot find a way down into rock, it flols along the top

of bedrock in the soil layer, frequently enrerging as a spring.

The depth to vrtrich groundwater can penetrate is limited to the

depth of rock openings and permeable beds. Evidence frcrn deep mines

and gas wells indicate that little water penetrates beyond 400 feet

below local valley level though there are some reports of deep,

saline water under artesian pressure in the County and in the

adjacent states.

Groundwater flovts toward lsw areas where it discharges naturally

as springs and seepage into streams. Groundwater seepage, though

usually unnoticeable in stream beds, sustains the flow of streams

between rains. Groundwater also discharges through wells, ditches

and mine drainage.
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Locagion , of 9rqundv',.ater

Groundwater occurrence in Buchanan County depends on local

conditions of rock and topography more than on formations.

Consequently, it is not possible to delineate specific water-

bearing formations or aquifet"s. Following is a list of geologic

and other factors r*hich deterrnine the availability of groun&ater

in the County:

Bqck Charagterislips. The permeability of a rock depends on

interconnected openings such as pores betryeen grains through which

water can pass. Shales and siltstones are Rot porgus or the pores

are too small. A sandstone or conglomerate may have spaces between

grains that allow water to flow throughn but npst of the sandstones

and conglomerates of the coal fields are clogged with clay' silt
and mica between sand grains' ot'the grains have grown together.

some masslve unbroken sandstones are poor aquifers' but have less

matter that will mlneralize the water.

Eeddinq llanes,ap{ Contactl. Bedding planes between layers of

rock are open cracks that may contain groundwater. Cracks along

the contact between two different types of rock are more pronounced

and serve as passages for v*ater. Because of the frequent changes

in rsck type and the cosmn bedding planes, almost any drilled well

encounters sone cracks in the rock regardless of fonnation.

FraCtgrgs-and Fqultg. Nearly vertical breaks resulting from

fracturing and faulting of bedrock can serve as channels for water

to rpve vertically. Except for a few of the larger faults that

are mapped, these breaks occur unpredictably and are scattered

throughout the County.
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Depth. The weight of overlying rock is great enough at some

depth to squeeze shut the water-bearing cracks in rock. As water

has to go further to a well, its chance of being blocked and the

length of time it requires to travel increases. This sets a rough

limit of about 300 to 400 feet below local stream level within

which useful quantities of groundwater are normally found. In the

central portion of the County, and probably in most of the

remainder, this limit in water circulation is also an upper limit
to deeper, highly mineralized, stagnant water. The Pocahontas

Fonnation and lower Lee Forrnation, which are penetrated by coal

mines in the eastern ha:lf of the county and by gas wells throughout

the County, are nearly dry.

Tgpoqrlp,hv. Topography is the major control of precipitation

runoff, so it controls the infiltration of water into the ground,

The largest and most reliable sources of groundwater have been found

in valleys and on lower slopes. The few wells drilled on tops of

ridges usually are dry holes or go dry. This effectively eliminates

the Gladeville sandstone and hlise Forrnation, and parts of the New

River and Norton formations that are high above valley levels as

important sources of groundwater.

Streans. Streams are a source of groundwater recharEe and mark

the upper surface of the water table. Rocks below stream level will
be saturated with water, and a well drilled close to a stream and

extending below it may draw water from the stream.



Telracg qn-d F.logd Plain Deposits. The loose rock, sand and

silt in val'ley bottoms are probably the most permeable formation

in the County. Unfortunately, they are thin and the water table

is usually near the bottom of these deposits, especially in dry

weather. They are not likely to be reliable producers of grnound-

water unless they extend deeper than stream level, and most

Buchanan County streams are flowing on bedrock.

Depth to l,{ater

The level at which water stands in a well and below which all
rock openings are filled with water is called the water table. The

water table in Buchanan county generally imitates the land surface

in subdued form at a lower level. !{ater levels will have the

highest altitude in ridgesn but because groundwater drains down

from ridges, the levels will be deeper below the top of a ridge than

elsewhere. under valleys the water table is close ts stream level.

tdells drilled at the base of a slope occasionally overflow at the

surface because of the head of water in the slope.

Heavy pumpage, as fron wells or mines, lowers the water table.

!{ells located together sometimes interfere with each other, and

large numbers of wells in built-up areas cause a general lowering

of the water table. This is happening around vansant and probably

other areas, too, where wells are thick, water levels are dropping,

and the shallswer wells are going dry. Purnping and draining of

underground mines are necessary to prevent groundwater from flooding

themo but it also lowers water levels above the mine, sometimes to

mine level. Jewell Ridge, on the southeast boundary of Buchanan



County, is one of several areas of the Virginia coal fields that have

been dewatered by mining. The most severe louvering of the water

table is on mined-out ridges, and reports of dewatering have been

scattered throughout the county. sometimes a nev, water supply has

been discovered by drilling below the mine.

Kqv l.l.?!gq Uel ls

The state l{ater contnol Board maintains a network of Ground-

water Research stations across virginia. Activities under this
program in Buchanan County have been the monitoring of groundwater

levels and quality. Observation rrreil No. 5l was operated in

Buchanan county from March lgTz to February 1974 (l,tell No. 24 on

Table 3), It is located on slate creek in Grundy, is 2gg feet deep

and taps the Norton Formation. water levels measured in this well

reflected seasonal variations in precipitation. Table 2 shows

runthly average measurements from a continuous water level recorder

on 0bservation lcell No. 51. Detailed records for this well are

available from the Bureau of Surveillance and Field Studies at the

State Water Control Board office in Richmond.

Monitoring wells are regularly sampled for possible changes in
groundrater quality. The following two wells in Buchanan county

have been used in the quality monitoring program: ilell No. 6g,

which is located at the Island creek coal company,s central shop near

Oaknood' and |rJell Ho. 89, which is at the sanitary randfill near

Grundy. The discharge from an abandoned coal mine direcily under

the landfill is also being monitored. The groundwater quality

nrnitoring program has been active in Buchanan County since August
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1975. Updated analyses will be available as

State Water Control Boardrs regional office

Bureau of Surveillance and Field Studies at

Richmond.

they are made from the

in Abingdon, or from the

the Agency office in



CHAPTER IV

GROI'NDI.JATER QUAL ITY

All groundwater contains some mineral matter dissolved from

rocks. The arnunt and chsnical composition of dissolved matter

depends on the type of rock and length of contact. Hman

activit'ies may add nnre chernicals to the water or may aggravate

natural effects on groundvater quality. Groundwater in and near

coal seams is usually nmre mineralized than groundwater frorn other

types of rock. ttater guality worsens as depth increases, and 300

to 400 feet below stream level seems to be the lower limit to
drinkable water in Buchanan County. Very shallow.groundwater

occurring in soil on top of bedrock is prone to csntamination. The

poorest quality water cglns from wells in the Keen Mountain to

Grundy area.

