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UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL  S U R V E Y
317 Washington Building

Arlington Towers
Arlington , Virginia 22209

TO: ThE READER

This Appendix , designated as “H” and e n t i t l e d  “Ground Water ” ,
is one of the 9 Appendices that support the “Report for
Development of Water Resources in Appala cnia.”

~~This Appendi-w1provides figures on the amount of available
groun d water and the costs of developing ground—water  supp lies
for broad planning purposes. It  is divided into three parts.
Part I describes , in general terms, the relative availability
and occurrcnce of ground water and the relative cost and optimum
development of ground—water supplies for the Region as a whole .
Part II is a summary , by Water Sub—Region , of the generalized
information in Part I. Part III presents ground—water infor-
mation at specific sites which have been selected for study by
the Corps of Engineers because of obvious needs for local water
supp lies to stimulate local economic growth. - - The Append ix was
prepared by the U. S. Geological Survey in cooperation with the
U. S. Army Corps of Engineers .

This A ppend ix supports the ma in report which is also organized
into Parts . Part I is the Summary Report , which should be
consulted for an overall view of the Appalachian Region .
Part II is comprised of parts of chapters providing more
definitive information on each of the 10 Water Sub-regions . A
full index of the report components is included at the end of
the Table of Contents for this Append ix on pages VI and VII.
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PAR 2 I

GRO~T~~~-.~A2EFt HESOURCES OF ri-IE REG:o;:

lilT ROD OCT ION

The study of the ground—water resources of th~ AnpalachianRegion , from which this report was prepared, was made by the
U. S. Geological Survey in cooperation with the Office of
Appalachian Studies, U. S. Corps of Engineers. The report is
divided into three parts. Part I describes, in general terms,
the occurrence and availability of ground water and the cost and
optimum development of ground—water supplies for the Region as a
whole. Part II is a summary, by water sub-region , of the generalized
information in Part I. Parts I and II are intended for -‘~-e in
broad area planning and are not intended to give specific ground-
water information at specific sites. Parts I ~nd 1, considered —
with other water resources reports, will provide a 1~~~j~ forplanning the development of water resources as a sti~iil is for
economic growth in the Region. Part III presents ~r’~urid—water
information at specific sites which have been solec~ ed because
of obvious needs for local water supplies to stimulate local
economic growth. Information from Part III, consid ered with
other water resource reports, may indicate the most economic~al
sources of water supplies for local economic growth which, in
t urn, may benefit the econor~r of the Region and the Nation.

The cost estimates presented herein are based upon stipulated
general assumptions. Although essential to arid valid for planning
activities where different sources of water are compared broadly,
they should not be used for detailed local planning unless supple-
mented by competent professional advice.

The importance of ground—water supplies as a catalyst to
economic growth should not be overlooked in the water resources
planning f or Appalachia. This statement is based primarily upon
the promptness with which ground water can be developed in what-
ever quantities are locally available. In a few places ground
water is the most economical source of water supply. In many
others, where the ultimate economy of a surface—water supply is
great er , the fact that ground water can be developed in two or
three months arid generally near the poin t of use makes it possible
to provide the industrial or municipal supplies that would quickly
enhance the economy of an area, Under favorable circumstances
such suppl ies would be adequate to sustain the needs of the
economy until more ample sources c ould be developed , a process
which may well require several years. The wise use of limited
suppl ies of ground water may thus hasten the development of an
area that will ultimately require larger supplies from other
sources. 

— — ~~~~~~~~~~~~~~ - - - ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Detailed studies of sources of water supplies by population
are scarce in the Appalachian Region. In a few parts of the Region
sucri studies have been made. One study, conducted by the North
Carolina State Board of Water Corrniiissioners in 1956, indicated that
in the Appalachian part of that state, in seven counties the en-
tire population relies on ground-water supplies, in 20 of the, coun-
ties more than 50 percent of the population relies on ground-water
suppl ies , and in two counties less than 50 percent of the popula-
tion relies on ground—water supplies. The higher percentages of
population dependent upon ground-water sources seems to be related
to the lack of urbanization. In each oI’ the two counties where
less than 50 percent of the population relies on ground-water
supplies, there are municipalities serving populations of nore
than 100,000. In the seven counties where all of the population
relies on ground water supplies, there is no municipality serving
more than 2,000 people.

While these figures apply to only one part of one state, it
is probable that a similar situation exists in most of the Regic.
and in the area to the west of the Region. However, this situation
does not exist in the southern part of and to the east of the Region,
where the highly productive aquifers of the Coastal Plain allow
the extensive development of ground—water sources for large munici-
pal and industrial supplies.

The author wishes to acknowledge the cooperation and assis-
tance of Col. John C. H. Lee, Jr., Director, Office of Appalachian
Studies, and his staff, in developing the study of the ground-
water resources. ~irs. Jo Doris DiAngelo, of the Geological Survey
Office in Cincinnati made nest of the thousands of computations used
in the preparation of Parts I and II and Mrs. Virginia Tharp made
most of the coriputations in Part III. The State Geological Surveys
and State Water Resources Agencies in the Region provided much
valuable information , Authorship for selected site report s i~i Part UI
different fron that auther ship of the main report is shown for
each such study. The 13 U. S. Geological Survey Districts in-
cluding parts of the Region furnished reports and basic and inter-
pretive data co1lec~ed during cooperative State—Federal programs.
The study was made under the direct supervision of ~r. der~ry C.
Barksdale, Staff Hydrologist, U. 3. Geological Survey.

The Appalachior~ Region , as designated by the Appalachian
Regional Development. Act of 1965 and amendments, includes all, or
parts of 13 States and seven physiographic provinces, as shown on
the map in i- igure 1. The varying occurrence, avaiLhiiity and
cost of producinr Tround~woter supplies are descrihe-.~ in the follow—
inc sections o~ c.his report.
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PHYSI0GRAP~iIO Pi’.cd11’ CES

The Appalachian Region, now commonly referred to as “Appalachia ” ,
is a region legally defined on the basis of economic and political
divisions and includes more than one physiographic province. The
Region includes parts of three major nhyoiorru ohic divisions and
seven physiographic provinces. The three major divisions include
the Atlantic Plain , the Aopalachian Highlands and the Interior
Plains. Those major divisions are divided into provinces. The
Atlantic Plain includes the Coastal Plain province , arid the
Interior Plains division includes the Interior Low Plateaus pro-
vince and the Central Lowland province. The Appalachian Highland
includes the remainder of the provinces named in Figure 1. Highly
generalized descriptions of the various provinces are given in the
following section.

The Coasta l Plain Province

The Coastal Plain province occurs onTLy in the south and
southwestern parts of the Appalachian Reci.on. It extends to the
east of the Region from Georgia to iew York.

Geologic formations of the Coastal Plain province range from
Recent through Cretaceous in age. The material ol these formations
is generally unconsolidated beds and lenticular deposits of gravel ,
sand, clay , and shell. Land surface is ~encra1ly flat or gently
sloping with remnant beach or stream terraces. The land surface of
the Coastal Plain province is formed from ocean bottom. which has
emerged since Cretaceous time.

The Piedmont Province

The Piedmont province occurs along the east edge of the
Appalachian Region. This province includes parts of Alabama,
Georgia, South Carolina and North Carolina . The eastern or outer
boundary is along the Fafl Line and the western or inner boundary is
along the Blue Ridge and Valley and Ridge provinces. The Fall
Line is considered to be the intersection of tw o peneplains , one
formed by the surface of the older crystalline rocks underlying
coastal plain sediments arid the other by the plateau of the non-
mountainous section east of the Blue Ridge prov ince.

The rocks in the Piedmont province range from Precambrian
to Recent in age. In general, they are granit e, gneiss, schist ,
and slate covered by a mantle of saprolite. The land surface of
the Piedmont province is generally a rolling surface of gentle
slopes and slight relief.

H5
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The Blue Ridge Province

The Blue Ridge province occurs along the east edge of the
Appalachian Region. It includes parts of Georgia, South Carolina,
North Carolina, Virginia, West Virginia, Maryland, and Tennessee.
The province is separated from the Piedmont province throughout
most of the boundary by a single major fault scarp, the Blue Ridge
Escarpment , Along the western boundary the Blue Ridge provirx~e is
separated from the Valley arid Ridge province by the eastern ex-
tent of sediments deposited in Paleozoic seas which covered the
Valley and Ridge province.

The rocks of the Blue Ridge province are generally crystalline
rocks of Precambrian arid Paleozoic age. They have been highly
metamorphosed and distorted by structural uplift. The province
was peneplained and uplifted above the peneplains to the east and
west. It contains the highest elevations of the Region. The land
surface is irregular, with steep mountains and deep valleys. The
mountain ridges are resistant rocks, uplifted about 2,500 feet a—
bove the Piedmont peneplain, and the valleys are formed by the
erosion of less resistant rocks0

The Valley and Ridge Province

The Valley and Ridge province traverses the Appalachian Region
from southwest to northeast and includee parts of Alabama, Georgia ,
Kentucky, Tennessee , Virginia , West Virginia, Maryland, and
Pennsylvania. The province is bounded on the east by the Blue
Ridge and Piedmont provinces, previously described, and on the west
by the Appalachian Plateaus province. The province is generally
bounded on the west by an escarpment separating the essentially
flat-lying rocks of the Appalachian Plateaus from the highly folded
rocks of the Valley and Ridge province.

The province is underlain hy Paleozoic rocks that may be as
much as L~O,000 feet thick. The rocks are generally of marine origin
and include limestone, sandstone, arid shale. After deposition in
a Paleozoic geosyneline the rocks were folded , uplifted, peneplained,
re—uplifted, and dissected by erosion. The land forts has broad
valleys resulting from weathering of less resistant rocks, such as
limestone, and sharp ridges where more resistant rocks withstood
eros ion.

The Appalachian Plateaus Province

The Appalachian Plateaus province extends from central Alabama
northeast through the central part of the Appalach ian Region to
lower New York. The province includes parts of all States in the
Region except the Carolinas and Mississippi. The Appalachian
Plateaus is bounded on the east by the Valley and Ridge province
arid extends to the west to the Central Lowland and Interior Low
Plateaus Physiographic provinces. The western boundary is roughly
defined by the western extent of Pennsylvanian rocks in the Region.

H6 
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The province is underlain by massive flat.- lyin sandstone
and shale units of Pennsylvaninn and a~sissippian n~c and shale
and carbonate rocks of Devonian age. In places, coal and limestone
are interbedded uj th  the sandstone and shale units. The essentially
flat—lying rocks were uplifted and dissected by drainage along
structurally weak joint or fault lines. The resulting topography
is generally characterized by flattop ridges and deep valleys.

The Interior Low Plateaus Province

The Interior Low Pla~eau s prov ince borders the southwe stern
part of the Appalachian Plateaus and includes tart s of Alabama,
Tennessee, Kentucky and Ohio. The province is hound ed on the south
arid west by sediments of the Coastal Plain anc~ on thc north by
glaciated areas of the Central Lowlands province.

The province is underlain, generally, by rocks of ~ississippian
and Pennsylvanian ago. These rocks are primarily sandstone and
shale with interbedded limestone and coal. The rocks di~ generallyto the north and west, away from the highland of the Appalachian
Plateaus. Land surface in the Interior Low Plateaus is similar to
tha t in the Ap~alachian Plateaus except that the area of the
Interior Low ~~ateaus was not uplifted as much and, thus, the re-
lief from dissection of the zuri’ace is not as great. The flat up-
lands constitute a greaser percentage of the area and the stream
valleys are less deep and steep than in the Appalachian Plateaus.

The Central Lowland Province

The Central Lowland province borders the Interior Low Plateaus
in southwestern Ohio and the Appalachian Plateaus in Ohio, Pennsyl-
vania, and New York. Most of the province is in the area covered
by glaciers during the Quaternary Period.

The province is underlain by bedrock deposited during
Ordovician, Silurian, and Devonian times. The bedr ock is, for the
most part , of sedimentary marine origin and is composed of shale ,
sandstone , and limestone in massive well-indurated beds. The bed-
rock units are generally flat and undistorted by folding or fault-
ing. Bedrock is overlain throughout most of the province in
Appalachia by glacial deposit s. In the interstream areas the
glacial deposits are mostly unsorted, clay to cobble—size till.
In the stream valleys the glacial deposits have been well sorted
and redeposited by stream action into stratified layers of sand,
gravel , and clay. Land surface is generally flat with very moderate
relief in this province.
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GEOLOGY

The various characteristics of rocks, their permeability,
structure, composition , thickness and extent , have a direct rela-
tionship to the occur rence , quality, availability and cost of pro-
curing their contained ground water. Because of that relationship,
this section deals wtth the general geolo~~r of the AppalachianRegion as a basis for understanding the ground—water resources of
the Region. The rocks are classified by their age of formation
and by their composition .

Rocks in the Region were formed during four major geologic
time divisions. The oldest rocks were formed during the Pre-
cambrian Period, more than 520 million years ago, Other rocks
formed during the Paleozoic, Mesozoic and Cenozoic Eras. Calcula-
tions indicate that the Paleozoic Era occurred from 185 to 520
million years ago, the Mesozoic Era from 60 to 185 million years
ago , and the Cenozoic Era from the present to about 60 million
years ago. Rocks in the Region are described under these four major
divisions in the following section.

Pr ecambrian Rocks

The areas of Appalachia where Precambrian rocks are exposed
are generally the most mountainous parts of the Region . These
areas were not mountainous during parts of Precambrian time but,
for the most part , were the bottoms of oceans where sediments were
being deposited. The sediments -- sand , clay, gravel and silt --
were eroded from nearby higher land and deposited in the seas that
then covered Appalachia. Through many thousands of years of de-
position great thicknesses of sediment accumulated in a trough ,
formed by the gradual settling of the ocean bottom.

The combination of weight of overlying sediments, internal
earth heat, heat from igneous activity, and rock defortning forces
altered the sediments to metamorphic rocks. At a time, probably
near the end of Precambrian time, the highly metamorphosed rocks
were uplifted and folded by mountain building forces and exposed
to erosional processes. The eroded materials formed deposits that
were compacted to form sandstone, and shale units and under more in-
tense metamorphism formed phyllite, tnetasiltstone, and quartzite,
and eventually, gneiss and schist. Depending upon the degree of
local metamorphism , units of all of these metasediments are exposed
to the Appalachian Region. Locally the rocks were subjected to
igneous intrusives and in rare cases dunite and pegtnatites outcrop
in association with Precambrian rocks0 The rocks mapped as
“Precambrian” in Figure 2 are those of known age and include schist ,
gneiss, feldspathic sandstone, phyllite, slate , and conglomerate.
The rocks designated as “Precambrian and Paleozoic” includ e gneiss ,
schist, rnetasedtrnentary and igneous units that may have been formed
during Precambrian time but have been considerably altered by
igneous activity in early Paleozoic time.
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Paleozoj o Rocks

Paleozoic rocks form the land surface f or -v~~t. of  tko
Appalachian Fegion. Those rocks lie unconfor~-abi~j ov~’r the older
Precambrian rocks, with two main factors marking the dir~erences
in the rocks. In general, the Precanbriiri rocks are co~~ H~?rahly
more distorted by faulting and folding and are mor’~ highly meta-
morphosed than the Paleozoic rocks, and the ~~~e~i~hri~n (

~ k3  are
essentially barren of fossils in contra st. to some of the i.Lg I~lyfossiliferous Paleozoic rocks. Some of the rook~ for ~oi i:~ thesouthern part of Appalachia during Paleozoi.c tine resulted directly
or indirectly from igneous activity and are not fosdlif~rous.
These rocks are indicated as “Paleozoir” rocks on i~igure 2 and
include volcanic tuff, syenite, diorite, gabb-ro , and slat~ halts.
The remainder of the Paleozoic rocks ‘oag he deoi~-natr’d by the
period in which they were formed because the un its ~re either
fossiliferous or, if barren, situated in stratigr~nhic rela-
tionship to fossiliferous units th~it may be d-it.~ J. Tho rocks formed
during each period of the Paleozoic Era that outorco i~ the Fegionare indicat ed separately on Figure ~~, and ~re described in the
following sections.

Cambrian System —— Rocks that were ~~ i.ted du~’Lnc the Cambrian
Period extend from western ‘~aryland to oent cal KL~b~na in theAppalachian Pegion. The~;e rocks wore deposited -i~ ’~ marin~ con-
ditions, During the Cambrian Period the l and sur~nces on either 

—

side of t h e  present Cambrian deposit.s were pro1 :~bly mount ainouswith an elongated depression between them. The depression was
connected to open seas in the north and south a~d was inI~ndated
by shallow seas during most of the period. Sand , clay, silt, and
gravel were eroded from the higher lands, transported by streams
and deposited in the trough under marine conditions. with con-
tinuing deposition, the weight of the sediments caused the trough,
or geosyncline, to sink and more sediments were deposited on the
older unit s, Generally , the lower units were coarse sandstone
and siltstone beds and the upper units were finer limestone ,
dolomite , and shale beds. The accumulated thickness of the
Cambrian rocks is nearly 20,000 feet in some oarts of the F.egion.
The Cambrian rocks h~vo been highly faulted and folded . Ex—
trernely resistant quartzites of Cambrian age form some of the
highest ridges in the mountainous part s of the Region.

Ordovician System -- Rocks that were deposited during the Ordovician
Period outcrop , generally, in narrow band s along the eastern and
western edges of the Region . The Ordovician rocks were deposited
in a geosynclirie or numerous synclines. The Ordovician System con-
tains highly fossiliferous limestone and shale beds which - indicate
that the synclinal basins were open to major seas. Distinct
breaks in deposition and fossil type indicate several inundations
and withdrawals of seas from the basins during Ordovician time.
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In general , rocks deposited dur ing the earlier part of Ordovician
time were fine grained limestone in massive beds and the rocks de-
posited later in Ordovician time were coarser shale, siltstone and
sandstone. The Ordovician rocks in the eastern part of the Region
are highly folded and weathered, forming broad valleys where they
outcrop, In the western part of the Region the Ordovician rocks are
essentially flat-lying or slightly arched,

Si].urian System -- Silurian rocks outcrop in the eastern and
western part s of the northern section of the Region and in the cen-
tral part of the southern section. Although the Silurian rocks
were deposited under marine conditions they are essentially of
continental origin. The high lands to the east and west of the
Region were uplifted at the close of Ordovician time and were
highly eroded during Silurian time, Early in Silurian time,
coarse sand and gravel from the uplifted area were transported by
streams to a marine basin and deposited as a conglorneratic sand-
stone, As the higher lands were worn down, the eroded material be-
came finer in texture, and the sediments of the basin gradually
graded to shale and limestone near the end of Silurian time. During
the middle part of Silurian time iron was deposited in isolated la-
goons as a hematite replacement of calcareous materials. The
Silurian Period ended with a major withdrawal of the seas in the
Region. The Silurian rock units, from o~dest to youngest , grade
from coarse, dense conglomeratic sandstone to fine grained silt—
stone, shale, and limestone with local deposits of hematite.

