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FOREWOR!

rhis report is one of a series intended to inventorJ the grouadwater
resourees of eaeh county in the Corunonwealth. The purpose is io prorride
a1l groundwater'usetr3' including private citizens, developers, investors,
weLl dri11lng contraetors, government official-s, professionals and con-sultants, \,tith an overvlew of the gror:ndwater situacion as it presently
exlsts throughout Virgiaia.

Prospecti.ve grormdwater users and others interested in the develop-
meat and proteetlon of groundwater hopefully will gain insight into theopportunities and advantages inherent in this invaluabLe natural f,esource.

The State Water Control Board renains avaiLable for inforration,
assistance aad governmental action.
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SSLECTED COIWERSION FACTORS

ENGLISH UNITS TO INTERNATIONAL SYSTEM (METRIC I]NITS)

This report uses a duaL measurement system based on English uaits
and the r,nternatlonal systen (sr) of metrtc units. sr is a consisrent
system of r:nits adopted in 1960 by the Eleventh General Conference of
Welghts and Measures. Selected conversion factors are listed below:

Mulriply Engl-ish upirs _ry To obtain sr unJ.rs

Feet (ft) 0.3048 merres (n)

GalLons 0.003785 cublc merres (*3)

Gal"lons per day (gpd) 0.003735 cubic nerres per day (n3/A)

Gallons per minute
(gpn) 0,06309 lirres per second (Us)

Inches (in) 25.4 nillimetres (mn)

Ifiles L. 609 ki.l0merres (kn)

Itil1lon gallons
per day (MGD) 3,785.0 cubic merres per day (n3/d)

square nllee (nrz) z.5go square kitomerres (kuz)



GROUNDWATER RESOURCAS OF A,UGUSTA COin{rY, VIRGTNIA

oy

Kenaeth R. I{inkle and R. McChesaey Sterrett

ABSTRACT

Augusta County is locat.ed in northwestern VirginS.a and encompasses
an area of 986 square niles (2,554 kmz), The county includes Portions
of the Blue Ridge and Val-ley and Ridge physlographlc provinces and is
contained within the UngLaciated Appalachian Groundwater Region.

Three groundwater sectors have been ldentified, each hard.ag dis-
tidct groundwatar availability aad qual-ity charaeteristics. The Ceatral
Valley Sector is composed of Cambro-Ordovlcian carbonate formatlons and
the clastic l*trartinsburg Formation. This sect,or offers the greatest
grotmd,water avaiLabiLity, partieularly where carbonate rocks are over-
Lain by thick aLLuvial and terrace deposits along the ltesL toe of the
Blue Ridge. Water is generally of good quality ftou the carbonates'
although hardness tef,ds to be very high. The Martinsburg offets less
potentiaL than the carbonat,es but is stlLl a reliable source for uost
aeeds. TotaL dissolved solids and hardaess concentratlons tend to be
sonerrhat greater in the Martinsburg Fornatioa. The North Mountaln
Sector aad the Blue R:idge Sector offer less potentiaL for groundwat,er
devel.opment, I,ron and sulfate occasionally render nildly objactlonable
qualities to groundwater in the North Mountain Seetor. Groundsater in
the Bl-ue Ridge Sector ls very 1ow ln nineralization, and weLl yLelds
usually are very snall.

A corridor of high grouadwater poteatial extendlng fron Lyndhurst to
Crottoes 1lkely can be deveJ.oped to yieLd 75 McD (283,875 rnr/d) with olal-
nal well interference and moderate decline of the regional water table.

Springs are nrxnerous throughout the county and generally offer rtater
of lowlr srineralization than can be developed from weLLs in corresponding
rock unlts. Several maJor sprlngs are utlLlzed for nurricipal' public and
industrial water suppLies.

Approximately 98 percent of the countyrs popuJ-ation is supplied
wholIy or parrialLy by groundwatel. Total daiLy groundwater withdrawal
is approxinateLy 23 MGD (87,055 n3/a). Public and munleipal. usage is
abour I llGD (.30,280 n3/a), and indusrrial pumpage is in excess of L4 MGD

(52,990 n3/a).

IsoLated cases of groundwater eontailinatlon have beea reported in
Augusta County, but these cases are the resuLt, of local eoaditionF aad
do not represent regionaL contamination of the groundwater resource.
The uost comuon causes are septlc tank faiLute, agriculturaL runoffr and
spi11s and leaks of petroLeum produets. Areae rmderlain by carbonate
bedrock, particularLy wtrere sinkholes and bedrock exposures are prevalent'
are very susceptible to groundwater contam:ination.



INTRODUCTTON

Purpose and Scope of Report

- This rePort is int,ended to acquaint the public with the groundwater
conditions in Augusta County and the citie" oi Staunton and Waynesboro.In addition to providing general infornation about the area, tie reporr
introduces new trydrogeologib data collected by the State Water Control
Board and coupiLes previous geologi.c aad hydrologic i.nvestlgatioos carried
out under the auspiees of the Board and other state agencies. The reportis intended to be a pLanni.ng and management reference for citizens, govern-
mental officiaLs, professionals and those in the business sector.

Location and Background Inforuatlon

. Augusta county ls Located in the northwest, port,ion of virginla(?Late 1), bounded on the notthwest corner by West Virginia (plnateton
County). Bordering counties in Virginia include nath ind llighland on
the west, Rockbridge and Nel"son on the south, AlbenarLe on the east and
Roeki.ngham on the north.

The second largest county in the state at 986 square niles (Z.r154kn2),
Augusta was formed frorn orange countf in 1738. The independent clties of
staunton and waynesboro are located within the couatyts ioundarles.

_ The 1-975 population was 49,100 according ro dara furnlshed by rhe
Jalloe Murphy rostltute at rhe uni.versity of virginia; stauiltonrs popu-
lat,ioa naa reeorded as 2?,900, and that of l.,layneiboro at 16,700. pro*
Jections by the Division of $tate Planning and, Conmuaity Affairs for theyear 2000 pLace rhe figures ar 77,800 for the county, and. 24,100 and
18'700 for the eiti.es of staunton and waynesboro, respectiveiy.

Manufacturing and agri.culture are the most important sources of
incooe aad revenue. Manufactured products include synthetic fibers,
equipment controls' razors and blades, air conditioning units and clothing,
Livestock and poultry enconpass the rnajor agricultural emphasis.

Previous Investigations

A report by llack (1965) gives detai.led explanations of a1l-uvial,
deposits along the west toe of the Bl-ue Rtdge. Five recent reports
publlshed by the Virginia Division of MineraL Resources give eomprehenslve
treament to the geoLogy of Augusta County. Ttrese include: Rader (1967);
Y{"t. (L969); I(ozak (1970); Bartholomew (1977) ; and Gathright and orhers
(L977).

Groundwater reports of the area include works by R. c. cady, R. It.
DeKay and R. B. Leooard. cadyts report, Ground-water Resourees of the
shenandoah val1ey, virginia, ls qui.te eonprehensive and is the only najor
hydrol-ogic rePort t,o ineorporate virtually alL of the county. In Develop-
nent of Ground-water suppLies in shenandoah Natlonal park, vlrginia,
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DeKay touches llghtly upon some of the groundwater resourees of the BLue

Ridge region. Leonardrs 1962 unpublished thesis, Ground-Water Geology
ALong the Northwest, Foot of the Btue trLidge Be$,reen Arnold's Val-ley and

Elkton, Virginia, gj.ves in-depth treatment to the groundwater resources
of the Waynesboro and Grottoes areas. ColLins and others authored the
report, Springs of Vlrgtnia, in 1930. Frank Reeves discussed another
*"pe"t of the subsurface sater resouree in his 1932 reportn Ttrermal
Sprtngs of VLrginLa. The Virginia Division of Water Resources report on

the Potomac-Shenaadoah River Basln (Vol-urnes I and III' 1968-69) inci-uded
the najor portlon of Augusta County as did Trainer and Watklos' report,
Geohydrologic Reconnaissance of the Upper Pot,omac River Basin, published
in 1975.

Methods of Investigatlon

Ttre bulk of the background and geologic information in this report
is a sumary of previous work. Most of the warer well construction in-
fo:nation and the groundwater quality data have been collected by the
State Water Control Board, although some have been supplied by the
Virginia Divlsion of MLneral Resources and the Virginia Department of
lteaifh, respectiveLy. 4LL groundwater wlthdrawaL information has been
collected by the State Water Control Board.

Much of the previously unpublished infornation pertaining to indlvld-
ual well construction and groundwater qual-ity has been colteeted as a
result of the Groundwat.r Act of L973. Ttris Act requires that a Water
Well Conpletion Report (3'orm GW-2) be subrnitted to the Board for aLl weLLs

dri11ed, arrd that oriners of industrlal- and publlc groundwater suppli'es
subu:it guarterly reports (Form GW-6, Groundwater Pr:npage and Use) to the
Board detal}lng grouadwater withdrar,ral. In addltion, the Board requires
that driLl cuttings be col-lected at t,en-foot (3.05-rn) lntervals on aLL
pubLie and industriaL watet weLLs.

Another source of groundwater quallty informatton is the Pollution
Response Program (PReP), naintalned by the Board for the sole purpose of
resfondlng to citizen eompl,aitrts of water poLLution of any type. tttis
includes poJ-lutlon of both groundwater and surface water by accldental
or intentional di.scharges oi hazardous chenicaLs, oil, gasoline, refuse,
and industrial wasteg.

ALL welL informatlon, welJ. cornpLetion repoxts and records of ground-
water qual-ity cited in this rePort are on Pernanent file at the State
Water ControL Board ileadquarters Office in Richnond and at the Valley
Regional Office in Bridgewater. These data are computerieed for storage
and retrleval and were used to compile Appendixes B and C'

Water WelL Nunbering SYsten

Water Well CompLetion Reports are assigned a unique nr:mber by which
rhe reported weLl ii thereafter ldenttfied. Water quality and In?ithdrawal
information for that particular well" is aLso identifled by that number'



Each county in Virginia is assigned a three-digit county eode, the
code for Augusta county bei.ng 107. within each county, wells are num-
bered sequentially with a few exeeptions. For exampl-e, a report received
on a particular day night be nunbered 107-16, while a report received the
following day woul-d become L07-L7. ALL wel1s are assigned numbers as
they are received and, therefore, appear at random throughout the sumnry.
The well numbere do noi repf,e$ent a grid system for locating specific
areas of the county. tr{hen citing specific vrells in this report,, the
welL number wilL be gtven in parentheses without. the county code. For
example, Reynords /15 (101). welL numbers nay be eross-referenced with
various plates and Appendixes B and c for additionaL lnfornration.

PHYSICAL SETTING

Physiography

Augusta County lies within two physiographic provinces: the Blue
Rtdge and Val,l-ey and Rldge (Plate 2). The eastern and wester:t borders
of the eounty are the Blue Ridge Mountains and shenandoah Mountain,
respectivel-y. PLate 3 ls a satellite image recorded by LANDSAT-I fron
an altitude of 570 nl1es (917 kxn).

The lowest point in the county, approximateLy 1,060 feet (323 d)
above sea leveJ., is at the confluence ol u{aate Rlver and North Rlver
at the Rockinghan County line Just wesr of Grottoes (Plate 4). The
highest elevarlon is ELliott Knob at 4,463 feer (1,360 n). Elevarions
at staunton aad waynesboro are 1,480 feet (451 ra) and 1,295 feet (395 m),
respect,ively.

Caves and caverng formed by the solution action of groundwater, are
abundant in the county. Ia addition to Grand Caverns at Grottoes, which
is possibJ-y the oldest coffrcreia1 cave now open in the uni.ted stares,
Eolsinger (1975) indicates that approximately 90 other eaves are known
to exist (Plate 5). An abundance of sinkholes, fouad almost exclusively
in linestone regions, indicates the area is riddl-ed with subsurfaee
solutlon ehannels and caves, a typical feature of karst terralns.

Drainage

Drainage in Augusta County is divided into Eno najof, ri.ver basins:
the Potomac-Shenandoah BasLn and the James Basia. Most of the area is
wlthio the Potouac-Shenandoah River Basln which dralns northward to the
Potomac River. $tretehing froo the Virginia-tr'lest Virglaia border in the
trest to the Ctlesapeake Bay ln the east, the basLn covers 517A6 square
mil-es (L4,779 knz) in Virgtnia aLone aod extends into Hest Virginia,
Maryland and Peansylvania. The southern portlon of the county is ln the
James River Basio which drains southward to the James River. This basin
also stretches from the Virginia-West Virginia border to the Chesapeake
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ELEVATION MAP OF AUGUSTA COUNTY
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PLATE NO.4
Bay but encompasses 10,102 square miles (26rL64 krn2), or just over 25

percent of the statets ,total land area.

MaJor streErms in Augusta County incLude Middl-e River, North River
and South River, all in the Potomac-shenandoah Basin. The Calfpastqre
River is the largest stream in the James Basin portion of the county.
Plate 6 shows the two basins and the major drainage systems. Table 1

lists average stream flows for the major streams in the Potomac-
Shenandoah Basin.

Clirnate

Warm summers and mild winters charactetlze Augusta County. Accord-
ing to Crockett (L972), the mountainous regions and the wide range in
elevation are major fact,ors controlling the climate in addition to the
latitude and l-ocation on the North American continent.

