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THE POTOMAC RIVER BASIN.

By Horatio N. Parker, BamLey Wmuris, R. H. BorLster, W. W.
Asng, and M. C. MARsH.

INTRODUCTION.

SCOPE OF THE PAPER.

ﬁardly a river basin in the eountry is of more importance from the
point of view of the utilization of water resources than that of the
Potomac. The water power developed in this area drives the wheels
of many mills, and the waters of the streams are used in the processes
of diverse industries. The beauty of the streams and the supply of
fish have made a large portion of the basin a recreation ground for
thousands of people, while the Potomac itself furnishes drinking water
for the National Capital. In order to obtain definite information on
the character of the water supply an extensive investigation was
undertaken jointly by the‘Geological Survey, the Bureau of Forestry,
and the Bureau of Fisheries. The result of this work is the present
paper, in which are described all' the conditions that affect the eco-
nomic utilization of the water resources. The scope of the paper is
best shown by enumerating the principal features of the investiga-
tion, which are as follows: ‘

1. A study of the geographic history of the basin.

2. The determination of the amount of water flowing in the prin-
cipal streams, a compilation of all data relating to the quantity of
water, and a study of the distribution of the rainfall.

3. A complete reconnaissance of the drainage area with, respect to
sources of pollution, a study of the prevalence of typhoid fever in the
Distriet of Columbia and at other points, and an investigation of
the quality of the surface water as shown by field assays and sanitary
and mineral analyses of water taken at many points.

4. A study by the Bureau of Forestry of the effect of the soils and
forest cover on the turbidity of the water and the flow of the streams,
and the preparation of a map showing the forest conditions.

5. A study by the Bureau of Fisheries of the effect of industrial
wastes on fishes.

1
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HISTORICAL SKETCH OF THHE POTOMAC BASIN.

By Horatio N. PARKER.

The Potomac became of moment in English annals with the settle-
ment of Jamestown, Va. Capt. John Smith discovered the river
(Patawomek, as he spelled it) June 16, 1608, and sailed upstream
about 30 miles to a point where, after having met with a hostile recep-
tion from the Indians, he landed on the Virginia shore. TFrom this
place, probably Nomini Bay, he continued up the river, touching at
various points, until he had passed the present site of Washington,
“having gone up as high as they could in a boat.” Here they were
met by savages in canoes loaded with the flesh of deer, bears, and other
animals, of which they obtained-a portion. On their return journey
they met with many adventures, but reached Jamestown in safety.
In early colonial times the name Potomac was applied to the river
from its mouth to its junction with the Shenandoah at Harpers Ferry.
The portion of the river from that point to its source at the headwaters
of North Branch was called the Cohongoruton, a name said to be a
corruption of the Indian Kohonk-on-roo-ta, or ‘“wild goose stream,”’
from the great number of wild geese that inhabited it, the ‘“ko-honk!
ko-honk!” of the bird suggesting the term.

Lord Fairfax in his land grants on this part of the watercourse des-
ignated it Potomaec, by which means it gradually lost its anéient name.
Shenandoah River was first called Gerando, then Sherandoah, and
finally Shenandoah. For a long time after the settlement of Jamestown
the colonists, terrified by the gloomy forests of the interior, clung
to the coast; but in 1716 Governor Spottswood led an expedition to
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the Blue Ridge and reached its summit, probably near Swift Run Gap.
He descended into the valley, crossed the river, which he named
Euphrates, and took possession of the country in the name of the
King of England. There were no direct results from the expedition,
but it had the good effect of dispelling the mystical terror with which
the colonists had invested the region.

Prior to its occupatlon by the settlers the valley of Virginia was a
hunting ground for various Indian tribes, who burned the grass every
fall before going into winter quarters in order to keep down the for-
ests. Consequently the only timber was along the streams and well
back in the mountains. The forests that now exist have sprung up
since those times. The trails followed by the colonists through the
mountains were established by the buffaloes and other large game
and were well worn by the Indians. The valley, as has been said, was
a hunting ground rather than a permanent abode of the aborigines.
Hence the few villages in it were of a temporary nature and had a
fitful existence. The game consisted of buffalo, elk, deer, bear, pan-
ther, and wild cats, besides beavers, wolves, foxes, and other animals.
The Indians welcomed the Pennsylvania colonists because of the trust
they had in William Penn, but they showed great hostility toward the
settlers from tide water, whom they called “The Long Knives,” and
whom they hated. In 1753 emissaries from west of the Alleghenies
came among the valley Indians and invited them to cross the moun-
tains, which they did in 1754. Their sudden exodus caused much
uneasiness among the Virginia colonists, who feared that the action
foreboded impending hostilities. This proved true enough, for it was
probably French influence that coaxed the Indians away, and after
Braddock’s defeat they terrorized the valleys of South Branch and
the Shenandoah, committing many outrages, and not being driven
back until the close of the French and Indlan war.