Devonian System -- The most extensive outcrops of Devonian rocks in
the Region occur in Pennsylvania and New York States. Elongated
band s of Devonian rocks outcrop along the northeastern and north-
western part s and in the south-central part of the Region. The
rocks indicate marine deposition in the early part of the period
followed by alternating marine and continental deposition toward
the end of the period. Massive beds of limestone and sandstone
were deposited under marine conditions early in the period when the
seas were widespread. Later in the period , the seas were shallow
or restricted and massive beds of both marine and continental sand—
stone and shale were deposited. The accumulated thickness of
Devonian rocks exceeds about 14,000 feet in the northern part of
the Region.

-
~assissippian System —- Rocks deposited during the Mississippian
Period outcrop along the northeastern and southwestern part s of
the Region. In the Region, rocks deposited early in the assissippian
Period are generally coarse , nonmarine sandstone and shale beds
although locally there are deposits of black, fossiliferous, marine
shale. During the middle part of the ?Iississippian Period vast
thicknesses of sandstone were deposited in the Region with inter—
bedded shale, salt and ~ rpsum beds. In the later part of the period
marine limestone and shale were deposited and overlain by thick
continental beds of red shale and s2ndstone.
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The sequences of deposition would indicate a ~ener~& l . uplift of
the Region during the latter pa rt of the Missi::i~ninn Period .

Pennsylvanian System —- Rocks deposited during the Pennsylvanian
Period outcrop over almost half of the Appalachian Region. They
occur in a broad band extending from Alabama to near the ~cw
York State line in western Pennsylvania. The rock: were deposited
under both continental and marine conditions in a broad syncline
that, on occasions, was open to the sea: but mostly was inundated
by fresh water. The Pennsylvanian rocks were not highly folded,
as were previously deposited units along the eastern part of the
Region. In general , Pennsylvanian rocks form land surface through—
out most of the Appalachian Plateaus province.

Rocks deposited early in the Pennsylvanian Period consist
mainly of coarse sandstone and shale with interbedded coal layers
and thin beds of limestone of both marine and fresh-water origin.
The coal beds are of economic value in ~.-Jest Virginia , Virginia ,
Tennessee , and Alabama . Rocks deposited during the middle part
of the period were similar in composition except that locally
they contain iron ore deposits of siderite and limonite. Coal
beds formed during this part of the period are of economic value
in Pennsylvania , Ohio , Maryland, Kentucky, and West Virginia.
The rocks formed toward the end of Pennsylvanian time consist of
fresh—water limestone, shale and coal. The rocks of the Pennsyl—
vanian Period contain most of the geologic resources of economic
importance in the Recion. These resources include coal , oil, gas,
iron ore, and fire clay.

Perrsian System -— Rocks deposited in the Permian Period occur in -j
southwestern Pennsylvania , northwestern ~1est Virginia, and east—
central Ohio. These rocks were depo:ited under conditions
similar to those of the Pennsylvanian rocks. In general, the
Pernitan rocks are sandstone, shale and limestone with inter-
bedded coal beds. The rocks were deposited in a syncline under
both fresh-water and marine conditions.

The end of the Persian Period was also the end of the
Paleozoic Era and was marked by general uplifting of the Appalachian
Region and mountain building in the~resent Appalachian Mountains.
During the Paleozoic Era deposition occurred in a geosyncl.ine
covering most of the Region. At the end of Paleozoic time the
geosynclirie was uplifted and highly faulted and folded along the
east edge. Erosion of the deposits of Pa].eozoic time started with
the beginning of the Mesozoic Era and continued through the pre-
sent time .
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Mesozoic Rocks

Rocks deposited in the Mesozoic Era occur in very limited areas
of the Appalachian Region. In general, the Region was eroded
during Mesozoic times and the deposition of sediments occurred only
in faulted areas and along the relatively lower edges of the up-
lifted lands, The Mesozoic Era is divided into three periods.
Deposits of the middle period, the Jurassic , are not known to occur
in the Region, Deposits formed during the other two periods are
described below.

Triassic System —— The only known deposits of the Triassic Period
in the Region occur in Stokes County, North Carolina. These de-
posits are in a buried graben that extends northeast from North
Carolina into Virginia. The graben , a downthrown section between
two normal faults, is an elongated. crave-like basin that formed
parallel to the edge of the uplifted B1~’e Ridge province. Sedi—
nients were eroded from the uplifted area and deposited in the basin
under continental conditions. The rocks are predominantly red
sandstone with interbedded black shale and coal. Also associated
with the faulting was igneous activity which resulted in the in-
jection of basalt dikes and sills into the sedimentary rocks of the
graben.

Cretaceous System -- Rocks deposited in the Cretaceous Period occur
along the southwest end of the Appalachian Region. The Cretaceous
Period was a time of intense erosion in most of the Region and
material eroded from the uplands was deposited as continental and
marine sediments along the ocean edge in the Gulf Coast area.
The sediments are generally unconsolidated, thick beds of clay and
sand, Towa rd the end of the Cretaceous Period the oceans re-
treated and the exposed surface of the Cretaceous sediments was
eroded.

Cenozoic Rocks

The Cenozoic Era is divided into two periods, the Tertiary
and the Quaternary Periods. Deposits from both periods occur in
the Region in areas of limited areal extent .

Tertiary System —— Rocks deposited during the Tertiary Period occur
in the southwestern part of the Region , in the Coastal Plain pro-
vince. These rocks were deposited under both marine and nonmarine
conditions along a shoreline. The marine and nonmarine units inter—
finger, indicating near—shore marine and deltaic or swamp environ-
ments of deposition. The Tertiary System of rocks in the Region
includes deposits of the Paleocene, Eocene, and Miocene Epochs.
The rocks are unconsolidated with the exception of limestone units.
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In general , the deposit: of Paleoceno and Eocene Liae~ includ e
limestone , sand , and clay beds . Locally the de~ osits contain
glauconitia sands and lignite beds. The deposit: of :aocene
times are predominantly thick ma lao clay layer: containing len—
ticular beds of sand and shell. The Tertiary Period ended with a
general , but slight , uplift of the Appalachian Region .

Quaternary System -- Rocks deposited during Quatornary time occur
throughout the Region a: beach, stream, and glacial deposits.
The rocks are generally unconsolidated sand , gravel, and clay de-
posits of continental origin although some marine beach deposits
occur in the Coastal Plain province. individually the deposits are
not large enough to map at the scale used in Figure 2 but collec-
tively the deposit s are of Regional significance in that the sand
beds form productive aquifers in the major stream valleys and in
the Coastal Plain province.

The southern limit of glaciation on Figure 2 shows the
approximate southern extent of “in place” glacial deposits , such
as till. The limit is not intended to apply to glacial outwash
or to alluvium deposit s of glacial origin . La many places south
of the limit , the glac ial—alluvium deposit: form thick sediment:
of limited areal extent in the stream valleys. In the Ohio Valley,
f or example, the glacial deposit: -~;cre well sorted by stream action
and redeposited as thick sand , silt , a nd. cThy laye r: In the st ream
valley. Beds of coarse sand , as much a: 70 feet Thick , overlain by
clay beds occur in the Ohio Valley between West Virginia and Ohio.
There, sand beds constitute major aquifers even though they are
not wide enough to map at the scale of F~~~ir~ 1.

GEOLOGIC FRATUbE g FAVORL:G occuiL-~::cE OF G~ iou: ~
The locations of geologic features most favorable to the

occurrence of ground water in the Appalachian Region are shown on
Figure 3. The -three features shown — unconsolidated deposits ,
folded rock: and fault zones — have the most regional significance
in providing highly permeable re:ex~roir : for ground—water :toraRc
and transmission, Faulting and jointing occur in many places
throughout the Region. Whenever found, they improve the chances
of obtaining ground water. Only the major fault zone s are indicated.
on the map in Figure 3.

C-round water is stored in and transmitted through the open-
ings in the rock units, The intergranular pore space of the rocks
may comprise a high percentage of the total rock volume, as in
sand and gravel , and may store considerable quantities of water.
If the pore spaces are well connected and not too small, the rocks
will readily yield water and are said to be highly permeable.
If , however, the pore spaces are small or poorly connected , the rocks
will not readily yield water and the permeability of the rocks is
said to be low,
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Geologic processes tend to alter the permeability of the
rocks. As rocks become indurated the pore spaces and their inter-
connections are generally reduced in size by the deposition of
cementing materials in the spaces. Rocks that have not been con-
solidated or those that have been subjected to fracturing by tec-
tonic forces , generally have higher permeability than unfractured
well—indurated rocks. -

The most significant , highly permeable rock units in the
Appalachian Region are the unconsolidated sediments. Glacial de-
posits and the outwash of glacial material deposited in the stream
valleys occur in the northern and northwestern part of the Region.
Wells in these deposit s , particularly those in the outwash, gen-
erally have a high yield. Individual wells in outwash deposits
along the Ohio River may yield as much as 3,500 gpm (gallons per
minute), These deposits generally do not store a large volume of
water but they readily transmit water from streams to the wells.
The outwash deposit s constitute a major source of ground water in
stream valleys where they have been well sorted and where they are
fairly thick. The other thick, well—sorted, unconsolidated rocks
in the Region are those of the Coastal Plain province. The Coastal
Plain deposits range from Cretaceous to Recent in age. These
deposits are interbedded sand, clay and shell units of wide areal
extent. The sand units are usually well sort ed and are highly
permeable as are the shell units. The thickness of the sand
beds range from a few feet to more than one hundred feet • Some
wells tapping these units have sustained yields of more than 2,500
gpni in Mississippi. The Coastal Plain sediments contain highly
productive aquifers that may be developed to economic advantage
in the southern part of the Region.

Ground water may be obtained from wells in the consolidated
rocks of every county of the Region. The reported yield of wells
tapping consolidated rock ranges from 0.1 gpm to 2500 gprn , The
highest yields in these rocks occur in association with faults,
as in Carter County, Tennessee, The major fault zones trend
generally northeast-southwest along the eastern part of the Region.
They occur in what are probably the most highly indurated rocks of
the Region. Faults shear and grind the sedimentary and meta—
sedimentary rocks, greatly increasing the permeability of the rock
units in the vicinity of the faults. The increase in the capacity
of the rocks to yield water, due to faulting, is indicated in some
parts of the Region by the correlation of the fault zones in
Figure 3 with the areas of high well yield and areas of high
ground—water discharge shown on other maps of the report .
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Areas of the Region where the rocks have been follod also
offer a greater ground—water potential than areas where the s-arao
types of rocks are undisturbed. Folding of strata usually result :
in the warping of less resistant beds and fracturing of the more
resistant beds in the unit. The resulting fracture: increase the
capacity of the rocks to store water to some extent and greatly
increase their ability to transmit ground water.

The major structural features favoring ground—water
occurrence are shown in Figure 3, Locally, there are many minor
faults or fold: that also favor ground—water occurrence. Those
features are so small that they may not be mapped at this scale.
Usually, these minor features may be readily observed in the field
and used to advantage in the development of ground—water supplies
at specific well—field sites.

GROUND-WATER DISCHARGE

The assumed dependable ground—water discharge to streams in
thousand of gallons per day per square mile of drainage area for
the Region is shown on Figure 4. Ground water is constantly beinr
discharged into the stream systems at variable rates dependent
upon the permeability of the rocks and the slope of the water table.
The water in streams during periods of higher flow is derived from
both surface runoff and ground-water discharge. As the streamf’low
decreases, the water is derived to a lesser extent from runoff and
to a greater extent from ground—water discharge. At the stream—
flow rate which is exceeded about 90 percent of the time, almost
all streamflow in the Region is derived from ground water • The
inset on Figure 4 is a streamnflow duration curve for Swatara Creek
in eastern Pennsylvania which shows both the total streamnflow and
the ground—water contribution to streamfiow, in million gallons
per day, and the percentage of time the flows were exceeded for a
40—year period of record. The curves indicated that the flow ex-
ceeded more than about 75 percent of the time is all from ground-
water sources. Because detailed studies like the one on Swatara
Creek have not been made for most of the Region, the generally
accepted duration was used in preparing Figure 4. The low stream-
f low exceeding 90 percent duration has been generally accepted as
the dependable ground-water contribution to streamflow, The
figure was originally used in determining the base flow for the
generation of firm power. Later data indicate that the ground—
water yields of a basin to streaniflow may range from the stream—
flow exceeded 60 percent of the time, in areas underlain by thick
glacio—fluvial deposits, to that exceeded 90 percent of the time in
areas underlain by the clayey soils of the southern Piedmont or
glacial till.
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Since no single duration point on the streamnflow curves for
the Appalachian Region can be considered as uniformly applicable ,
the amount of streamflow that was exceeded between 90 and 95
percent of the time was used somewhat arbitrarily in preparing
this map. In preparing the map in Figure 4, the amount of.
streamfiow which was exceeded between 90 and 95 percent of the
time was divided by the size of the drainage areas to afford
a general indication of water—yielding properties of the rocks
within the drainage area.

The map in Figure 4 should be used in connection with other
maps of this report in assessing ground—water occurrence and
availability. Estimates of the amount of ground water available
for development based entirely upon this map might lead to
erroneous conclusions. Rocks having both high water storing and
water transmitting properties are indicated by the higher dis-
charge areas on the map. Rocks having a high storage capacity
but a very low transmitting capacity, such as clay units, or
massive indurated sandstone units, show as lower discharge areas
on the map. Rocks having high transmitting capacities and lower
storage capacities such as glacial deposits also show as lower
discharge areas on the map.

Inconsistenees between this map and the following one
(yield of wells) are due in part to the fact that both maps are
necessarily generalized. They are also due to special situations,
such as those in the Coastal Plain, where the arbitrary 9O~6
duration does not apply (60~ would be better) or in areas where
high-yielding wells depend upon induced infiltration from streams.
Nevertheless, both maps are useful guides to the general avail-
ability of ground water.
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-ri--~ YIELD OF oELLS

The maximum yield that may be expected , from indiviciual
wells, within each c~untv of the Appalachian i-egion is shown
in Figure 5. The assumption is made that wells will he located,
constructed , and developed with care and that the pump equip-
ment will be of the optimum rating and setting for the wells .
Under these conditions a capable driller can construct, within
each county, one or more wells capable of the indicated yi.elds.
It must be understood that these are maximum yield~

; arid that
not all carefully constructed wells in the areas indicated will
be capable of yielding the quantities indica ted .

i’he data for comp iling the map cane pri r.Ll:: from tables
of well records for county or multi—county repcrts of ground-
water resources prepared largely by the U. S. Geological Survey
in cooperation with the States. For many counties the data were
published , but some unpublished tables were furnished by the
District offices of the Survey. Thus, data were available
from more than 2~?5 counties in the Appalachian ~-egion. These
data included records of more than 24,000 wells. For counties
where tables of well records were not available, interpretative
reports, such as Hydrologic Atlases and Basin F-~eports, were used
to complete the nap.

The data were selected by first deleting wells that were
not designed as water wells. Oil and gas test holes frequently
had the hig hest yields within counties but generally supplied
water containing undersirable chemical constituents. These were
deleted from the tables. Also deleted were records of supplies
developed from abandoned mines and from springs, in order to
arrive at a maximum yield of water of acceptable quality based
ent irely upon water-well construction. The average yields of
the highest 3 percent of the wells within a county were used
as a maximum yield for that county in preparing the map. This
approach was used because about 97 percent of the wells reported
were drilled for purposes such as rural or domestic water supplies
that did not require 1 arge quantities of water ~nd no attempt
was made to develop th~ maximum capacity of the rocks. High-
yield wells for industrial or municipal water supply should, of
cour~ e , be constructed at the most promising sites if comparable
yields are to he expected.

Several factors affect the occurrence of high—yield sites.
In~~pw York, Pr~nrisylvania, Ohio , and the lower Ohio River basin
the hi~h-yie1- i sites generally occur in the valleys underlain
by glacial outw-’ - 1 ; deposits.
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Yields of wells tapping coarse sand and gravel deposits of
glacial origin are reported as high as 3500 gpn. Another factor
affecting the yield of wells is the fracturing of folded rocks
in the Appalachian Region. Almost every report on ground water
in the crystalline rock areas mentions that the ground water
occurs in fracture zones of the rocks. The lowest yields of
wells occur in the flat-lying, well-indurated rocks where
little or no faulting has occurred. The average high yield in
some of these areas is less than 10 gptn. The low yields approach
zero. However, for special purposes the relatively small tem-
perature change and constant and specific chemical characteristics
of ground water may make even small quantities of great economic
value.

TIE COSTS OF WElL FIELDS

The approximate cost of constructing a well field capable
of yielding 1 tngd (million gallons per day) was calculated
for each county in the Appalachian Region. The assumption is
made that 1 mgd (about 700 gpm) could be obtained from ground—
water sources in any county in the Region, if a sufficient
number of properly drilled and equipped wells were constructed.
A residential community of 10,000 people would require about
1 mgd. For more detailed discussions of present and projected
future water needs see Appendix J. The term well f ield , as
used in this report , implies a single well or a group of wells
capable of producing a given amount of water. Where more than
one well is required to produce the amount, the spacing and con—
figuration of the wells must be determined for each individual
field depending on local geologic and hydrologic conditions.
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The data used in csnz~~i.L~ir T tne man ~j i  ~- i ~-ar~ ( tr.rl~~ieo ;
the yield of wells, the depth~

- of wells , t:.e c~~ ts of drilling
various rock types, the cost of casinc- and the cost. af puS.ins.
Not included were the costs of real estate for well field sites
and the cost of exploratory test drilling and test ~~~~~pj~y~~

Costs of real estate are not included ectu~:n there is .to feasible
way to determine, on a regional basis, how much land. ~:ould he
required and where the most suitable sites would be in relation
to a municipality or industry. In some places , public land is
already available for suitable well fLcb~ d.evel~pnent and there
would be no additional real estate cost:. In othcr places the
nost suitable site could be expensive i —t:wi~ Pr er~:: cr in-
expensive sro~~crt-y outside of the towns .

Costs of exploratory test drilli~~ and test ou~inir.g are
not included because at some places the first test hole can be
converted to a production well that will produce ~ he required
water supply and no additional caarge are added by the con-
t ractor to the cost sf construction f:r e:- t lor st - a s-I..  At other
places , six to eight test holes -night be required before a
suitable well n~ t.e is loc:ted . ~Jndcs r these circu— ;:tances ,
additional charge : would be made fc r  exnlsrotc- ry - h’lll~.n:. ~o:t s
for test numping would v ary wtth the t ssber of :-r-s-.i uc t ~.on wells
required and the length: of test  rer~u ir€ ~~ by l~cal hydrologic
conditions.