Records from the non-reeording weather station at Staunton main-
tained by the National Weather Service indicate that the average.annual
temperature is approxinatel-y 54oF (12oC). Extremes have been recorded
as high as 102oF (39oC) in Jul-y, L954,,and as low as -l-0oF (-23oC) in
January, L942. The average annual precipitation is approximately 35
inches (889 mn). Rainfall is the dominant form of precipitation. Surr
mer rainfall- is provided principally by showers and thunderstorms, the
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latter occurring oxr an average of 40 days throughout ehe season. A1*
though the average annual snowfall j.s around 22 inches (559 m), measure-
ments between L941 and L971 varied from 7.5 inches (191_ m) to 55 inches
(1397 mn).

Table 2 lists temperature and precipitation dafa from the National
tr^Ieather Service non-recording weather station at Staunton.

TABLE 2

1.977 WEATHER DATA
RECORDED AT STAI'NT0N, VIRGINLA

Month Average Temperaturere TotaL Precipitation
Inches Ml11funeters

January
February
IIarch
Apr11
May
June
July
August
Septenber
October
November
December
Arnual

3r.2
42.4
46.6
52.3
58. 3
68 .5
70. I
68.7
62.2
48.3
37 .7
31.1
5L.45

-0.4
5.5
8.1

11. 3
L4'6
20.3
2L.6
20.4
r.6.8
9.1
3.2

-0.J
10.83

3.37
0.75
1.87
0.93
3.97
2.47
2.08
0.57
4.03
9.65
0.83
1.,53

32,4L

94.74
19 .05
47.50
23.62

l_00.84
52.7 4
52.83
14.48

L02.36
245.Lt
?1.08
38.85

823.2t

Source: NationaL Oceanic and Atmosoherie Adninistration

Soi.ls and Vegetation

Soil types in the couaty can be grouped broadly into three maJor
categorles: mounta:inous solLs, va11ey soil-s, and terrace and aLl-uviaL
deposits. As evldenced by Plate 7, approxinately tlro-thirds of the
county is covered by valJ.ey so11s. Va11ey soil overlylag limestone
uplands tends to be deep and well draj.ned, whereas soiL overlying tbe
shaLe uplands tends to be sonerirhat more shallole and well to exeessi.veJ-y
drained.

Mountainous solLs are underlaln for the most part by shale, sandstone
and quartzit,e. These solls tend to range frour shallow to deep and are
generalJ-y well to excessiveJ.y drained. ELevation, degree of slope, and
vegetative cover are sone factors which ean detemlne soiL depth.

The terrace and alLuvj.aL deposits are the most important soils from
a hydrogeologic standpoint. Significant deposits can be found along the
South River, Middle River, Calfpasture River, North River, and Jenni.ngs
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GENERALIZED SOILS MAP OF AUGUSTA COUNTY

t:
ffi
ffi
I

ALLUVIUM OF
MAJOR DRAINAGE AREAS

DERIVED MAINLY
FROM CARBONATE UPLANDS

DER!VED MAINLY
FROM SHALE UPLANDS

MOUNTATNOUS SbnS
DERIVED FROM SHALE.
SANDSTONE AND OUAFTZITE

Source: Soil Conservation Service PLATE NO.7

Branch. A11 of these deposits are deep and wel-l drained and are extremely
important in the storage and transmission of groundwater.

Vegetation is mainly of two types: forest lands and agricultural
grasses. Ihe central valtey area is mostly pasture and cropl-and. The
northwestern and southeastern portions of the county (55 percent of the larrd
area) are forested, mostly by the oak-hickory type of woods. The George
Washington National Forest (L92,128 acres or 77,754 heetares) and Shenan-
doah National Park (11-,302 acres or 41574 hectares) account for the major-
ity of the forested lands. Such major forest areas provide large water-
sheds to repl-enish and naintaio both the groundwater and surface rtater
resources.

IIYDROGEOLOGY

The county is underlain by igneous, sedimentary and metamorphic
rocks ranglng in age from older than 600 rnil-lion years to about 345
nilllon years ol-d. Surficial- deposits from the l-ast tlro mil-I-ion years

13



are also present. Structural features include two maJor thrust faults
and several signlficant fol.ds. Such diverse geology gives rise to varied
gronndwater conditions throughout the eounty.

Geologic History

The geoLogic history of Augr.lsta County is closely related to that
of the entixe Appalachian Va11ey extending roughly frou Newfoundland,
Canadao southnrestward to Alabarna. During PrecambrLan time (older than
600 mllLlon years) this area liras an extensive Lorland caused by eons of
erosion. This lorrLand began to undergo burial, deformation, and neta-
norphisn. ApproxlnateJ-y 600 aLLlion years ago, there was concurrent
deposltion of eedl-Bentary rocks and volcanic activity, foLlowed by a
period of upJ-ift and subsequent erosion.

Followlng the erosional period, a very large trough began to form
along the entLre Length of the present-day Appalachian Vall,ey. Thousands
of feet of sedioents were d,eposited in the trough by invading seas and
by rlvers and strea,urs flowing from the surrounding uplands. Occasionally
the trough ftlled with sediment, causing the seas to retreat for a period
of tlme. Ihe trough continued to subside, honrever, so that eventually
the seas again invaded the area and, along wLth the streans and rivers,
once more carried sediments to the trough.

This deposition oecurred for about 300 n11Lion years, at whLch tiue
extrene hori-zontal defornatlon wirh resultant upl-ift began. From that
tioe untl"L the present, a period of about 300 mlllion years, the doninant
forces have been those of weathering and eroslon. During the last two
nilLioa years, surficial- deposits of sand, gravel and boul.ders have been
deposited throughout the entlre Appalachian Valley, wirh significant de-
posits belng present ln Augusta County.

Geologic Formations and Their Water-Bearing Properties

The followlng discussioR of the groundwater potential of the various
geologic fornations present in Augusta county is based on a broad group-
ing of related rock types. Four major rock groups have been identlfied,
each having their own lithologic and hydrologic properri.es (Table 3).
Ia additton, diecussions of uaconsolidated sediments and igneous rocks
have been included. Plate 8 is a generalized geologic rnap of the county
and PLate 9 sholgs several cross sections referred to on Plate B.

Canbrian and Precambrian (?) Fornations

Minor €xposures of the Catoetin Greenstone, an altered basaLtic lava
flow of igneous origin, are present near the crest of the Blue Ridge.
The Catoctio is quite resistant to weathering and caps much of the Blue
Rid$e. Cady (1936) iadicates that this type of ancient lava rock proba-
bly possessed exceLlent water-bearing potential shortly aft,er it was
formed. Over the yearsn however, weathering, pressure and. other factors
have obliterated the openings which woul-d have contributed to the high
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TABI,E 3

FORMATION GROUPS AND TIIEIR WATER-YIELDING PRO?ERTIES IN AUGUS?A COUNTT

hlckn$s (ft ad D) ilaler-Y1€ldlns PloDettieg

10 Qutetury AUuvlal C16yey 6and sd silt, sdd,
8rave1, cobble, boulders ar,

alluvlal tan dePo6its

0-500ft
(0 - 152 n)

relatlvely poo! aquuels. hlu fdc
tlon 1s ro captsle recb!8e tate! for
uderlytq b€dlock. Uy 31$1fic&c
ly iDcr€6e yleld of underlyiry

Blue Rldge

135 D111lon

Dlkes, sills and p143 of

No rel1 recolde aveilable, nut
Pfobdly veq Poo! qdfets.
kerelty have 1d PorogltY and !1ue Udge

181 0111ion

2I ilIl11on

4
310 lilUon

Sha1e, sandstooe, soDe
lln$tde, coqlonerat€

Poor to fslr satet ltoducert,
ade!.Uy sultable dY fo! 3@U
do@6t1. nee&, &od Ytelds
los€lble 1ocal1t. s@€ teUs
fld arurally at cqletlon'
croedrater Etored .dd tr.E_
oltted a1ory beddl4 ?UGE and

JolntE. feter is mdefately htd
and MY be htah ln lron, Eulfu!

145 iltUon

405 dluoD

425 dlluon

BlaUler
hlUboro ad Needloie
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Lickl* Cleek, Ueal18 S!!1ng!

Db

-!-'1----
DS

--dt€- ---'

3 500 dluon
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11@stone and sandstone;
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{lth sandstone, sm€ line-
srone. comlore"ate. Ddlocl

1,5oG2,600 tE (437'792 r)

Falr to good Y&rdi PdalDre rr@
lolnte, beddtq P1sne.' cl€.v38e
larttBs. Cht6r vely h.!d' hlAh
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tud ylelds frm solutton chm!€l.
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to dalo! sttffi. btrely hiSh
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Uare! veil hgrd and hi8h 1n toBr
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600 hlllton
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potential. The greenstone in its present condition is a very poor water
producer, and the chances of obtainLng water below a few hundred feet
are minLnal. Joints, shear zones and faults provide the only open"ings
for water storage and movement. Leonard (L962) suggests the forraationrs
Poor reputatj.on as a groundwater producer rnay be attributabLe as nuch to
its high topographi.c posirion as ro irs f-irhology.

The Chilhowee Group eonslsts of the Antietam (gnrin) Formation,
a quartzite, and the llarpers and weverton Formations, the Larter fi,*o
composed nostly of coaglomerate, sandstone, shale and quartzLte. These
formations occupy the wesiern flank of the Blue R{dge and extend to the
foot of the mountain. The metanorphic quartzites and the sedinenrary
conglomerates and sandstones make poor aquifers due to the htgh degree
of cementation. As ln the catoctin, water is to be found octy in joints,
faults and shear zooes.

Cambro-Ordovician Carbonate Formations

This group of fornations comprises the major portion of the valley
floor and eonslsts mainLy of linestoae and dolomite with mlnor amouats
of shaLe, sandstone, anil chert. rncluded are the shady (Tonstown),
waynesboto (Rome), Elbrook, ,conococheague, chepultepec, Beekrnantown, New
Market, Lincolnshire and Edinburg fornations.

The Shady (Tonrstown) Forraation is not exposed at the surface (Gath-
right and others, L977) but remaj.ns an important aquifer in Augusta
County. Ihe unlt ls basical"ly dolonite rdrich ls l.ess solubl-e than line-
stone, but Cady (1936) indicates ir appears ro be highly susceprible ro
solution activity, not rrnl-ike limestone beds in the area. Revlew of
dtilL logs available for several industrial wel.ls developed in rhe Shady
Foraetion confirms a high incidence of sol-ution activity. The size and
aumber of solution channel-s intersected by carbonate welJ.s directl-y in-
fluence erater production.

The Waynesboro (Rone) Forrnation occupies a najor continuous belt
aLong the west toe of the Blue Ridge and a minor area bordering the North
Mountain Fault west of Greenville. The unit is principally shale, silt-
sto$e, saadstone' doLonite and limestone. Cady (1936) notes that bedding
pLanes and shaly partings, both of which act ai conduits for groundwater
moveBenL, are Rumerous. Leonard (L962) has deterudned that the shaly
Portions of, the fordration are poor aguifers. llowever, he notes that the
earbonate sections are often prolific aquifers, and deep we1ls penetrating
the beds are highLy productive.

The El-brook, conococheague, chepultepec, BeekmantoTdn, New Market,
LiaeoLnshire and Edlnburg formati.oqs occupy the central area of the
valley floor, extendlng wesrward from out,crop areas of the waynesboro
(Rone) Formatioa along the western foot of the Blue Ridge ro Littl-e
North Mouatain. A portion of their exposure ls cqntalned ln the Massa-
nutten Syncllnorirrm, a rnajor trough structure extending between Roekbridge
County to the southwest and West Virginia to the northeast, aad bounded
ln Augusta county by the Btr-ue Ridge and the staunton Fault. These
carbonate foruations have undergone extensive solution actiwity as evi-
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denced by the numerous caves wh:ich have been cataLogued. i{olsinger
(1975) states that three of the largest caves are developed in the
Conococheague, one of whieh is Grand Caverns at Grottoes. Rader (L967)
has identified much intraformational folding and faulting in the Edirr
burg Formation, with calcite and dolonit,e mineral"ization in associated
fractures.

Groundwater movement and storage in the carbonates is restricted
to sol.ution channele. Solution channels are formed as water percoLacing
dorqmrard enters Joints, fractures and bedding planes and slowly dissolves
the rock. Ttrough larger and more numerous near the ground surface and
in the vicini.ty of the lrater tabl-e, some water-bearing channels have
been encountered at grear deprhe. Cady (1936) theorLzes rhis nay be
associated \rith artesian circulation through synclines.

Martinsburg Formation

fhe Martinsburg Fornation is a hydrogeoLogically significant unit
due to its Lithology, thickness and areal extent. The unlt has beea
variously described as shale, sandstoae and limestone, but Gathright
and others (1977) indicate lt is basically sLate with ninor arrrounts of
Limeetone and sandstone.

The Martinsburg is a fairly reliablq though nor overly producrive,
Idater souree in Augusta County. The presence of some lrater in the
l"tartlnsburg Fornation nay be due in part to solution channels in the
thin linestone beds ptesenr in rhe unit. Butts (L940), Rader (L967),
Kozak (1970) and Gathrlght and others (L977) attest to the thin-bedded
nature of the Martinsburg, and Cady (L935) notes joints and slaty cleav-
age. Solution activity within the fornetlon ls increased by these
features, although the numerous water-bearing openings geaeral"ly ate
not large.