The upper and lower portions of the valley of Virginia were settled
at about the same time. The colonists of the tide-water region made
their way up the lowland rivers and finally passed over the mountains
into the valley, and at the same time, or a few years before, the region
toward the Potomac was settled by Scotch-Irish and Germans from
Pennsylvania. The Scotch-Irish were the pioneers and established
homesteads along Opequon Creek from the Potomac to what isnow
Winchester. The Germans followed. Joist Hite, in 1732, obtained a
grant of 40,000 acres and with 16 families moved from Pennsylvania,
cutting the road from York, crossing the Cohongoruton 2 miles above
Harpers Ferry, and settling on Opequon Creek 5 miles south of Win-
chester. His followers built Strasburg and other towns along Massa-
nutten Mountain. In 1733 Jacob Stover took a grant for 5,000 acres
of land on South Fork of the Shenandoah, and in 1734 settlers from
Monocacy, Md., located on North Fork of the Shenandoah, 12 miles
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south of Woodstock. Two cabins, erected in 1738 near Shawnee
Springs, were the beginming of the town of Winchester, long a frontier
post of the colony in that quarter. John Lewis brought over from
Ireland and Scotland 100 families and settled near what is now
Staunton, Augusta.County. Conococheague Creek was settled at
Greencastle, Pa., in 1734, the place being first known as the Conoco-
cheague Settlements. In 1734 Richard Morgan obtained a -tract of
land near Shepherdstown, the oldest town in West Virginia. Romney,
W. Va., was laid out by Lord Fairfax in 1742 and is the second oldest
town in the State. In 1748 Robert Harper, an English millwright,
came to Harpers Ferry. Benjamin Allen, Riley Moore, and William
White built homes on the Monocacy prior to 1734, and in 1735 the
Schleys, with about 100 families from Germany, Switzerland, and
France, established themselves on the Monocacy, the first house in
Frederick being erected by Thomas Schley in 1735. By 1748 the
German immigrants had taken possession of many valuable tracts
along Monocacy River and Catoctin Creek. At an early period many
immigrants became occupants of the Cacapon and Lost River valleys
and numerous settlements were made on Back and Cedar creeks. In
1741 Col. Thomas Cresap, with his own and several other families,
located at ‘“Shewaneese” Oldtown, on North Branch of the Potomac.

The first settlers on the Wappatomaka, as South Branch of the
Potomac was called, located in 1734 or 1735. They failed to secure
title to their lands, and so became involved in a dispute with Lord
Fairfax, who, they felt, dealt harshly with them. There is a tradition
that Lord Fairfax became interested in his Virginia venture through
meeting John Howard, who, with his son, is said to have explored the
valley of Virginia prior to its settlement and to have discovered the
valley of South Branch, crossed the Allecheny Mountains, and gone
down Ohio and Mississippi rivers to New Orleans, where they were
arrested as suspicious characters and sent to Paris; thence, no cause
being found for holding them, they went to London,where the meeting
with Lord Fairfax is said to have occurred. Lord Fairfax came to
Virginia in 1742 and opened an office in Fairfax County for granting
land warrants. A few years later he moved to what he called Green-
way Court, 12 or 14 miles southeast of Winchester, where he kept his
office until he died in 1781. His surveyors decided that North Branch
was the main stream of the Potomac and located the ““ Fairfax Stone”
at its head October 17, 1746. This action was greatly to his advan-
tage, for had South Branch been chosen as the ‘first fountain’ the
Fairfax holdings would have been much reduced. Later the States of
Virginia and Maryland became involved in a dispute as to the loca-
tion of the boundary line between them, and though the question has
never been settled Virginia has been able to maintain the North
Branch as the boundary, basing her claim on the location of the
“Fairfax Stone.”
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In 1725 John Van Metre, a trader from Hudson River, traversed
the lower Shenandoah, upper Potomaec, and South Branch valleys,
and at Hanging Rocks witnessed a bloody battle between two parties
of Indians. He returned home much impressed with the richness of
. the South Branch region and advised his sons to move there, which
- they subsequently did. The earliest settlers found a natural clearing
in the woods at Oldfields and built a fort there, which was the scene
of many fights with the savages.

Lands on Patterson Creek began to attract the pioneers a little
before Fort Cumberland was completed in the winter of 1754-55. In
1728 there was an Indian town known as Caiuc-tu-cuc on the ground
between Wills Creek, or, as it was then known, Caiuc-tu-cue Creek,
and North Branch; it was located for the most part upon the site
of the west side of what is now Cumberland. The Indian village
was abandoned and in its place a settlement of whites slowly grew
up. The last Indian to remain and have authority was known as
Will, and the town for a long time was known as Will’s Town, the
creek as Will’s Creek, and the mountain where he had his home as
Will’s Mountain. His rights in the country appear to have been
recognized, for the early settlers always made him a present when
they took up land. The first comer to Cumberland of whom there is
record was an Englishman named Evitt, who led the life of a recluse
in his cabin on top of Evitts Mountain, where he died before 1749.

Georges Creek took its name from an Indian, George, who had his
hunting lodge on the present site of Lonaconing. He was a favorite
of and lived with Col. Thomas Cresap, of Oldtown, who had employed
his father, Nemacolin, to mark out the road from Cumberland to
Brownsville, on the Monongahela. General Braddock followed the
path and the national road varies but little from it. This testifies to
the excellent manner in which the Indian did his work.

Cumberland was long the outpost of civilization in the Potomac
Valley. The last refuge of the Indians was on Savage Mountain;
hence its name. The first settlers on Georges Creek came from New
Jersey and Virginia. Prior to 1830 there were not more than 30
houses in Georges Creek valley. North Branch above Westernport
seems to have been well known at an early date. Washington, on
his return from the trip to Ohio in 1784, crossed the stream and men-
tions in his journal for September 26 that he was told by Joseph
Logston, who had hunted along the river, that there was no fall in it,
and that from Fort Cumberland to the mouth of Savage River the
water was frequently made use of in its natural condition for canoes,
and that from thence upward it was rapid only in places, with loose
rocks which could be easily removed.