Specific data were available for 29r counties in the begion.
Data from regional report s were used for the areas not covered
by the detailed reports.

The calculated costs of individual well fields ranged
from about $4,000. to about $390,000. In some counties, par-
ticularly along major stream valleys containing glacial outwash
sediments, a single well may yield more than 5 ngd (about 3500
gallons per minute) from depths of less than 100 feet. In
other counties the highest yielding wells are 300 to 400 foot
deep and they yield less than 15 gpm , each.
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Where individual, shallow wells yield more than 1 mgd , the
principal well—field cost is the pumping equipment. Where well
yields are low, the principal well—field cost is the drilling
cost . As a result of these variables, high costs may occur in
some areas of relatively high yields and possibly vice versa.

The divisions on the map in Figure 6 were selected to in-
dicate where ground-water supplies could be obtained at a moderate
cost per well field (less than ç25,000,). fhey also indicate
where water nay be obtained from ground—water sources at a cost
generally collmetitive with other sources (~ 2.5,000, to ~ioo,ooo.).The high-cost division (greater than ~ioo,ooo) indicates where the
developmeot of grosha~wo ter  sao- l~e: is no t li~sly to be the
most econonical so-arcs of lorgo stianlies- of ~atcr.

The costs shown by the divisions are not directly pro-
portionate to the amoun t of water obtained by the well fields.
For example ; if a 2 ingd well—field were required the cost in the
zones where individual wells produce 2 to 5 mgd would not be
twice as mach as a 1 mgd well field ; the cost would be approximately
twice as much where individual wells yield considerably less than
l mgd.

The costs are calculated on an average cost f or drilling
and pumps dari~a: ~~ .~~ Prices are slightly higher than the
average shown on the map in the northern part of the Region
and slirhtly lower in the southern part.
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~i iT - COST OF oi-~ou:~~ . . A . ~~~

Figure 7 is a map sh owing the ~t:eroximate sir,iau~t cost gerthousand gallons of ground water delivered at th~ well neal fromwell fields obtaining 1 mgd , based upon the ass n otions indicated.
It was assumed that a well field would be constructed to yield 1
mgd in each county. Each such well field was assumed to be con-
structed at the optimum site in the county on the basis of yield
regardless of location or distance to points of u:e •

The costs of constructing the well fields have previously
been indicated on the map entitled ‘The Cost of .211 Fields”.
The construction costs were depreciated over a ~~--:gosr period at
3~- percent interest , according to standard int ’-~rc. ;1. forna las .
The cost of construction and interest were related to a pumping
rate of 1 mgd for a 25-year period to derive an “overhead” cost
per 1000 gallons.

The cost of pumping was based upon an a:suir~1 electric
power rate of $0.025 per kilowatt hours. The power used to oump
1 mgd was based upon 90 nercent eu-in ef i:ionc;.- and continuous
24—hour pumpage at sufficient horsepower to l i f t  1 myd. against
the total estimated heali • The daily cost of running was related
to 1 mgd to derive a “pumping” cost per 1000 ga llons.

The sum of the overhead. and the punoiri : - costs for each
county gives a cost. per 1000 gallons of water :t the well head.
This cost does not include water ~rea~.ner .t , nor doe: it include
cost of land , of exploratory drilling, or of t est iur . The
cost of water shown on the ma: indicated the :ienroxi-1a:c minimum
cost by counties. The cost of water in amounts 1’— :: than 1 rigd
would generally be less than the cost shown if a single well
supplies all of the required water. “ne cost of water in amounts
greater than 1 myd would he the same as that shown on the man ,
except that where individual wells yield more than 1 mcd the cost
of water per 1000 gallons would he less than that shown.

Those contemplating the development of ground—water supplies
in the Region should use these cost figures only for preliminary
comparisons similar to their intended use: in regional planning.
For the actual location and design of well fields corrr etent geo-
logic and engineering advice should be sought.
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OPTThIIJM GROU~ID-WATER D~~EL0F~~~rAT CO~~ UTED COSTS

The optimum amount of ground water , in gallons per day per
square mile , that may be developed in the Region at computed costs
is shown on Figure 8. The map is not intended to and does not
indicate the maximum amount of ground water that is available for
development . In most counties the optimum amount shown is be-
tween 25 percent and 50 percent of the maximum amount available
uflder existing natural conditions. The optimum amount of ground
water is based upon cost figures used in previous parts of this
report and the development of ground water in the amount indicated
on Figure 8 would be within those costs .

The calculations of the optimum amount of ground water avail-
able for development include the depletion of runoff in smaller
tributaries where ground-water supply is derived from direct in-
filtration from streams. As in all areas where total water resources
development is contemplated, diverting water from one source may
drastically effect the water available from other sources.

In parts of Appalachia where unconsolidated deposits occur in
minor tributaries, high-yield wells may be developed at moderate to
low cost. The development plan for such areas must recognize not
only pumping and construction cost but also the depletion of sur-
face water available from the streams. Conversely, the depletion of
surface—water supplies may drastically reduce the amount of ground-
water available. The map in Figure 8 was designed so that the in-
dicated optimum development of aquifers will not drastically affect
the flow of adjacent small streams.

Two principal factors were used to calculate the optimum
development of ground water. The first factor is the amount of
ground-water discharge that may be salvaged for use , without the
areal lowering of ground—water levels. The second factor is the
additional amount of ground water that is available from runoff sal-
vage by areal lowering of the water levels to the depths used in
previous parts of the report for the calculated pumping costs. The
sum of the two factors is taken as the optimum amount of ground
water for development . These factors were used for calculations
throughout the Region , except along major streams containing thick,
well—sorted sediments that allow stream infiltration to well fields.
Along such s t reams , where the stated low flow exceeded 500,000 gpd
(gallons per day), the calculations were based upon well spacing
and pump ing rates.

The development of ground water in excess of the amounts in-
dicated on this map is possible and has occurred in places but the
costs increase considerably over those given in previous sections
of this report.
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The Appalic’ri~aa } F S.rion has b o r n  - v L b -~: tr ,to t e n  Sui _~ eg ions .
The boundaries of t h e  3ub—~-e~ ions were ~~~~~~~~ -~~on sever-a’ factors
including economic regions, Jra in~iL-e areas i.01 ire.as of responsibility
for part s of t}~e overall report on the ~~~~~~ The locations of
the Sub—Regions are shown in Figure 9. i~ec.l~use many tgencies of
the Appalachian Stu iy will pre~~~re report s Ii :tsed iron the de-
signated Suh—Fe~-~ oris , i h e  s i~r in r~. of t b-  - - a ~er~ ltzed study of
ground —water resources will be pore ;isrd;le if also presented
by Sub—Fegio~. s,. The fo llowing seetis~. r j ’~~~~~ a brief in scr ipt i on
of the ground—water r Snoarcea of each but -. —: r m . -m .

Su~ —Fe-ion A

Water 3uh—1-.egion is in t i e  nor tb r :teru part of the
Appalachian ~e~ ion , lies entir c-*~

- itiiin t -n - T~ nt ’~ of Penrisylvania
and includes mart s of two phystograrhic mrcv -~~e~~ • The northern
part of the SuF —~ egion is in the Ar~r T h c h t nr~ Plntnruis r ’rovtncc ,
a rid the soutiv~’rr. —-~rt is in he Val. 1.c - and -~ ~c’

The bu~~— °- tos is w d ’~r~ ain  h~ i~oc~-:s of ~‘;cn . in , as s i s r i r r~ a a ,
and Pennsylvnsb m .a -ns • The rocks are n~ - --~o T in n n t l ,  shale with
tnterhedded lin~ stonr , n i l tstone , and ~oarIst on~’. ::ost of the Gab—
Fegion , except t h e  ~xt re”~ soiitir~est err oart, in within an area that
wa~ subjected to glaciation. Th~rir~r- n ail . ibsen ient  to glaciation,
reworked, sorted glacial m~a t r ~rial h~ns ~~~~ ic~ osit r~ b~’ streams
in the major strra-s valleys.

Ground water occurs in t h e  int~ r r r n s i i a r  pore space of the
F-lactal—alluviu-n deposits arid in frart ir~ . in the bedrock anit s.
Tao fractures in bedrock result from —‘~~ nr fault ing in the neat hers
part and the folding of br~irnck in .~~ ~th~’ra arid western part s
of the Sub—Region .

The ground—water discharge, at about 9C percent streamfiow
duration , is between 50 arid 100 thousand ~~ per square mile in

he northern and western part of the Sub-Region and between 100
and 300 thousand gpd per square mile in the eastern part .
Indiv idual wells, properly located and constructed , in the northern
part of the Sub—Region may yield between 100 arid 300 gpm. In the
west—central part they may yield more than 600 gpm. The average
depths of the high—yield wells are greater than 500 feet except
n ler g the eastern edge of the Sub-Region where the high—yield wells
~a r~ hc’k ween 250 and 500 feet deep.
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A well field capable of producing 1 nigd would cost between
25 and 100 thousand dollars to construct in the nortawe stern part
of the Sub—Region. Throughout the rema inder of the -~~:-Region a
well field capable of producing 1 rrigd would cost b w e ~n 6 arid 25
thousand dollars for construction. The cost of rr-:x~ucing groundwater , based upon 1 mgd and including pumping costs, construction
costs and interest on construction costs for a 25-year period, for
raw water delivered at the well head, would be between ~C.05 and
$0.25 per thousand gallons in most of the Sub—Region except the
southeastern and west—central part s where it woal.i be less than $0.05
per thousand gallons. rhe optimum development of ground water at
these costs would be between 25 arid 250 thousand gt,d per square mile
in the eastern part and more than 500 thousand gpd per square mile
in the western part of the Sub—Region.

Sub—Region 3

Water Sub—Region B is in the north—central part of the
Appalachian Region, and includes parts of four states, New York ,
Pennsylvania , Naryland, and West Virginia. .3ub-hegion 3 is in parts
of three physiographic provinces; the northern and western parts
are in the Appalachian Plateaus province, the southern and cen-
tral part s are in the Valley and Ridge province, and a few east-
central counties are within the Slue i.idge province.

The rocks t hat underlie the Sub-kegion range from Cambrian
to Pennsylvanian in age. Essentially f la l - ly ing  shales arid sand-
stones of Devonian age underlie the northern part of tbe Sub—Region.
The rocks, primarily shale wit:i ~r . terbedded limestone nab sandstone,
of the central and southern part s of the Sub—Region ore folded and
their outcrops trend northeast—southwest. The northern part of the V

Sub—Region is within the area tha t was subjected to glaciation.
Outwash of glacial material has been sorted and redeposited in the
major stream valleys in the northern part of the Sub-kegion, re—
suiting in conditions favorable to the production of ground water.

Ground water occurs in the intergranular pore space of the
glacial—alluvium deposit 5 in the stream valleys in the northern
part of the Sub— i~egion. In the northwestern an-b central parts
ground water occurs, in quantity, in fractures of the basement rock
that result from major faulting. Ground water also occurs in the
fractures of basement rock , resulting from folding of the rocks,
along the eastern part of the Sub-Region.

Ground—water discharge, at about 90 percent streamflow duration,
is between 50 and 100 thousand gpd per square mile in the north-
eastern, west—central and southern parts of the Gub-hegion.
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The discharge is less than 50 thousand gpd per squ: r~ - ile in
the northwestern and southeastern parts , Oir -

~ ~~~~~~~~~~ 100 ~~~ 300
thousand gpd per square mile in the centrol -s~rt ~~~~V i~~ 5uh-
Region. Individual wells, properly located ond conatructed , may
yield more than 600 gprri in the northern, and north— central parts ,
between 300 and 600 gpm in the southeastern and west—centra l parts ,
and between 3 and 100 gr)tn in the southwestern na rt of the Sub—Region .
The avera V , depth s of high—yield wells in the northwentern and
east—central part s of the Sub—Region are between 125 and 250 feet .
In the sor.chern part they are more than 500 feet deep and in the
remainder of the Sub—Region the wells are between 250 and 500
feet deep.

The construction of a well field capable of producing 1 mgd
would cost less than 25 thousand dollars in most of the Sub-
Region except the southern and east—central part s where it would
cost between 25 and 100 thousand dollars. The cost per thousand
gallons for producing ground water at I mgd, including pumping
costs, construction and interest on construction costs for a 25—
year period would be less than $0.05 per thousand gallons in the
northern part , between ~‘0.05 and $0.25 per thousand gallons in the
southern part and between $0. 25 Vand $0.75 per thousand gallons in
the east—central part of the Sub—Region. The o~ timum development
of ground water at these costs would be between 25 and 250 tho’isand
gpd per square mile throughout most of the Sub—Reg ion except the
central pa rt where it is less than 25 thousand gpd per square
mile, and the southeastern and east—central parts where it would be
between 250 and 500, and more than 500 thousand god per square
mile respectively.

Sub—Region C

Water Sub-Region C is in the east—central part of the
Appalachian Region , lies entirely in the State of Virginia , and is
included in the Valley and Ridge and Blue Ridge provinces.

The Sub—Region is underlain by rocks that range from Pre-
cambrian to Devonian in age. The olaest rocks outcrop in the
eastern part of the Sub—Region and the youngest outcrop in the
western part. I’ he rocks are predominantly shale and limestone
with interbedded sandstone and siltstone.

Ground water occurs, primarily, in the fractures arid fault
zones that increase the permeability of the bedrock units. The
major fault zones are in the southern part of the Sub—Region but
fracturing resulting from the folding of bedrock occurs through-
out the Sub-Region.
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The ground~water discharge at about 90 percent streatnflow
duration is between 50 and 100 thousand gpd per square mile in the
northwestern part of the Sub—Region. The ground—water discharge
is between 100 and 300 thousand gpd per square mile in the re-
maining part . Individual wells , properly located and constructed,
will, yield between 100 and 300 gptn in the southeastern part and
between 300 and 600 gptn in the north and western part s of the Sub-
Region. The average depths of the high—yield wells are between
250 and 500 feet below land surface in the northern part of the
Sub—Region arid more than 500 feet below land surface in the southern
part .

A well field capable of rroducing 1 tngd would cost less tha n
25 thousand dollars to construct throughout the Sub-Region. The
cost of producing ground water , based upon 1 mgd and including
pumping Costs, construction costs and interest on construction costs
for a 25—year period for raw water delivered at the well head would
be less than $0.05 per thousand gallons in the northern part and
between $0.05 and $0.25 per thousand gallons in the southern part
of the Sub-Region. The optimum development of ground water at
these costs would be between 25 and 250 thousand gpd per square mile
throughout the Sub-Region.

Sub—Region D

Water Sub—Region D is in the southeastern part of the
Appalachian Region, and includes parts of three states, North
Carolina, South Carolina, and Georgia. Most of the Sub-Region is
in the Piedmont province, but the westernmost part is in the Blue
Ridge province.

The Sub-Region is underlain by rocks of Precambrian and
Paleozoic age. The rocks, predominantly gneiss and schist with
some interbedding of sandstone , have been locally subjected to
igneous intrusives,

Ground water occurs in fracture openings in the rocks re-
sulting from faulting in the westernmost part of the Sub-Region
and fractures that result from folding in the northwestern part of
the Sub-Region. Ground water also occurs in the intergranular
pore space of the bedrock in the eastern part of the Sub—Region.

The ground—water discharge at about 90 percent streamflow
durat ion is between 100 and 300 thousand gpd per square mile in
most of the Sub—Region except northwestern South Carolina and western
North Carolina where the discharge is less than 50 thousand gpd per
square mile and in north-central Georgia where it is between 50
and 100 thousand gpd per square nile.
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Individual wells :Va~ioer1 : 1ocat ~ d and ccastr ~ cted w1.ll pr -~duce
between 100 and 300 gpm in moi~i of taci 3ub -~-~ -~-t-o r .  l Ixceot in the
northeas~era raid aoat - a~. n parts ~merr ’ ~~~ 

V~ieJ~i Is between 300
and 600 gpm an: th~ w i s t a r r a n o C t  part  ~raorC it is less than 1CO
gno. The average Jea’~h :f the b-Soh-;-Iel-i wolloV are LIV

~~~~W C EV 5  250
and 500 feet below 1- C a anr iace ~~rcu~-b out aoat aS’ the Region
except in the i~ec- :t ~~~~~~ east- —cen ;Vra5 rau t- s of tac h - IC— R e gio n
where the deoth: are act ’ - t1~~a 500 5h’ i~~ heloa- land rV ar face .

A well f Selii c aV:ie of ar:~accSa: - 1 rn~d would cost less than
25 thousan doI T Lar : :  sr c~:-a~~ r’ac tion ~~~ 

~~~~~~~ ~~~ ~~ V~~V~~~~~ and be-
tween 2 5 and 100 t oao-ond tr the  eant ern  ana Ire :tx rn non ol’ the
Sut—hegion . Ihe CcIT t ef :I’TT c cailg crowid VT V , V~~ V , ~~~~~~~ upon 1 mgd
and i clu25n punain - coc t , c-oic:t i U T ~VtOfl  C~~~- Ond interest  for  a
Z5— y ear  period on e o n s t r V ct i c -  Ta c t , :or no. V ~~ p J~~Viivered at
the well head , ;V/o~~~5d he hetceea TS. C S r .nh .50. 2h per t aauao . aa  V

gallons thro-iIh noat of aCe huh -—Regi on excent the : or 1 heastern a~&
sou thwe :hcr :j ap t S TVf ~ V~~~,O It wual’S be less tha.a ~0 .th rer ~ao usand
gallons in some olacen and. be ta-;eea -~~~ .25 V C ~~J ~G .75 in Ot ~~V~~P5•

The op t i mu m dev~— 1 oaa i - I T t  aS’ r r c a rVh  water  ar these co:ta would be -between 250 and. 500 Lac-aanr. d :ra uer aq:are male in tao :so:-t ,laerfl
and southern nart s and between 2 5 -  and h~ C thonsand. axi per square
mile Ia the centr al O.VCP~ and the r r : t nVr~u0 S O u t~~ VT -;e:i ann and r V r ’Ih—

eas ter l .  nare: of th~ h~ S. r — ~~
- V~~~~ - : o : . ,
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V~~~~~~~

~iatnr ~)u:l~ o.r’ ton E is in the southern :atnt of the ~acalachian
Region. She hob-hech V . o ,  includes na~m ~ of three states, Rississippi,
Georgia, and .~ labauna, ann is included in cart a of five physto—
graphic provincea. She eastern part is in the ~ d’-iont- grovince,
the central part in the  Slue Ridge and the Valley and Rid ge pro-
vinces, the cr’rL :r-ai._wnstern part in the Appalachian Plateaus and
the southern and westernmost part s ~f the hub—Region are in the
Coastal Pla in orcvn~c- - .