Mlssissippian, Devoniaa and SiLurian Fornations

Thls grouping of formations is eomprised of a series of sandstone
and shaLe units, al-ong with a few insigniflcant occurrences of lluest,one,
wlth a comblned total thiekness in excess of 11,000 feet (3,353 n).
Fo:mations in thls grouping are considered uinor aquifers. Ai.l- oecur-
rences are w€st of the North Mount.ain Fault and begin at or rrear ghe
easterxr base of Little North Mountain. In the interest, of slnplifying
nap rmits, the Ordovician-aged Oswego aad Juniata sandstones have been
included in this grouping.

Units displaylng a thickness of 300 feet (91 n) or less lnclude the
Oswego (sandstoae), Juniata (sandstone/sha1e), Tuscarora (sandstone/
quart,zite), Cacapon (sandstone/sha1e), Keefer (sandstoae), Bloomsburg
(sandstoae/shale), Tonoloway (Linestone), Keyser (limestone), Coeynans
(Linestone), Eealing Springs (sandstone), Licklug Creek (limestone),
Oriskany (sandstone) and Needmore (shale), Itrickness of some indi:v:ldual
formations is Less than 5 feet (1.5 n), al-though most are l-00 to 200 feet
(30 to 51 n) thick. The four linestoae units range from Lese than 10
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feet (3 m) to 230 feet (-70 n). Beddlng ranges from rhin ro rhick and
massive, with the najority of the formations exhlbiting medium to nass-
ive beds.

Ihe remainlng five formations represent nearly L0r000 feet (3,048 rn)
of the combined total thlckness of all units included in this group.
A1l- are predomlnantly sandstone or shale with lesser amounts of conglor
erate and mudrock. These units include the l,Il11boro (shale), BraLLier
(shale), Chemung (sandsrone), Ila.npshire (sandstone/shale), and Pocono
(sandstone). The Pocono is the onJ-y formation in Augusta Councy of
Mississippian age. Bedding in these five units is generally thick,
exeept for the Bralller Formation which is characterized by beds ranging
from only a few inehes to several- feet in thickness (Kozak, L970).

Although a lack of meaningful data is apparent, records for wel1s
drilled in the Mississippian, siLurian and Devonian sandstones and
shales of Augusta County indicate the fornations to be only fair water-
produeers, at best. 1\'ro important reasons are readily apparent: cemen-
tation and texture. Silica and calcite apparently are the most cormon
cemenej.ng materials, both of which tend to reduce porosity. The
Tuscarora, noted by Butts (1940) as being eemented with siLlea so that
individual quartz grains are partLy rebuilt into crystals, is probabLy
the nost weather-resistant fomatloh in the county. The fine- to
medir:m-grained texture of the urajority of the fornations tends to greatly
teduce the overall capaeity for water transmission, since fine-grained
rocks typical.ly have hlgh porosity but vety low permeablliry.

Groundrat€f occurrence in these units general.S.y ls lirnited to
bedding plaaes and Joints. Since the maJority of the for:aations exhibit
thick or massive bedding, the number of beddl.ng planes Ls severely re-
duced. Price (1966) cited research which concluded the frequency of
jointing is iRversely related to the thickness of rock beds. The thicker
the bed' the more wideJ.y-spaced, and therefore less frequent, are joints.
The thick-bedded nature of rock unit,s in this grouping would, therefore,
result ln a redueed number of joints avaiLable for transmit.tiag gronnd-
water.

Mesozoic Igneous Rocks

Intrustve igneous rocks in Augusta County are of Jurassic or Tri-
assic age and occur as dlkes, sills and pLugs. Although numerous
occurrences, mostly dikes, hare been aoted by Rader (L957 aad 1969) and
Johnson and others (1971), exposures are usually onJ.y a few feet thiek
and less than a niJ-e long. No records are avai.lable of well-s having
beea drilled in these rocks, but they probably are poor aquifers. Davis
and DeWiest (1966) noted that dikes have low permeability and low poros-
ity and often act as barriers to groundwater movement.

Quaternary Alluvial. aad Terrace Deposits

Considered a1one, a11uvial and terrace deposits are reJ-atively poor
aguifers. Cady (1936) states that these deposits are poorl-y-sorted,
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fine-.grained, and in many pLaces 1-acking in groundwatefr "and even where

it is saturated it is likely to have low permeabiLity.rr The main function
of these deposits is to caPture recharge water for underlytng b-edrock,
particularly fn areas wherl the bedrock consists of carbonate formatlons.
ieonard (SAZ1 states that the basic alluvial unit (residur:m or fine-
grained collivigm) is an aquiclude. I't prevents downward percolation of
surface water to it. underiying strata, can stole up to 40 percent of
its volume, and maintains gto,rrrd*tter in the underlying bedrock at a mild
artesian head.

Several areas of the county are covered by appreciable expanses of
alluvial and terraee deposlts. A terrace is a step-l-ike arrange-ment of
all-uvial- material- r^rhich represents former flood plains. Ilack G-965) re-
ports that terraces occur only along streams whose bedrock is less resist-
ant than the coarse fragments of the alluvial- material, and are therefore
more cotmlon and better formed where streams cross the Martinsburg shale
than they are in carbonate rock areas. This theory woul-d account for the
extensive terrace and al-luvial-fan deposit,s identified by Bartholomew
(Lg77) and Gathright and others (Ig77) as overlying carbonate rock$ along
ihu r""t toe of the Bl-ue Ridge. Resistant sandstone' quartzite and

greenstone derived from the mountains make up these deposits. Ilack (-1965)

theorizes that terraces along the Midill-e Ri.ver night have been caused by

severe fl-oocling (Pl-are 10).

TERRACE FORMATION BY SEVERE FLOODING
BEDROCK ALLUVIUM CHANNEL MAINTAINED BY

SEASONAL FLOODS

FLOOD PLAIN AND CHANNEL BEFORE

CHANNEL ENLARGED gY
UNUSUAL FLOOD

FLOOD PLAIN AND ENLARGED CHANNEL IMMEDIATELY AFTER

FLOOD
PLAIN

CHANNEL MAINTAINED BY
FLOODS

NEW FLOOD PLAIN
OLD FLOOD PLAIN

FORMED IN THE ENLARGED GHANNEL;
NOW A TERRACE

Source: Hack (1965)
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Gathright and others (L977) divide the deposits along the west roeof the BJ.ue Ridge Lnto five units: high-level terraces and alLuvial-
fan deposits; talus deposits; upland alruviun; lowland aLluviun; and
restdual soil"s. Terrace and alluvial-fan deposits are the mosc signifi-
cant unconsoLidated sedLnents relative to groundwater availability dueto their areal extent and thickness. Ttrese same researehers have re-
ported alluvlal-fan thicknesses of up to 500 feet (L52 n) in the Dooos
area northeast of waynesboro. Rader (1969) D.otes the presence of ex-
tensive gravel deposits south of Stuarts Draft with a thickness in excessof L65 feet (50 n). Lesser depositsr though still- notable, f,ay be found
1lott8 the Calfpasture River where it passes through the Deerfield Valley
(Kosak, 1970), along North Rlver east of Norrh River Gap (Radern Lg6g)
and al.ong Mlddle Rlver (tleck, 1965).

Geologic Structure

The $eoLo81c structure of Augusta County Ls characteri.zed. by paral-
lel anticLines and synclines and two major fault system6. The Staunton
FauLt and the North Mountaln Fault slice through the county in a generaS-
northeasterly trend and extend far beyond lts northern and southern
boundaries. These feat,ures probably exert effective controL upon ground-
rfater.

.rhe staunton Fault roughly dlvides the county in half, passing
approximateLy 3 miLes west of SBottswoo4 northeastward, through Gypsy lii1l
Park in staunton and on to Quickts Mill. At rhis point it Loops to
the soutt$ilest to'Lrard tluckleberry ilill and loops again northeast to
Burketoldn. In thl.s county the fault is developed only in the carbonate
fomations' thrusting older rocks fron the southeasr over younger rocks
in the norlhwest. Rader (L967) identifies a major breccla zone al"ong
the fault trace.

ltre North Mountain Fault lies to the northwest, of the Staunton Fault,
follor,ring a path through Netrport and north through Swoope, where j-t uakes
a westldard loop to Buffalo Gap. From there it extends northward through
Jenrrings Gap and Stokesville. This fault brings oLder carbonate roeks
over younger catbonate formations for uost of its length, except. from
$tokesville north to the Rockingham County line where older carbonates
are thrust over younger shal-es.

The controlling fold feature east of the staunton Fault is the
Massanutt,ea synclinorium. The Martlasburg Formation oceupies the
syncJ.inorLrsn axis ia Augusta county. west of the faul-t the Long Glade
Syncline Ls the prominent foLd structure. The axis of this fol-d is in the
Martinsburg in the northeast and in carbonate forrations ln the souttwest.
west of the North Mountain Fault folding is less lntense and poorly
developed. A najor synelinal feature is the Elliott Knob syncliner
whose axls is occupied by Devonian and Mississippian shale and sand,stone
fonnations.
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AVAILAEILI.TY AT.ID qUALITY OF GRQI]NDI{ATER

Augusta County has vast groundwater reserves which have been develop-
ed to a very l-inited extent. Groundwater avail-ability and quality are
dependent on a host of factors incl-uding rock tYpe, geol-ogic structuret
soil depth, topography and climate. Geologic setting is the critical
factor to consider when searching for groundwaLer in Augusta ConnLy'
since we1-l- production and groundwater quality vary significantl-y in the
three major groundwater sectors identified be1ow. Topography is esPe-
ciall-y important when considering grotrndwater availability. Augusta
County is l-ocated r,rithin the Unglaciated Appal-achian Groundwater Reg"ion
(Pl-ate 11), characterized by mountains and hilly uplands separated by
broad vall-eys. llountains and upland areas channel surface runoff to
l-ower el-evations where the water can infiltrate to recharge the ground-
water system.

Depth to bedrock in Augusta County is highly variable. Some areas
have bedrock exposed at the surface, particularly in the carbonate areas'
Holrever, depth to bedrock Ln the Lyndhurst-Grot.toes corridor indicates
thickness of the unconsol-idated sediments to be as great as 365 feet
(11-1 m) (welt-s L24 and L32). The depth to bedrock j.n most cases is
directl-y related to the amount of casing needed in constructing a rtater
we1-1, slnce soil- zones and unconsolidated sediments must be cased off to
prevent caving in the bore ho1e. Plate 1-2 depicts depth to bedrock based
on welL drillers I l-ogs

UNG LACIATED APPALACH IAN
GROUNDWATER REGION

KENTUCKY
AUGUSTA
COUNTY

SCALEo*4ffittttt
O I5O 3OO KILOMETERS

F::l

tifl#-4vx

iii:iiii
rROl
iiii:l::

'.:: i::
CTffi

€rt*;

Source: Modified after Johnson (1972) PLATE NO.11



Static water Levels have been reported as deep as 379 feer (LL6 n)
(weL1 478). Several flowing wells have been drill-ed in searrered parrs
of the county, though flowing artesian conditions are probably locaL
phenomena. Most statte water levels, however, are less than L00 feet
(30 n) below laad surface. Levels less than 50 feet (15 n) are extremely
conmon. Plate L3 ts a very generaS-ized rnap showing depth to water based
on static watet leve1 records. These depths probably represenL locaL
water tabl-e conditions i.n maay areas, and periods of wet weather or
dtought nay sfgnificantl"y affect these condltions.

tr{ell-e throughout the cousty congistently yield less thaa 50 gpn
(3 1/s) except for the Lyndhurst-Grottoes alLuvial corridor and a fers
other igol.e.ted areas (?Late L4). Factors such as casing diametern 3-ength
of weLl bore open to an aquifer, depth to water, and pr.mp size all. affect
the sctual yiel"d of a well. rt often is possible to develop great,er
yieLds, since PLate 14 is based on y{el-ds reported by well- drillers and
well. ocners. In most cases drtll"i.ng is temrinated after a satisfactory
yi'eld has been developed for the intended use. Additlonal driLling aod
development frequently r.r{.11 result in inereased water produetion.

Groundwater guality in Augusta county is very good. The conceatration
of totaL dissolved soi,ids (an indication of the degree to rshich water is
ninerall.aed) rareLy exceeds 500 rnilllgrans per liter (rag/l), as is evi-
denced by Plate 15. Most sampLing polnts averaged between l-50 and 500mg/l. Gror-rndvater l.n the western and eastern sections of the county
typtcally is 1ow in total dissolved eolidsi mosr wells were recorded at
lesg rhan 150 ng/j_.

llardnesE trends are very similar to totaL dissolved solids trend.s,
!ggr99s of hardness are defined as: sofr - 0-60 rrg/l; moderarely hard -
61-l'20 ngll; hard * 12L*180 mg/l; and very hard - above 180 ng/L. Lower
hardness is to be expected in the North Mountain and 81ue Ridge areas,
thl1e extreraely hard water is conmon in the valley (plate L5). onLy a
few isolated areas, usualLy associated with aLluvl"al overburd.en, yieJ.d
"softtt lratet ia Augusta County.

r,ron concentrations axe very acceptabLe for the najority of welLs
sanpled. Conceatraclons above 0.3 ng/l (the linit reconnnend.ed by theVirginia Departnent of Health) are rare (plate 17). Isolated caies have
been noted in aLl areas except for the B1"ue Ridge. l"tranganese, on the
other hand, tends to run above the 0.05 mg/1 linit established by theVirglnla Department of tleaLth in all areas of the counry

Groundwater Availability and Qual-lty by Secror

The three sectors depicted in Plate L8 represent broad divisions
wttich delineat,e geaeral groundwater condltions by area. Although con-
dltloas generall-y are eonsistent r^rithin each sector, local variations
are to be expected and do occutr. The sectorg are discussed belov as
they occur fromeastto hrest. table 4 glves yield versus depth for thedifferent groundwater sectors, and Table 5 liscs groundwater quaLity
variatlons by sector.
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GROUNDWATER SECTORS IN AUGUSTA COUNTY
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PLATE NO. 18

Blue Ridge Sector

The Blue R:idge Sector incLudes the area from the crest of the Blue
Ridge to the contact with Cambro-Ordovician carbonate rocks just east of
Waynesboro. Igneous, sedimentary and metamorphic rocks of the Blue Ridge
are represented by the Catoctin greenstone and the Chilhowee Group. The

sector generally is considered to be a very Poor groundwater producer,
but records on file indicate reliable wel-ls have been devel-oped there-
Ilowever, a significant number of unsuccessful wells have been reported
by well dri-l-l-ers. Plate 19 shows water well development in the Blue
Rldge Sector.