September 27 Washington crossed Stony River, which he speaks of
as appearing larger than North Branch. On his return to Mount!
Vernon he made a map of the country he had visited, on which was
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shown North Branch with the tributaries Difficult Creck, Stony
River, Abrams Creek, New Creek, Georges Creek, Savage River, and
the head of Patterson Creek. A map by Joseph Shriver, published
in 1824, shows North Branch from Westernport to its source, the only
town above Westernport being Paddytown, now Keyser, W. Va.

Coal seems to have been known to the earliest settlers. In 1804 it
was discovered near the present site of Frostburg. In 1810 a tre-
mendous freshet stripped the earth from the banks of Guinea Run,
displaying the coal on what is known as the Barton property. People
came from miles around to see ‘‘the mountain of coal.”” TFor some
time is was mined with mattocks and the ore was hauled to Winches-
ter and Romney for blacksmithing purposes. In 1814 or 1815, while
the national road was being made, coal was found at Eckhart Mines
and was hauled in wagons to Cumberland and Baltimore. Three or
four bateaux arrived at Washington April 20, 1826, laden with coal
from the rich mines at Cumberland. Up to 1842 merchants, laborers,
and others engaged in various pursuits in the summer and worked in
the mines or coal banks, as they were called, in the winter, some as
teamsters, some as boat builders, and some as miners. The coal was
hauled to the river bank and piled there in large quantities. In the
spring freshets the boats, which hauled from 1,000 to 1,500 bushels,
were sent down the river to the purchasers. The flatboats were not
returned, but occasionally a keel boat laden with supplies was labori-
ously poled back. From 50 to 60 boats, carrying an aggregate of
75,000 bushels of coal, comprised the total shipment each year previ-
ous to the completion of the Baltimore and Ohio Railroad in 1842.
As the coal business was conducted up to that time, it was hazardous
to capital and destructive to the lives of those engaged in carrying it
on, many boats being wrecked on the rocks in the river. Hence few
mines were worked, the chief being the old Eckhart mine, 9 miles west
of Cumberland. The Georges Creek Coal and Iron Company was the
first to develop mines west of Frostburg. It began excavations for
its iron furnace in 1836. Coal was first shipped on the Chesapeake
and Ohio Canal in 1850. The coal fields of North Branch above Pied-
mont were described by Prof. W. B. Rogers in 1839 in his report on the
geology of Virginia.

The orderly development of the Potomac Valley proceeded until the
outbreak of the civil war, when the arts of peace were suspended and
this battle ground of the Indian became that of the white man. The
great battles of Antietam and Gettysburg were fought within the val-
ley’s borders, as were a host of other no less bravely contested engage-
ments. For four years the work of destruction went on, but with the
advent of peace in due time came prosperity, which has continued,
until to-day the growth of the industries and population in the valley
is healthy and vigorous.



GEOGRAPHIC HISTORY OF POTOMAC RIVER.

By BaiLey WiLLIs.

GENERAL DESCRIPTION OF BASIN.

The Potomac, rising among the Allegheny Plateaus and Appala-
chian Ranges, gathers its waters in a main channel which crosses the
grain of the country in a southeasterly course. Its mouth is an estu-
ary, a branch of Chesapeake Bay. Washington is situated at the
head of tide water, where the estuary receives the river proper. The
stretch from Washington upstream to Cumberland, a distance of 108
miles in a direct line and 186 miles by the river, is the trunk channel.
The Shenandoah, Great Cacapon, and South Branch are its principal
feeders. They enter from the southwest. North Branch is the actual
head of the river. The tributaries from the northeast are relatively
short, Wills Creek, Conococheague Creek, and Monocacy River being
the pnnc1pal ones.

Although the Potomac watershed is a , mountainous region, charac-
terized by ranges of notable height and continuity, it is not limited by
the greater elevations. We are apt to think of the basin of a river as
an area surrounded by a high or at least obvious divide, but that is
not true of the Potomac. Itstrunk channel cuts across the ranges; its
branches embrace them; its headwaters in North Branch invade even
the plateau whose bold scarp suggests an unbroken divide. The prin-
cipal streams rise in valleys which extend with undiminished width
and without change of the gentle slope beyond the head springs. In
their continuation other springs and brooks gather and flow in a direc-
tion opposite to that taken by the waters of the Potomac. The part-
ing streams are opponents, which compete for territory. The basin
which the Potomaec may drain is limited by its competitors. The -
Susquehanna holds the valley of Pennsylvania, the James is en-
trenched in southern Virginia, and the Big Kanawha and Mononga-
hela contest the western plateau region.

The shape of the Potomac drainage basin west of the Blue Ridge is
oval; its length, northeast to southwest, being 160 miles and its width

a Powell J. W., Physiographic regions of the United States: National \Geograp)nc Monographs, vol.
1, No. 3, 1895, map.
7



8 THE POTOMAC RIVER BASIN. .

but 80 miles. In consequence of the great length of the southern
tributaries, the trunk channel crosses the northern part of the basin
and leaves the oval at its northeast corner, where it and the brooks
that join it constitute a triangular expansion of the watershed.