The Sub— Retiar ,  is underlain hb rocks that r~~ge from Pre—
cambri or to Tertiary in age. The Precom1~rian and Paleozoic rocks
are predominanti~ gr . - its , schiot , and s-an-i-tone 5ected h:r
igneous material. The Cretaceous roe -:: are crmnartiR interbedded
sand and c1a~- irg,o-r : that arr- unconsolidated .

Ground w ter  0cc-u-a in the openings r~V :ulting from najor
faulting and f:;ldinr in the central and northeastern part s of the
S 1n—R ~~r iVnn . Ground n o t e r  also occurs in the IrLtt~rgra nular pore
space of tV h C- cr~nubed s in t V h c ~ nnuther i i and ‘~n ’atern pa rt s of the
JO :) -r - - V (~~V
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She groan-i—water dischrar :-n , at abou t 90 n 1-rc ’- - .~ Vreo -c  low
duration is less t h i n  50 Lha:zaond gpd ePVr square - nL l e  ~r. the :,arth—
eastern and southwestern cart  -of th -~ SO : — V . - - - - T 1 J : 1 .  the : i ischar7~e
is between 50 and 100 thouson V T-LI per ::q ’sact V 11 le  t r . the  n or t h—
central part and between 100 -an d 300 the ceond nod per Glare mile
in the south—central  part of the Sob—bc ‘ion. i~h i.vhinl wells no—
perly located and constructed ait-og the Ohio Giver in the ;V,r-atern
part and in the glacial deposits in the we~ ~— c - - n t r t i  ant  nn rt b er n
parts will produce more tha n Coo ~~~~~ 

:V Ly S. o l ;thVut  cost of thi e re-
maining Sub—Regio n the wells will nrc~iie~ r:etwn -Vn 300 and 000 ~mm
except in the southern part and some p1-aces in the nor thwest -rn cart
where the yield is less than 300 gm . The aver o: -e d r t V O S  of h

V
V V V h

yield wells are b e tween  250 aad 500 feet :oi-a-z 1:00 a Ir Soce C t —

cept in the northern tar t  of the ou e— ;-~egiari w h • - ~’- the u ~~ t n5 a no
between 125 -nh 250 feet bc-loT-; land .TL1CI TTCC too along the On~ts
River where thp  d~ ptbs are heiw-sen 50- -and 125 feat  :elow lan-i :ur—
face.

A well iSield cacoble of producing 1 VeOd wo-~i0 0 ~ s± . between ~
and 25 thousand dollars Lhr-ouehout  soot of the S-c}:-Rerian except
in the northeast and southern parts where  the costs would be between
25 and 100 thousand dollars. The cost of croducin crc sad water,
based upon 1 mgd and including ponping cost , cons truction costs
and interest for a 25—~reo r m~’ni-ad an c on s t r ec t io r .  costs , for raw
water delivered at tVhe wel l  head would cost less than 55•c~ per
thousand gallons th rough ou t  most of the Region except the n n r t h—

( central part where the cost would be between ~0.05 and 50 .25 per
thousand gallons, and the southwestern part where the cos t would be
greater than $0 .75 per thousand rallor ° . 2he optimum development
of ground water at these costs would be between 25 and 250 thousand
gpd per square mile in most of the Sub—Region except the southern
part where it would he between 250 and 500 thousand god per square
mile, along the Allegheny River where it would be more than 500
thousand gpd per square mile and in the northeastern part where it
would be less than 25 thousand gpd per square mile.

Sub-Region G

Water Sub—Region G is in the west—central p i r ~ of the
Appalachian Region, where it includes part s of four states, Ohio,
West Virginia , Virginia and Kentucky. The Sub—Reg ion also lies
within parts of five physiographic provinces , the Blue biage ,
Valley and Ridge , Appalachian Plateaus, the Interior Low Plateaus ,
arid the Central Lowlands.
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The Sub—Region is underlain by rocks that range from
Precambrian to Permian in age. Deposits of glacial outwash occur in
the major stream valleys in the northern a rid westernmost pa rt of the
Sub—Region. The rocks are, for the most part , na~ sive , fLt—].yirig,
sandsto ne , shale , and limestone units.

Ground water occurs in the glacial—alluvial deposits along
the stream valleys of the Ohio River and its northern tributaries
in the western part of the Sub—Region and in the intergrar.uler pore
space and fract ure zones in sandstone and shale ir. the c~astern andsouthern parts .

Ground—water discharge at about 90 percent str’-a-oflow duration
is less than 50 thousand gpd per square nile thra-~~ocut thenorthern and western part s and ranges from 50 to 300 thousand gcl
per square mile in the eastern and southern parts of the Sub--Region.
Individual wells properly located arid constructed will yield more
than 600 gpm in stream valleys in the centra l and northwela-ern parts
of the Sub—Region and along the Ohio River and its tributaries. Through-
out the remainder of the Sub-Region the wells at selected sites in
each county Will yield between 100 and 300 gpm excogt in the north-
eastern part where yields are less than 100 gpn. The average depthF
of high yield wells are between 50 and 250 feet throughout the Sub-
Region except along the major streams where the depts are between
50 and 125 feet.

A well field capable of producing 1 mgd would cost between 4
and 25 thousand dollars to construct except in the west—centra l,
north—central, and east-central part s of the Sub-F egion where the
cost would be between 25 and 100 thousand dollars. the cost of pro-
ducing ground water based upon 1 mgd and including pur :p ing cost ,
construction cost s and interest for a ?5—~ ear period on construction
costs , for raw water delivered at the well head would be less than
$0.05 per thousand gallons in the central part and along the north-
western boundary of the Sub-~Region. In the east-central, north-
eastern, southeastern and western parts, the cost s would be be-
tween $0.05 and $0 .25 per thousand gallons and in the  southwest and
north—central parts of the Sub—I-.egion the costs would be between
$0.25 and $0.75 per thousand gallons. The optimum- development of
ground water at these costs would be between 25 and 250 thousand pgd
per square mile in the eastern and northern part s of thc~ Sub—Region ,
less than 25 thousand gpd per square mile in the western part and
more than 500 thousand gpd per square mile along the Ohio River and
its tributaries .
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Sub—Region i~

Water 3ub—Region H is in the wont_ cent ra l  mart of the
Appalachian Region. The Sub-Region lies entirel:.- within the common-
wealth of Kentucky, arid includes parts of two oh:rniogramb .ic pro-
vinces. Most of the Sub—Region is in the ~tppalach:Lan Plateausprovince. The nort hwestern part of the Su— -,egion is in the
Interior Low Plateaus province.

The Sub—Region is underlain by rocks that range from
Ordoviciari to Pennsylvanian in age, The rocks are , f or the most
part , massive, flat—lying limestone, sandstooe, ~ nd annie~

Ground water occurs in the bedrock unit s in the openings
associated with major faults in the western cart. of the Sub-Region
and the openings associated with fractures on~ int~ rgra.-I - 1iar
pore space in the sandstone arid shale in the eastern n-ort of the
Sub-Region.

Ground—water discharge at about 90 percent streamfiow
duration is less than 50 thousand gpd per square nu le throughout
the Sub-Region. Individual wells properly located arid constructed
will yield between 3 and 100 gpm in the central part , and between
100 and 300 gpm in the southeastern and northwestern parts , and be—
tween 300 and 600 gpm in the extreme southeastern part of the Sub-. - -
Region. The average depths of the high-yield wells in the western
part are between 125 and 250 feet below land surface and in the
eastern pa rt of the Sub—Region the depths are between 250 and 500
feet below land surface.

A well field capable of producing 1 nigd woula cost between
4 and 25 thousand dollars to construct in the southeastern part ,
between 25 arid 100 thousand dollars in the central part , and more
than 100 thousand dollars to construct in the northwestern part of
the Sub—Region. The cost of producing ground water based upon
1 mgd and including pumping costs, construction costs and interest
f or a 25-.year period on construction costs for raw water delivered
at the well head would be between $0.25 and $0.75 per thousand
gallons in the central part of the Sub-Region except the west-
central part where the cost woul&be greater than $0.75 per thousand
gallons , and the northeastern, southeastern arid extreme western
corners where the costs would be between $0.05 and $0.25 per
thousand gallons. The optimum deve1op~~nt of ground water at
these costs would be less than 25 thousand gpd per square mile
throughout the Sub—Region except the extreme southeastern corner
where it would be between 25 and 250 thousand gpd per square mile.

0
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Sub—Region I

Water Sub—Region I is in the southwestern part of the
Appalachian Sub—Region. The Sub-Region includes parts of two
states, Tennessee and Kentucky , and parts of two physiographic pro—
vinces - the Appalachian Plateaus province and the Interior Low
Plateaus province. -

The Sub—Region is underlain by rocks that range from Ordovician
to Pennsylvanian in age. The rocks are generally massive sandstones,
limestones, and shales.

Ground water occurs in the openings associated with major
fault s arid fold ed rock in the eastern part arid in the intergranular
pore space and in fracture zones in the western part of the Sub-
Region .

Ground—water discharge at about 90 percent stream flow ciura—
tion is less than 50 thousand gpd per square mile in the northern
and eastern parts , between 50 and 100 thousand gpd per square mile
in the central part , and between 100 and 300 thousand gpd per
square mile in the southwestern part of the Sub-Region. Individual
wells properly located and constructed will yield between 300 and
600 gpm in a small area in the eastern part , between 100 and 300
gpm in the eastern and west—central part s, and less than 100 gpm
in the central arid northwestern part s of the Sub—Region. The
average depths of the high yield wells are between 250 and 500
feet below land surface in the northeastern part of the Sub-Region
and between 125 and 250 feet below land surface throughout the
rest of the Sub—Region .

A well field capable of producing 1 mgd would cost less than
25 thousand dollars to construct in the southwestern arid east-
central parts, between 25 and 100 thousand dollars to construct in
the northeastern part , and more than 100 thousand dollars to con-
struct in the northwestern part of the Sul~—Region . The cost of
producing ground water, based upon 1 nigd arid including pumping
cost , construction costs arid interest for a 25-year period on con-
struction costs, for raw water delivered at the well head would be
between $0.05 and $0.25 per thousand gallons throughout most of the
Sub—Region except the central part where the costs would be more than
$0.75 per thousand gallons and the northeastern part where the costs
would be between $0.25 and $0.75 per thousand gallons and in the
northwestern and extreme southeastern part s it would be less than

— $0.05 per thousand gallons. The optimum develuptnent of ground water
at these costs would be less than 25 thousand gpd per square mile
throughout most of the Sub—Region except the southwestern part where
it is between 25 and 250 thousand gpd per square mile.
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Sub-idegion J

~Jater Sub—Region J is in the southwestern and so~tb—centra 1
parts of the Appalachian Region . The 3ub-~ egion includes p-arts of
five states, Tennessee, forth Carolina, Alabama, Virginta , and
Georgia and parts of five physiographic crovincen - the ~ppalachianPlateaus , the in t -erior Low Plateaus , the Coastal Plain, the 1~lieyand Ridge and the 3lue Ridge provinces.

The Sub—Region is underla in by rocks that ranse frori Pre-
cambrian to Cretaceous in age . In the eastern and central parts
of the Sub—Region , sandstones, shales arid neta—volcanics are highly
folded . In the west ern part of the Sub-Region the rocks of Cre—
taceous age are primarily unconso1i~ ated sand and clay beds over-
lying shales and sandstones.

Ground water occurs in the eastern and central parts in
openings of bed rock associated with major faults and folded rocks,
and in the southwestern nart of the Sub-Region it occurs in the
intergranular pore space in the Cretaceous sandbed s.

The ground-water discharge at about 90 percent streamfiow
duration is between 50 and 100 thousand ~pd per square mile inthe northwestern and southern part s and less than 50 thousand gpd
per square mile in the west—centra l part of the Suh—Pegion . The
discharge is between 100 and 300 thousand gpd per square mile in
the southeastern and western parts and more than 300 thousand gpd
per square nile in the east—central part of the Sub—Region.
Individual wells properly located and constructed will yield more
than 600 gptn in the northeast and southwest parts of the Sub-
Region. The wells u-ill yield between 300 and 6on rorn ~n the central
part arid between 100 and 300 gori in the eastern and west—central parts
of the Sub-Region. The average depths of high yield wells are
greater than 500 feet below land surface in the north—central part
of the Sub—Region , between 250 and 500 feet below land surface
throughout most of the Sub—~ egion and between 125 and 250 feet
below land surface in the west—cent ral part .

A well field capable of producing 1 mgd would cost between
4 and 25 thousand dollars to construct throughout most of the Sub-
Region except in t h ~ 5o-itheastern part where it is between 25 and
100 thousand doliarn and in the north—central part where the cost
would be more than 100 t housand dollars. rhe cost of producing
ground water based noon 1 m~d and including pumping cost s, con-
struction costs , and thtereFt for a 25—year period on construction
costs for raw water delivered at the well head would be less than
$0.05 or betwE~on $0.05 and $0.25 per thousand gallons throughout
most of the Su~-idngion except in the southeastern part where it
would be between ~0.25 and $0.75 per thousand gallons and the
west—central part where the cost would be more than $0.75 per
thousand gallons.
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The optimum development of ground water at these costs would
be less than 25 thousand gpd per square mile in the west—central
part , between 25 and 250 thousand gpd per square mile in the north—
western part , between 250 and 500 thousand gpd per square mile in
the ~~utheastern and western part s, and more than 500 thousand gpd
per square mile in the east—central part of the Sub—Region.
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he t p : -~~~~~ - : i , . otlici :, areas in t~ii~: -~ r~ of the report were
these for unic : the- 5. S. de’olonic-al 3ax~~ey r~ co iv~~ requests for
in formation on -~r w~~— water  su.r~n i ies  fraa otii~ r age ncies participa—
t ing  in ;h~ al~chian -2t idiec . For the et part, the requests
cane f ran  the GIE-tr ict  Offices  of th e- 2or~s of ~netne~rs, the Office
of Appa1~ chian S tu l i o s , or tnc Federal .ntor Pollution Control
Administration.

I’he decor -- t i ons  of the study areas were- mainly ‘r ased upon
exist ing ropo r~ a in accordance with the ori~-inal agreement between
t ide  Corps of ~~~-irs’e rs and the Geological Survey. In three areas
the local D i s t r i ct  Offices of the Geological Sui~~ey were requested
to prepare the :‘e-a report s~ They were the Greenbrier area , the
idortb Yountain r~~c , -and the- Clinchfield area. The authors are
indicat r d on tho se- area renorts.

The icc ions of the ;~round—water cuanl~,r study areas are
shown -in Ftg-i:-c- 12. h~ thr- text the reporting order is generally
from north to south .

J.~:-Rs2onN-oAss~D&r~A CR~ dK AREA

The Janiestown-Cassadaga Creek Area is in the Appalachian
Plateaus physio{- r0 phic province in the southwestern part of New
York State . i3oth Janestown and Cassadaga Creek are in Chautauqua
County.

The area is underlain by bedrock of Devonian age. The rocks
are principally shale but contain interbedded sandstone and con—
glomerate. Cram (196€ ) reports that the depth to Devonian rock
ranges from about 25 feet below land surface in the upland areas
to about 200 to sOP feet below land surface in the valleys. The
Devonian rocks are overlain by unconsolidated ~uaternary deposits
of gravel, card , silt and clay that are mainly of glacial origin.
h€ sediments are unsorted over most of the area where they occur
as till deposits . In the valleys, however, the deposits are generally
well sorted h-~ a trear i  action and occur in thick beds. Cram (1966)
gives numerous sections arid logs in the vicinity of Jamestown and
along Cassadora Creel-: Valley which show the depth , thickness and
extenL of the clay, sand , and gravel bed s.
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Ground water occurs in the bedrock units and in the uncon-
solidated deposits. Wells tapping bedrock are not as productive as
those tapping the coarse sand arid gravel deposits of the uncon-
solidated sediments in this area .

In bedrock , ground water occurs in joints which have been en-
larged near land surface by weathering. The intergranula r pore space
of bedrock contributes little water to wells as it has beer-i distorted
and diminished by the compaction and induration of the rocks. Xost
of the water from wells tapping bedrock is derived from fractures in
the rock. As there are no major fault zones and no warping or folding
of rock in the area , most rock fractures result from jointing. The
joints have been enlarged by weathering near land surface. With in-
crease in depth below land surface there is a decrease in the amount
of enlargement from weathering of the fractures. Wells tapping bed-
rock generally yield less than 5 gptn although one well near Jamestown
is reported to yield about 30 gpcn on a sustained basis .

~el1s screened in the sand and gravel beds along the Cassadaga
Creek valley (Fi g. ii) Wil]. yield more than 250 gpm on a sustained
basis. According to Cra m (1966) , the amount of water available from
the principal aquifer , which he termed the “Jamestown Aquifer ”, is
dependent upon recharge to the aquifer from surface sources. He
suggested surface storage which would increase the am ount of avail-
able water for recharge during dry seasons.

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of producing ground water would be

per thousand gallons for raw water delivered at the well head.
Some of the basic assumptions were: tha t the sustained yield of the
well, field would be 1 mgd with power costs at -~0.025 per K~H; and
that construction costs would be depreciated over a 25—year period with
interest at 3* percent. Not included were the costs of real estate
or of exploratory drilling and testing. These estimates stop short of
actual design. For this purpose, competent professional assistance
should be obtained. In this area the optimum development (at $0.04
per thousand gallons) is calculated at about 150 thousand gpd per
square mile. Surface storage would alter present conditions and allow
for recharge to the aquifer through deltaic deposits and by infiltra-
tion. The suggested surface storage could be utilized in two ways.
The first would be a series of small, reservoirs in the tributaries a—
long the northeast side of Cassadaga Creek which would serve to im—
pound runoff during wet periods arid augment the flow of the tribu-
taries across deltaic deposits during dry period s. The low—flow
augmentation would allow for a greater rate of recharge from the tri-
butaries than is now occuring. The second is the increase in the a-
mount of water available for infiltration from surface sources to well
fields during normally low—flow periods by low—flow augmentation.
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It is not suggested that the rech-a r~ e r-o~i~ hi ir. ’~~-~tr~-1 h ,- reser-
voirs because ~flt sediment in the re~c - j j~~n ;-;oulh t~-r~h to re—
duce the oermea ’oilit y of the rod -: ma~ rr :dr of the rochar - -~’ areas .

The chemical qua1it~, - of :-roun’i ~r~~ rr  : T hj m  O~~: :;-‘i:iaga Creo
Valley near Jamestown is generall:- acceptabl’~ for munici~a1 usewithout ex~ ensive treatment , ‘

~rc’-in’~ ~-rat’~ ’ :~~ - 3Lillwat-or Creek,
south of Jamestown , c-ontainc chloridc - 5 :-: ‘- : :o-~ 

-
~~ of the n- ’ oaot on—

commended b~- Lhn 1. S. Public ~~~~ he~-r~ --c .

Selected Reference

Cram , Leslie J., l~ .J , Groun d—water resources of the Jamestov~area , :-Je~i York : New York Dept . Conoerv ., h’ater ~esources
Commission Bull. 58, l~-? p.