Buchanan County's groundwater is characteristically acid to

slightly alkaline, irony, somewhat hard and may have a gulfurous

odor. Total solids range from low to high, and bacterial contami-

nation seems to be a minor problem except in shallow water. Ground-

water from depths of less than 300 feet below valleys is generally

fresh, Residents complain most comnonly about taste, odsr, staining,

comosion and gas. 0ccasional complaints include gas explosions of

wells, digestive systeln upsets, turbidity, scums, hardness and

deposits. A listing of chemical analyses,is given in Table 4,

page C-3. Ibre complete information is on file at the State Water

Control Board offices in Abingdon and Richrnond.
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Ggs an4 9dor

The presence of gasses in water is manifested by odor, bubbles,

gas collecting in water systems, and sometimes, in severe cases, by

fires. The most cormon complaints are for odor. The rnost dangerous

situations involve a sufficient quantity of gas to cause fire or

expl osion.

The chief cause of, odor seerns to be sulfur compounds, especially

hydrogen sulfide (H2S) gas. Hydrogen sulfide is a gas with an odor

like rotten eggs, and is described by some residents as a "swanpy

smel1." It is flan'mable and poisonous in high concentrations and

seems to aggravate corrosion. The minimum concentration that can be

detected by taste in drinking water is 0.05 milligrams per literl,
and concentrations of a few tenths of a milligram per liter cause

odor2. Hydrogen sulfide in groundwater may have come from the

anaerobic decomposition of plant matter during coal forrnation, on may

result from a reaction between sulfur minerals and groundwater. The

odor problem is worst in the Keen Mountain to Vansant area, but wells

having a hydrogen sulfide odor are scattered across the rest of the

County. Being a gas, hydrogen sulfide will leave water upon standing

and can be removed by aeration.

Sone water wells produce sufficient quantities of gas to cause

fires or explosions. In these cases, methane is believed to be the

lCulifornia State Uater Resources Control Board, l,Iater
CJiteria (1963), p. 200.

ZAPltA, AWUA and htPCFn Standard Methods (1971), p. 551.

Qual i ty



chief offender, usually accompanied by hydrogen sulfide, and possibTy

natural gas or sulfur dioxide gas. Methane alone is odorless, taste-

less and highly flanumble. It is noticed by its flanmability and by

forming bubbles in water. Methane is produced by decomposition of

organic matter underground and is associated with coal seams. It is

a major hazard in coal mines and is most comffln in vrnter wells of the

Oakrcod and vansant areas. Fire precautions should be taken for Eas

in wells just as for natural gas. Well and pump houses, filters,
water tanks and hot water heaters are likely places for gas to

collect. Fires have been started by electrical sparrks and by people

entering well houses witb lighted cigarettes. For an example, well

No. 6 at the Oakwood Highway Shop exploded, blowing the roof off the

well house and destroying the pump and pressure tank. The gas was

bel ieved to have been ignited by an electrical spark. The danger of

flarmable gas can be partly avoided by placing the well sone distance

from a house or other structure and by venting the welln which was

nst done on the Highway Shop well before the explosion. Plate l0

shows a typical water well with a gas vent.

Sul fqtps

Sulfates seem to be the compounds most likely to render ground-

water undr,inkable in Buchanan County. Sulfates cause very unpleasant

tastes and a sulfurorrs odor, and there have been complaints of slight

diaryhea and nausea from highly sulfurous water. The virginia state

Department of Health and U. S. Public Health Service give a recom-

mended limit of 250 milligrams per liter on sulfates, but taste and

3l
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effects on digestive systems appear at lower concentrations when

hydrogen sulfide and high total dissolved solids are also present.

The sulfates in groundwater are most likely to be sodium sulfate,

calcium sulfate (gypsum), magnesium sulfate (Epsom salt), potassium

sulfate and ferrous sulfate. Sulfur appears to take hydrogen sulfide

and sulfates as alternative forms; usr.mlly, when hydrogen sulfide is

strong, analysis will show sulfate ts be low.

Natural sulfates in groundwater are produced by leaching and

oxidation of sulfur minerals such as pyrite in coal seams. Mapping

the incidence of sulfates on Plate 4 reveals no geograph{c pattern.

sulfur minerals occur in eoal and are brors€ in some coal beds than

others. Mine discharges that were analyzed had up to 800 milligrams

per liter of sulfates, and we'll No. 90, which is known to have

penetrated a coal mine, had 426 milligrams per liter of sulfates.

Casing off coal seams during well construction has been known to

reduce the sulfurous content, probably hydrogen sulfide as well as

sulfate, in water, Filters for removal of sulfur compounds have been

effect'ive for many wells but ordinary water softeners do not help.

_Irqn

Iron is the usual cause of red and brown stains on clothes and

porcelain. In heavy csncentrationg, it causes water to turn reddish

or makes an iron floc which settles to the bottom in a reddish, rusty-

looking mass. Locally, it is sometimes called "rusty water" and "red

sulfur." Iron problems are worse with acidic water, which aggravates

the problem by corroding iron from pipes which then enters the water

supply as flecks of rust or as dissolved iron.
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Iron in grOundwater occurs as cgmpgunds such as ferrous sulfate,

ferrous oxide or ferrous chloride. Ferrous oxide' upon contact

with air in pressure tanks and on the surface, forms ferric oxide

or rust, which explains the red color and rust that often aBpear

in well water after it stands awhile. The Virginia State Depart-

ment of Health has set:a recotmended limit of 0.3 milligrams Ber

liter on iron, which is the concefitration above which stalning

begins. Irtn may begin to give water a slight astringent taste

at 0.1 milligrams per liter.3

Iron is a cofirnon elenent in the earth's crust and is found in

all types of rock in Buchanan County. Iron mlnerals break down and

enter groundwater fastest where they are exposed to weathering.