Virtual-ly a1-1 wells drilled in this sector are domestic wel-ls. The
mogntainous terrain discourages devel-opment, and only one known publlc
groundwater suppl-y has been devel-oped in the sector (Sky1-ine Swannanoa'
Inc.). ![e1]- yiel-ds are developed solely from fractures which store and

transmit, water. Ttre steep slopes and resul-tant shall-ow soil cover afford
little chance for recharge in the mountain elevatioos.

Reported wel-l depths in the Bl-ue Ridge Sector range ftom L22
to 1001 feet (37 to 305 n), whil-e reported yields range from 1 gptrl to
I-00 gpn (0.06 ro 6.3 1/s). Table 6 gives the number of well-s producing
at speclfic rates. fhe most prolific wel]- (112) was dril-led at Roekfish
Gap near the mountain crest. Probabl-y the best weLl in the area, it
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TABI,!: 5

GROUNDITATER QUALITY CO}IPARISONS FOR

TIIE GROUNDIJATER SICTORS OF AUGUS?A COUNTY*

BIue
Ridg,e

(3)
25.40

2. OO

13.93

(3)
92. OO

8. O0

48,00

(3)
o.23
0. lo
o,14

(2)
7. 10
0.80
5. 50

o.26
0.01
o,09

(3)
8. OO

0. oo
2.67

(l)
8.2
6.2
7.4

(2)
12r. OO

51.00
87 .00

(2)
10.60
5,60
8.60

(126)
137 .00

l. oo
56. 18

(1ll)
520.0O

2.00
225 .7 6

(ros)
22.16
0.00
0.37

(123)
67.00
o.o0

20.44

(82)
5. 70
0. oo
0. 14

(6r )
155. l0

0.00
IJ.b4

(13r)
8.6
5.5

(107)
628.O0

78.00
lo5 .94

(lo8)
295.70

0. lo
14.49

(26)
450.00

1.00
11r.25

{26)
l320,oo

l. o0
346.00

(21 )
4. lo
o.oo
0.58

(26)
53.00
o,20

16.75

(23)
1.6 3
0. oo
0. 18

( 13)
5. l0
0.00
o. 78

(27 )
8.0
6.5

(27)
872.OO
133.00
475.26

(19)
rl 1.20

0.00
46.26

(19)
48.00

2.00
21.90

(r7)
149.00
36,00
.85.00

(16)
10,o0
0, oo
2. 58

(19)
14.70
0.00
6.99

(16)
3.70
0. o0
0, 51

(3)
5.30
o.20

(21)
8,0
6.2
1.2

(re)
270.00
99.00

150. 37

(2r)
37 .20

1. 70
9.19

s€clor
Central Valley North

Carbonates I'lartinsburg Mo-g4e}!9:rsteE:
Ca lc ium

Maainun
Miqinum
Av€rage

Itardness (Ca-Ug)
Maxi.mM
Mioln@
Average

I ron
Maxlnum
MiniDm
Average

Magnesiun
Maximum
Mi.nimun
Average

Manganese
Maxlnum
Minloum
Average

Nitrate (as NOj)
Maxlnun
Mininum
Average

Ptt
Maxinun
Uinimum
Average

Solids (Total
Dissolved)

Maxlnun
Mlninun
Average

Sulfata
MaximuD
Midimum
Average

*All values in nllllgrams per llter (mg/l) except ptl; parentheses ( ) enclose nuber of
aoalyses used ln naking calculations
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WATER WELL DEVELOPMENT IN THE
BLUE RIDGE GROUNDWATER SECTOR

O G9 GPM
1c0.57 r/sl

o 1049 GPM
(0.63-3.09 l/Sl

e 50-99 cPM
(3.1S6.25 l/Sl

o 100-199GPM
(6.31-12.55 usl

a 2oo+GPM
(12.62 + r/Sl

gCALE

o?lg
utles

ffiKTLoMETERs
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produced 100 gpm (6.3 1/s) with
pump test,. Static \f,ater levels
thoughout the sector, sometimes
within a {rery short distance.

a 220-foat (,67-m) drawdown
and depth to bedrock are
varTing by as nuch as 100

after a 48-hour
highly vari"able
feet (30 ra)

TABTE 6

WELL PRODUCTION RATES IN TT{E

Yield

0-9 gpu
(0-0. 57 Lls)

1,0-19 gprn
(0.63-1. 20 Lls)

20-29 gprn
(1.26-1.83 Us)

30-39 gpur
(1.90-2.46 Lls)

40-49 gpn
(2.s2-3.09 1/s)

5Ol- gpn
(3.15+ l/s)

BLUE RIDGE SECTOR

Nunler of We1ls

3

One well (LL9) owned by Skyline $wannanoa, Inc., has penetrated to
a depth of 1001 feet (305 n). Irs yield, however, is on1"y L2 gpm
(0.76 1/s) and no water was eneountered below a depth of 385 feet (117 n).
Itris is the deepest water zone encountered in any welL for which data
are available in this sector.

Gror:ndwater in the Blue Ridge Sector is very 1ow in ni.neralizatioa.
Ilardness, as a rule, fal1s in the "soft," category, and iron and nanganese
coneeatrations generally are Lower here than in aay other area of the
county. Qualicy data are very scarce for this sector, but the few water
aaalyses available tend ro support the findings of DeKay (1972) in the
Rockfish Gap area of Augusta County in the Shenandoah Nat,j.onal Park.

Central Valley Sector

The Central Valley Sector extends roughly fron the northrrest foot
of the B1-ue Ridge to Little North Mountain and enconpasses three geologi.c
settings in which the geohydrologic characteristics vary accordingLy.
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The greater portion of the sector is underLain by Cambro-Ordovician car-
bonat,e formations. Along the northwest toe of the Blue Ridge, a maJor
deposit of r:nconsol-idated alluvial and terraee material overlj.es these
carbonate foruations. The remainder of the sector is underl-afn by the
Martinsburg Formatton in three areas. fhe largestof these, where the
Martinsburg occupies the axis of the Massanutten Syaclinorium, extends
from a point northldest, of Stuarts Draft northeastward into Rockingham
County.

The carbonate formations whlch are overlain by alluvir.m and terraces
offer exceptionall-y-high potentiaL yields. All carbonate units in
Augusta Couaty generally caa be developed to an acceptabLe yleld for
most purposes, wheteas the Martinsburg Fomation occasionally proves
unsuitable for industrlal and public development. Weli- development in
the Central Valley Seetor ls presented in Plate 20.

Two najor industriaL well fields have been deveLoped ln the alluvial-
covered carbonates along the northwest foot of the Blue Ridge. Reynol,ds
MetaLs Company,, Inc., at Grottoes has developed its fieLd in the Coaoco-
cheague limest,one where the unconsolidated ilumtle ranges in tld.ckness
fron L52 to 230 feet (46 co 70 ra). Depths of the Reynolds weLl-s have
ranged fron L50 to 342 feet (45 to L04 n), and yields have ranged from
50 to 1800 gpn (3.2 to L13.6 Us). lhe E. I. DuPont de Nemours Company,
Inc., in Waynesboro has devel-oped an extenslve well fieLd in the Shady
(Tonstown) dolonite. DuPont welLs have been driLled fron 163 to 784
feet (50 to 239 m) deep and yieJ.d 500 to 35O0 gprn (31.5 to 22O.8 1/s).
Al-l,uvial- cover in the DuPont f iel-d is as thick as 27O feet (25 n).

Wel1s d,erlving water from carbonate rock units overLal,a by uncon-
solidated sedinents are, orl the average, far more producLive than vells
drlLled in the sane forrations lacking the al1uvia1 overburden. We11s
produeing in exeess of 100 gpn (5.3 1/s) from the alluvlal-covered
formattoas are not at aLL uncomon. fhirty-three pereent (31 wells) of
the wel1s oa fl1e ia this category produce 100 gpm (5.3 L/s) or more'
compared to less than four percerrt, (4 weLls) of those developed in
carbonate areas where alLuvfal eover is absent. A cocparison of carbonat.e
we1ls penetrating alluvir:m in the central part of the county with those
penetrating alJ.uvium along the foot of the Blue Ridge shotts that those
near the Biue Ridge a.r"rage 371 gpn (23.4 Us) cornPared to 34 gpm (2.L L/s)
for the other alluvial af,eas.

Martlosburg wells, however, d.o not seem to exhibit increased pro-
duction due to overlying alLuvlaL sediments. This may be ocplalned in
part by the hydrologlc dlfferences between clastic rocks and limegtone/
doLomite, but also nay be erpl.ained by the topographic location and the
physical boundaries of the unconsolidated sedimeats. A1L llartlnsburg
wel1s penetratlng alluvir.rn are Located in the central pottioas of the
county. AdJaeent mountainous are€r,s, whlch would provide increased
recharge, are absent, and the alLuvlaL deposits thenselves a?e not as
extensive nor a6 thick over the Martinsburg as are the unconsoli.dated
sedioents along the west toe of the Blue Ridge. Depth and yieLd ranges
and yteld-v€tsu$-depth for.well-s in this sector are given in Tables 7

and 8, respectlvely.
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EydroloJr!.c Unit

Cambro-Ordovician
Carboaate For:unti.ons

Maxinr:n
Minlntno
Average
No. We1ls

Carbonate Fortnations
AlLuvial Cover

Maximum
Minim:sl
Average
No. I{ells

Carbonate Formations
AlLuvial Cover

I"laxinum
Minimrn
Average
No. HeLl-s

TABLE 7

WELL DEPTII AND YI T.D RANGES

I,N IITE CENTRAL VAT,LEY SECTOR

Depth
ft

831
25

294
(197)

Without

Yieldss us

3500 22L
1" 0.06

r_58 10

Itr

253
I

B8

I{ith

Without

831_

25
275

(103)

(e4)

504
65

253
(36)

460
65

240
(2L)

504
74

272
(1s)

(175)

r.016
1

37
(e2)

(83)

(33)

(18)

64
0;06
2.30

3500 22L
2 0.13

294 L9

784
70

299

253
I

84

239
2L
91

Martlnsburg Fornation
Maxlmum
M'infunum
Average
No. Wel1s

l"trartiasburg lornation
Alluvial Cover

l{aximum
l41n:iuun
Average
No. We11s

Martinsburg Sornation
Alluvial Cover

Maximum
Minimrm
Average
No. Wells

50
I

L4

154
zo
7'1

3.20
0.06
0.88

140
2A
73

50
I

13

50
2

t5

3.20
0.06
0.82

3.20
0.1_3
0. 95

154
23
83

I.Iirh
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Groundwater production from the high-potential corridor extending
from Lyndhurst, to Grottoes has been a subJect of speeulation. Cederstrorn
(L971) postuJ-ated a 2-nile (1,2-kn) wide zone extending 13 nriles (20.9 kn)
upstream from tr{aynesboro would safely yield 240 MGD (908,400 mJ/d) of
gtoundwater for l-ow fLow augmentarion of the South Fork of the Shenandoah
River. This figure is based on 100*foot (30-n) drawdorcn over the eaLire
area, assumlng a storage factor of, 4 pereent. While it ls entlrely
possible to develop a regional. yiel-d of this magoitude, it is the opinioa
of the wrl.ters that, such a hlgh rate of withdrawal undoubtedly would reeult
in interference among welLs within fields and nost likely bet$een well
fieLds theuselves. Considerlng the whole corldor fron Lyndhuret to
Grottoes, however, it ls coneeivable that severaL weLl- fields couLd be ex-
pected to produce around 75 UGD (283,875 n3/a) with nininraL Lnterference
aad a less drastic decLl.ne of the regional water table,

The deepest carbonate weLL on record (584) was developed in the
Beetoantown Fornation at the site of the forner Staunton l*ii-J.tary Acadeny'
Ttre l40o-foot (427-n) well repottedly produced4O gpn (0.16 Us), and al-
noet all nater lras encountered at depths below 600 feet (183 n).

An abaadoned wel-l (LZ7) Just south of Staunton ornrned by the Augusta
County Serrrice Authorl.ty is nalntained by the State Water Control Board
as ao observation wel-I. Static rsater leveLs from a coRtiauous ttater level
recorder are coopared with precipitation data ln PLate 21.