HA’~X MOSJNTAL1 BESERVOTh AFRS~S

The Hawk S1ountajn Reservoir area is in the Appalachian
Plateaus physiograohic province in ~olaware County, -~ew York. The
area is underlain by rocks og Late DevonLan a-ge that are mainly
sandstone, siltstone , and shale. A thin mantle of licial till
covers most of land surface and thick glacial outwash deposits are
common in the valleys . Ground water occurs in the fracture zones
of bedrock and in the intergranular pore spaces of the coarse ,
sorted glacial—alluvi irn deposits of the valleys.

The oldest rocks that outcrop in th~ area are of Late
Devonian age. Those include rocks of several units that are not
separated into groups or formations in this report because they have
similar hydrologic characteristics. The Devonian rocks are slight ly
folded and the East Branch of the Delawaro kiver flows along the
axis of an eroded anticithe, Thus , the rocks dip gently away from
the river to the northwest and southeast. The folding and jointing
of the rocks has produced fractures which increase the capacity of
the rocks to yield ground water. ~ell5 

that ta-c fracture zones in
the bedrock unit . n will yield as much as 100 fprn in the vicinity
of h ancock . — I

Unconsolidated deposits of sand, gravel, silt, and clay occur
from Hancock to Downsville Dam in the East Branch valley. In the
vicinity of Hancock the deposits extend to depths of more than 200
feet below land surface. The deposits thin in an upstream direction
from Hancock toward Downsville where they are about 75 feet thick.
A section (Soren, 1963) indicated more than 100 feet of well sorted
sediments in the valley about 4 miles upstream from Hancock.
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Wells tapping the coarse sand and gravel beds ir~ this area yield
more than 100 gprn. The section indicated that the stratified,
-coarse sediments are hydrologically connected with the river and it
is j~robable that considerably higher yields could be developed from
wells near Hancock, At similar places in the county, wells do pro-
duce more than 1000 gprri from coarse valley fill that is hydrologically
connected to streams. 

-

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of producing ground water would be
$0.02 per thousand gallons for raw water delivered at the well head
near Hancock (Fig. 12). Some of the basic assumptions were: that
the sustained yield of the well field would be 1 mgd with power
costs at ~O.O25 per KWH ; and that construction costs would be de-
preciated over a 25—year period with interest at 3-s- percent. Not
included were the costs of real estate or of exploratory drilling
and testing. These estimates stop short of actu.al design. For this
purpose, competent professional assistance should be obtained. In
this area the optimum development (at $0 .02 per thousand gallons)
is calculated at about 490 thousand gpd per square mile.

The chemical quality of water from the unconsolidated sedi— —

ments in this area is generally acceptable for most uses. The pH
of water ranges from about 6.5 to 7.0. The total dissolved solid s
average about 35 ppm (parts per million) and chloride content and
dissolved iron content are below the maximum recommended by the
U. S. Public Health Service.

Selected References

Geologic 1~ p of New York , 1961: New York Geol. Survey, Albany
Map and Chart Series 5.

Soren, Julian, 1963, The ground—water resources of Delaware County,
New York: New York Water Resources Comm . 7u11. GW—5 0 , 59 p.

pRoI.P-rou F.ESERVO~~ AREA

The Prornpton Reservoir area is in the Appalachian Plateaus
province in Wayne County in northeastern Pennsylvania . The area is
underlain by rocks of Devonian age that are mantled by glacial
drift. In the stream valleys deposits of well sorted glacial out—
wash are common. Ground water occurs in the fracture zones in the
bedrock uai~s and in the in t rr ~-ranu1ar pore space of the well
sorted glaci.al—a11uvi-~a dcT : a~ I tS.
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rhe Devonian roci-:s tha t underlie the area are mainly shale
with interbed.ded sandstone arid conglomerate. The ‘ock~ are
essentially flat.— lyi r ig Lri the area of stud y a ltho ugh they border
a major synclinc along the western edge of ~ ayr.e cnn ty . The
dip of the strata resulting from the syncline Clattens rap idly
t owa~~ Prompton Reservoir. ilost of the fractures -in bedrock near
Promptori result from jointing rather than folding associated with
the syncline . Gro und wa er occurs in the bedrock units  in both
intergranuiar pore space and f ractures  of the sandstone and in
the fracture zones of the shale. yells tapping fractures in the
sandstone beds will produce as much as 60 gpri on a sustained hants.
~Iells tarping the shale units yield less than 10 gmm Hut. are
generally adequate for d omestic use.

The Devnn tan b ;-tnement rocks are covered throui-hout most ci’
the area by glacial deposits. The major Pleistocene glaciers
extended south of the Prompton area , and it: r etr eat iag  deposit ed
till over most of the area. In places the till, has- eroded leav-
ing basement rock exposed at the surface. The eroded till material
was transported hy streams, sorted, and redeposited in some of
the stream va il,eys. ~ear Prompton Reservoir deposits of sorted
and stratified glacial material are reported to be as much as l~ 0
feet thick in the valleys. wells tapping the coa rse sand and
gravel deposits in the area will produce more than 100 gpo . rhe
coarse sand and gravel bed s are limited in are-a l extent and func-
tion more to transmit water from streams to wells than as major
reservoirs for the storage of vast quantities of ground water.
For this reason, low-flow augmentation of st-reami’low would in-
crease the available ground water from the glacial—alluvium de-
posits.

On the basis of the assumptions explained and delimited in
Part I of this report , the cost of producing ground water would
be ~.-o.o4 per thousand gallons for raw water delivered at the well
head. Some of the basic assumptions were: that the sustained
yield of the well field would be 1 mgd with power costs at $0.025
per K~JH; and tha t construction costs would he depreciated over a
25-year period with interest at 3-~ percent. 

Not included were
the costs of real estate or of exploratory drilling and testing.
Those estimates stop short of actual design. For this purpose,
competent professional assistance should be obtained. In this
area the optimum development (at ~O.O4 per thousand gallons) is
calculated at about 160 thousand gpd per square mile.

The chemical quality of water from the glacial-alluvium de-
posits is generally acceptable for most uses without extensive
treatment. Analyses indicate an average of about 90 ppm of total
dissolved solids in waters from the glacial—alluvium deposits,
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The same waters have an average content ol’ 3 ppm of chloride, 62
ppm total hardness , and 8 ppm sulfate.

Selected References

Pennsylvania Department of Internal Affairs, Topographic and
Geologic Survey, 1960 , Geologic map of Pennsylvania
(scale 1:250 ,000) . -

Lohman, Stanley ~., 1937, Ground water in northeastern Pennsylvania,
with analyses by Margaret J. Foster, L. ~~. Shirin , and K. T.
~i1liams: Pennsylvania Geol. Survey , 4th ser., Bull. U—LI. ,
312 p.

ST. PE~~RSDU~G AREA

The St. Petersburg area is in the Appalachian Plateaus pro-
vince in western Pennsylvania. The area is underlain by rocks of
Pennsylvanian and 1-assissippian ages. Ground water occurs in the
Pennsylvanian and i’Iississippiari bedrock units and in alluvium
deposits along the Allegheny River valley.

The oldest rocks that outcrop in the area are massive con-
glomerates , sandstone , and shales of the Pocono Sandstone of
Mississippian age. These rocks occur in the valley floor of the
Clarion River where the river has cut down through the overlying
Pennsylvanian rocks. .~

‘ells that tam clean sandstone ,ini~ s of the
Mississippian rocks are generally the mo ot pr~ ino ve in the area .
The yield of these wells ranger up to about 110 ~- -m and the w’~.aer
required little or no treatment for most uses.

The :-:ississipp ian rocks are overlain by rocks of Pennsylvanian
age that are divided into two formations. The lower of these is
the Pottsville Formation which is generally massive sandstone con-
taining beds of shale , conglomerate , and coal. The sandstone units
will yield 20 to 40 gmm to wells but the water frequently contains
excessive concentrations of dissolved iron and requires treatment
for most uses. ‘he rocks that overlay the Pottsville Formation are
in the ill~-gheri;’ Formation , also of Pennsylvanian age. The Allegheny
Formation is primarily sandstone but contains shale , limestone , and
coal beds. The sandstone unit s have about the same hydrologic
characteristics in the Alir--lir ny Formation as in the Pottsville
Formation.

Alluvium deposits occur as thin layers of sand , gravel ,
and silt in the Clarion ~-:iver valley. The deposit s are not thick
enough or of sufficient areal extent to be con sidered an aquifer
in thin ; area .
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Alluvium deposit s of glacial origin occur in the Allegheny River
valley near the confluence of the Clarion and A11e~heny Rivers.
Wells tapping the course sand beds of th ese deposits are report ed
to yield as much as 250 gpm. The distance from the Allegheny
valley to the vicinity of St. Petersburg makes it n or m  impractical
to develop ground—water supplies for St. Petersburg in the Allegheny
valley.

Ground-water supplies can be develooed in the Clarion valley
near St. Petersburg (Fig. 13). On the ban s of the assumptions
explained and delimited in Part I of this report-, the cost of
producing ground water would be ~0.17 per thou-sand gallons for
raw water delivered at the well head , Some of the basic assumntionr
were: that the sustained yield of the well field would be 1 mgd
with power costs at 10.025 per Kh~ ; and that construction costs would
be depreciated over a 25—year period with interest at 3-~ percent .
Uot inc1u~ed. were the costs of real est-ste or of e-onloratory drill—
ing and testing. These estimates stop short of actual design.
For this purpose, competent professional assistance should be
obtained . In this area the optimum development (at gO. l7 per thou-
sand gallons) is calculated at about 200 thousand ~~6 per square
mile.

Selected References

Leggette, i-~. 1., 1936, Ground water in northwestern Pennsylvania,
with analyses by Margaret D. Foster, U. L. Lamar , and S. K.
Love: Pennsylvania Geol. Survey, 4th ser., Bull. vl—3 ,
215 p.

Pennsylvania Department of Internal Affairs, Topographic and -

Geologic Survey , 1960 , Geologic ~ap of Pennsylvania
( scale 1:250,000).

McCarrert, E. F., 1967, Chemical qual -i ty of surface water in the
Allegheny River Basin, Pennsylvania and N~ -r York: U. S.
Geol. Survey da ter—Supply Paper 1835 , 7&t- p.

STATE COlLEGE AREA

The State College area is in the Valley and Ridge province
about 5 miles east of the Appalachian Plateaus province, in
Centre County , Pennsylvania. Most of the area is underlain by
rocks of Ord ovician age. Ground water occurs in fracture zones
and in fractures enlarged by solution channels in the bedrock
unit s. 
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The Ordovician rocks that underlie the area are mainly
massive limestone and dolomite bed s. The rocks are crystalline
-and have low permeability except where solution channels have
formed along joint fractures. State College is near the east
flank of an anticline that trends northeast—southwest. The older
rocks exposed near the axis of the anticline are limestone and
dolomite of Ordovician and Cambrian age. About 3 miles southeast
and about 5 miles northwest of State College younger rocks of
Siluriari age outcrop along the flanks of the anticline. The
Silurian rocks are mainly sandstone and quartzite, The sandstone
and quartzite units are resistant to erosion and form high land
along the edges of the valley fo rmed by the more easily eroded
limestone and dolomite units.

The State College area in about 30 miles south of the southern
extent of glaciation and streams in the area flow toward the
glaciated region; therefore, there are no glacial—alluvium deposits
in the stream valleys near State College. Other alluvium deposits
are so thin and limited in areal extent that they are not con-
sidered aquifers in this area.

Ground water may be produced in quantity from fractures and
solution channels in the bedrock. Wells that tap openings in
bedrock will produce more than 520 gpm , wells that do not inter-
sect fractures or channels yield little water.

Thus , the success of constructing high—yield wells depends
entirely upon location of the wells so that they tap major frac-
ture or solution ooes~ ngs in . bedrock. Most of the wells in the
area that yield more than 200 gpm are located one to two miles
north or northwest of Sta . ‘ollege. These locations would place
the wells near the axis of t.~e anticline where fracturing of bed-
rock and the resulting development of solution channels would be
greatest.

On the basis of the assumptions explained and delimited in
Part I of ~h is  report , the cost of producing ground water would be

~0.O6 per thousand gallons for raw water delivered at the well
head . Sonic of the basic assumptions were: that the sustained
yield of the well field would he 1 nigd with power costs at $0.025
nc r  K.- H ;  anu Lnit construction costs would be depreciated over a
dd- y r ar  per~od with interest at 3~ percent. Not included were the
costs of real estate or of exploratory drilling and testing.
Thc- :e estimates st en  ~-hort of actual design. For this purpose,
com— n et ent .  professional a n n  istanco should be obtained. In this
ar r a  the n n t i m s-~ - - v l ~~n m n n t  ( ~O. 0 -  per thousand gallons) is
ca lculat e-  at rwoo~ 110 thousand ~~ i per square mile.
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The chemical quality of ground water f r o m  a ~-n~-1 1 at ~ L - ‘~

College, tapping dolomite ban ement rocks is generally acceptable ,
with treatment , for most uses. The water would require treatment
for hardness which is about 250 ppm. The dissolved iron e~ ntent
is less than 0.1 nnm and the chloride content less than 10 nan .

Selected ~eferences

Penn3ylvania Department of Internal Affairs, Tonoyranhic and
Geologic Survey, 1960, Geologic map of Pennsylvania
(scale i:~~ 0 ,0O0).

Lohnian, 3tanley ;~~., ~~~~~ ~round water in south—cen tral Pennsylvania ,
with analy sen— by E. U . Lohr: Pennsylvania Geol. Survey,
L4.th nor . ,  ~u11. W—~~, 315

.u~:-oo::A A:~ EA

The Altoona area is in the Valley and i~idge rrovince in
fllair Courit~- , Pennsylvania . The area is near the west ed~e of the
province, about miles east of the Anpalachian Plateaus province.
The underlying rocks range f~-om Ordovieian to Devonian in a~ e.
Altoona is on the western side of the axis of an anticline and the
rocks dip stoenly, nearly vertical , to the north’rest. Ground
water occurs in the fracture zones and in solution channels in the
bedrock unite .

Roc~ n of Ordovician age outcrop between 3 and 4 miles east
of Altoona and dip under the city. Where these rocks outcrop
they are near the axis of the anticline and dip slightly; in a
westward direction from the outcrop, the dip increases steeply
and the Ordovician rocks are overlain by younger rocks. The
Ordovician rocks are sandstone with interbedded shale. The sand-
stone is, for the most part , a dense quartzite with, ~eneral1y,
low intergranular pore-space permeability. Ground water occurs in
the fracture zones and wells that tap Ordovician rocks (Fig. 14,
Zone A) will yield between 20 and 60 gpm. Because of the generally
low yield of wells arid the distance from Altoona, Zone A may not
be an economical aquifer for municipal supply in Altoona.

Silurian rocks overlie the Ordovician rocks and outcrop
in a band along the eastern side of Altoona (Fig. 14, Zone B). The
lower units of Silurian age are predominantly sandstone with inter-
bedded shale and the upper units are predominantly shale and silt-
stone with interbedded sandstone and limestone. Ground water occurs
mainly in fracture zones in the rocks of Silurian age. Wells
tapping these rocks will yield between 30 and 150 gpm.
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Devonian rocks outcrop in most of the city of Altoona and for
several miles west, in a band about four miles wide that trends
northeast—southwest. The rocks are mainly interbedded shale , lime-
stone, and sandstone. The lower units are primarily shale with
interbedded sandstone (Fig. 14, Lone C). The upper units are sand-
stone with interbedded shale (Fig. 14 , Zone 1)). Wells tapping
Devonian rocks of Zone C will yield between 20 and 100 gpni and wells
tapping Zone D will yield between 35 and 500 gpm. -

A unit classified as Devonian and Silurian rocks outcrops
at the southeast corner of Altoona (Fig. 14, Zone E). This unit
is predominantly limestone. The fracture zones in the rocks have
been enlarged by solution of the limestone, increasing the capacity
of the rock to yield water to wells. Wells tapping fracture zones
in the limestone will yield between 50 and 1000 gptn .

On the basis of the assumptions explained and delimited in
Part I of this report, the costs of producing ground water in each
zone, per thousand gallons for raw water delivered at the well head
are listed below. Some of the basic assumptions were : that the
sustained yield of the well field would be 1 mgd with power costs
at $0 .o25 per K~IH; and tha t construction costs would be depreciated
over a 25—year period with interest at 3-i- percent . Not includ ed
were the costs of real estate or of exploratory drilling and test-
ing. These estimates stop short of actual design. For this pur—
post, competent professional assistance should be obtained. The
costs per zone are:

Zone 13 ~0.O9 per thousand gallons
Zone C ~0.l6 per thousand gallons
Zone D ~0.07 per thousand gallons
Zone E ~0.05 per thousand gallons

Selected References

Pennsylvania Department of Internal Affairs, Topographic and
Geologic Survey , 1960 , Geologi c map ~f Pennsylvania (scale
1:250 ,000).

Seaber , P. R., and h’ollyday, E. F., 1965, An apprai~a1 of the
ground—water resources of the Juniata River basin: U. S.
Geol, Survey open-file rept . ,  58 p.
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T- ste F. Hollyday 1

Savage II reservoir site is is the eastern part of Garrett
County, Maryland. The site is approximately 7 mUes northwest of
the adjacent t owns of Luke and Westernport , ~ary1and , and Piedmont ,
West Virginia (Fig. 15). The proposed reservoir is planned t.o sro-
vid e supplemental water storage for the existing Savage River
Reservoir , upstream from these towns.

The drainage basin of Savage i- iver is entirely wiLh~~ the
Allegheny Mountain section of the Appalachian Plateaus province.
This section is characteristically a nature plateau ~f stromg r.-—
lief. The plateau is traversed from southwest to northeast F-y
several mountains tha t have been formed by the erosion of omen
folds. The entire area of st udy is underlain by prer ominantly
elastic sedimentary rocks that range from Devonian throuTh
Pennsylvanian in age.

Three broad folds traverse the area of study. The tcwns of’
Luke, Piedmont, Westernport, and Frosthurg are sit uat .ed near the
axis of the Georges Creek-Upper Potomac smclinal basin. The
Savage River flows alonE the eastern mar~ in of the Deer Park anti—
d i ne. The Castlenia n synclinal basin is adjacent to the western
margin of the Deer Park anticline . ‘~dithin the area of study,
rocks exposed in synclinal basins yield larger quantities of water
to wells than rocks exposed in anticliries . — o major faults are
known in the area of study.

Ground water occurs under both artesian and non—artesian con-
ditions in the area of study. Water encountered by wells less than
100 feet deep, generally , is under non—artesian conditions every-
where. Water encountered by wells more than 300 feet deep, generally,
is under artesian conditions in synclinal basins. ~ater under
artesian conditions commonly rises to within 30 feet of land sur-
face arid in some cases flows. The most productive wells derive
water from sandstone beds, where the water occurs and moves pre-
dominantly in fractures and fissures.