Red or brown iron stains on rock and rusty deposits in rn'ine

drainage are evidence of iron, and a well drilled in the same rock

would be expected to have irony water. No area of the County is

known to be irsnune to iron problerns (see Plate 5 ). tCell drillers

report that the coal beds and upper weathering zone of rock are

frequently irony and recomnend casing off these layers. The use of

plastic piping eliminates corrosion of iron from pipes by acidic

water. Iron filters are popular in both domestic and public $ater

supplies" but usuitlly do not solve the pnoblem completely, A high

manganese content interferes with iron filters. Irony water is also

treated by spraying or trickling to aerate iti this converts rnst of

the iron to ferric oxide which is then filtered out by sand.

'|r.a.". Qual.ity Critgriq (1963) , p.202.



Manganese

Manganese frequently occurs with iron in groundwater and has

similar characteristics. It is noted for causing a metallic taste,

discolored laundry, black stains on fixtures and colored water.

Concentrations as low as 0.1 milligram per liter may cause stainingo

and even less can affect some industrial p"o..rr.r.4 An ex-

ceptionally high manganese content of 3.15 milligrams per liter was

probably responsible fsr the blackish water and leavy b:lack deposits

on porcelain at the Quillen and Garden Schools (well No. 76). Man-

ganese impairs the efficiency of iron filters. The State Health

Department has a recomnended limit of 0.05 milligrams per liter for

manganese.

Manganese is d'issolved by groundwater from manganese-bearing

minerals and from concentrations of manganese in soils. The same

precautions in well construction that help to avoid iron also seem

to reduce manganese. Ion exchange filters for manganese or for

maRganese and iron are being used successfully. Aeration and

chemical precipitation are some possible treatment methods.

pH, Alkalinity and Corrosion

The pH of a water is a measure of the degree to which it is

acid or alkaline. A pH of 7.0 is neutral, pH values above 7.0 up

to a rnaximum of 14.0 are increasingty alkaline, and frorn 7.0 down

to a minimum of 1.0 are increasingly acid. The alkalinity is a

measure of the water's ability to neutralize acids. As a general

4lbid., p. zr4.
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statement, waters having a pH less than 7.0 act like weak acids and

are corrosive to water systems. llaters having a higher pH than 7.0

are slightly alkaline and tend to deposit matter in pipes. Most

boiler feed waters need a pH in a range from 8.0 to 10.0, but

excessive alkalinities contribute to boiler scale. Well water

sarnples from Buchanan County had pH values from 6.3 to 8.2, and the

worst comosion was noticed with the most acld or saline water. In

several wells having hydrogen sulfide, a drop in pll was observed as

the water stood and the pipes showed comosion, even with pH's up

to 7.3.

The pll of groundwater depends on what substances the water has

dissolved frorn both natural and man-made sources. Rain becsmes

slightly acid by absorbing carbon dioxide from the air, and it
acquires organic acids from plant rsmins and soil when it enters

the ground. As it resides in soil or rock, groundrater takes on

the pH of the rpst easily dissolved minerals around it. Shale"

sandstone and coal are acid to mildly alkaline rscks, and have acid

or alkaline water, depending on the composition of the water-bearing

rock. In the coal fields, pyrite creates acid water in mines or

wells by producing sulfurlc acid. Pyrite decomposes most rapidly

I it to air and

moisture. Mine r*ater may have a pH as low as 3.5, and the lowest pH

on a well sample was 6.3 for a well that passed through a mine.

There seems to be a tendency toward more acid water in the western

part of the County. Many water treatnent plants raise the pH and

alkalinity of a water supply by adding soda ash or lime to control
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corrosion. The use of plastic pipes, glass-lined tanks and bronze

fittings minimizes the effects of corrosion in private water systems.

Chloride

The "saltiness" or salinity of groundwater is caused by sodium

chloride (salt) and by lesser amounts of other chloride compounds.

A salty taste may be caused by chloride concentrations down to 100

milligrams per liter.5 Chlorides are notorious for corrodinE iron

and steel. The Virginia State Department of Health recorunends that

chlorides not exceed 250 milligrams per liter, mostly because of

taste.

Minute amounts of chlorides occur in almost any rock. The large

chloride concentrations in Buchanan County probably are residues from

when the sediments that formed the rocks were in contact with the

sea. Percolation of fresh rainwater into the rocks has removed the

chlorides in the upper layers of rock. In the central part of the

County, wells extending 300 to 400 feet below stream level produced

40 to 805 milligrams per liter of chlorides. The same relationship

of depth to salinity is believed to hold for all but possibly the

southeastern part of the County. Gas wells and test holes several

thousand feet deep have reported only saltwater below the first fen'l

hundred feet. Heavy pumping has caused at least one case of salt-

water intrusion. htell No. 17, serving Grundy, has gone from 15.5 to

more than 600 milligrans per liter of chloride after days of heavy

pumpinE in dry weather.

slbid., p. r60.
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Hardness

Hardness is caused by metals dissolved in water, especially

calcitfii and magnesium in limestone areas, and also by iron,

chlorides and other substances. It interferes with soaps and

detergents, forms a curd or scum during washing, and makes scale

in boilers and water systems, Samples in Buchanan County ranged

frorn 3l to 310 milligrams per liter of hardness. !{ater having

less than 60 milligrams per liter of hardness is considered soft,

and above 120 milligrams per liter is considered hard,

The anpunt of hardness in groundtater var{gs with the type of

rock the r*ater occurs in. ldater from lirrcstone is characteris-

tically hard, shales usually produce hard water and sandstones

have softer water. Groundwater that is high in chlorides sr

sulfates is likely to be hard. lilany water softeners on the rmrket

are designed to rerpve calcium and magnesium hardness from limestone

waters. This type of softener has not been effective for sulfurous,

irony and acid water in Buchanan County. An analysis would be

necessary to determine the cause of hardness, and then filters or

treatment could be selected to rerpve the offending substance.

To.tal Dissolved Solids

Total dissolved sollds is the sum of all matter dissolved in

water from mineral, organic, pollutant or other sources. The

effects of the total dissolved solids are determined by the indivi-

dual compounds, but as a general statement, a large solids content

makes the water less palatable and makes it undesirable for

industrial or human use. The Virginia Department of Health reconnends
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a limit of 500 milligrams per liter of total dissolved solids.