Groundwater in the Central Valley is generaLLy of good quaLlty. The
average coacentratioo of total dissoLved soLids is much greater ln the
Marti.nsburg Fomation than in the carbonate f oraatioas. This is similar
to the tread reeognlzed ln Rockingham Gounty (Einkle and Sterrett' 1976)t
although the differeace is far uore pronounced in August,a County. Nlnety-
two percent of the weJ.l,s with totaL dissoi-ved solids in excess of 500 nng/l
are located in the Martinsburg.

Grouadwater hardness in the Central Valley Sector tends to be very
hlgh. Although nearl,y Lhe entire secto.r is characterLzed by gror.mdwater
classified as "very hardrfi Martinsburg we1J.s tend to produce much harder
lrater than weLls developed ia the carbonat,e foroations, which is somelthat
r.rnusuel. Ilinkl-e and Sterrett (1"976) found that groundwater from Martins-
burg rocks ln neigtrboring Rockingham County was an average of 35 ng/L
softer than groundwater from carbonate fornations in that county. The
sane researchers (1977) found groundwater from the Martinsburg in Shenan-
doah County to average approxLmateLy .55 ng/1 softer than grouadwater fton
the carbonate for:matloos in that county.

Carbonate we11s with hardness content in excess of 400 ng/l incLude
two wells (381- and 384) in the Mt. Sidney area, one in Churchvil"le (LL3)'
oge near Sruarts Draft (367) and one south of Parnassus (415). A Mart,ins-
burg weJ-1 near Barren Ridge (1"L5) exhibited the highest hardness content
on record for Augusta County: 1320 mglt.

Average vatrues for iron, sulfate and manganese are all greater in
gror.ndwater from the l'larcinsburg. Lron content tend6 to run higher than
nornal- in the Barren Rtdge-New llope area. T\uo wel1s (225 and 330) in
this vtcinity have the highest iron values recorded in the Central Valley
Sector.
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Nitrate content ls highLy variable and is dependent on loca1 con-
ditions. Many wells deveLoped in carbonate aquifers show high nitrate
values due to the nature of groundwater movenent through solution
channels in ltmestone aad dolo:nJ.te. Nitrates from loca1 septic taok
failure and animal- waste and fertilizer runoff are more likeJ.y to con-
tartrinate grouadwater in carbonate rocks than in the Martinsburg Formation.

North Mountain Sector

The North Mountain Sector offers falr groundrsater potential and has
been developed to a linited extent. Well development is showa in Plate
22. Shale and sandstone fornations predoninate here, and, whlle normally
considered to be only fair aquifers at best, local conditions frequently
are very favorable. Several weLLs in the Jerurings Gap-West. Augusta area
a1-oog Route 250 are reported to have fLowed when drilled. At Least three
wel1s in this sa:ne viclnity (388, 403, tZ3) reportedl.y produced fron L00
ro 150 gpm (6.3 to (9.5 L/s) ar complerlon. A well ar rhe Todd Lake
Recreation Area in George Washlngton National" Foreet (184) produced 131
cpn (8.3 Us) at compLetion.

Domestic development accounts for the naJority of the welLs and
springs deveLoped io the North Mountain Sector; pubLic and industrial
development has been very sparse. Most wells are less than 1"00 feet
(30 n) deep, and many are bored or dug rather thaa drilled. However,
the deepest well on fiLe for Augusta County is at Fordwick. Ttris 1.438-
foot (438-n) weJ.1 (585), drilled for the Lehigh PortLand Cement Company
and now abandoned, lras reported by cady (L936) to be the water source
for the Towu of Fordwiek. AccordLng to driLLer records, the nain water
source rdas encountered below 1200 feet (366 ur), and at completion the
sel-L fl-orred naturally ar 25 gpm (1.6 i-/s). several large spriags have
beea developed for water suppLies, including Black Run Spring for the
Town of Craigsville and the StilLwater worsted MiLl Spring for the com-
iounity of Augusta Springs.

Water quality general-ly is acceptable throughout the sector, although
iroa and sulfate ccncentrat,lons occasionalLy render the r,rater mi1dLy ob*
jectioaabl-e. Iron values between West Augusta and Jennings Gap were
noted as being unusual}y 1ow for the area, belor,r the 0.3 *g/t Llnit
eetablished by the Virginia Department of Eealth. However, oost we1ls
extending from Jennings Gap east. to the sector boundary have iron concen-
trations in the range of L.0 to 5.0 ng/1. rron values above 5.0 ng/L are
counon Just east of CraigeviLle.

total" dissoLved solids concentrations are nolmally below 150 mg/l
throughout the sector. Most data are from the Deerfield Valley and the
Jennlngs Gap-1,l""t Augusta corridor. Ilardness in the same areas tends to
be noderately high, while east of Craigsville hardness has been found eo
be less than 60 ng/l (soft). Manganese Levels throughout Lhe sector
average about ten times above the 0.05 ng/1" Linit established by the
Virginia Departnent of llealth.
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WATER WELL DEVELOPMENT IN THE
NORTH MOUNTAIN GROUNDWATER SECTOR
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Sprlngs

' Springs are ilrmerous throughout Augusta County, but by far the high-
est density is in the Central ValLey $ector. titerally thousands of
springs issue from the limestones and dolomltes of the valley floor.
PLate 23 gtves locations of some of the more prolific springs ' and table
9 tabulates their flow measurenents.

Major springs along the west toe of the BLue Ridge inelude Baker
Sprtng (453), owned by DuPont. one of the largest springs in tbe couoty'
Baker Spriog issues fron che Waynesboro (Rorne) Formatlon and supplies
proeeas water to DuPont and Crompton. Colner Spring (169) and District
lloue Spring (170), both in the Elbrook Formation, are parc of the triays€s-
boro city water system. Dodge Spring (79) supplies water to the l.ake
at Shenandoah Acres Resort.

The sprLng supplying water to the comtunity of Augusta Springs (19)
is the only spriag shorn on Pl-at,e 23 which Ls not loeated in the Ceatral
ValJ.ey $ector. Hith a flos rneaeured at less than 1,000 gpn (63.1 1/s) 'it ranks as oae of the snal-lest naJor springs in the county.

0f the renalning 12 springs, 9 are ln the Conococheague limestone
unit. This includes the largest known spring in Augusta Countyr Joseph's
Spr!"ng, which lras measured in April 1978 at 6,640 epn (41"8.9 1/s), or
9,56L,600 gpd (36r191 m3la). $ttrile no other seasonaL fLow measurements
are avallable, it ls reported to have a conslstently strong discharge
throughout the srrnmer and early fa11. At least two Conococheague springs
are used for munictpal water supplies: Berry Farn (Quick's) Spring (67)
for the Verona Sanitary District; and Dice's Sprlng (56) for the Weyers
Cave Sanitary Distriet. Gardner Spring (85)' r.rhich is part of the
Starurtoa city water system, issues from the Beekmantown Formatioo along
MiddLe River.

Spring lrater is generally mrch lower in uineralization than well
weter ftom correspondiag rock unlts. TabLe 10 conpares water quallty
from springs aad we11s in the carbonate formations of the Ceatral Valley
Sector. TotaL dissolved solids in the spriag nater averages much less
than in weLl water samples. llardness seerns to run sl-ightly higher in
spring lraters, which is unusual. Thl-s is attributabLe to tbe hlgher
uagaesium concentrations found in the spring water. Parameters such
as iron, calcir:m, manganese and sulfate are all Lor.rer in spring watet
as compared to well- roater.

GROI'\IDtr{ATER UTILIZATION

Groundwater is the oaJor source of water for public, industrial and
dornestic supply lo Augusta County. Three industrial well fields account
f,or the bulk of dalLy industrial- groundwater withdrawal, The City of
Waynesboro derives alL its water frou two springs, and a spring suppli.es
approxinately haLf the daiLy water needs of the City of Staunton. Of the
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GBOUNDWATER QUAtIg
IN CAI,IBRO.ORDOVICIAN

Pqlaneter

CaJ.ciun
Maximun
Mi"aLnr.rm
Average

Ilardnese (Ca-Me)
I{axiuun
l{lrrinr.rm
Average

Iron
Maxinr.rm
Mininr.rm
Average

Magnesium
Maximun
ltiaimr.rn
Average

Manganese
l4axlmrrln

. Mlninum
Average

PIT**
I{,aximum
Minimr:m
Average

Solids (Total-
Dissolved)

Maximr:m
Miniuum
Average

TABLE 10

COMpARIS$NS BE$,rgEN
CARBO}IATE FORMATIOI'IS

Spr:Agg
lns/1

(rz1 *
82.00
L.00

5L. 55

(15)
344.00
87.00

339.47

(13)
4.28
0.00
0.06

(ls)
40.00

3. 1-0

23.83

(7)
0.05
0.00
0.02

(ls)
8. 20
7.2A
? .77

SPRINGS AND WELLS
IN AUGUSTA COUNTY

Wellssr

(r0)

(126)
r.37.00

1.00
56.18

(113)
520.00

2.00
225.76

(10s)
22,L6
0.00
0.37

(123)
67 .00
0.00

20.48

(82)
5 .70
0.00
0.14

(131)
8.60
5.50
7 .63

(107)
628.00

78.00
305 .9 4

374.0O
Lr.3 .00
263.7A

*Parentheses ( ) enclose
**pE values measured ln

number of analyses used in araking calcutrati.ons
uaits instead of rnilJ-igrams per liter
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seven wat,er systerns opet4ted by the Augusta County Service Authority,
six utiLize groundwater as the sole source, and the other uses grouad-
!"ater as an auxiLiary source, Donestic {tater needs are net almost
excluslvely. by wel-Ls and springs,

Approxinatel.y 98 percent of the countyts population is supplied
wholLy or partially by groundwater; 6J- percent is supplied exclusively
by groundwater. Total groundreater withdrawal is ab,out 23 MGD C87,055
n3/d). Self-supplled doaestlc use is approximarely 1 MGD (3,785 &3/d).
Publtc and municipal use is approxi.nately I MGD (30,280 n3/d)r €lnd in-
dustrtaL wtthdrarral accor.nrs for over 14 MGD (521990 n3/d).

Public Systens

PubLic htater systs€ are classified by the Vlrginia Department of
Ileal"th (L977) as either corrrmualty or Ron-coumunlty systems. A coumunity
sy'ste$ serves at least 1.5 connections used by year-round residents of,
regularl.y serves at Least 25 year-round residentg. A non-corraunlty system
operates at least 60 days out of the year. Public grouadwater sysEems for
whlch punpage Lafornation is available are Listed in Table lL. Brief
discussions of severaL comrunity systems foLlow.

Augusta Springs

The water supply for the community is a spring (19) l-ocated in Devo-
nlan shale, Just sourh of State Route 42 (Ptare 24). The system sup-
plies water to approxirnately 30 connections at the rate of approximat,ely
l-00'000 epd (379 nj/d). Operated by the Augusta County Service Authority,
the sprLng has a reporred flow of approxlnately 800 gpn (50.5 Us).

Craigsville

BLack Eun $prlng (20) supplles water for rhe Town of Craigavi1le.
Located on the west, sLope of Little Norrh $ountain (Pl"ate 25), the spring
issues from the Keefer Sandstone at. aa eLevation of approxinately 2250
feet (686 m). No discharge measurements are avaiLable; however, the town
reports datly usage of approximareLy 200,000 gallons (757 m3) to 360 con-
nectiong. A 627'foot (L91*n) weli- (49), located in Devonian shale down-
slope fron the sprLng, is a stand*by source for emergency use. The weLl. re-
portedly fLows at 7 gpn (0.44 L/s) with a 3-foor (L-m) head and has been
punped at 110 gpra (6.9 l"ls) with a 240-foot (73-n) drar,rdown after 48 hours.

Jollivue

This weLL system is operated by the Augusta County Service Authority
and gerves approxioately 285 connections ia the Jollivue-Brookr.iood area,
including the $taunton Pl-aza (31ate 26), Wells Z (76) and 4 (77) are
prsductlon we1ls l.ocated in the Chepultepec and Conoeocheague formatlons,
respectively. Well 2 ts 500 feet (L52 n) deep and was pump tested at 220 gprn
(13.9 L/s). The 355-foot (108-m) well 4 had a resr yield of 1900 gpn
(119.9 L/s). Average dal1y pumpage is abour 185,000 gpd (700 n3/a).



PLATE NO.24

LOCATION MAP OF CRAIGSVILLE SPRING AND WELL
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PLATE NO.26

Well 1 (557) supplies l^Iater to the systemf s wastewater treatmentplant. Two other we1ls are abandoned. One of the abandoned well-s (L27)
presently is operated by the State Water Control Board as an observationwell and is equipped with a continuous lrater level recorder.

lfiddlebrook

One production weLI (22) owned by the Augusta County Service Author-ity serves approximatel-y 30 connections in this area (Plate 27). DriLl-edin the Conococheague Formation, the 240-foot (73-m) well has a reportedyield of 150 gpn (9.5 Us). A punp resr at 115 gprn (7.3 t/s) for g hours
resul-ted in only a 9-foot (3-rn) drawdown. However, two springs in thearea used for l-ivestock watering reportedly ceased to fl-ow whil-e the test
was being conducted. Average pumpage from the well ls approximatel_y
24,00a gpd (91 m3/d). A 400-toot (122-m) abandoned well''(921 had a yieldof only 10 gprn (0.64 Us).