The arrangement of streams within the watershed deserves notice.
By a study of the outline map (Pl. IT) it will be seen that there is a
peculiar parallelism among the many rivers flowing to the northeast
or southwest, and also a marked tendency to courses which for short
distances are at right angles to the general direction. The arrange-
ment is a common one in certain regions, and a stream system thus
developed is known as ‘‘trellised drainage,” from the resemblance
which the rivers bear to the stems of a vine on a trellis. While a trel-
lised plan exists in much of the Potomac basin, it does not extend
throughout. Another plan is to be noted, for example, in the Monoc-
acy, Goose Creék, headwaters of the Shenandoah and highest forks of
North Branch. This is a plan characterized by acutely branching
streams which divide as do the limbs of an elm tree. )

Trellised drainage of the Potomac is restricted to the Appalachian
Ranges and results from the grain of the country; that is to say, from
the fact that the rocks are arranged in layers which show their edges
at the surface and thus extend long distances in one direction. Some
are hard (sandstones) and some are soft (shales and limestones).
Ridges persist on the hard belts as valleys develop on the soft rocks
between, and the streams for the most part follow the grain. There
are conditions, however, under which they must cross from one valley
to another, which they do in a gap at right angles to the sandstone
ridge; hence the short, transverse courses at right angles to the longi-
tudinal ones.

Where the rocks which appear at the surface are of the same texture
‘and solubility over a considerable area, the streams find no belts espe-
cially adapted to the development of valleys; neither are there any .
harder layers peculiarly competent to maintain ridges; and in engrav-
ing the bas-relief of hills and ravines, the streams grow according to
minor accidents of the surface, as gullies grow in a field.

Specific names have been given to the various patterns which
river systems assume. Where the valleys are developed on belts
of soft rocks, and ridges are maintained by hard rocks, the streams
are said to be “adjusted.” Trellised drainage is adjusted. Where
the branches diverge upstream from one another like the gullies in a
field or the branches of an elm, they are called *self-grown,” or
“autogenous.” The Monocacy presents an example of the autog-
enous pattern.

We have thus far considered the plan of the Potomac system as it
appears on a map. The vertical profile and cross section also present
significant peculiarities.
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An ideal river profile is a curve which descends sharply near the
source, becomes flatter and flatter, and at the mouth is a straight
line, tangent to the level of discharge. The ideal curve is concave
upward from source to mouth. The Potomac departs very decidedly
from this ideal” The trunk channel from Cumberland to Washington
is interrupted by rapids, which separate long flat reaches; at each
rapid the profile is broken by a sharp bend, which is convex on the
upper side—the reverse of the ideal. Near the very mouth of the
river is Great Falls, over which the waters plunge to a series of lesser
rapids that descend sharply to tide water. This is not at all the
normal tangent. (See profiles, Pls. V and VI, p. 182,)

The tributaries exhibit profiles possessing similar irregularities,
and it is particularly noticeable throughout the system that wher-
ever a smaller stream enters a larger one a rapid or cascade marks
the final descent of the smaller.

The ideal cross section of a river valley is, like the ideal profile, a
curve which is concave upward and flattens from the divide to the
stream. In this respect also the Potomac and its tributaries depart
from the normal. The cross sections of the valleys are made up of
steep slopes and flats, which constitute an irregular curve. Descend-
ing steeply from a divide, the traveler comes upon a flat or plain,
which may extend for several miles. Although the surface of the
flat is as a rule deeply cut by brooks, the journey may be continued
nearly at a level by following the spurs between them. But wher-
ever a stream, large or small, is approached, it is necessary to descend
sharply into a trench. Along the lower Potomac, below Great Falls,
this trench is a picturesque canyon 220 feet deep. The flat on each
side of it is an outer valley several miles across. Along the Shenan-
doah similar features are found, the river flowing at the bottom of a
ravine, while the broad plain of the great valley of Virginia stretches
away with nearly level though dissected surface to the Blue Ridge
and Massanutten Mountain.

DEVELOPMENT OF THE RIVER SYSTEM.

Enough has been suggested in the preceding description to show
that the Potomac and its tributaries are regarded as an individual
stream system which has developed from some previous condition
to its present proportions. It has been limited in growth by com-
petition with neighboring rivers. Tts development has been directed
along lines of least resistance and its branches have extended in
belts of weak rocks. It has sculptured the surface, its rills, rivulets,
brooks, creeks, and branches everywhere constantly taking some
material in solution or as sediment and delivering it to the trunk
stream, which carried it away. The features which the river has
modeled are the channel or inner canyon in which it flows, the
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broader valley that expands’at a higher level, and the steep slopes
of the ridges that rise within and around the basin. But these are
the features of the entire landscape, except perhaps the highest parts
of the ridges; and they, too, owe their long level crests to the activity
of the river, as will be better understood when the history is traced.

We recognize that the Potomac has been, and indeed is, a working,
growing system. Its task is to excavate its basin, to erode valleys
and mountains till no elevations remain. Its power depends on its
volume, its fall, and a just proportion of sand with which to cut
away the hard rocks in its course.

The trunk channel being deepened, the tributary channels have
also been cut down, but not so speedily; hence the rapids near their
mouths. The deepening, spreading from the main stream to large
branches, from the large branches to their forks, and from each fork
to the smallest rivulets, has extended outward over the entire basin.
It proceeds immediately from an elevation of the land. Its limit is
the lowest level to which the main stream can cut its channel at its’
mouth—the level of discharge, from which when the work of chan-
nel cutting is done the profile will rise in the long ideal concave
curve. A stream that has reached that stage is said to be graded.
It is evident that the Potomac has much work to do before it can be
called a graded stream.