Deeper groundwater usually is more mineralized because it has

had longer contact with rock and soil than shallow water.

Ni trates

Nitrates are alrpst nonexistent in rocks, and the nitrates in

groundwater usually originate on the surface from organic matter,

fertil,izer, detergents and ssrage. The U, S. Public Health Service

recormends a limit, of l0 n'illigrams per liter of nitrate as nitrogen.

Tufbid.itv gn4 Colon

The turbidity of water is caused by particles such as mud, coal

fines and rock powder, which can be settled or filtered out. The

color of water is caused by dissolved matter such as iron, manganese

and some organlc compounds. Turbidity has been known to occur in

wells having cracks around the casing that allotu surfaee r*ater to

enter and in wells that penetrated or were disturbed by mines. Irsn

causes a reddish color and manganese can cause blackish water.

Turbidity is often a warning of surface contamination in a well.

Casing and grouting are used to prevent turbidity, and bacteria tests

by the County Health Department are recormended to detennine if the

water is safe for drinking. Color is treated by removing the

offending sub-stance.

Bacteria

Bacteria harmful to humans result frsn pollution of groundwater,

Typical sources are septic tank systems, privies, dumps, leaking

selrers and surface water entering close to or at wells. Iron and

sulfur bacteria form slimes or clumps in water systems and wells,



which are a nuisance and contribute to taste and odor. The most

cormon diseases transmitted by polluted groundwater are dysentery

and gastroenteritis, which cause diarrhea, abdominal pains and

nausean especially in persons not accustornd to the water. Anyone

who wishes to knw about the safety of a water source for human

consumption should contact the local health department office to
have the water tested. Most probrems of well contamination can be

avoided by casing and gr outing the well into bedrock to seal off
surface water, by a sanitary well seal, and by locating the well

away from and not downhill of septic tanks, drainfields and privies.
Plate l0 gives an example of a well constructed to exclude surface

water. some persoRs use home chlorinators with a large tank to
increase contact tire and thereby control bacteria. The Health

Department should be contacted for advice on well and septic tank

system locations, well construction and safety of drinking water.
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CHAPTER V

GROUND{ATER DEVELOPMENT ANO POTENTIAL

kesqlS DeJelopment

At the time this report was written, nearly all drinking water

in Euchanan County came from groundwater. Fbst of it was pr"oduced

from v*ellso a few homes used springs, a water supply at 0ah*ood

drew water from an abandoned mine, and several familfes on ridges

used water from cisterns.

The largest volume of groundr,vater for a public water supply is

used ,by the town of Srundy, which pumped an average of about r$00,000

gallons per day in 1975. Smalt privately-owned supplies using wells

serve groups of residences in Hurley and Jewell Val'ley. The largest

wells haye been developed to serve large shaft mines, coal pre-

paration plants and cske ovens. Several of the larger coal pre-

paration plants have water flow rates of more than a million gallons

per day, but these plants recycle their water, so that welln mine or

surface water is only required to replace water lsst during pnocessing,

The most numerous wells are those that serve homes. Nearly all
schools and numerous small businesses and shops outside of public

supply areas have their own wells.

Plate ll gives locations of water wells that are on record with

the State ldater Control Boardr itrd Plate 9 shows locations of

recorded uell yields. There are records for only a small fraction of

the total number of wells in the County (see Table 3), although a

higher proportion of public and industrial wells are represented.
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The pi cture of yi el ds i s a I so bi ased. llel I dri'l I ers sel dom report

private wells or abandoned holes, which biases the data toward

successful wells and wells developed for high yields. For example,

for the town of Grundy, two yields were recorded at 350 and 200

gallons per minute, the yield of a well abandoned after some years

of use was recently tested at .l50 gallons per minute, and three

abandoned wells are said to have had insufficient yields, but only

the first two wells have drillers' records. Many wells have not

been tested for yield, especially wells for homes and small

businesses. As a rule, an adequate home well produces at least

three gallons per minute, and few residents complain of shortages

outside of heavi'ly deve'loped areas. Many of these wells probably

could yield more or were drilled only as deep as necessary for a

smal I water supp'ly.

The only definite pattern in the location of reported high

yield wells is that al'l are located in valleys along sizeable

streams. Fewer big yie'lds are recorded northwest of Grundy,

probably due to the location of demand for larger quantities of

water rather than a change in the water-bearing properties of rocks.

Development of_Larqe Suppl ies

Any attempt to develop a large-scale groundwater supply should

consider the following factors. First, areas most l'ike1y to have

the best supplies of groundwater should be identified. Man-made

conditions, such as the amount of existing groundwater development

and dewatering by mines, should be considered along with natural

condi ti ons .
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Second, several promising well sites should be reserved. Many

towns, conrnunities and subdivisions have eliminated all their

convenient well sites by building on them. When expansion of the

water supp'ly becomes necessary, they are forced to purchase water

from an outside source or to construct water lines and wells at a

considerable distance outside their boundaries.

Third, it is never certain that a particular site will have the

desired yield. The number of sites reserved should allow for

drilling more than one hole to get an expected yield. Some arrange-

ment, such as purchasing an option, should be made to allow the well

site to be bought, depending on the success of the well.

Fourth, the sites that are chosen need to be spaced apart as

much as possible to avoid interference between wells.

The most promising site for a weil is on a flat valley bottom

close to a large stream. The location of a well to be used for a

pubiic water supply is governed by sanitation in addition to yield,
and the well site must be approved by the State Department of Health.

A series of wells for large production should be spaced to avoid

interference between wells. A well producing 100 gallons per minute

must draw that water from a far larger area than a five gallon per

minute home well. It would be wise to place wells as far apart as

feasible to minimize the chances of interference, and also, to avoid

drilling near shallower private wells that might be dewatered. Some

large wells in the coal fields are located between 200 and 500 feet

apart and are not reported to have trouble. 0n the other end of the



scale, one of Grundy's wells dewatered several shallower wel'ls up to

a quarter mile away, and two of the Town's wells (Nos. 15 and 17)

are reported to influence each other even though they are two miles

apart.

Most wells in the County designed for high production are 200

to 300 feet deep. This allows for penetration of most of the upper

300 or 400 feet of rock that is most productive. It also gives

sufficient depth below the water table for drawdown, the lowering

of the water ievel in the well during pumping. All of the high

yield we1ls have an B- or l0-inch casing diameter and usually an

B-inch hole diameter, which allows. insertion of a larger capacity

pump than does a 6-inch well.