South River Sanitary District

The main source of water for this system serving the communities ofstuarts Draft, Lyndhurst, Ladd and Fishersville (appioxirnately 3500
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LOCATION MAP OF MIDDLEBROOK WELLS
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PLATE NO.27

conneetions), is Coles Run Reservoir in the George llashington National
Forest. The system is operated by the Augusta county service Authori'ty'
T\Jo well-s (Plate 28) act as auxiliary sources and are used only on an

as-needed basis. The Stuarts Draft well- (2),363 feet (111- m) deep'

has been pump-resred at 457 gpm (28.8 1/s) over a 48-hour period with
onl-y a t, i/Z-toor draw,lown. The Lyndhurst t.11_(48) is 449 feet (f37 n)

deep and was pumped for 24 hours at L557 epn (474.0 us). Both well-s

are developed in the Waynesboro (Rome) Formation. The Stuarts Draft
well is used occaslonal-ly during the summer months. The Lyndhurst well
was pumped for a total- oi 7 d"ys during the extended drought of the sum-

mer of Lg77. Prior to this it had not been used since it was placed in
operation Ln L972 (oral communication, Id. clarke' Augusta county service
Authority).

Staunton

The main water suppl-y for the clty is North Rlver Dam northwest of
Staunton in the George Washington National Forest. Gardner Sprlng (85) '
located west of Staunton (Plate 

-igl,-i"t"ishes 
about 2 MGD (7'57o n3/a)

of rhe approximateLy 5 MGD (l-8,925 n3/d) used by the city. Flow measure-

ments cannoL be sradl due to its close proximity to Middl-e Rlver' The

spring issues from the Beekmantown Fornation.
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Verona Sanitary District

This district encompasses the co@unities of Verona, Fort Defiance
and Mount Sidney. The system is operated by the Augusta County Service
Authority and consists of Berry Farm Spring (67), al-so knolrn as Quickrs
Iti11 Spring, and a well (Plate 30). The spring is the main source of
\^rater and is reported to have a flow of approximatel-y l-r300 gpn (82 Us).
The well is 363 feet (11-1 n) deep and was pump-tested for 24 hours at
1016 gpn (64.1- Us) wirh 62 feet (19 n) of drawdown. The well is an
auxiliary source and is used only on an as-needed basis. Approximately
450,000 gpd (1,703 n3/d) are withdrawn from the spring and distributed
to about 1100 connections. An abandoned well (43) 370 feet (113 n) deep
had a reported yield of l-50 gpn (45.7 Us). Both wel1s and the spring
are in the Conococheague Formation.

[,Iaynesboro

The City of l,Iaynesboro presentl-y receives water from two sPrings
and in the near future wil-l have two wells as an auxiliary source
(Plate 31). Daily usage from Coiner spring (169) is well over 2 MGD

(7,57A n3/a), and pumpage from District lloue Spring (170) is usually
somewhat less than l- MGD (3,785 rn3/a). Flow measurements on Coiner

LOCATION MAP OF VERONA SANITARY DISTRICT
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PLATE NO.31

Spring have varied from 400 to 2,5OO gprn (25.2 to L57.7 Lls). Districr
Home Spring has been measured in excess of 2,500 gpm (L57.7 L/s). Wel-l
1 (4) drilled in the Elbrook Dolomite and known as the I'Industrial Park
Wel-L,rr is 404 feet (1-23 n) deep and was pumped at 575 gpn (36.3 1-/s)
for 48 hours with a 210-foot (64-m) drawdorm. The 432-foot (132-m) well
3 (449), developed in limestone of the Waynesboro (none) Formati-on, was
initially pump-tested at 703 gpm (44.4 Us) with 1-6 feet (5 n) of draw-
down after 48 hours. It reportedly was tested at 975 gpn (61.5 1/s) for
a short period of time rilith very littl-e increase in drawdown noted. The
system serves approximatel-y 5r635 connections.

Weyer.s Cave Sanitary District

Thi.s system is operated by the Augusta County Service Authority and
serves the community of Weyers Cave, including Blue Ridge Cornqnunity CoI-
Lege. The water source is Dicers Spring (Pl-ate 32) which has a natural-
discharge of approximatel-y l-,500 to 2,000 gpn (94.5 to L26,2 Us).
Approximately 1-20,000 gpd (4St+ n3/il are distributed to about 190 con-
rtections. .
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LOCATION MAP OF DICE'S SPRING AT WEYERS CAVE
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PLATE NO.32

Industrial SYstems

only a few self-supplied industrial groundwater systems have been

developed in Augusta County, and most of them withdraw minor amounts of
groundwater. Ttr"" industries, however, do have significant.d3ilv
;;;;;;;"i ri.ttar"r"i" which iotat nearl-y l-4 MGD (s2'99o m3/d).

Crompton

The Crompton Company in tr{aynesboro receives produetion water from

Baker Spring 1rt"t. g1) wnfcfr is owned by E. I. duPont de Nemours and

Co., Int. Cromptonts dail-y use during L977- averaged sl-ightly_over 1 MGD

if,AZS *3/a). itt" average daily withdrawal for the period lgTL through
L977 was 1.34 MGD (5,072 m3/d).

E. I. du Pont de Nemours

The DuPont wel-L field in l,laynesboro is the largest in Augusta county

and is developed in the Shady (Tonstown) dolonite formation' Groundwater

wtrhdrawals in L977 averaged approxlmately 6.4 l'tGD (24,224 n3/d). although
rhe average daily withdrawal Xn March LgTi was 9.4 MGD (35,579 t3/a)' The

hlghest average daiLy withdrawal recorded in the past five years was

10.9 MGD (41,257 n3/a) in May L974.
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PLATE NO.33

The DuPont well field consists of two active wells, three stand-by
wells, two abandoned well-s, and one spring. liell 5 (l-30), 752 feet
(229 n) deep, is now the main well and has a reported maximum production
of 3,500 gpn (22O.8 1/s). Pumpage from,this well for the period 1971

rhrough L977 averaged 3.3 MGD (L2,6O4 m3/a). Well- 2 (408), 732 feet
(223 n) deep, is an auxiliary well- and is pumped on an as-needed basis.
It was tested at 500 gpm (31.S Us) at compl-etion, al-though the present
yield is reported to have increased.

Baker Spring is the main water source wi-th pumpage for the period
1971- thro:uelr 1977 averagi.ng 3.44 MGD (13,020 m3/d). Combined with
Cromptonts average withdrawal for the period of l-.34 MGD (5,O72 n3/d)r
this could make ih" ,.r.t"ge daily withdrawal approach 5 MGD (l-8r925 n3/d),
or 31 472 gpm (2L9 Lls). The springts natural discharge has been reported
as 5,300 gpm (334.4 L/s) in February L928 (Col-t-ins and others, l-930).
Discharge rates recorded by DuPont during the period October 1955 to
Ju1-y L967 range from 2,700 to 4,270 gpn (170.3 to 269.4 Lls) (ora1 com-
municatior, O. Bilkins, DuPont). The most recent fl-ow data suppl-ied bi
DuPont indicates that total Baker Spring discharge tends to fal-1 within
the 2,500 to 3,500 gpn (157.7 to 220.8 l-/s) range dependi.ng on seasonal
f l-uctuations (oral- cormunication, T. W. Mullen, DuPont).

A 784-foot (239-ur) well, initially referred to as we1L 6' Itas
dril-l-ed 140 feet (43 rr) northwest of Baker Sprlng in March, L949' It
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was pump-tested at L,500 gpn (94.6 Us) for three mlnutes but had a draw-
down of 196 feet (-60 q), The stabilized production rate was only 15 gpn
(0.9 Us). In April, L949, another well, initially called 6,{, was drilled
50 feet (15 n) closer to the sprLng to a depth of 163 feet (50 n). This
secoad well, now referred to by DuPont as 6 (33), ytel"ded 650 gpn (41 Us)
with 14 feet (4 u) of drawdor^m after a 24-hour test. The naJor water zo$e
is variously reported as 32 to 50 feet (10 to L5 n) and as 50 to 68 feet
(15 ro 21 n). i.egardless, the water encouatered by well 6 ls at far
shallqwer depths than zones for the other weLLs, wtrich range fron 124 to
734 feet (38 to 224 s) deep. 1.IeL1 6 (33) ie nolt on stand-by.

r'nterfereace anlong the wel"ls arrd w'ith Baker spring ls kaohtn to occur'
Leonard (1952) reports that Baker Spring is unaffected by wlthdrawals from
well 6 (33) but is affected by punping of wells t (305) and 5 (130). lle
further notes that Loth Spriag, located betr,teea we1L 5 (130) and Baker
Spriago ceases to flow when all nrelLs are prmrped simultaoeousl-y. In 1-966

alL wells srere pumped sloultaneousl"y at a rate of approxlmately 61600 gpn
(4L6.4 1/s) in an effort to ceet water demands. Decreased water 1eve1s
were noticed ia al.l wellsi the level in one was pu11ed dol*r to the punp
lntake. Baker $pring flor recorded on July 29, L966' Itas 2,700 gpn
(170.3 Us), The conpany's water requireoests have since decreaeed so
that one weLl and Baker Spring geaeraLLy f,eet demands (oral conmuuicatioa,
0. Bil-kins, DuPont).

Well L (305), formerLy used as a stand-by for emergency use' was re-
moved from service in L970. In addition to well 6 (33)' wells 3 (409)
aod 4 (451) are both on stand-by. WelL 3 Ls 676 feet (206 n) deep and
has a reported aaximum yieLd of 2,000 gpn (L26.Z Lls). l,lei.l 4 is 67lr feet
(205 n) deep with a reported maxlmrm yield of 1,800 gpn (113.e 1/s).

A well (452) drilled about LgZg, shortl-y aft,er the Plant opened, is
referred to as the rt0ld I'lowlng WeLl". As the nane suggests, it reportedLy
fLowed at the time sf compLetioa. Cady (1936) reports that it was ptsp*
tested at 680 gpn (42.9 l"/s), and the static water level dropped to 15
feet (5 n) below Land surface when weLl 2 (408) nas putnped at 350 gpnn

(22.L Ue). ltre well supposedly was drilled for the purpose of oonitoring
watet levels in the well fleld and apparently has never been used as a
water source. Ihe Lowest l-evel recorded since October 197L was 72 feet
(22 n) Ln October 1973. Ilowever, DuPont records indicate a statie rdater
level of 88 feet (27 n) on July 26, L967, and of 130 feet (40 n) on
Ju1y 29, 1966 (oral conrrnunicatio$,0. Bilkins, DuPont). It is Llke1y that
the 130-foot (40-n) drawdown r^ras recorded during the period of heavy ffith-
drawa!. ln L966 referred to above. Levels appear to normally renaln around
40 to 50 feet (12 to 15 m) below land surface. Plate 34 is a hydrograph
of static water levels tn the O1d Fl"oraiag WeI-L.

SeveraL other welLs in the field are reported to have flowed when
drilLed (Leonard, L96?). This is artributed to the fact that the northern
portion of the well fleld had been a swamp before the we1ls were developeil.
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Reynolds Metals

The Reynolds Metals Company, Flexible^Plastics Division' at Grottoes
presently withdraws nearly 3 MGD (11,355 m3/a) from a'well field develop-
ed in the Conococheague Formation (Plate 35). In 1956 ReynoldS moved
into the plant formerly occupied by the Duplan Silk Company. Three wells
already on the properEy are now relerred to as 1, 2 and 3 (97, 98, 99).
Reynolds has since drilled three additional we1ls

The Reynolds field consists of five operating wells and one abandoned

hole. I{ell 4 (100),315 feet (96 n) deep, is the main production wel-l and
r^ras pump-resred ar 1800 gpn (113.6 Lls) with l-03 feet (31 ur) of drawdown
afrer 168 hours. Wells 3 (99) and 5 (101) are the othet production wel1s
and were drilled to depths of. 26O feet (79 rn) and 342 feet (104 m) r r€-
spectively. I{ell- 3 (99) reportedly produced 1200 gpm (76 1/s) at comple-
tion with a l0-foot (3-n) drawdown after 48 hours. However, maximum

steady production from well 3 increased to 2000 gpn (126 1/s) (Leonard,
1962). The 342-foor (104-m) well 5 was tested at. L254 gpn (79 1/s) with
70 feet (21 rn) of drawdown after 72 hours. I,Iel-1 2 (9S), 226 feet (69 n)
deep, is a stand-by production well- pump-tested at 250 gpn (16 1-/s) for
24 hours with a 4O-foot (12-rn) drawdown. .The recently-courpleted well- 6

(587) r^ras tested at 50 gpn (3 1/s) with 14.5 feet (4.4 m) of drawdown
after 48 hours. Ttris well is used for potabl-e water at the rate of

PLATE NO.35
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approximetely 41000 gPd.(14 n3/d) (-oral comrqunication, J. W. Moore,
Reynolds).