1. Geologist , U. S. Geological Survey, Towson, Maryland
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The rocks of the area may be divided ir~to two -.~nits on thebasis of the yield of water wells and the dissolved soLois Com~o—
sition of the water they contain. Unit 1 exposed in ~ynclinal basins ,
is comprised of the Pocono Sandstone , Pottsville Forris t ion , Allegheny
Format ion, and Conetnaugh Formation. Sixty wells drilled in mit 1
have yields ranging from 1 to 433 gprl, and averaging 13 gpm . These
wells have depths ranging from 22 to 1,350 feet and averaging 80
feet. A few wells about 500 feet deep yield 300 g m .  Although the
average yield of wells in unit 1 is 13 gpm , an analysis of specific—
capacity data fr-s i these wells indicated that this unit poten-
tially capable of much larger yields. Based upon an analysis of
specific—capacity data , about 50 percent of the wells designed for
maximum yield may be expected to y ield more than 100 ~pn.

Analyses of samples of well water from unit I indicate a
calcium—magnesium—sulfate water composition that would present few
problems for most water uses. The water from all wells sampled has
a hardness expressed as concentration of calcium carbonate ranging
from 20 to 560 ppm and averaging about 110 ppm. The water has a
total iron concentration ranging from less than 0.1 to 88 ppm and
averaging 0.3 ppm. The average concentration of iron in water from
unit 1 indicated that water from about half the wells may have
to be treated for iron removal before use in a municipal supply.
Wells greater than 700 feet deep commonly yield water with a salty
taste.

Unit 2,exposed in the anticline, is comprised of the Jennings,
Hampshire, Greenbrier, and Mauch Chunk Formations. Seventy wells
drilled in unit 2 have yields ranging from 1 to 180 gpn and averag-
ing 13 gprs. These wells have depths ranging from 40 to 314 feet and
averaging 90 feet. Based upon an analysis of specific-capacity data,
about 50 percent of wells designed for maximum yield -nay be expected
to yield more than 60 gpm .

Analyses of samples of - well water from unit 2 indicate a
calcium —ma gnesium—bicarbonate water composition that would be suit-
able for most uses. The water from wells has a hardness ranging
from 19 to 240 ppm and averaging about 70 ppm . The water has a
total iron concentration ranging from less than 0.1 to 12 ppm and
averaging 0.1 ppm.

A quantity of ground water s~~ficient for conm~ercial or
limited -munici pal supply may be developed fro~n well field s immediately
north of ;Jesternport along Georges Creek valley.

On the basis of the assumptions exnlained an~ delimited in
Part I of this report, the cost of producing groanri wnter from Unit
I would be ~0.30 per thou~asd gallons for raw water delivered at
the well head .
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Some of the basic assumptions were : that the sustained yield of
the well field would be 1 mfd with power cost~ at ~0.025 per
KWH; and that construction costs would b~- iepreciotr-~’i over
a 25—year period with interest at 3~ mc~rc ’~’nt . :~ot includ r~ were
the costs of real estate or of exploratory - i r i l l L n c ~ and testing.
These estimates stop short of actual de~~i - ~i. }~~r this pur ose ,
competent professional assistance sh ou i-i  ~ ‘~‘ ohL -n in ed , In this area
the optimum development (at ~0.3O r~~r’ ~hous~ n~ lions) is cal-
culated at about 80 thousand gnd m~r :duar ~ le.

Selected Refe rences

Amsden , T. W .,  Overbeck , R . ~., and ~-ir~ in , 0. i-- .,  1°L~~, Geology
and water resources of Garrett  County: i’Iriryl .- i Dept.
Geol . Mines and ;~ater Resources Bull. 13, 3~~ p.

Slaughter , T. H ., and Darling , J. ~ l9L~2 , the water resources
of Allegany and Washington Counties: :~~~.rlon-~ Dept. Geol.Mines and Water Resources 3ull. 24 .

WHITEOAK CREEK ~~-~ A

The lrlhiteoak Creek area , Brown County , Ohio is in the Central
Lowland province. The area is underlain by unstratified deposits
of gravel , sand , clay , and silt of glacial origin. The glacial de—
posits overlay bedrock of Ordovician age, which is primarily shale
but is interbedded with thin limestone beds. The water-supply -:

problems of the area deal with proposed residential, commercial,
recreational, and industrial development in the central part of
the county (Fig. 16) .

Ground water occurs in the intergranular pore space in the
unconsolidated deposits and in fractures in bedrock. The uncon-
solidated deposits are neither sorted nor stratified by particle
size. Sand, clay, silt, and gravel are mixed so that the pore
space normally filled with water in well-sorted sand or gravel
layers is , here , partially filled with clay and silt. This re-
duces the cat acity of the unconsolidated deposits to store and
readily transmit ground water. Wells tapping the unconsolidated
deposits genera lly yield 1 to 5 gpm in this area. Alluvial deposits
in the White Oak stream valley are not of sufficient thickness or
areal extent to constitute an aquifer capable of supplying large
industrial or municipal water supplies.
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Ground water occurs in the fracture zones of the bedrock
units. In general , the shale and limestone units are dense and
little ground water is available to wells from intergranular pore
space. Wells tapping bedrock draw water from the fractures in the
rock. The fractures in this area result from jointing and bedding
in the rock. There are rio major fault zones here which would tend
to increase the amount of bedrock fracturing. The yield of wells
tapping bedrock is less than 10 gpm in this area . -

Ground —water discharge to the stream at about 90 percent
strearnflow duration is 7,700 gpd per square mile of drainage area.
This is extremely low in comparision with most of the Appalachian
Region and indicates the low storage characteristic of the rocks
in the area. On the basis of the assumptions explained and de-
limited in Part I of this report, the cost of producing ground water
would be $.77 per thousand gallons f or raw water delivered at the
well head. Some of the basic assumptions were: that the sus-
tained yield of the well field would be I mgd wit h power cost s at
$0.025 per KWH and that construction costs would be depreciated
over a 25—year period with interest at 3~~~ 

percent . Not inclnded
were the costs of real estate or of exploratory drilling and test-
ing. These estimates stop short of actual design. For this pur-
pose, competent professional assistance should be obtained. In
this area the optimum development (at $.77 per thousand gallons)
is calculated at about 3 thousand gpd per square mile. It is un—
likely that large industrial or municipal water supplies could be
developed from ground-water sources at a cost competitive with
surface—water sources in the area of development .

Selected References

Deutsch , Morris , Dov e , Geo rge D ., Jordan , Paul F . ,  and Wallace ,
Joe C., 1967, Ground—water distribution and potential th
the Ohio River basin, in U. S. Corps of Engineers Ohio
River Basin Comprehensive Survey, Vol. 6, Appendix E, ground
water , 170 p.

Goldthwait , Richard P., whi te , George W~~~, and Forsyth , Jane L.,
1961, Glacial map of Ohio: U. S. Geol. Survey ~hp 1—316.

Walker , Eugene H., 1957, The deep channel and alluvial deposits
of the Ohio Valley in Kentucky : U. S. Geol . Survey Water—
Supply Paper ~~~~~ 25 p.
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The i orth Mountain Reservoir area , 2orke b—~.- Count y ,  is in
the Valley and kid~e province in northeastern .icsL VirTiriia. The
area is underlain by rocks that range from Cambrian through
Mississippian in age. Ground water occurs in abundance in frac-
ture zones of limestone and shale and to -a lesser extent in the
intergranular pore space in sandstone units.

The rocks that underlie Berkeley County are highly folded .
North Mountain is resistant Silurian rocks on the upthrown side
of a major fault that scoarates twa major synclines. To the west
of Nor th Mountain the rocks range from Devonian to :-ansissippian
in age and di p to the northwest . East of :~orth Moimtain the rocks
dip to the southeast in a syncline having its axis along Opequon
Creek. The rocks east of North Mountain range from Cambrian through
Ordovician in age . AS this report deals with potential water supply
f or the city of ~artinsburg , it will describe ground —water
occurrence between orth Nountair 1 and Opequon Creek.

The oldest rocks in the area outcrop alaiy- a major fault on
the southeastern side of -;oru~ Mountain. The rocks are limestone
of Cambrian age. This limestone is a dense, crystalline rock
with thin interbedded sandstone units. As the limestone is
crystalline and intergranular pore space is virtually non—
existent, ground water occurs mainly in fracture zones . Folding
and faulting have sheared the limestone units and created frac-
tures that allow the movement of ground water. ‘Jhere ground water -

enlarged the fractures by dissolving rock adjacent to the frac-
ture , the limestone units have become hiChly productive aquifers.
The Ordovician rocks that overlie the Cambrian rocks are also lime-
stone and ground water occurs under similar conditions in both
the Cambrian and Ordovician limestone. The broad band of maximum
ground—water potential along the western side of Martinsburg
(Fig. 17) includes both Cambrian and Ordovician limestone. The
narrow band east of Opequon Creek includes only Ordovician lime-
stone. Wells tapping fracture zones in these two areas will
yield as much as 1000 gpm. The average :‘i~eld of wells designed
for municipal or industrial use is about 650 gpm.

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of producing ground water would
be $0.06 per thousand gallons f or raw water delivered at the well
head.
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Some of the basic assumptions were: that the sustained yield of
the well field would be 1 m~;d with power costs at $0.025 per 1C~4H;and that construction costs would be depreciated over a 25—year
period with interest at 3~ percent . Not included were the costs
of real estate or of exploratory drilling and testing. These
estimates stop short of actual design. For this purpose, competent
professional assistance should be obtained. In this area the
optimum development (at ~O.O6 per thousand gallons) is calculated
at about 40 thousand gpd per square mile .

Selected Reference

Bieber , Paul P., l9~l, ~ro~i~d-water features of Berkeley and
Jefferson Cc-untie s , • est Virginia: west Virginia Qeol.
Survey F3u11. ~l , :i ~~

1
~~~~ GR:r: :a~~~R RESERVOD~ ~REh

The study area for the Greenbrier Reservoir system is limited
to the vicinity of Reservoir 40 and deals primarily with water
supply for ..hite Sulphur Springs. The study area includes about
250 squars nib s in the east-central part of Greenbrier County,
West Virginia (FIF- . La) . it is in the Valley and Ridge province
and is underlain by rocks that range from Silurian to Mississippian
in age. Ground water occurs mainly in solution channels developed
along fractures in the limestone units and to a lesser extent in
fractures in the shale units.

The oldest rocks that outcrop in the area are sedimentary
rocks ol Silurian age. These outcrop along the crest of an eroded
anticline that trends northeast—southwest through the area , about
two miles west of Alvon and Wbite Sulphur Springs. The rocks are
mainly sandstone and shale with interbedded limestone. No wells
are reported tc’ tap these rocks in this area.

Rocks of Devonian age outcrop along the eastern and western
sides of the Silurian rocks and underlie Alvon and White Sulphur
springs (Y ip - . i-s) .  These rocks include shale , sandstone and lime—
:tone . One liniestorie unit , the Helderberg, is the source of water
f )r wells at hhite Sulphur Springs and of Alvon Springs. Ground

n- ’ ir ~ - - the ~1elderberg Limestone in fracture zones that
br ’ - -~~- r e d  by ‘ bk: -~ -ve 1n2- Ic-nt of solution channels.

- 
- 

- ~~- ‘-  ta b:r P. u-.. Jorinson , Hydrologist ,
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dater from this limestone generally hos a }d.nh hai~in ~-a~; content
but is other~~i~e less minerai~ z~’d than water f m - -i the ~7rcel1us
Shale , also of Devonian a::e. ihe hi-:hly mineralized springs in
white Sulphur Springs derive their water from the : -ir ’colius Shale.

Rocks of Mississippian age outcrop along U-c western side of
the Devonian rocks and underlie the Grecnbrier .~.Lver . The basal
unit is a sandstone unit which is overlain by a limestone unit.
The Greenhrier River has entrenched itself into the easily
eroded limestone unit and, in many places, has cut down to the
more resistant sandstone unit . Wells in the area La-aping the
Mississippian rocks yield 20 to 30 gpm ,

The principle known sources of ground water near khite
Sulphur Springs is the Helderberg limestone un t. Alvon S~rings,about 9 miles northeast of White Sulphur Springs , derives its water
from the Helderborg limestone. Alvon Springs is the present source
of municipal su~ply fo r White Sulphur Oprings . The meacurments
of discharge at Alvon Springs ranges from about 900 ~nm to about
1400 gom. The fluctuations of ground—water levels in Devonian
rocks in thi3 area is about 3 feet . From this , it would appear
that the specific capacity of Alvon S~rinys is about 170 ~allons
per foot of head . ~hus , if the spring impot indncnts  were- raised
5 to 6 feet above present levels, it would be reasonable to ex-
pect the springs to stop flowing durin~ d ry periods. The quality
of water from Alvon Springs is generally acceptable for sost
uses except that the water is slightly hard. The total hardness
of the water is about 95 ppm.

A well at the Federal Fish Hatchery in White Sulphur Springs
also taps the lielderberg Limestone. The well is 20 feet deep,
cased tc- l~~ feet below land surface and , reportedly, taps a
solution channel between the depths of 184 and 107 feet . The
specific capacity of the well is about 11 ~albo ns per foot of
drawdown. The chemical. qua~~ ty of water from the well is generally
good except for hardness wh~~h is more than 400 ppm and the sul-
fate content which exceeds 300 ppm. Water from the aquifer at
White Sulphur Springs would require treatment for municipal use.

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of producing ground water would
be ~O.O4 per thousand gallons for raw water delivered at the well
head. Some of the basic assumptions were: that the sustained
yield of the well field would be 1 mgd with power costs at $O,025
per KWB; arid that construction costs would be depreciated over a
25—year period with interest at 3-i- percent. Not included were the
costs of real. estate or of exploratory drilling and testing.
These estimates stop short. of actual design. For this purpose,
competent professional assistance should be obtained and an ex-
tensive test drilling program would be required .
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Lower Knox is de~ i’r~ to con ’ rol the r the Tug
Fork , Tug p ork ~asin is the drainac~e ea ol S K Sf 3ig
Sandy River. fug r ’ ork for ms -the boux~~ary be tween s c - s t  Tirginia
and Kentucky and , in places, Tug Fork is the ?ocrndal-y 1~ tween West
Virginia and Virginia . The Tug Fork Sa:in cor .tai ri: 1,0-07 square
miles in three states; Kentucky , Vtr/TiOi--i, and dc-a t  7i -tnia.

The entire Tug ForK basin is with~n the K-anowhc - ‘c-cti on of
the Appalachian Plateaus province (Ferinem-m , 1’)+c-). id surface
within the basin ranges f r -on about 525 to -aore taos 2d00 feet a—
bove mean sea level . Valley: in the headwa- c-as are at -er sided
and the terrain is irrec-ular .  0owr~ c-t - re: -c- t : ie ‘r l . ” 1:, less ex —
treme. The ~ntire basin is underla in by roc~-: of s-~
origin.

The sedinestar. - rocks underlying the basis are of bississippian ,
Pennsylvd ~ts , and Quarternary age. Outcrop: of rocks :f
Mississippia n age occur in the valley bottoms in b-c -Down -il County,
West Virginia . The rocks are principally red -snal ’ s containing a
f ew interheasec sandstone beds. Two Pennsylvanian units overlie
the ~‘assissipp ian units . The older of the two is the Pottsvifle
Formation , and the younger is the Allegheny For-ao t~ on. These
formations are lithologically similar , each is a - -rc - / - -m tsh , coarse—
grained sandstone with interhedding of limestone , shale and coal.
Locally the units may be conglonerotic. The Pennsylvanian rocks
occur as land surface thro -a ghou t most of the basis. A thin layer
of alluvium overlays Pennsylvanian unit: in the 7 For~ bailey.
The alluvium , of . -aaternary age , is composed of b - - - rained sand,
silt , and clay. Generally, it is less than 10 feet - c - - - 7; . Of
the units present , the Pennsylvanian rocks have the sseatest p0—
tential for the development of c-ro and -wct er  suo flc- .

The sedimentary rocks in the basin hcivc- been - e-:- t ed to
tectonic forces which re- sitee in at least tw. aj- r fau lt  systems
traversing the basin . ~ no rthern extension of P ine  bc-~~ t~ in Thrust
fault crosses the 1-icociwote r: of the basin in 7J -ow~-ll Osun ty,  West
Virgin ia (~-bs - . it - ) .  tc1 n-x~ c -n c - ion  of the Ke ntucky - - ivnr fault
crosses t b - bc-sin } t j ~pn silliaassn and Yes- • his  -~u1t is
associated with tSr- Ic-vine—Paint, Creek spli~ in Lawrence and
Johnson Count in s , Yes c -acky. Normoiiy, amy small 1 n-sa l and cross
fault -c -re ~ssoc i s t e-  w it k .  these ma0nr fc- It  c-~~~~ - -