The channel of the main river will usually become graded before
those of its tributaries, and the next step is the grading of the valley
slopes. Each brook, rivulet, and rill goes through the same process
as the main stream. The effect is reduction of the slopes to the
inclination on which the waters flow but do not cut. As the grade
extends to the higher divides, even they are reduced, and in time
- the lowest possible slope is established over the entire surface of a
river basin. '

Anyone familiar with the mountains among which the Potomac
flows may well pause to ask if such a leveling of their bheights can
ever be accomplished; but the student of the river’s history learns
not only that in time they must be leveled, but also that in times
past the river has had the work then before it much more nearly
accomplished than now. It now runsin a canyon which it is deepen-
ing. It once flowed on the level of the outer valley, which it had cut
to that level and widened to an extensive grade. Indeed, long
before that it had taken its course over a plain which coincided with
the tops of the present ridges and which it had graded from still older
mountains.

The history of the river’s work has been one of successive gradings
in consequence of successive elevations of the land. Let us attempt
to follow its major outlines.

Age is a subject not usually discussed with reference to rivers and
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mountains. They all appear very old. But some are older than
others, and among the rivers of North America the Potomac and its
neighbors are of an older generation. The Appalachian Ranges, on

the other hand, are relatively young; and so it happens that the

Potomac is older than the mountains in which it rises and across -
_which it flows. It may, however, be compared to a tree of which the

trunk is aged, while the branches and branchlets are younger, some

of them very young. The careful student of physiography will

some day search out the history of the system as a whole and of each

branch separately—a complex study, for which the data are not yet

available; but we can indicate the principal facts and, where our

present knowledge halts, point out the problem to be attacked.

Before there was a Potomac, in the age of the coal deposits of
the Carboniferous, streams flowed southwestward from New York,
eastern Pennsylvania, and eastern Virginia toward the interior sea
that lingered over the Southwestern States. We feel confident of
this, because the relative positions of land and coal marsh and sea
are recorded in the rocks laid down at the time, but we can not
identify the position of any particular river. There were then no
mountains where the Appalachians now extend, but ranges began
to develop in the next succeeding epoch, during what is known as
the Appalachian revolution. Very great changes occurred in the
relative positions of land and water, and the movement of the earth’s
crust was such that a belt of strata 100 miles or more in width, extend-
ing from New York to Alabama, and from 10,000 to 30,000 feet
thick, was folded so as to produce arches and troughs The effects
were no doubt of gradual development, but in all probability they
were such that the arches attained the height of notable mountains,
and the troughs became open valleys or inclosed basins. The pre-
viously existing streams were more or less checked and diverted by
folding of the strata, and we suppose that they were so effectually
changed that a new river system was substituted for them. A por-
tion of that system flowed om a surface above the Potomac basin,
and the Potomac is probably descended from it.

The geologic age referred to in the last paragraph is the Permian,
an age during which aridity was a common, if not a general, condition
of the climate of several continents. It is possible that the climate
of the Appalachian province was for a longer or shorter epoch so
arid that rivers ceased to ﬁow but there is no direct evidence of the
condition.

We suppose that the oldest rivers, which developed courses on the
surface of the folded strata, flowed along the troughs and across
from trough to trough, between and across the arches that stood as
mountain ridges. The courses were essentially parallel to those of
the trellised system of the present time, but the trunk channel may

1RR 192—07—2
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have led the waters westward toward the interior sea, instead of
southeastward to the Atlantic, as is now the case.2

The surface was then several thousand feet above the present sur-
face. Even the mountain tops which we now see were then deeply
buried beneath solid rock and lay below sea level. A swelling of the
earth’s crust has since raised the mass of the Appalachian Mountains.

Thus the earliest rivers with which the Potomac may be related are
those which developed in consequence of the folding that occurred in
the Appalachian region during the Permian age. Their courses are
supposed to have been determined by the troughs or valleys which
resulted from folding, and they are therefore called ““consequent.”

Consequent streams are those which flow in the direction of slope
that is due to folding or warping of the surface. They differ from
adjusted streams in that they take their courses along a low line or
down a slope instead of working out a valley in soft rocks. But in a
region like that of the Potomac, where beds of hard and soft rocks
occur in long parallel folds, a consequent system becomes an adjusted
system at an early stage of valley cutting.

The folded structure of the Appalachian Ranges has been carefully

studied, and we are able to locate the lines which were the bottoms
of troughs in the Permian surface. Though high above the present
surface, the deeper troughs closely corresponded in position with
Massanutten Mountain, Great North Mountain, and South Branch
Mountain. Rivers which occupied them flowed parallel to the present
streams, but along and above the now existing mountain tops. The
old valleys have become mountain ridges. This change is of frequent
occurrenge in the process of adjustment, as streams sink their chan-
nels through alternate hard and soft strata,® and there is no difficulty
in understanding how the rivers that now flow by the sides of the
former troughs, or even in valleys along the crests of arches which
correspond with former mountains, are related to the old consequent
system.