I,Iell L (97) has never been put into service, either by Duplan or
Reynolds. The reason for this is unknowun but it is assumed that the
yteld, 100 gprn (6 Lls) at compJ-etioR, was aot satisfactory. According
to hearsay over the yearsr the well is reported to have been dynamited
in an attempt to lnerease the yieLd, but supposedly was nevet tested
after havtng been shot (oral comnunication, J. W. Moore, Reynolds). In
1975 the State trIater Control Board placed a continuous water level re-
corder on thLs weLl". A hydrograph for the period of record compared to
groundwater withdrawals fron the Reynolds fi.eld and preeipitatlon recotds
from the Waynesboro sewage treatment pLant (Plate 36) fails to reveal
any eign{ficant rel-ationship between the observatlon well and the Reynol"ds
well field. Static water levels in the observation welL seem to reflect
the norrnal seasonaL water-table fluctuation. Ir addition, the precipf-
tation graph ralates directl-y to the obeervation well hydrograph wlth a
63 percent frequency over the period of reeord, whereas the groundrater
withdrasal graph correlates I'rith the hydrograph only 44 pereent of the
time. Groundwater r*j.thdrawal- at Reynolds varies so litt1e from one
quatter to the next that the Large fluctuation la water 1evels noted ln
Lhe observation well cannot be attributed solely to the well- fteld'
Whil-e pu@page frmr the field undoubiedly has some effect on the Leve1s,
it apparently is minor.

Interference between wells 2 (98) ar.d 4 (100) has been reported by
Leonard (1962). This lnterfereace has been substantiated ln L978 (ora1
comnunication J. W. Moore, Reynolds),

Water zones in wells 2 through 6 were encountered at depths ranging
fron 181- to 342 feet (55 to 1O4 nr) and are in earbonate bedrock under-
lying alLuvl,al- deposits. Nurnerous mud seans were encountered ln we1L 6
(5S7) between l0 aod 180 feet (3 aad 55 m). Leonard (1962) reports that
uud-fiLled cavitles were encountered in wel"ls 2 (98), 3 (99) and 4 (100).
No infornation of this type is available for we11s I (97) aad 5 (101).

PROTECTION AND CONSERVATION OF GROUNDWATER

Water Quality Protection

Protecting the quality of the groundwater resources of an area ig
of prime Lmportance. Groundwater contlrmination exj.sts when foreign natter
of any nature enters the groundwater systen and alters the natuaal quality.
water percolat!.ng dounkrard through soil- can be purged of harnful constit-
uents before lt reaches the groundwater reservoir. tlowever, if contasli-
nants and pol"lutants do enter the groundwater reservoir, the chances of
the aquifer system cLeansing itself are very slight.

The degree of natural- purification of water as it moves through soil
depends on the soil- type, size and shapa of the individual soil particl"es,
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thickness of the soil material, rate of pereolation, and type and degree
of contamination. Poll-utarrts BaI he remeved by mechanical straining and
settling out between individual soil part,icles. Chenical chaages in the
soiL nay al-so account for significant pollutant removal. The rate of
percol-ation detexn:ines the contact time lrater has w"j.th the soi1. A soil
whose percolation rate is rapid may not a1lor sufficient contact time for
the mechanical" and chemlcal processes to act effecti.veLy in csntaminant
removal. Further, if a soil zone is too thin to purify the $ater pereo-
lating through lt, contamlnat,ed r,rat,er may .errt,er the aquifer.

Methods of Contamination

The most cortrtron groundwater contaminatioa meehanistn ln Augueta
County involves the introductlon of contaninants into solution channelg
via slakholes and into bedrock expoeed at the surface. For this reason
the areas underlain by carbonate bedrock are highly susceptlble to con-
tamination.

Sinkholes are a naJor threat to groundsrater quallty because people
tend t,o use these depressions ia the land surface for the dlsposal of
dead anirnals, trash and other wastes. Additional,l-y, slnkhoLes are
coLlection areas for surface runoff which nay carry other poJ.Lutants.
The ab"sence of an adequate soil cover at the bottou of the sinkhole means
that water passing through the overlying rubble wiLl not be filtered of
harnfuL constituents before it enters solutlon channel-s beneath the
depression. Once the polluEants have entered the groundwater regime,
they nay spread in tmpredlctable patterns to areas being tapped as waler
soutces by unsuspecting well owners (?late 37). The distribution of
sinkholes ia Augusta County is llLusrrated in Plate 38.

Exposures of carbonate bedrock on the land surfaee, and areas in
whLch only a very thin soll cover overlies carbonate bedrock, af,ford
excellent opportunities for groundwater eontamination. As ltith slnkholes'
the key factor is the lack of adeguate soil cover to filter ltastea from
surface runoff.

Sources of Conta,ninatlon

Although there have been no major areas of groundwaler polluti.on
identi.fied in Augusta County, local contamination oceurs occasional-ly.
The most signlf,icant potential sourees of groundwater contaminatlon are
septic tank drainfields, spiLlage and leakage of petroleum and hazardous
chenicalsn l.eakage frou sanitary landfi1ls and waste treatment facilitiest
and agricul-tural runoff ftom cropLands, barnyards and feedl"ots.

Septic tank systems are a common form of domestic serAtage treatment
in this county. If an lnadequate soil cover houses the septie tank
drainfield, pol"Lutants will not be filtered out before they enter the
grotmdwaler. Nitrates and coLiform bacteria are the most cofimon con-
taminants from septic syetems

Ralnfall rr:noff from agrl-cultural lands may be a source of nitrate
contamination derived from fertilizers. I{erbicides and pesticides may
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be ptresent in runeff fron croplands.
source of bacterial contanination.

Barnyards and feedLots are a eor&on

Ilydrocarbon contaminatiorr caused by spillage and leakage of petro-
lermproduetshas been reported in several areas of the county. Minut,e
amounts of petroler.m in groundwater may cause foul tastes and offensive
odors. occastonal3.y the water returns to a normal st,ate in a reasonable
time lf the source can be identified and eLi.u:inated. In naay cases,
however, it is impoeslble to deterulne the souree of the contanination
because petroleum products undergo changes once they come in cont,act
with rocks and soiL. Even where a source can be identified and removed,
obJectionable resi.dual effects may be noticeabl.e for decades. Clean-up
operations usually are inadequate and can be prohibitiveLy expensive.

Many incidents of petrolelm cont€rmination have recently been reported.
in Augusta Cor.mcy. Most have invoLved leakage from r:nderground gasoline
storage tanks whieh have resulted ln the contamj.nation of a few dooestic
weLLs. The effects of these underground spiLls potentia:lly nay spread to
other areas and adversely affect groundwater quality over a large area.

Sanitary landfills and. waste treatment facillties are potential
sources of groundwater contatxination. Industrlal" wastes often cootain
heaqy netals whlch can be highly toxie in sufficient quantlties. Landfllls
produce Leachate, a "grossly poLluted liquid characterized by high con-
eenttations of dissolvEd chemicals, chemical and blological denand, and
hardness" {Zaporozec, L974). The key to preventing pollution from these
sources is responsible site select,i.on, destgn, operation and managemeat
of waste disposal facilities. Grotmdwatet monitorlng ls an effective
eethod of identlfying the presence, nature and extent of eootaminati.on.
Augusta County has extribited no known groundwater pollution from any waste
disposal sites, although nost facilities have been in operation for many
years.

Groundwater Conservatton

B.esponslble management of groundlcater withdrawals is the key to coo-
servation and effective utiLization of the resource. Overdraftlng can
cause a decLine ln locaL and regional water levels whieh, in turn, ean
create both temporary and pe:manent adverse affects.

A significant lowering of the water table can cause interference
between r"reLls and wlthin well fields. Ileavy pumpage from one or several
weLls may cause such a decLine that water 1eve1s in nearby we1ls may be
pul1ed bel.ow pr.rmp intakes. This necessitates lowering punp intakes and
often requlres drlJ.ling the weLl deeper or abandonlng it altogether.
Lowering the proping leve1 in a well causes a reduction in the efflclency
of the system.

Lowered water levels can reduce the storage capacity of an aquifer,
depending on whether or not the aquifer is unconsolidated or consolidated.
Removing lrater from unconsolidated materials, such as those which recharge
the aquifer system along the west toe of the Blue Ridge, may cause the
individual partLcles to assume a greater degree of eompaction. At some



Later time, when gror:ndwater recharge is increased or withdrawal is re-
duced, the aquifer may not store as much water as it did prior to being
deuatered. In carbonate rock terranes, however, lowered water level-s
genera1Ly wl1l" not reeuLt in a decrease in storage capacity since the
rock is consolidated.

CONCLUSIONS AND RECOMMET{DATIONS

Conclusions

Augusta Counry has abundant groundnater resourees of good quality.
Carloaate rocks overLain by al1uvia1 and terraee deposits between Lyndhurst
and Grottoes offer the higheEt potential for good well yields, whereas
earbonate roeks throughout the rest of the Central Va11ey Sector off,er less
poteatial. Gror:ndwater ln this sector is generally of good quality but
exhibits high hardness and occasional hlgh iron and manganese concentra-
tions. Water in the North lvfountai-n Sector is available to fulfiLl oost
needs w:ith the exception of large industrial denand. !{hi.Le hardness is
moderate, lron and naaganese tend to run uuch higher than in other areas
of the county. The Bl"ue Ridge Sector offers liudted groundloater of very
high quality.

ApproxLmatel-y 98 percent of the countyts population is served wholJ-y
or partlally by groundwater. AlL but two murriclpal and comunity syctess
are suppLied exclusively by groundwater, and two najor induscrial well
fields have been developed at Waynesboro and Grottoes.
groundwater withdrawal ie around 23 MGD (87,055 n3/a).

Total dally

No maJor groundwater contamrioation probLems are known to exist. The
potential for cootaml.nation is greatly increased ln the carbonate rocks of
the Central Valley Sector due to the presence of sinkholes and exposed bed-
rock.

Recomendations

(1) Carboaate rocks overLain by alJ.uvtal and tertace deposits aloag
the west toe of the Blue Ridge exteading fron Lyndhurst to Grot,toes offer
the htghest gror:ndwater poterrtial. It is estimated that the corridor eould
yield up ro 75 MGD (283,875 r3/d) with ninLnal adverse effects.

(2) In the Central Valley Sector, carbonate fotmations have gteater
groundwater productioo poteatial thaa the clastic rocks of, the Martinsburg
Fornation.

(3) Eardness should be a factor when eonsidering groundwater supplies
arryrhere in the CenttaL Val-ley Sector,



(4) The North Mountain Sector can be developed to yield supplies
suffJ.cient for most uses excepting large industrial demands. Iron and
nanganese concentrations must be taken into aceount when groundwater is
beiag considered as a water supply.

(5) fhe Blue 81dge Sectof, is suitabLe for development of small
domestic and comereial water suppJ-ies. Water quaLlty is very good.

(6) Wtrea the need to deveJ.op groundwater arises:

(a) consulting hydrogeoJ.ogists, wel-l driLLers and represeatatlves
of the State Water CoatroL Board are aval1ab1e for Lnfornation aud advice;

(b) tire Virginia Department of ltealth nust be contacted pur-
suant to da\reloping a public supply well and shoul-d be contacted when
developing a domestic drinking water supply;

(c) Water WelJ- Conpletion Reports, Groundwater Pr:rnpage and Use
Reports, and drill cutting samples required b:r the Gror:ndsater Act of 1973
uust be subnitted to the State l{ater Control Board.



APPENDIX A

Groundrater Developmeot in Augr.rsta Cor:nty

The accompanylng nap of Augusta County (Pt-ate 39) is a composite of
weLl and sprLag locatloas from Plates L9, 2o, and 22 aad nay be cross-
referenced with water well construction and gror:ndlrater quality data in
Appeadixes B and C.
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APPENDIX B

Sumary of Water Well Data for Augusta County

The computer printout on the following pages lists basie data for
more than 600 weLls and springs in Augusta County. fhls prlntout, is
updated periodically to include lnfornatlon from new Water tr'lell Com-
pLetion Report,s wtrich are continual"ly being subrnitted by water well
contractors and weLl owaers. Most well- and spring numbers in this
printout are keyed to Appendlxee A and C.
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MPENDIX C

Surmary of Groundwater QuaLity Analyses for Augusta County

The computer prlntout on the following pages U-sts basic ground-
water quality data for approximately 1-70 of the wells and springs ln-
eluded j.o the rtrater weLl data sumary (Appendix B). The informatiou
contained in this printout is keyed to Appendixes A and B.
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**0.05 (Aesthettcs)

@EDIX D

@eu

Coatltuert hceltrat16 (a/rrr @rh8

C.1ct6 2@ seldm a healtn be a ditdv.n!4e tn r.shte' laudry'
batitqi ercrustatl@ on uteNIIs

chloride **25o (A€chett.6) la.te t6 a r.lor crtt€rtd; sd€rally not nan(ul @tee€ In r€ry h18h

concertlatid6, but dy be tdurlous to sufferes of h€tt 3nd kldntv
dis€ses! s€a sat.! i6 r9'0m 4/r

Ptesdc€ of dout r.O 4/l 'ay 
be m!€ beneficial th. detllGnrali

b€ld 0,8 q/r @y ca!s; bltills of Leeth: ertr@ do.es (4 s!@)

n.rd sare.s tale h.d no dootr5t!.ble haFful €ffec!6 uPon rh€ hetlth
of cons@rs; @lor detrr@trt.1 €ff€.! 16 .con@t._-v3l@3 tbove
100 4/1 bec@ inci.4t4ly tn.onwni€nti ra3t€s soaP dd cacea
ut63tl encru6r.rton

Essenlial to notrtlioo !!d ndr detrt@ttat to heal.h un1€5s ia con-
cetrtrarions of s€w€r6l r1lliar.G; @in troblos
stat.ins and dlscololation of laundry and Por.elatn fixruret