A pumping test is usually made to determine the production of

the well. The water ievel in the well before pumping should be

recorded. During the test, the output of the well and the active

or pumping water level are recorded at intervals and at the end of

the test. A good pump test should be at least eight hours long,

and tests of two or three days have been conducted on wells that

may be pumped continuously. Sometimes, the well is only pump

tested until the pumping water level stabilizes. The y'ield and

pumping water level at the end of the test indicate the maximum

sustained yield and how deep the pump must be set. The rise of

the water level in the well after the pump is shut off is some-

times noted to determine how fast the well recovers between

pumpings.
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DIAGRAM OF A TYPICAL WATER WELL
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Domestic,ald Other Small |^lells

The majority of wells in Buchanan County were drilled to provide

three to ten gallons per minute for dwellings and businesses. They

are generaily between 50 and 250 feet deep, and have a 6-inch

diameter hole and casing. Nearly all wells are located in valleys

where there is normally enough groundwater to supply small wells.

Exceptions have been reported in areas above coal mines close to a

few heavily pumped deep wells. The main considerations in choos.ing

the site of a domestic well are drilling in valleys and lower s'lopes,

and avoiding sources of contamination. A well should be located as

far as practical from septic tanks and drain fields, privies, dumps,

and areas where animals are confined, and should not be downhill from

any of these. The county Health Department can offer advice on the

safe location of a well.

Potenti al

it is impossible to make any estimates of the potential ground-

water product'ion for all of Buchanan County. Groundwater production

potential is the known or probable volume of water that can be with-

drawn from an aquifer at a specific point or over a specified area.

in order to estimate potential, there has to be an aquifer, a

reliable water produc'ing formation which extends over some area.

The occurrence of groundwater in the county is determined by local

conditions of terrain, recharge, depth and rock type rather than by

formation; the same rock layer that produces generously next to a

large stream in a valley will be dry beneath a ridge.
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It is possible to make some estimates of the groundwater

available under certain conditions based on reported yields.

The best production of 50 to 300 gallons per minute have been

obtained by wells in valleys which are spaced 200 to more than

l'000 feet apart. Based on these figures, d large capacity werl

field could be constructed down the center of one of the larger

valleys in an area that has not suffered dewatering or heavy

groundwater development. such a well field might have 300- to

400-foot deep wells spaced approximateiy 500 feet apart in a

line. These wells could be expected to have an average yield of

200 gallons a minute. I.Jells in a wel'l field are usuarly alter-
nated in pumping or resting to keep water levels from declining

too much in a particular well, to prolong pump life and to allow

maintenance. If a field of five such wells were pumped for an

average of a little over eight hours each, the total production

would be about 0.5 million gallons per day. This wourd provide

roughly .|20 million gallons per year on the basis of pumping

about eight hours per day on working days.



CHAPTER VI

GROUNDWATER PROBLEMS

General

Buchanan County's groundwater is inadequate in some places to

meet demands for both volume and quality. Water levels and indivi-

dual well production have dropped in areas of concentrated ground-

water use and above some coal mines. 0n the other hand' the

presence of large quantities of water underground is detrimental to

mining activities. Poor groundwater quality plagues the majority

of County residents. All of these problems are rooted in natural

conditions but are being aggravated by human activities.

Groundwater Dgpletion

Heavy use of groundwater in Buchanan County coincides with the

location of peopie and industry. Since people and industries are

concentrated in certain val'leys, as in the Grundy and Vansant areas,

these p'laces are the most likely to deplete their groundwater

supply. 0verpumping by several large wells or by many smalI wells

occurs when water is drawn from the ground faster than precipi-

tation and streams can recharge it. The geohydrology and topography

of Buchanan County effectively prevent migrat'ion of groundwater

through ridges so each valley is limited to its own groundwater

rechargei one valley couid be running out of groundwater while the

next is not affected.

Groundwater depletion has followed two patterns in the County:

a cone of drawdown around a pumping center, and a general lowering
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of the water table over a large area of many wells. A cone of draw-

down has formed around the town of Grundy's "swinming pool" well.

A large volume well like this must draw water from hundreds of yards

away. It lowers the water table and well yields within its zone of

influence, with the lowest water levels right at the well. It may

completely dry up shallower wells within a few hundred feet, and has

diminishing effects on water levels and yields at increasing dis-

tance from the large well.

A general lowering of the water table can occur over a rarger

area where there are numerous weils. These may be smal'l domestic

wells but, when they are close together, the cumulative effect is
to pump more groundwater than.the inmediate area can supply.

Problems will first appear after a dry spell with the shallowest

wells going dry and pumps having to be set deeper. Because water

levels usually stabilize at greater depths, at least for a few

years, a resident who has had a shallow wel'l dried up can usually

get water by dril'ling as deep as some of the deeper wells in his

nei ghborhood.

l,lells that are going dry usually give some warning signs. If
the water level in the well is monitored, a gradual drop will be

noted. Pumps frequently burn out when the water level drops below

the pump intake. hlell water may become muddy, and air is taken

into the water system as pumping water reve'rs drop close to the

intake. In some parts of Buchanan countyr gds and changes in

quality or taste occur before a wel] goes dry. A well owner who

notices these symptoms may warn himself against inconvenience and



repairs by measuring the water leve'l with a weighted line. It
should be remembered that the water will drop to its rowest
'level during pumping.

Dewateri nq

The loss of groundwater due to mining threatens to become

Buchanan countyrs most serious problem. The loss of groundwater

into deep mines is a corrnon problem throughout the world.

Buchanan county has been better off so far in this respect than

some mining regions.