Another trough which should be méhtioned is the valley of Georges
Creek and North Fork above Bloomington. It is one of the deepest
troughs in the Potomac basin, and we need not doubt that it was
occupied by a branch of the consequent drainage, but on a valley
bottom high above the present surface.

Following the line of thought suggested in the preceding para-
graphs, we may state the simplest outline of the history of the
Potomac in the following way: The Potomac is the descendant of a
consequent drainage system which developed on the Permian surface
during or after the Appalachian folding. Being established in a
region which presents an. alternation of decidedly hard and soft

aDavis, W. M., Rivers and valleys of Pennsylvania: Nat. Geog. Mag., vol. 1, 1880, pp. 222 et seq.
b Willis, Bailey, Topography and strycture of the Bays Mountains: School of Mines Quarterly, vol. 8,
1887, pp. 242-252.
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rocks airanged in long, narrow belts, the streams have become
- adjusted to the softer strata. In sinking their channels down
through several thousand feet of varying rock they have indeed
become so thoroughly adjusted that stretches beneath the old valleys
have become mountain ridges capped with hard sandstone, and val-
leys are developed on either side, in places even along the tops of
arches.

Granting this statement the advantage of being probably true, we
may compare it with one that we are descended from Adam. Many
links are omitted and much is unaccounted for. It is not enough to
know the structure of a river basin and the adjustment of the river
system to it. We need to know also the profiles and cross sections of
the valleys and the deposits which the river from time to time in the
course of its long existence has made in them, as well. Furthermore,
we need to look over the mountain tops to ascertain what remnants
of old surfaces are there visible.

To pursue the subject more closely it is necessary to digress to the
history of the mountains before the elevation of the ranges which we
now see.

The Permian Appalachians are known to have been greatly ele-
vated in the process of folding. It is possible that elevation pro-
gressed so slowly that erosion nearly kept pace with it in wearing
down the heights, and if so, the mountains never attained great alti-
tude; but it is more likely that the elevation went on with compara-
tive rapidity and was attended by the development of conspicuous
heights. This inference, rests, however, on geologic reasoning.
There are no great mountains to which one, looking abroad over the
Appalachian Ranges, can point as Permian mountains. Omn the con-
trary, he who looks across from Massanutten to Great North and
from Great North to the Allegheny Front sees long, ever-crested
ridges, which suggest a plain. I the valleys were filled to the rim
with the material which the streams have carried away, the region
would become a plain; and above such a surface stood the mountams
of Permian time. They are no longer there.

In the lowlands of New Jersey, eastern Pennsylvania, Maryland,
and Virginia there are deposits of red sandstone and mud rock, the
materials of which were derived from adjacent areas, in large part
from the district of the Permian mountains. The strata are Triassic,
slightly more recent than the Permian, and are of such volume that
if restored en masse to the place of their origin they would form a con-
siderable mountain chain. They no doubt represent a part of the
Permian mountains which wasted away under attacks of eroding
agents.

It is a somewhat surprising conclusion that the Permian Appa-
lachian Mountains not only wasted to low hills, but disappeared so

1
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completely that a plain extended from sea level across much of the
region where they previously stood; yet that such was the fact we
are led to believe by two lines of reasoning. Spread over the Atlantic
Coastal Plain are deposits of gravel, sand, and clay washed from the
region to the west during the epochs succeeding that of the strata
which represent part of the waste of the Permian Appalachians.
Geologists class the epochs as Jurassic and Cretaceous. The deposits
are small in amount, and if restored to the watersheds of the streams
which carried them away would not materially increase the altitude
of the surface. As there is no mass of sediments of that time equiv-
alent to a mountain range in volume, we reason that there was no
range. The only escape from the conclusion is through the assump-
tion that thicker deposits lie buried out to sea; but well borings show
that the strata which do exist there are of fine calcareous material,
chiefly marine sediment, which does not represent the immediate
waste of mountains. )

In corroboration, if we look over the Appalachian Ranges for rem-
nants of highlands which may have existed during Jurassic and
Cretaceous times, we find them of slight extent. The principal sum-
mits of the Blue Ridge, scattered heights of the Allegheny Plateaus,
and the big balds of the Great Smoky Mountains were then low,
rounded hills.2 They still possess that form. Extending from them
at a lower level are the long, even crests of the Appalachian Ranges,
which, if the valleys between them were filled, would correspond with -
the surface of a plain. Once nearly level, this plain is so no longer.
In West Virginia it lies at an altitude of 4,000 feet above the present
sea level, but west of Washington it sinks to 1,000 feet, and near the
city passes under the surface, being buried by the gravels and clays
of the so-called Potomac formation, which is at the base of the Juras-
sic and Cretaceous sediments above referred to. The topographic
features of the time are thus distinguished from those of later epochs
by the fact that in the existing mountains they possess peculiar
roundness and flatness and occur at high altitudes, whereas along the
Coastal Plain the representative surface passes beneath the strata of
later age. .

The recognition of the ancient plain which characterized the eastern
United States and also Canada during the Jurassic and Cretaceous
ages was a most important step in the understanding of the history
of the mountains and rivers. From its conspicuous character in the
crest of Schooley Mountain, New Jersey, it has been named the
Schooley peneplain,? :

e Hayes, C. W., and Campbell, M. R., Geomorphology of the southern Appalachians: Nat. Geog. Mag.,
vol. 6, 1804, pp. 63-126, P1. V. N

b Peneplain is a technical term meaning almost plain. It is used to avoid the suggestion of a per-
fectly plain surface. It is consistently applied to a region of wide valleys among low hills, or to a
true plain, the degree of unevenness being indeterminate; but it carries by definition the implication
that the surface has been planed by the ordinary processes vf atmospheric erosion.
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We may now return to the Potomac, to discover, if possible, its
course on the Schooley peneplain and to trace its further develop-
ment.