~~~~~ . b c-rc-fore,
the rocks in t h e  vicinity of t :o fault systo”’ a s h y  highly
fractured and cons~derahl :- mere pe rmesSd r- ha- - ~“k s -

~~~ -- c - - m e di s-
tance from the fa ih~ i c - c - - .
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The relationship of ground water to surface water in Tug
Fork Basin is such that the two can hai-dly be descri bed separately.
During periods of low flow in the streams , ground water dra ins
to the streams forming a part of the flow . ,Ihe n the flow of the
streams in this basin declines to the point where IL is exceeded
about 90 percent of the time, it may reasonably he assume ’3 that
all of the fl ow in the streams is ground-water base flow. Thus,
the amount of streamt’low at 90 percent duration may he used as an
indication of the available ground water. ~ased upon aata f rom
stream—gaging stations where duration curves have been develooeii ,
the basin was divided into four ground—water ava Liability zones
(Fig. 19) .

Ground—water Zone 1 and 3 are in areas relatively unaffected
by the faults traversing the basin. They have the lowest avail-
able ground water in god per square mile . Zone 1 averages aho it-
11,000 gpd per square mile and Zone 3 averages about l& ,000 gpd
per square mile. The rocks in Zones 2 and & are mere permeable as
a result of faulas that cross the basin in these two zones. This
is shown by the available ground water quantities indicated by low
flow stream measurements. The available ground water in Zone 2
averages about 30 ,000 gpd per square mile and Zone L~ averages about
62 ,000 gpd per square -su e.

Stream flo~ at low stage indicates the available ground water
in a basin because at low flow the water is derived from ground-
water sources. Lherefore, the chemical quality of stream water is
directly re lated to the chemical quality of the ground water.

Ground water in consolidated rocks of Tug Fork Basin is
typically a high sodium bicarbonate type, The pH of the water is
generally 7 or above , the bicarbonate content ranges from about
200 to about 400 ppm. Generally the hardness of water from the
consolidated rocks is greater than 120 ppm . The chloride content
of water from depths greater than about 100 feet exceeds 250 ppm
in Zone 1. In Zones 2 and L~ it is usually more than 300 feet to
water which contains chloride in excess of 250 ppm.

rable 1 indicated the changes in quality of water in the Tug
Fork at Kermit as a result of changes in amount of strearnflow . The
table also gives analyses of water from various sub—basins in Tug
Fork basin during a period when the streatnflow was low and the water
was derived primarily from ground-water sources . In all the sub—
basins investigated , except Pigeon Creek which is reportedly polluted
by acid mine drainage , the quality of the water was typically that
of ground water. The pH , bicarbonates , and chlorides were high and
the iron content was low. The analyses of water from Tug Fork,
Kermit , show the changes that occur in quality of water as the stream—
f low is derived more from surface runoff and less from ground—water
sources. The pH , bicarbonate , and chlorides decreases with in—
creased runoff flow.
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The yield of wells varies in the basin scco~ ii r - - to the zones
in Figure 19. Wells in Zone 1 should ho about lOC feet deep and
will yield about 25 to 50 gpm. Below der~~as -c-f abo ut 100 f°et
wells in this zone may yield water containing more t a u r i  25C pp~
of chloride. Wells in Zone 2 may be 200 to 300 feet deep and will
produce 100 to 200 gpm. Wells in Zone 3 rriay be 200 t o  300 feet
deep and will produce ~O to 70 gprn. Wells in Zone L~ may be 200
to 300 feet deep and will produce 200 to 300 gpm. It is assumed
in the above discussion that the wells will be con structed Ia t h e

valleys and that the wells in ~~~ 2 am-a ~~ wI l l  k-c the Gene ral
vicinity of the fault systems .

On the basis of the s p ~~ion~ explaint - -i and ieh-~~~~ei
Part I of this report, the cost of orn-a~~c - ia s  -rn ~r . -.-;~~~-r ~a n -a sh
zone, per thousand gallons for  raw w~ t -~r -~e lc - - c -~-r ~-G i t  ne we l l Lead
are listed below. Some of th’~ ha n i s  c-sc-s i—s ~ t loris wer’-: *

sustained yield of the well fie lu woul d be’ 1 *.i ~ h ~ -r c-~st~at ~0.025 per K~’}i; and tha t co ‘ 3 t 5 ~~~~~~ i O i c -  ~- - - s ’  w — - d i  be ~eG-rec1ated
over a 25—year period with  int erest ~~~~. 

- . -
- 

- .  Inc l uded
were the costs of real estate or of ‘-x~ l:r-~ -r ~rc-l1~ r .~ 4c -~~
These estimates stop sn ort  of actun-l a - - n . Fnr h i s  ~ur- :- s ’-- ,
petent professional assist a-:ce- shoolb be - ct  h :‘ of

water per thousand al lons-  f s- e;icc- s -c -n c -- is:

iL iac- c’ I — ~~11
— - .07

ic - -c - .’ ~ - —

— ° .c~-.-
3. -lc ct

Deutsch , ~-~orr lr - , bnv~- , -Gn - r- - - . , J - ~ H , P •,  t v  Ga l l  - - ,

Joe C. ,  l c -~ 7, -~r-c i - — wate r d I s tr ~ i - u  ion aau  -

Ohio hives basisi , in U . G . orss of n- ~~~- n - c -  r~ h h i e  k i ve r  b — s i n
Comprehensive iurv -y ,  V-c -I . - , ~ppe-Hix , -r - - i -r io w~u t ’r , 1’O

Doll , c a r ~~ick L., ~1s~:-er , Gerald , ml A r - - c- n -i - , hoge r 1., ~~ ~~, -~a “r
resources of ..cs-~ Vi:-~~~: L a : ..- s 1. Vji- -~s~~ :i n - ; - t . of . - t i ~~~r-
Resources, 13-’~ n.

Fenneman, . ~. , 1c-~ri ., Ph ysical  Iv i s ier s  of n- Jr itc-~ ~~ - - - :

U . S. Geol. 3 r ~~-;- m m.

Kulp, W . K. ,  and Hopkins , h . ~., 1’-’ 0 , Put h o  and i H - i - - c t r tc - 1  wa ’’~r
supplies of Kentucky : Kentucky Geol. bu~-vt -y ,  tier . 10,
Inf. Circ . ~- .
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Price , 4. h . Jr ., Ki lhurn , Chahot , and ~4ull , 3. S., i~ (2 , ;~-r i1—
ability of ground water in 3reathitt , Floyd , Harlan , Knott ,
Letcher, :•iartin , 1-lagoffin, Perry , and Pike Counties,
Kentuc ky: U. S. Geol. Survey Hydrol. m v .  .~tt1as }L~-36.

_____ 1962 , Reconnaissance of ground —water resources in the
Eastern Coal Field re-~ion Kentucky : U. S. Geol. Survey
L-~ater—Supply Paper 1607, 56 p.

Virginia Department . of Conservation and h eon omic Development , 1959,
Got-es on ground water  in V i r ’n-inia : Virginia Dent . Conserv .
and b c-c -r u . bevn-l.  Jiv . dater :c-ereurces.

OF O iJRFAOF n-i~ i~ic-J -~, ~‘~JG FORK ~ASIG

Location Da~ c- (cfs)’~ ~~~~~ :a~ HCO* 5~ * C1~ Pd

3 4

i’u0 Fk., :-~ de c - f i~ l i -  1 0/ 5/ -  0 .- 1 376 22~ 9.0 7.~

:- : : ., L--t ’ - -~~r ic-/~- / O  .10 361 1~ 2. 1-c- T. 1

- i -~~ c- r . ,  L L : ~~-; l~~/~ / 0  k~~- .1? 14  YnT i~r 11 ~~~

p
~ * ’ 5 ~~ ., .-au:a’ i n - k  iO/ c/ - 0 . 0 ~-10 15

- L~ ~~~ r-r’-~~~t l G j - ~/~ 0 R5 . - 100 2lu 253 1.~ 7.5

iz/5/( c- 179 .O~ ~~ 112 160 12 7.~

1/10/61 310 .~ c .26 58 110 7.0 6.7

7/ 13/61 3730 1.5 8,& 22 57 4.0 (. 2

4/ 13/61 2850 .37 13 42 74 3.5 6.~
5/ 22/ 61  1000 .14 39 106 162 5.0 7.1

9/13/61 141 .09 75 168 215 10 7.8

* Constituents reported in parts per million
~‘ Instantaneous discharge in cubic feet per second

Analyzed by the ‘1~ S. Geological Survey
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3~Li~2-~~ ~~LE AREA

- Royalton Rcieroic -ir is proposed as a aultinui’posn- reservoir
which among nt } er~ n is-~ : ; n - c -. ,  will furnish -additional wate r  supply
for Salyersvili° , k~-rt-j cL: . Salyersvilie is in the Kanawha sec-
tion of the Appalachian Plateaus province (Fennema n , 1946) . The
t own lies at an Irc -t~ r-~ c c -ot  soc-i of valleys in the Licking River Basin
near the csn~ l~ ence of Itur oing Fork and Licking i- iver. land—
surface elevations near Salyersville raruc-e fro-a about 350 feet
above msl ( me-an sea level) iii the v-alleys to ad — c -ut . 1200 feet above
msl on the c--La - - is . The t own is underlain by more tha n 1000 feet
of rock s of s- n--b c---;-sc-fasy cc -c -- s isc-. The 5c-tylsr: - v ~lle s; c- cc - 1-c-al water
supply is -der veb li--os c-~r~oo. c--, a ae r  aha r cccor - : tic - toe -c-i imentary
rocks .

The -~i - - - - ’ . o -  water’ -n4tls- tO 4
~on -urea bolt s- s Ic-c- Soc - hi - ;  of

Pennsylvn~ t:~ age at a i -c -~t uoO feet beln.- land surface in the
valleys (Price, 1912-a ar id 196-b -) . Tbc r c - c - k c -  c - -f E-erc-nsylvanian age
include two fsr— oc - t s - a s  in this area • The oidc-r of these , the Lee
Formation, oxt~-n - i s fr na  -so re than 6~ O feet to about 300 feet below
land surface. i t -  is over -lain by f bi- Bre ath i t t  2 - r - ~o sc - on  which ex-
t ends to and hors. ; land ~i;f ;ce in most of t i i€ -  area . Locally , the
Breathitt For”at iorr  ic-i overlain by ~uaternary alluvium deposits
in the n -t r o T, vc -l lc- y c -.

The Ln-e r c- rna t ic-n i c-i a mac -a l so, c r - ans i -ed- icc -  ~tone con—
ta~ r c - i.c - i - ; a i i  -i- , t h~c-s , iot~ rbedde - i shale To- c- c rc - . u -c--and wa fer
occur ; t i -; - i n i : r o ; sTnr — o r - c  c-p ace of t i - c  sasds t i ;-c-c -n - i- c-its and
irs t r n o c - h i - r a  - d - c - c - : c - e s  ; : L . : ~holrc - c-c- . h ~
wells tar’ frac.. us- - - cone ’- :  In toe san ust o f l e  c - c - L~~~i.

I ~~ 2rc-u ’a s t t  I c - i  1~ c- c) tc - in also a sa c - c- _ v sa~~i. t cop  c -on—
tam ing l i t .  - i c - i c  1 - : ~~rs . Ti-i c ShOin to sandst one  ratio is
much hi~ her in t ; a — - u ” - s i r i t t  r- or:v i -t ion  tha n in t i e Tn- s’sation.
In ad;i~ t s- - c . to - c - a n t -i - c - - i a- -c-ore sr .ale , the -c - -n --c- th i tt .  --o ra ~-a t ion
also coot i-i: : co-al bed s i c - i  L -’iestnne beds. Test- - i- c-ito-ate (Price,
1962a) Ic-a t tic’ po : ’o c - i ;y  o ” u ; u i--acturn -d samples :rJ a the Lee
Fornat c-- - 1-; c-e s-I ; I ; , - sac ’ as the brnathit~ ;.t io:r -c-nd that
the t ie -  c--f tn - c -  i c -  Formation is c-recatn-r t i-an that of the
Breathit s k c r - ” c - c - i  - .  Th c- st  rmr~ i c-ct - i s- c - wells i:~ toe rrs~thitt
Form at i-c - , a l : .  - , 45€ t~ - r- c-c-~~- br tap I c  i - c tur i - ii

:1- c’ ail;r. c-a-r i i- - ro~~:t~~ in t oe  501 in -y at 3- l:- n -r - -  stile are
sand , sili , ar c - c l c loy .  iL ~ - - n 5 l t r -  c-re li-si -- - 50 f : ’n-t thick
and we-c-i c - t v — s  -

~ In- - - c--c-ri 0 . -  mile wide in th i s  m i - a - c - . Generally ,
these dep os i t a  will  ~ur: ;is-i ;  ;;-ufficient water to  w’-lls- for indivi-
dual dom e st ic -  s i r - - -iies n i - i  , :-ec aur they - i - i ’ s  noon s - n t - - i  and
limiters in th ick - s i - ;  and a ;-o -a i n -x !  n-nt , t h y  w o r  1 ;  5 
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dells t ann ing  the 3reathitt and Lee i-orrsc -t ior io dorL ;r n -  water
principally from fracture zones in the rocks. The highest yields
are reported in stream valleys where fractures are more numerous
(Dove , 1967). dr. H. ~. Hopkins , of t ie Geologica l Su rvey Dis—
trict Office in Louisville, Kentucky, reports1 that recent tests
of a well at Salyersviile indicate a specific capacity of about 1
gallon per sinut e ~er foot of drawd own. He reports that the pre-
sent treatment plant has a capacity of abc-ut 200,000 gpd and the
1956 consumption averaged about 49,000 gallons per day. Th us ,
the plant has a capacity of about four times that use and the well,
pumped at 150 gpm , will supply about four times tha t use. The
raw water had a total hardness of ~~ ppm and contained 0.04 ppm
of iron and 192 ppm of chlorides in 1958 and. 193 ppm of chlorides
in 1963. The water is treated by aeration and chlorination.

On the basis of the assumptions explained and delimited in
Part I of this report , the cost of producing ground water would
be ~O.o 6 per thousand gallons for raw water delivered at the well
head . Some of the basic assumptions were: that the sustained
yield of the well field would be I mgd with power costs at ~O.O25
per K~1H; and that construction costs would he depreciated over a
25—year period with interest at 3-~- percent. %~t included were the
costs of real estate or of exploratory drilling and testing. These
estimates stop short of actual design. For this purpose , con—
petent professional assistance should be obtained. In this area
the optic-rium development (at ?O.06 per thousand gallons) is cal-
culated at about 14 thousand gpd per square mile .

1. fhe present system will supply more than twice the 1956
average daily consumption at less than ~o.O6 per 1000 gallons of
raw water.

2 . The quality of the raw water is genera lly acceptable
except for bicarbonate and chloride content. The chloride con—
tent of water from the present well was below the maximum (250 ppm)
recommended by the U. S. Public Health Service after 32 years of
use. The bicarbonate content was about 400 ppm in 1963 and im-
parts a slight taste-to the water.

3. It is not likely that more than two additional wells, of
approximately the same quality and yield, could be constructed in
the space available at the intersection of the river valley and
the Kentucky River Fault, about two miles downstream from Salyers—
yu le. Thus, the projected water requirement of about 4 mgd
could not be i-net from ground—water sources.

1. Personal communication
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KINGDOM CONE RESERVOIR AREA

Kingdom Come Reservoir is proposed as a multipurpose reservoir
which, among other purposes, could furnish additional water su~p1y
for Hazard, Kentucky. The following deals primarily with ground-
water occurrence and availability at Hazard. Hazard is in the
Kanawha section of the Appalachian Plateaus province (Fenneman , 1946).
The town is on the North Fork of the Kentucky River. Land surface
elevations near Hazard range from about 900 feet above i-nsl in the
valleys to about 1700 feet above msl on the ridges. The area near
Hazard is underlain by more than a thousand feet of rock of sedi-
mentary origin. The Hazard municipal water supply is derived from
surface water of the North Fork of the Kentucky River.

The deepest water wells near Hazard bottom in rocks of
Pennsylvanian age at about 150 feet below land surface in the valleys
(Price, l962a and 1962b). The rocks of Pennsylvanian age extend
to depths of more thai-a a thousand feet in this area (Price, 1962a).
The only Pennsylvanian Formation tapped by water wells is the
Breathitt Formation. The Breathitt Formation extends from about 600
feet below land surface to land surface. The resistant sandstone
units of the Breathitt Formation form the ridges in this area.
Wells tapping the Breathitt Formation derive water primarily from
the fracture zone s in the rock.
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Alluvium deposits of ~uuternary age occur locally, over the
Dreathitt Tor iation , in stream valleys. The a lluvi i a  denosits are
thin, poorly sorted cl-’v and sand layers that ,rield limited. qua n-
tities of water to wells. Generally , the wi-il in alluvium de-
posits will furnish suI’ficient supplies for individua l domestic
use but wells in the all uvium would not furnish adequate supplies
for industrial or sunicipal use.

~el1s trIpping the Breathitt Formation derive water principally
from fracture manor in the rocks. Therefore, wells in the valleys
where fractures are ~rrore nu-serous and are saturated will generally
hav e the highest yields (Dove , 1967) . The hLg hrrst yi~ lds are re-
ported as about 70 gnrri . The average :~~e1(~ ;-ronld orobably be 30
to 40 gpr-1 for wells about 150 fee L deep. ihe present consumption
for Hazard requires -a supply of about 100 sri- i f o r  12 hour operations.
To produce such a supply from ground—water sources would. require
mare than 30 wells. The following is based upon a - -ic-li field of
30 wells onerating 12 hours a day.

On the basis of the assumptions explained and delimited in
Part I of this report , the cost of producir;~ ground. water would be

~o.12 per thousand. ga llons for raw water delivered at the well head,
Some of the basic assumptions were : that the sustained yield of
the well field would be 1 mgd with power costs at ~O. C25 per KIH ;
and that construction costs would be depreciated over a 25—year
period with interest as 3~ percent . Tot included were the costs
of real estate or of exploratory drillins and testing. These
estimates stop short of actual design. For this purpose, com-
petent nrofessional assistance should be obtained. In this area
the optimum developsont (at ~0.ll per thousand gallons) is cal-
culated at -about ir. thousand gpd. per square :1110.

The necessity for developing a large number of wells and the
resulting high cost per 1000 gallons of water produced indicates
that the present source , the river , is the most economical for a
municipal supply at -Hazard .

Ground water is available up to several hundred gpm to local
well fields where some special characteristics of the water, such
as a more constant temperature , is desirable for industrial use.
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CARTER COUN TY AREA

The Carter County area is in the northeastern part of
Tennessee and includes parts of two physiographic provinces. Most
of the eastern and central part s ol the county are in the Blue
Ridge province and the western part is in the Valley and Ridge pro-
vince. The area is underlain by rocks that range from Precambrian
through Ordovician in age. Major faults trend northeast—southwest
through the county and extensive cross faulting has occurred at
nearly right angles to the major faults. - Ground water occurs mainly
in the fractures in basement rocks and occurs extensively in solu-
tion channels that developed along fracture patterns in the lime-
stone and dolomite units of basement rock,

-rhe oldest rocks that outcrop in the area are of Precambrian
age. The se rocks occur in the southea stern part of the area and
are principally granite although they contain units of garnet
gneiss , and hornblende gneiss. Ground water in these rocks occurs
in the fracture zones. Wells tapping the Precambrian rocks will
yield as much as 55 gpm although their yield generally does not
exceed about 6 gpm.

Rocks of Cambrian age outcrop in a band trending northeast
through the central part of the county arid also in the northern
part of the county. The Cambrian rocks are interbedded sandstone
and shale, ihe sandstone is both quartzite and feldspathic sandstone.
In the Cambrian rocks, ground water occurs mainly in fracture zones
and to a lesser extent in the iritergranular pore space in the sand-
stone units. Wells taoping Cambrian r’cks will yield as truch as
500 gp’n although such large yields are rare and depend upon the wells
tapping major fracture areas. Generally, a well tapping Cambrian rock
will not yield more than about 12 gprn unless it is located near the
intersection of r-iajor faults and cross faults.
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Ordovician rocks outcrop in the west.~ rn an-i ~ou t h~;’ ~tr ~r~ part
of the county. The Ordovician roc~:s :i rr nain 1~ lL~e~ tone and dolo—
mite with minor in t e rh e d duj ~ of di t  or ch -’rt ur i i t~ • 2he Or—
dovician rocks are fr aci~ire’i f ro~ ~~~~ jo intinr ~n’i ~~~ L~~~.
~here ground water h~ s circulated tur ’,ut~h r ractures , the
openings have been enlarged by solution c c ciol~mite a rid lime-
stone and the solutLnn channels are hi~h~:. oroductive sources for
ground—water supply. .‘Jells tapuing solution ch~.nn~ls near
Elizabethtown produce more than 2000 c~ n each (i”~.r. 20). The water
from these wells is r~pDarently -1 combination of -rou-v~ water from
storage and infiltration from the ~ãatau~a River.

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of oroducin~; ground water in the
high yield zone (Fig. 20) would be ~;o.ol ~er thousand gallons f or
raw water delivered at the well head . Some of th~ basic assump-
tions were: that the sustained yield of the well field would be
1 mgd with power eo~ts at ~0.02~ per Ki~i; and that construction
costs would be depreciated over a 25-ye-~tr period wit.h interest at
3~ percent. Not incinded were the costs of real estate or of
exploratory drilling an’i testing. These estimates stop short of
actual design. For this purpose , competent professional assis-
tance should be obtained. In this area th~ optimum development
(at ~0.0i per thousand gallons) is calculated at about 1~O0 thousand
gpd per square mile .
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CLThC}~~~~~D RESE~ VOTh AREA
by

Cariton T. Sutnsion1

The upper Broad River basin is largely within Nort h Carolina.
The basin innl~des the Broad River and its tributaries headward
from about 2 miles southwest of Cliffside, North Carolina. The
drainage basin includes 653 square miles within the Blue Ridge
and Piedmont provinces of the Appalachian Highlands (Fennema n,
1946).

Land surface within the drainage basin ranges from about 650
feet at the lower end to 4,1412 feet above m51 on the northwestern
border of the basin. The terrain is irregular , with steep valleys
in the headwaters areas and less extreme relief at the lower ,
southeastern drainage. The entire basin is underlain by crystalline
rocks of the Blue Ridge—Piedmont metamorphic complex.

Geo1o~~r and ground water in this basin are described as part
of an investigation by LeGrand and Mundorff (1952) .

The crystalline rocks underlying the upper Broad River basin
are chiefly granitic gneiss and mica gneiss (Fig. 21) • These rock
types are not homogeneous , but include a wide compositional range
from schists to quart zites. Of probably Paleozoic (?) age , these
rocks of igneous and sedimentary origins have been compressed into
tight, northeast—trending, asymmetrical folds by regional stresses
in the earth’s crust. Erosion has beveled the folds, reducing the
topography to its present configuration, and weathering of the meta-
morphosed rocks has produced a regolith of surficial clays which
may be nearly a hundred feet thick in the lower valleys.

Ground water occurs in the weathered surficial clays, in
valley alluvium, and within fractures of the underlying crystalline
rocks. Fracture systems, chiefly joints, are well developed and
have produced avenues more susceptible to erosion for evolving
stream courses , hence the stream patterns are predominately rec-
tangular. These patterns are most conspicuous in the Blue Ridge
section of the draina~ e basin.

The surficiai clays yield ground water to du~ or bored wells
of very low ~.peciIic capacities. Water—bearing fractures in
c~ystalline rocks y iel~i ground water of excellent quality to wells
of low a~id moderate specific capacities. Wells having the best
yields produce an average of 30 gpm from depths of 100 to 200 feet.
These wells are drilled in low, flat areas within linear valleys.
To produce one mgd, about 24 wells, 200 feet deep, would be required.

1. Geo1og~~:t , U , ~. Geological 3ur~ey, Raleigh, North Carolina
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Ground water contributes to the flow of stre:’~ j~ + he as~ r~.It may be measured as the sustained or fair—weather fl ow (:l~o
known as base flow) which constitutes the flow of the strc~ m at t~r
surface runorf has ceased. F~ase runoff (or base Ilow) may ~~
expressed as the streamfl~’w e;:ceeded 90 oercen~ oS the ti:~~, al-
though this i.~ not entirely base runoff, Ra~;e runoff is rela-tively uniform, averaging about 0.L~40 mgd per square mile, in the
upper Broad ~tver basin. Rase runoff indieated thu av~il~blc
ground water from the weathered surf icial overburden and valley
alluvium as well as that from fractures in crTntallino roc~zs.
During kugust ann September the chemical characteristics of stream—
flow closely resemble those of ground water in the basin.

The chemical quality of ground water from drilled wells in
the upper Broad F~iver basin is excellent. It is a typical cal-
cium, a~nesidu’-1, sodium , bicarbonate water common to source areas
of quartz—biotite gneiss, or a type—I rround water as describ’~d
by Marsh and Laney ( 1966 , o, 61). The }‘ardness of this c-round
water is usually less than 50 ppm , iron is less than 0.1 ppm,
pH is slirhtiy less than 7, and total dissolved solids selnlntn
exceed 50 ppn.

The construction of a well field capable of producing 1 nc-d
would require drilling and equipping about 24 wells yielding
about 30 gptm each , The cost of construction , exclusive of explora-
tion arid testing and real estate cost, would be about :~31,00O.

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of producing ground water would be
~0.11 per thousand gallons for raw water delivered at the well
head. Some of the basic assumptions were: that the sustained
yield of the well field would be 1 nigd with power costs at $0.025
per KWR; and that construction costs would be depreciated over a
25—year period with interest at 3~- percent. :~~t included were the
costs of real estate or of exploratory drilling arid testing. These
estimates stop short of actual design. For this purpose , corn—
potent professional assistance should be obtained. In this area
the optimum development (at $0.11 per thousand gallons) is cal-
culated at about 55 thousand gpd per square mile.
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Dalton resoxvcir site is abo ut 4 ni’let southeast of Dalton,
Jhitfield Coun ty, Guo rnia . The proposeh reservoir would impound
the Conasauga :-iver a ;~ould , ano n~ o~~ er serv is , supply water
for both Dalton and ir~ciusl r~a1 ur~veton1ent north ;est of Dalton.
The area of stud y, ~•~e :a of C au~ ri Hive r , is ~~~~~ the Valley
and hid~e province. ~~~-ea is on~~’nloio hy ;:r~li ln•iur~ted rocks
that ranCe fron ~:‘ro~ o~ n toso i Ord ~vir~ in jd. a “ •

The rocks in the or o~ of otd : ’~’- :~r’ Li - :. 1 . ’.~ .. The strike
of the outcrops is ~

‘. o~ r~’1 ly ro~ t ,,~a~t—n 1t:r.~r~~.~ and ~ t .“ osr. is
generalir a series of ~~~~~ ~~os h i;’ o~~~o’ ~~~~~~~ s travers-
ing the area parallel to tL outcrc-dn: - • Th~ 1 t 5~~O Y’ - XD OsPd
are of Cambrian -i -u. ‘;:n t a~it i a’~ n oi’ t h i s  O~~r C ~ ~ d the are a .
fhe older, iiooe i orr in t~~~~, is or s-Ji;’ ~~ er~ . 1 ic~ I 

- it on~ , shale
and sarxIstone, The unit in nria~r~i~~ a c :i le  o’~ is ~~~~ ~~ntain ing
thin stringers of ve~-v 1ine— ’~r.al~ od cot . Cr ‘he area of study
this unit is not a L’ood aquifer. he cY.~ r T - uihr~~ n unit is the
Conasaup~a Formation. The Conanrio -

~~ F’~~~~~ ~~ . --rimnr ily a lime-
stone unit with inte ihHJeci  silt~stcoir and shale. This fornation is
,:eneral1~ a nroJ ic~ ivu - d ( i d l ) C € ’ r  ‘-:hrri ‘r~ic ’ ore :;or~ro i-i the limestone
have been enlnr c,d sol~ 1io n. ide  cr t -: iuco~ d- 3r ’ f l~~t inn 1:; in—
eLided in the zones ~ cL i e- ~tr  1 or, Fi -~ r~ 2h as ~~~~~~ more than 50
gpm ~r L , ’ l I — watr cr pot L ial for wru :~ ~
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The Knox Croon of the Ordovician and Cao’or L n  Systens out-
crops between the exposures of the Conasauga Formation in the area
of study. Units ol’ the Knox Group are composed of dolomite and
dolomitic limestone. Ground water occurs in abundance in fracture
zones in this grouo where solution has enlarred the fractures.
The Knox Group is also included in the zone having more than 50
gpni potential well yield in Figure 22 .

wells developed for maximum yield in the area average about
125 feet in depth below land surface. ~ well field capable of pro-ducing 1 tngd would cost about $24 ,000 . The water from such a
well field would probably require treatment for excessive con-
centrations of dissolved iron and hardness. The iron content of
water will range from about 0.01 ppm to about 2.0 ppm. The chloride
content of water in the area is less than 15 ppm. The hardness
of water rand-es from about 85 ppm to more than 400 porn.

On the basis of the assumptions explained and delimited in
Part I of this report , the cost of producing ground water would be
~0.08 per thousand ga llons for raw water delivered at the well
head. Some of the basic assumptions were : that the sustained
yield of the well field would be 1 rngd with power costs at. ~0.025
per }~~ I; and that construction costs would e denreciated over a
25—year period with interest at 3~ nercent. hot included were the
costs of real estate or of exploratory drill ing and testing.
These estimates stop short of actual decicoi. For this purpose,
competent professi onal assistance should be obtained . In this
area the opti-nin development (at $0.08 nor thousand gallons) is
calculated at about 45 thousand gpd per sn:uare mile.
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NORTHPORT RESERVOIR AREA

Nort hport reservoir site is in the central part of Tuscaloosa
County, Alabama . The site is approximately 6 miles northeast of
the cities of Tuscaloosa and Northport and the proposed reservoir
is planned to provide , among other services , water supply for these
cities. The proposed reservoir will impound water in the North
River , a tributary of Black Warrior River.

The drainage basin of North River is almost entirely within
the Appalachian Plateaus province (Fenneman , 1946) . The cities of
Tuscaloosa and Northport are in the Coastal Plain province. The
Fall Line , dividing the Coastal Plain from the Appalachian Plateaus,
is between the city of Tuscaloosa and the confluence of the North
and Black Warrior Rivers. The entire area of study is underlain
by sedimentary rock s that range from Pennsylvanian to Recent in age.

The oldest rocks that outcrop in the area are units of the
Pottsville Formation of Pennsylvanian age. These rocks cropout in
the eastern part of the area and dip under younger rocks to the
south and west . The Pottsville Formation is composed of well-
indurated sandstone interbedded with shale arid conglomerate. Coal
beds of economic value are also interbedd ed with the other lithic
units of the Pottsville Formation.

The Pottsvjile Formation is overlairi by rocks of the Coker
Formation of Cretac eous age. The rocks of the Coker Format ion are
unconsolidated, lenticular beds of sand, clay and gravel. The
basal gravel bed is reported to be highly permeable. Unconsolidated
sediments of both terrace deposits and valley alluvium overlie the
Coker and Pottsville Format- ins. The terrace and alluvium deposits
are sand , clay and gravel of Quaternary age. In general, rocks
older than Cretaceous age are well—indurated and rocks of Cretaceous
age and younger are unconsolidated.

Ground water occurs under both artesian and non—artesian
(water-table) conditions in the area of study. Water in the
Pottsv ille and Coker Format ions , generally, is under artesian con—
dittoris and water in the Quaternary deposits is under nonart.esian
or , locally, seniiartesian conditions. The most abundant supplies
of ground water from the Pottsville Formation occur in fracture
zones in the rocks and , to a lesser extent, in the intergranular
pore space of the rocks. In the Coker Formation and in the

~uaternarj deposits the ground water occurs in the intergranularpore space of the sand and gravel beds.
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dells drilled in the Pottsville Formation northeast . of the
Fall Line yield from about 6 to 50 gpm. The water  has a chloride
content ranging from 2 to 10 pem and the hardnc::~ ranges from about
30 to 150 ppm . These wells are between 150 ~od 250 feeL in depth
below land surface. It is unlikely that wells canaole of supply-
ing the quantity of water required for extensive industrial or
municipal use could be developed economically f ro .~ the Pott svill e
Formation in the area northeast of the Fall Line (Fir. ~ ).

Wells tapp ing the Coker Formation southeast of the Fall
Line will produce between 20 and. 200 gnm. The wells reported were
riot constructed for municipal or industrial use and , therefore ,
were not designed , constructed and developed for ti’e maximum yield.
Pumping tests indicate tha t wells in the Coker Formation about 6
miles southwest of the city of Tuscaloosa will produce more than
200 gpm each , if designed for the maximum ::ie1’~. fhe water
quality would be acceptable for municipal use without extensive
treatment. The hardness of water is about 35 pna and the chloride
content of the water is about 60 ppm.

Wells tapping the Quaternary deposits in the 3lack Warrior
River valley about 6 miles southwest of Tuscaloosa have the high-
est reported yields in the area of study. One well was tested
at 1500 gpm for more than 24 hours. Other wells tested indicated
yields in excess of 100 gpm. The quality of water from the
Quaternary deposits is generally good except for objectionable con-
centrations of dissolved iron; the water would generally require
treatment for iron removal before being acceptable for municipal.
use.

Ground water may be developed from well fields about 6 ~ni1~ s
southwest of Tuscaloosa for municipal or industrial supply from
multiple—screened, gravel—packed wells tapping each water-bearing
zone in the ~uarternary and in the Coker Formations.

On the basis of the assumptions explained and delimited in
Part I of this report, the cost of producing ground water would be
$0.04 per thousand gallons for raw water delivered at the well.
head. Some of the basic assumptions were; that the sustained yield
of the well field would be 1 mgd with power costs at $0.025 per
K~4H; and that construction costs would be depreciated over a 25—
year period with interest at 3~. percent. hot included were the
costs of real estate or of exploratory drilling and testing, These
estimates stop short of actual design. For this purpose, compe-
tent professional assistance should be obtained. In this area the
optimum development (at ~0.04 per thousand gallons) is calculated
at more than 500 thousand gpd per square mile .
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NAV IGATION PROJECTS

Coosa River and Tombigbee River

The Coosa River Navigation project extends along the Coosa
River from Floyd County, Georgia to Elmore County, Alabama, in the
southern part of the Region. Also in the southern part of the
Region, the Tombigbee River Navigation project extends alone the
Tombigbee River from Tishorningo County, Mississippi to Pickens
County, Alabama. Although a navigation project is not usually con-
cerned with water supply, abundant water supply along a math trans-
portation route may increase the potential of the area for indus-
trial development. Thus , the abundance or lack of available water
supply can increase or decrease the ultimate economic value of a
navigation project. This summary will list the estimated cost and
availability of ground water as a source of water supply in the
counties adjacent to the projects but will not attempt to evaluate
the effects of the navigation projects upon the ground—water re-
sources. Such an evaluation would require rather lengthy, detailed
hydrologic studies at each point of construction along each project
area. In general, the rise in stream level arid the lowf low augmen—
tation normally associated with completed navigation projects in-
creases the ground-water potential near the stream . This is par-
ticularly true when extensively developed ground—water supplies de-
pend upon stream—to—aquifer infiltration for recharge, as may well
occur in all of the listed counties.

11110



r -

S7°30

+33°” ’

,j
1

I tj4or t b.Y r’
‘-~~~~~J r_’~~~~~~~~ ~i~ 

ç( ,____ _
\

I ~~~ \_ ‘), _—
‘
~~ ~~~I 1~ 0(1 1: ~~~~~~~~.1 ~~5~ . _s /( o~\ ~~~~~~ )t