Dewatering occurs because mines act as underground drains. In

order to work the mifi€r groundwater that enters ft must be pumped

or drained out. From the viewpoint of groundwater effects,

there are differences between the two main types of underground

coal mines used in the county. Drift mines are driven horizontally

into ridges and lie above valley bottoms. These drain water from

the rock above them but, although they might diminish recharge to

wells below, drift mines are not reported to affect wells in

va11eys. Jewell Ridge, on the southeastern boundary, and probably

Sandy Ridge, on the southern end of the County, have been dewatered

but groundwater is produced in the valleys below the mines. One

well that was drilled into a mined-out ridge encountered no water

until it penetrated the mine and passed into water-bearing rock

beneath it.
Shaft mines lie below the level of valley bottoms and therefore

could drain groundwater from both val'leys and ridges. The iargest

shaft mines in the county are about '|,200 to .|,300 feet below the
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main valleys. Most of the groundwater is shallower than about 400

feet and the rock becomes increasingl.lr impermeable as depth in-

creases. The mining levels are therefore several hundred feet

below the main water-bearing rock. The shaft mines are said to

have little or no water entering, and there are numerous water wells

above them which continue to produce.

The shaft mines can affect well production if a vertical con-

nection exists between the aquifer and the mine. This may be a

natural joint or fault, or a shaft, bore hole, or cave-in. In

practice, mine shafts are sealed against groundwater although some

leakage may continue, and some bore holes have been p'lugged.

The collapse of mine roofs sends fractures upward and srighily
outward through the rock beds. when the fractures reach water-

bearing rock they drain groundwater into the mine. The typical

pattern of dewatering above mines is that wells in a limited area

suddenly go dry but wells a mile away are unaffected.

Mine Water

Groundwater entering coal mines is an expensive nuisance, even

a hazard, to the miner. It can flood the mine, create unpleasant

working conditions, short unprotected electrical systems, and is

sometimes blamed for cave-ins by lubricating cracks in the roof

rock. Some mines above stream level can drain by gravity but the

others are forced to pump, which is most expensive for the shaft

mi nes.

The most cornmon method of dealing with water in deep mines is

by pumping it to the surface and discharging it to streams.



However, several mines 'in Buchanan county utilize mine water for
spraying to control dust in the mine and for process water in

coal preparation plants. At this writing, much of the galleries

of the iargest shaft mines are reported to be nearly dry because

of their depth. where groundwater does enter deep mines, it is a

probiem that the operators would prevent if feasible. The

elaborate engineering that has been undertaken to prevent ground-

water from entering mines is far beyond the scope of this report,

so only a brief mention of some of the methods can be made.

The infiltration of water into a mine tends to concentrate at

a fracture or a small area. Mine water, like a high yield wej'|,

requires broken or permeable rock, and a source of recharge, such

as precipitation or a stream. Most efforts to prevent mine water

attack the source or the conduit of the water. A stream crossing

over a mine can be run through a watertight culvert or flumen in

one of the cheapest and easiest methods. This technique has

improved the infiltration problem in the gypsum mine at plasterco,

virginia. Tracers such as dye may help identify the water,s source.

l{ells are useful for dewatering limited areas, which is done around

some mine shafts in Buchanan county. Mine water can sometimes be

stopped by injecting grout through bore holes to form an impermeable

barrier, but this is a difficul t and expensive techniqr.re used in

I imited areas.

These methods of controlling mine water are not of much help

to the problem of groundwater supplies. A watertight conduit for
streams and wells for the purpose of dewatering mines also
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diminishes the groundwater supply. Grouting entire roofs of coal

mines is not feasible because of the expense and size of the area

i nvol ved .

Qual ity Deterioration

Human activities in Buchanan county have aggravated natural

groundwater quality problems and created new ones. The deteri-

oration of chemical quality by disturbing natural conditions is

traceable to mining, deep drilling, and over-pumping of ground-

water. Bacterial contamination of groundwater is a common result

of sewage entering the ground or of poor well construction.

Vertical openings such as core drill holes, 9ds wells, and

mine shafts may act as pathways for upward migration of the more

mineralized water that lies below the potable water layer. Accord-

ing to observations in the virginia coa'l fields, reports from a gas

well driller, and a study in Kentucky, deep groundwater is saline,

sulfurousr gdss), and sometimes under an artesian head. several of

the worst water samples and complaints about quarity were from

wells that were close to coal test ho'les and mine shafts. Some well

owners have stated that after a test hole or gas well was drilled
within a few hundred feet of their well, the quality of the water

worsened and often gas appeared in the water.

Mines and piles of spoil and refuse add to the minerarization

of water by exposing more rock surface area to weathering and

leaching. When water that collects in underground mines or leaches

through strip mine spoil and coal preparation plant refuse enters

the groundlater regime, it can degrade groundwater with acid,
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sulfur and iron compounds, turbidity, and total solids. Some mines

have waters that equal the quality of the groundwater in the area,

while others could pollute ground or surface water, or both.

Biological contamination of groundwater is most cornmon around

housing concentrations. 'Bacteria enter the ground in the largest

numbers where septic tank drain fields, privies, leaking sewers,

and trash are concentrated. Pollution of wells by bacteria does

not seem to be as much of a problem in Buchanan County as in the

limestone valleys east of it. This is because the shale and sand-

stone in Buchanan County are more reliable for filtering out

disease-causing organisms than caverno.us Jimestone. Probably the

majority of cases of bacteria contamination in wel'ls result from

open dug wells, bad well construction, or sources of pollution very

close to the well. There is a danger of genera'l groundwater pol-

lution in heavily populated areas.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

The quantity of groundwater available in Buchanan County, over-

all, is sufficient to meet demands for domestic water in the near

future. Since groundwater is dispersed throughout the Countyo and

demand is highly concentrated, the groundwater resource is inconven-

ient and will probably not be fully utilized. Localized shortages

of groundwater have already developed. At this writing, the John

Fiannagan Water Authority has been created to study the feasibitity

of bringing surface water from the Flannagan Reservoir in adjacent

Dickenson County to serve Grundy and buiit-up parts of Buchanan

County.

A few predictions can be made concerning Buchanan Countyrs ground-

water supply. Groundwater shortages in high use areas will become

more severe unless new areas with underdeveloped groundwater suppiies

are tapped. Considering the difficult terrain and the economics

involved, it is probab'le that people in built-up sections will

continue to suffer seasonal shortages which gradually wi1'l become

year-round shortages while the next valley a mile away has groundwater

to spare.

The expansion of underground mining wiil cause an expansion of

dewatering above and near the mines. There is a limit to how much

area can be supported by the massive sandstone that forms the roofs

of the deepest shaft mines. If jt were to be undermined too exten-

sively without supports being left, this rock layer wou'ld collapse,
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probably causing surface subsidence, fracturing up to the aquifers,

extensive dewatering and a massive inf]ow of water into the mine.