It has already been stated that the consequent drainage of .the
Permian Appalachians probably joined in a trunk channel and flowed
to the southwest. The Potomac above Harpers Ferry could not
- then have existed, except perhaps as a stream rising in the Blue Ridge
and pursuing a course toward Cumberland. The Shenandoah, South
Branch, and other large tributaries, which are now adjusted to the
valleys in limestone and shale, were then represented by streams -
flowing along the troughs produced by folding. By the time the
Permian Appalachians had wasted to a peneplain still having pro-
nounced relief the adjustment of the branches was accomplished and
they were probably established along the lines of their present valleys,
but near the level of the now existing sandstone ridges. The trunk
channel may still have descended westward. East of the Blue Ridge
there were rivers that carried down sediment to the Coastal Plain and
spread it there. Part of it constitutes the base of the Potomac forma-
tion, and consists of coarse pebbles and bowlders of quartz and
quartzite derived from ledges in the Blue Ridge. It was distributed
by streams meandering over the eroded surface of the ancient gneisses,
with thé sands of which the cobbles are mingled. A river corre-
sponding with the Potomac below Harpers Ferry probably had a more
or less important share in this work, which was accomplished during
the later part of the Jurassic age. It is possible that the river even
then rose west of the Blue Rldve

When the Schooley peneplaln had been eroded to.very low relief,
conditions were favorable for extension of drainage lines on the part
of strong streams at the expense of weaker ones. The processes by
which such extension is accomplished are complex and subject_to
many qualifying conditions. They can not be detailed here, but in
general there are three prmmpal factors which affect the result.

A river of large volume is commonly stronger than one of less vol-
ume. One which has rapid fall—that is, one which takes a short
course to a low point of discharge—is advantageously situated.
Finally, one which is developing a channel in soft rocks is likely to
reach a low level sooner than one which is working in hard rocks, and
may thus develop a steep fall near its head, which gives it a local
advantage.

In attempting to understand how the consequent drainage that
initially flowed westward became reversed, so that the present direc-
tion of flow was established, we find that the item of relatively short
course and steeper fall appears to have been the determining factor.
Whether the divide be assumed at the Blue Ridge or at any other
point within the Potomac basin, the course to tide level near Wash-
ington is much shorter than that toward the southwest, in which
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direction there was then, so far as we know, no sea nearer than the
Gulf of Mexico, if as near. The eastern course, being shorter, was
steeper, and streams pursuing it attacked the divide between them-
selves and western rivers more vigorously than the latter did. The
rocks of the Blue Ridge are hard and no doubt formed a height which
long resisted the work of the gnawing brooks that ran down its
eastern slope; but inasmuch as it was leveled to a low ridge by the
very slow process of general denudation, it must have yielded sooner
to the more effective abrading action of running water and sand.

At some time, probably early in the development of the Schooley
peneplain, the Blue Ridge was thus cut through from the east. This
result follows directly from its geographic position in relation to tide
water, but it may have been accelerated by elevation of the western
or depression of the eastern region in such a way as to increase the
advantage of the eastward course. Davis, who first recognized the
reversal,® suggests that it occurred when the basin in which the
Triassic sediments from the Permian Appalachians were deposited
was developed, in which case the present course of the Potomac has
been established since Triassic time instead of only since late Jurassic
or early Cretaceous.

The Potomac at Harpers Ferry was not the only stroam which
succeeded in crossing the ridge. Each of the several gaps that notch
the Blue Ridge, as, for example, Snickers Gap at the head of Goose
Creek, though a wind gap now, was a water gap then, and was occu-
pied by the successful stream. The Blue Ridge being cut through,
the eastern waters were divided only by hmestone from the rivers
which drained the Great Valley, and having gained ground in the
contest for the main divide, they were able to continue doing so; but
as the hard rocks of the Blue Ridge lay across their upper courses
their progress beyond was probably slow at first, until they had cut
the gaps below the general level of the peneplain on the limestone.
That they should eventually expand in the Great-Valley and capture
the stréams which still formed the headwaters of the westward-flowing
main river was an inevitable result of their shorter course to the sea.
The development of several systems, among which the basin of the
present Potomac was divided, was a natural result.

The preceding explanation of the growth of the Potomac across the
Blue Ridge and beyond to the Allegheny Front is based on a well-
known action by which streams grow at their heads as a tree grows at
the tips of twigs. It is technically known as ‘‘headwater’’ erosion or
“retrogressive’’ erosion.