~~~~~~~~~~~~

‘~~. : ~~~~~
~~ \ NO ( S \  El
~~~~\ 

\\~. ~~

~~~
\-j \ .  ~_1—~

, 
-

,

T U S C A L O O S A  ~ D~~~~. 
~~~~~~~~~

~~~~~~~~ ( .. 
.- .

~ 
I,

~~~~~~~ ‘ /
~~

. ~~~~~~~~~~~~~ ~‘ o — —
~~~ ~~~~~~~~~~~~~~~~~ as — a

~~I 
‘6

0 ‘~ lO mi l.’
Fi l I I I ~~ f~~ I I I ! ~~tTtTt1I

EX PLANATION
570 30

?o II LI..

‘lull
A r ss  ot Ma * i m u m

Orov ~ d-~~~tIr P.1 1101

Ar..  o t M I, i m um

G,ou~ d Wot~ r Potentia l

COMPIUHIN lIVE PLAN OP DEVELO PMENT
‘OR

WATER RESOURCES IN THE APPALACH IAN lESION
A P P E N D I X  14 GROUND- WATER RESOURCES

prepared by
U. $ . Depar tmen t  of the In t er ior

Geological Su rvey

Figure 23. The North po rt Are a

lUll

- _~~ _ . A  .. ‘
~~-~~

‘ __.-_ --.- -.~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



The basis for estimating the cost ari d rvai1abifl, t~- o~’ ~round
water has beer-i described in Part I. On the basis of t u e  assunp-
tions explained and delimited in Part J of this report , the co&t
of produc ing ground water per thousand ga l l o n r  for r~rw wa~.’~rdelivered at the well head is shown , f or each county ~lon~: the
navigation projects , in Table II. Some of the basic assumptions
were : that the sustained yield of the well field would be 1 mgd
with power costs at ~0.025 per K~Jii; and that construction costs
would be depreciated over a 25—year period with interest at 3~percent. Not included were the costs of real estate or of ex—
ploratory drilling and testing. These est~ m~te~ stop short of
actual design. For this purpose, compet ”rt~ professional ~ r sis—
tar-ice should be obtained . The table i~.’ der ij-ned for use in pre—
liminary planning to indicate whore ground— ;~ tor supplies may be
economically developed, in association with the navigation projects,
to stimulate the local econon~’. The opti-~.um development for i-rounci
water has been omitted from the table sinco , in most counties,
the availability of ground water along the ~tr eamz is deper~~ent
partially upon sustained low—flow, which w~l) he altered the
projects.

1 •
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TA~~E U

Y~~ 1D OF W~~LS AND CQST OF
GROUND WA2~~ ALONG NAVIGATION PROJECTS

County State Yield of Wells1 Cost of Ground 
2

( gpni) Water (dollars per
thousand gallons)

Coosa River Navigation Project

Floyd Georgia 75 0.13

Cherokee Alabama 350 0.04

Etowab Alabama 300 0.0.5

Calhoun Alabama 770 0.02

St. Clair Alabama 250 0.08

Talladega Alabama 270 0.09

Shelby Alabama 150 0.13

Coosa Alaba ma 70 0.3].

Chilton Alabama 85 0.26

Elmore Alabama 80 0.28

Tomhigbee River Navigation Project

Tishomingo Mississippi 112 0.06

Prentiss Mississippi 24-0 0.08

Itawamba Mississippi 200 0.05

Monroe Mississippi 
- 

1100 0.01

Clay Mississippi 698 0.03

Lowndes Mississippi 516 0.05

Pickens Alabama 275 0.12

1/ Yield is average of existing municipal and industrial wells (see
list of selected references for Parts I and II for sources of data)

2/ Cost per thousand gallons as delimited in text
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