Not a h€.1th h.zard b€cause .ast€ b€co*3 extremtv uopleaEdt bef.re
.oxic conc€ntratlons rea.hedi @y hrve latstite effect on nd 6e!6

&setrttal to nu.rltton but @y be toaic in hrgh concent.atlonsi t4c€
bec@s p.obleb before toxic conce.trattns r.ach€d: sd€sir.ble be-
cause it c.c€s bad tast€, deposi.s on cool€d food, a.alG.nd dts-
color6 laundry and pl.di.a flxtur.s

Xay be exd@ly poisorcus t! hrgh co.centra!1od; uy cas. d1t4.e
rn isfanrs ('b1@ baby')i trritar€s bladder and eastroirt€6tl..r
tlact, n.y c.use drsrrhea

hdlcates de.her solu.ion 
't11 

act .t an acld or basei ,.aer acquire.
belor 4: itah va1u.5 f.vor corrcstm c@trol; efflciencv

of chlorinatton aev.rely reducd $en pH above 7

ky act as a laf,allve 1. ex.essive qurtltres

Ma, be hafrful !o suff€re.s of cardr.c, clrcllalory, or ltdney dl3e..ei
couentratlc as lor as 200 n8/r nar 6e tnlurloc

Not a h€.lth h.zard abowe too ry/l, bur E.y 14.rt dta.areeable t.Ece,
corrod€ p1p$; aeleral indtcator of h@ hlAhty rater l3 lt.erallzed

An trdtcator of the amut of dlssolved soltds ln saleii htah conceo-
tratios can case c6rrGt6 0f iron .nd ste.l

Abowe 250 q/1 @y .ct as l.rative osy irPart roul t..te

S61t& 50O
(roral Dts.olved)

Spectflc 1000

sulfare *.250 (A€sthetlcs)

*&cFeded @*6tratl6e based @ cur€nr llte.atu.€: Dd @.su!ed in un1ts, condtrcttwtry i. nicrddo6

**&t@1 untts €tablbhd by rhe virgtda D.p.rt!.nt of B41tii parenth€ses () tndic.te basl. ror ltort

$u.ce: uck€ and tou (1963), vtrstrt. Dep.ltrert ol [ear.h (1974)
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APPENDIX E

Groundwater Quality Standards and Criteri,a

Amendment to Water Quality Standards
Vtrginla State Water Control Board

Effective: August L, L977

Pursuant to Sectlon 62.L-44.15(3) of rhe Srate Warer Control Law (Chapter
3.1- of Title 62.L, Code of Virginia, 1950, as amended)

5.00 Grqundrqater griFelia an4 standards

Groundwater quality standards will apply statewide, and will apply
to a1l- groundwater occurring at aod below the uppermost seasonal
fihits of the water table. rn order to prevent the entry of pol-
Lutants into groundwater occurring in any aquifer, a soil zone or
alternate protective measure or device sufficient to preserve and
Protect present and anLicipated uses of groundwater shal-l be main-
tained at alL times. Zones for mixing hrastes with groundwater may
be alLowed upon tequeet, shall- be determined on a case-by-case basis,
and shall bekeptas small as possible.

It ls recognized that oatural grouadwater guallty varies statewide.
Four physiographic prowinces have been determined for application
of standards, namely the Coastal- PlainrPiedmont and Blue Ridge,
ValJ"ey and Ridge, and Cumberland Pi.ateau. ($ee Plate 40)

If the conceRlratioa of any constituent ln groundwater is less
than the Linit set f,orth by groundwater standards, the natural
qual.ity for that constituent shaLl be maintained; natural quality
shal-L aLso be saintained for aLL constituents, lncludj-ng temperature,
not set forth in any groundwater standards. If the eoncentration of
any eonstitueat in groundwater exceeds the standard for that con-
st,ituent, no additl-on of that constituent to the naturally occurring
concecttation ehaLl be made. Variance to this poLicy will not be
made unl-ess l-t has been affirnativeLy deuronstrated that a change ls
Justtfiable to prowide necessary eeonomic or sociaL development,
that the necessary degree of waste t.reatment cannot be eeonomically
or socially justified, and that the present and anticipated uses of
sueh water w11"1 be preserved and protected.
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TABLS 14

GRQUITDWATER QUALITY STANDARDS
(,See Plate 40)

Statewide Standards

Const,ituent Concentration

Arsenlc. ..... ..... ...0.05 ng/l
Barj.um...... r....
Cadmium.
Chronir:m. .,. .. . r .. . .,0.05 olgll.'
Copper.
cyanide.... .. .. !..... r ! ..... .... r ...5.0 *g/t
Foa'q'f ng Agents as MethyJ.ene Bl-ue

Active Substancea.... ,.... ...0.05 ng/L
Lead. ..... !.... .0.05 ag/LMercury. ..... ..... ...0.05 "i/rPetroleum Eydrocarbons.. ..L.0 ng/l
Pheaols ,.... . ...0.001- ng/L
Selenium. . .. .. ..0.0L ng/l
siLver. ..... ....0.00
Zinc. .0.05 ng/r.
Chlorinated llydrocarbon Inseeticides

ALdrin/Dieldrin. ...0.003 ue/1
Chlordane .. ...0.01 ug/l
DDT..
Endrin. ..... ..0.004 ue/l-
lleptachlor.. . . .. .. .0.00L uglL
Eeptachlor Epgxide .0.001" ug/I_
Kepone. ..0.00
Lindane. .0.01 ug/l
Methoxychlor.. .....0.03 ug,/tMirex. ...o.oo
Toxaphene.. ,.. ... ..0.00

Chlorophenoxy llerbicides
2r4*D. .....2,4,s-w. .... , . ... .0.01 ng/L

Radioactivity
cross Beta..,. o. ..... l_000.0 pc/L
Radirrn 226.. ..3.0 pe/L
Strontlum 90... .. t.. . q.. .........L0.0 pcll

Coastal
Pl-ain

Concentr.ation in the

Piedmont & Val-ley &

BLue llidge , RidgeC-onst.ituent

A,rmonia Nitrogen
Ni.trace Nltrogen
Nitrlte Nitrogea
pIl

0.025
5.0
0.025
5.5-9 . 0

0.025
5.0
0 .025
5 .5-8.5

1_08

0.025
5.0
0.025
6 .0-9 .0

Cumberland
Plraleaq

0.025 rng/l
0,5 ng/l
0.025 mg/1
5 .0-8.5



AJ,LUVIAJ. FAN:

AJ"LUVIUM:

AMICLINE:

AQUICLIIDE:

AQUIFER:

BEDDING PI,AI.IE:

BEDROCK:

CATCAREOUS:

CARBONATE ROCK:

CATCHMENT:

CHERT:

GLOSSARY OF TERMS

Fan-shaped deposit of aLLuvir,m made by a stream
where it runs out into a leve1 pJ.aln otr meets
another stream.

A general tero for sediment$ deposited durlng
recent geoLogic tine by a Stxean or other body
of water.

An upward foLd in rock strata.

A geologic formation' group of fornations or
part of a foruation which is capable of ab-
sorbiag \,rater but cannot transmit it rapidly
enough to supply a well or sPring.

A geologic forsration' group of fornations or
part of a fornat,ion eapable of supplying wat,er
to weLl,s and springs in usable quantities. An
aquifer is unconfined (water tabLe) or confined
(artesian) depending on r,rhether the groundwater
leveL is at atmospherle pressure or greater
than atmospherlc pressure due to the presence
of an overlying, coafining geologic fornation
(aquicLude).

The diversion pLane in sedimentary or stratified
rocks which separates the individual layers'
beds, or strata.

Any solid rock exposed at Ehe surface or over-
tain by unconsolidated materials.

Containing calcium carbonate.

A rock consisting chiefly of carbonate ninerals
such as limestone and dolonite.

The area conprising the actual water intake
area for aquifer recharge and all areas that
eontribute surface wat,er to the intake area.

A hard, extremel"y dense or eompact sedioentary
rock which usuall-y oceurs as nodules in lime-
stone or dolomite.

Consisting of fragments of rocks or of organic
structures that have been transPorted mechaai-
cally to a place of deposicion. Sandstoae and
shaLe are the most colmon clastics.

CI.ASIIC:
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COTLU,VIIIM;

CONGTOMERATE:

DIP:

DOLOMIIE:

DMT.TDO}JN:

EVAPOIIANSPIRATION:

FAI]LT:

FLOOD PI.AIN:

FOLD:

FORI{ATION:

FRACTURE:

GROUNDWATER:

IYDROGEOLOGY:

ffiROLOGY:

IGNEOUS:

Leose soi-l nateriaL or rock fraguents deposited
by the aetlon of gravity, usually at the base
of a sl-ope or cliff .

A cLastic rock composed of rounded pebbJ.es ce-
mented togeLher by another mlneraL.

The angle at which a rock bed is iuclined from
the horizontal.

A carbonate gedimentary rock composed chlefly
of the uineral dolonire (CaMg(C03)2).

The measured dlff,ereaeebetween stattc level and
punplng Level in a wel-l; the drop ia the water
level due to pr"uping.

A term embraciag that portion of the preci.pitatLon
returned to the air through di.rect evaporatlon or
by transplrat,ion of vegetation, no attempt being
made to distinguish between the two.

A fracture or fracture zone along whictr there has
been movement of two rock nasses reLatLve t,o one
another paral.lel to the fracture. The movement
may be a few inches or many mil_es, horizontaL or
vertLcaL.

lte strip of reLatively smooth Land adJacent to
a river chennel and bulLt of alluvfim carried by
the river during fLoods. The flood pLain is
eovered by water when the river is in flood.

A curve or bead in rock strata.

A unit of geologic napplng consist,lng of a recog-
nizable stratrrm or set of strata useful for
napping or descriptioa.

Any break ia a rock due to mechanieaL failure by
stress.

Water below the rf,ater table; Irater in the eone of
Satutation.

The seience which deals with subsurface waters and
related geological aspects of surface waters.

The science that relates to the waters of the
earth.

Rocks or mineraLs that soLidified from molten
roek (nagna).
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II"PER.I@ABLE:

IMRU$IVE:

JOINT;

KARST TOPOGMPIIY:

LIME$IONE:

LITI{OLOGY:

META}ORPBIC:

PERCOLATION:

PERMEABITITY:

PORO$ITY:

PUBLIC SUPPLY:

PUMPING LEVEL:

QUARTZITE:

BECT{ARGE:

RIVSR MSIN:

RUNOFF:

ll4ving a texture whlch does not a1low perceptibLe
movement of water through rock.

Refers to igneous rocks whl.eh have peaetrated
into or between older rocks while molten but
whlch have sol-idified before reaching the sur-
face.

A fracture in rock along which no appreciable
movemeat has occurred. Joints are general"ly per-
pendicular to bedding pLanes.

Topography characterized by sinking streama,
sinkhol"es, caves and sftnLlar features indicative
of underground drainage developed through the
sol-ution of bedrock.

A bedded sedimentary rock consisting chiefLy of
cal-clurn carbonate (CaCO3).

The coupositloa and structure of rock.

Refers to any rocks derived from pre-existing
rocks ln response to pronounced changes of
temperature, pressure and chenical envlronment,.

Movernent of water through the interstices of
rocks or soils, except movement through J-arge
openings sueh as solution channels.

Ttre abiLity of a rock, sedinent or soil to trans-
mit water

Ttre property of a rock, soi1, or other material
of eontaining spaces of, voids.

As defined by the Virglnia Departmene of ltreal"th,
a water system serving more than 25 individuals
or more than l-5 residential- connections.

Depth to water in a well when the well is being
pumped.

A metarnorphic rock consisting principal-ly of
quartz.

The addltion of water to an aquifer by natural
infiltration or artificial means.

The area drained by a river and its tributaries.

That part of precipitatlon that flows in surface
stre€rms.
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SANDSTONE:

SEDIMENT:

SEDIMENTARY ROCK:

SEATE:

SINKf,OLE:

SI.ATE:

SOLUTION CIIANNEI:

STATIC LEVEL:

SYNCTINE:

SYNCLINORIIM:

TERRACE:

UNCONSOLIDATED

WATER TABLE:

SEDII'IEM:

A sedimentary rock conposed chiefly of quartz
grains.

Material transported and desposited by water.

Rock forned from the consolidation of layered
sedlments that have accumulated in water.

A fine-gratued sedLmentary rock forned from the
consoLidation of clay, sl-lt' or mud-

A funnel-shaped depression in the J-and surface'
usualLy in l-lnestone regions, devel'oped by the
dLssolving action of lsater aad connected with
solutlon chanaels underlying the depresston'

A fioegrained metamorphic rock, usually formed
from shale or volcanlc ash.

Joints or fractures in carbonate rocks which have
beea enlatged by the diseolvlng action of water
and which are capable of transmitting large quan-
tlti.es of lrater.

Depth to water in a well when the welL is not
belng pumped.

A dosnward foLd ia rock strata.

A broad regional syncJ-inal structure whieh coa-
t,aias minor folds.

A l-evel or gettly lnclined surface bordering a

stream which represents a former Level of, the
stream. Terraces are conposed of alluvium pro-
duced by renewed downcutting of the fLood plain
or vaL1ey fLoor by the stream.

A sediment thst is looseJ-y arranged or unstrati-
fied, or whose particles are not cenented together'

The upper surface of the zone of saturation; the
upper surface of gror:ndwater which is at atmos-
pherlc pressure.
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