This is not likely to occur while the mine is active because the

operators would avoid a condition which could amount to a mining

di saster.

Quality problems will continue to bother groundwater users and

will probably be a factor in any decision to use a surface water

source. Areas of bad groundwater seem to spread, and it appears

that the Grundy area is beginning to experience salt water intrusion

into potable water aquifers. contamination of groundwater by sewage

in heaviiy populated areas is expected to increase.

There are now three possible alternatives for the future of the

groundwater resource. One of these is the common law doctr.ine which

allows one individual or group to abuse or exploit their groundwater

rights to the detriment of others. This attitude is becoming

increasingly intolerable in an age of vast population and a limited

resource. A second alternative is a policy of strict nondegradation

and nondepletion of groundwater. This is unrealistic in Buchanan

county where it would prohibit al'l deep mining in a region where

coal mining supports, directly or indirectly, the majority of residents,

and such a policy wou'ld cripple a vital energy source as well. Strict
nondegradation would also prohibit waste disposa'l by'landfills and

septic tanks.

The alternative reconmended by this report is moderate regulation

to ensure that water will be available from some source, with priority
for human consumption. Groundwater must be recognized as a valuable



mineral resource which travels under property lines and can be removed

or damaged by the utilization of other mineral resources. Once it is

destroyed or polluted, it does not return to its original state for

decades, sometimes never. A fair approach to the problem of de-

watering or contamination of one person's groundwater by the acts of

another would require the guilty party to supply the victim with water

or to pay the cost of an alternate supply. Assuming population,

industrial usage and mine dewatering continue to grow at recent rates,

the total groundwater supply will fall short of the County's needs,

probably by the year 2000.
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APPENDIX A

KEY WATER WELLS IN BUCHANAN COUNTY

The follow'ing Buchanan County map shows approximately 80 wells

which are included in Appendix B. The numbers appearing next to

each well may be cross-referenced with the information contained in

Appendices B and C.
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APPENDIX B

, SUMMARY OF WATER WELL DATA FOR BUCHANAN COUNTY

The following pages have been compiled from computer printout

sheets for the Buchanan County area. This printout is updated

frequently to include information from new Water l^lell Completion

Reports submitted by water wel'l drilling contractors. The locations

for many of the wells may be found in Appendix A.
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APPENDIX C

SUMMARY OF GROUNDWATER QUALITY ANALYSES

FOR BUCHANAN COUNTY

The following pages have been compiled from computer printout

sheets for the Buchanan County area. The information from which

they were obtained are on permanent file in the offices of the

Virginia State Water Control Board. The locations for many of the

wells may be found in Appendix A.
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GLOSSARY

A-horizon The uppermost zone of a soil profi'le, from which
soluble salts and colloids have been leached, and
organics have accumulated, i.e., topsoil.

Alluvium Geologic recent water deposited detritus.

Anticline A convex fold or arch of rock strata with the two
edges or limbs dipping in opposite directions from
the crest.

Aquiclude A formation with such a low permeability asto render it
useless as a source of water or conveyance of recharge.

Aquifer A formation, group of formations, or part of a
formation that is water bearing.

Arenaceous Rocks that contain sand.

Argillaceous Rocks that contain large amounts of clay.

Axis The linear trend of the axis of an anticline, or the
trough of a syncline.

Bedding Planes which divide sedimentary rocks of the same or
different composi tion.

Bedrock Any solid rock either exposed at the surface, or
overlain by soil or unconsolidated deposits.

B-horizon A zone of soil below the A-horizon in which soluble
salts, co]loids, and fine mineral particles accumulate.

Bog Swamp or wet land commonly covered by decaying
vegetation or peat.

Breccia A sedimentary rock consisting of angular detrital
fragments cemented together by finer material.

Calcareous Containing calcium carbonate (CaC0:).

Carbonate Rock A rock consisting largely of a mineral or minera'ls
containing the radical COg--.

Cementation The precipitation of a binding material around minerals
or rock grains. An example would be a quartz cemented
sandstone.



C-hori zon

Cl astic Rock

Colluvium

Compaction

Cone of
Depress i on

Cong'lomerate

Degradati on

Denudati on

Detri tus

Dip

Discharge

D.i ssection

Dol omi te

Drawdown

Evapo-
transpi ration

Faul t

The weathered zone of a soil profile directly beneath
the B-horizon, and extending down to unweath-ered rock.

A sedimentary rock composed of fragmented materials
derived from pre-existing rocks.

Gravity transported loose deposits usua'lly found at
the foot of a slope or cliff.
A decrease in the volume of sediments due to the com-
pression of overlying strata.

A conical depression in the water table that is formed
around a water well when it is being pumped.

A clastic sedimentary rock consisting of rounded rocks
or minerals cemented together by a fr'ner matrix.

The process of lowering a land surface by erosion.

The laying bare of a strata by removing its cover or
overburden.

Accumulations resulting from the breaking up and decay
of pre-existing rocks

The angle at which a rock bed is inc'lined frorn the
horizontal.

The volume of a stream flow, per unit of time, through
a given cross section of the stream.

The transformation by erosion of flat upland areas into
rugged hills, valleys and ravines.

A sedimentary rock composed largely of calcium
magnesium carbonate (CaMg (C0g)Z).

The depth to which the water table is lowered below
the static level due to well pumpfng.

That portion of precipitation which is returned to theair by evaporation and vegetation.

A fracture or fracture zone along which there has been
displacement of the two sides relative to one another,
and parallel to the fracture. The displacement may be
a few inches or many miles.

An assemb]y of broken rock fragments ferquently found
along faults. They are often iecemented.'

Faul t Breccia



Fissile

Flood Plain

Flowing hlei I

Fol d

Formation

Fossi'ls

Fracture

6roundwater

Hydrologi c
Cycl e

Impervious

Infi I tration

Intersti ti al
liater

Joi nt

Karst
Topography

A property of splitting easily along closely spacedparallel planes. Thin bedded shalei are often
fissile.

An area adjacent to a river (or stream) which is
composed of sediments deposited by the rivero and
which is covered by water when the river overflowsits banks during flooding.

A well from which water flows at the surface without
pumping due to hydrostatic pressure.

A bend in the rock strata.

A geologic mapping unit consisting of a large and
persistent stratum of common rock.

The remains or traces of plants orr animals preserved
in rock.

A break in a rock usually due to faulting or intense
fol di ng.

Subsurface water below the water table in the zone of
saturati on.

The cycle in which water is evaporated from the sea,
precipitates from the atmosphere, infiltrates into the
landn and returns either to the sea or atmosphere by
transportation, evaporation or transpiration.

The term_?pplied to a bed or stratum through which
water will not move under normal hydrostatic pressure.

The flow or movement of water through the soil surface
into the ground.

Water contained in the small pores or spaces between
the grains of rock.

A rock fracture, usually verticai to bedding, along
which no appreciable movement has occurred.

The name given to terrains that are underlain by lime-
stones and dolomites that have been weathered and
dissolved by groundwater, forming such features as
caves, sinkholes, disappearing and reappearing streams.
Named after the Karst Mountains of the eastern Adriatic.

The process by which soluble mineral compounds are
removed in solution by percolating groundwaters.

Leachi ng



Limestone

Li thology

Marsh Gas

0utcrop

Peat

Perched Water
Tabl e

Permeabi 1 i ty

Pervious Rock

Poorly Graded
Depos i ts

Porosity

Potenti ometri c
Surface

Pyri te

A sedimentary rock.consisting predominantly of
cal ci um carbonate (CaC03).

The physical character of a rock as can be deter-
mined visua]lV by the unaided eye, on with a small
power (l0 x) hand lens.

Methane. Derived from the decay of plant tissue.
Often found in the groundwater of coal producing
regions. 0ften known as "fire-dampl' in.coal
mining regions.

The part of a rock formation which appears at the 
(

surface

A dark brown residue formed by partially decomposed
vegetation in bogs and swamps. The formation of
peat beds is the first stage in the development of
coal .

Groundwater which I ies above the regional water
table, but is separated from it by in impervious
strata.

The capacity of rock or soil to transmit a fluid.It is measured by the rate at which a fluid of a
standard viscosity can move a given distance over
a certain period of time.

A stratum or formation that contains voids through
which water will move under normal hydrostatic
condi ti ons .

Unconsolidated deposits of essentially the same
grain size. Such deposits have a hig6 porosity.

The ratio of the volume of voids of a rock or soilto the tota'l volume. This ratio is usually expressed
as a percent.

The leve'l to which groundwater rises in a well or anaquifer. In a water table or unconfined aquifer, itis the water tab'le; in an artesian or confined
aquifer, it is the piezometric surface, also called
the artesian head: water level above the top of the
penetrated aquifer.

Iron sulfide (FeS2). A mineral often associated with
coal deposits and-believed to contribute both iron
and sulfur compounds to the groundwater.

A firm sandstone in which silica has grown between
the individual grains.

Quartzi te



Recharge

Residual Soil

Runoff

Sal twater
Encroachment

Sandstone

Saprol i te

Sedimentary
Rocks

Shale

Si nkhol e

Sl ate

So I uti on
Cavi ti es

Speci fi c
Yield

The addition of water to an aquifer by natural infil-
tration or artificial means.

Soil formed in place by the disintegration and
decomposition of the underlying rock.

l,later which flows on the surface, such as in streams.

The replacement of fresh groundwater by brackish or
saline waters often due to the overpumping of an
aqui fer.

A sedimentary rock consisting
size particles.

predominantly of sand-

A thoroughly decomposed, earthy, but untransported
rock.

Those rocks formed by the consolidation of accumulated
sediments in water (aqueous) or air (eolian). The
sediments may be rock fragments (sandstones, shales);
animal or plant remains (limestones, coal); or the
product of chemical action or evaporation (sa1t,
gypsum). The deposits are layered, and nearly flat
as deposited.

A laminated sedimentary rock consisting largely of
clay-sized particles. In coa'l mining regions these
rocks are often termed "slate."

A land surface depression usual'ly found in limestone
regions. They are often topographic ref'lections of
collapsed subsurface caves. Sinkholes are also found
in regions underlain by salt and gypsum.

A,metamorphosed shale with well developed fissi'lity.
Also a coal miner's term for any shale which
accompanies coal.

Openings in limestones and other soluble rocks caused
by percolating water.

The volume of water (expressed as a percent) that a
fixed volume of rock or soil will surrender to a
well. For exampleo if .|00 cubic feet of saturated
rock with a porosity of 25 percent yields l5 ga'llons
of water to a well, the specific yield will be 15
percent.

A single sedimentary bed or layer, regardless of
thi ckness .

Stratum



Stri ke

Structure

Subs i dence

Syncl i ne

Tal us

Terrace
Depos i ts

Topography

Unconformi ty

Vadose Water

Water Table

Water l,lel I

l,{eatheri ng

Wel I Graded
Depos i ts

The bearing of a horizontal line on the plane of a
straturn, joint, fault, or cleavage plane. It is
perpendicular to the direction of dip.

The general disposition, attitude, arrangement, or
relative positions of the rock masses of a region.

The lowering of the earthrs surface. It may be
extensive, such as the relative lowering of portions
of continents, or local due to overpumping of ground-
water, collapsed mines, or consolidation of soils in
fi I I areas.

A concave fold or trough of rock strata with the two
edges or limbs dipping in the same direction toward
the axis of the trough.

A pi'le of coarse waste at the foot of a cliff or
steep s1ope.

Deposits of alluvium which are elevated, usually level,
older flood plains, and which are bounded by an
escarpment.

The relief and form of a land surface.

An old erosion surface that separates younger strata
from older rocks.

Subsurface water in the zone of aeration, above the
zone of saturation.

The upper surface of the zone of saturation. The
surface in a water table aquifer at which the water
level stands.

An artificial excavation placed into the ground to
such a depth as to penetrate water-yielding rock or
deposits, thus allowing the removal of that water by
flow or pumping.

A complex set of natural processes, both chemical and
mechanical, involving the decay and breaking up of
rocks.

Unconsolidated deposits consisting of a wide distri-
bution of grain sizes from extremely fine to 1arge.
Because the finer particles fill the voids between
the larger particles, well sorted deposits have
lower porosities than poorly sorted deposits.



Zone of
Aeration

Zone of
Saturati on

The zone in which permeable rock interstices are notfilled (except occasionally) with water.

The zone in which an aquifer is saturated with water
under pressure equal to or greater than atmospheric
pressure.
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