A somewhat different account of the development of the Potomac
may be based on what is known as a ‘“superimposed”” course. If it be
assumed that the Schooley peneplain was covered with alluvium to a

aDavis, W. M., Rivers and valleys of Pennsylvania: Nat. Geog. Mag., vol. 1, 1889, p. 229.
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sufficient depth to bury the lowest parts of sandstone ridges, then it is
probable that streams would become established across the ridges as
well as between them. Transverse channels would develop rapidly
if the plain were so warped as to increase the declivity toward the east.
In the progress of warping the deepening channel would be cut down to
hard rocks, but the river would then be intrenched and could not
depart from its established course across the grain. This process
implies very uniform planation of the surface, and might have led to
a less direct course than that which the Potomac has; but it may
have played some part in the river’s early hlstory as it probablV did
in some later episodes.c

Leaving the problem of the exact manner of development to the
careful investigation which it merits, we may consider the course of
the Potomac from Cumberland to Harpers Ferry as having been estab-
lished on the Schooley peneplain. The trunk channel was then fed by
tributaries which entered it as the principal branches now do, and the
system was one which may fairly be called the “Potomac.” It did
not, however, have the expansion of watershed which it now has, but
was probably much more restricted toward the south, the Shenan-
doah, South Branch, and others on that side being at the time com-
paratively short. The northern branches, on the other hand, may
have been longer.

In the preceding discussion one important fact has been tacitly
passed over—the altitude of the Schooley peneplain at the time of its
development with reference to sea level. The evenness of the plain
is attributed to planation by streams, which are able to produce such
a surface only when they have cut their channels down to the lowest
possible grade—that is, to a slope which is fangent with the sea level
or with some other fixed level of discharge. A barrier of hard rock,
a dam, for instance, may for a time constitute a local level of this sort.
The Schooley peneplam is so extensive that no local level can have
sufficed to fix it. Sea level alone could determine the grade common
to many streams draining thousands of square miles. We reason
accordingly, from the laws of river action and the extent of the penc-

plain, that the surface of the land rose gradually from sea level to a
- very moderate altitude only. This was in the Jurassic and Creta-
ceous periods.

At the present time the Schooley peneplain in West Virginia lies at
an altitude of 4,000 feet and its surface has the form of a very broad,
somewhat uneven dome, sloping from the greatest height in that
region to a position below the Coastal Plain on the east and to one
nearly as-low in the\ Mississippi Valley on the west. It is a warped

a Willis, Bailey, The northern Appalachians: Physiography of the United States: National Geo-
graphic Monographs, vol. 1, No. 6, 1896, p. 190.
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surface, raised on a gentle swelling of the underlying rocky crust from
the low grade at which it was developed to its present form., The
consequences of elevation where streams flow upon swelling surfaces
are increased velocity of flow and deeper cutting of the channels.

Large rivers may do so nearly or quite as rapidly as the mass beneath
them rises, and may thus maintain a relatively low grade at the bot-
tom of a canyon; but smaller streams do not keep pace and acquire
steep profiles. At their headwaters the branches tend to grow as
their channels deepen; competition is renewed between opponent
brooks across a divide; and if the changed conditions favor one more
than another the favored one grows accordingly. Furthermore,rivers
flowing across rock masses which consist of alternate hard and soft
layers sooner or later cut down to a change of rock, from soft to hard,
or vice versa, and thus become favored or retarded in the process of
deepening their channels. The advantages thus gained or lost lead
to readjustments of watersheds—a kind of natural gerrymander, to
borrow a political phrase—and to the diversion of streams from one
course to another by the process known as stream capture.

The growth which the Potomac and its tributaries had in conse-
quence of the doming of the Schooley peneplain resulted in the exist-
ing arrangement, which probably differs notably from that of the
older river. The detailed changes within the Potomac basin escape
our present knowledge, but they may be mere or less closely traced
by study of the wind gaps, which represent abandoned channels, and
by investigation of the relations which streams had to the underly-
ing rocks during the process of sinking their valleys from.the level of
the mountain tops to their present position.

One fact is, however, so striking that it stands out clearly—the .
great length of the southern tributaries of the Potomac as compared
with the opponent streams that flow to the James. The headwaters
of the Shenandoah, for example, in Augusta County, 120 miles from
the Potomac at Harpers Ferry, are but 25 miles from the James at-
Balcony Falls. A sufficient reason is found in the fact that the
warped surface of the Schooley peneplain slopes toward the Potomac.
It is highest above the region where the divide extends between the |
Shenandoah and South River (the opposing tributary of the James),?
and the long course of the Shenandoah corresponds with the long
slope of the old surface. The inference is that the Shenandoah grew
to its present dimensions because when it was a much smaller river,
its fall was increased by the northward tilting of the surface. Having
a low pomt of d1scharge it extended its basin by headwater erosion,
capturing in succession the heads of those streapns which fose in the
Great Valley and flowed eastward across the Blue Rldge Their

aHayes, C. W., and Campbell, M. R., Geomorphology of the southern Appajachlana .Nat Geog
Mag., vol. 6, 1894, PL. V.
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abandoned gaps, such as Snickers Gap, remain as evidence of their
former existence. In the course of its conquests the Shenandoah
became opposed by the tributaries of the James, but it continued to
push the divide southward until an equilibrium was established
between the opponents across the area where the Schooley peneplain
was most elevated.

The northern tributaries of the Potomac are short as compared
with the southern branches of the Susquehanna opposed to them.
They were at a disadvantage, as their fall southward was lessened by
the rise of the northward slope of the peneplain, and they lost ground
to the Susquehanna, as the James did to the Potomac.

The doming of the Schooley peneplain has been a gradual process,
involving in the Virginias a maximum change of level of about 3,500
feet. As the uplift progressed the Potomac developed a canyon
which in due process widened to a valley. Had the uplift been accom-
plished and ceased long ago, the valleys would be very wide, espe-
cially along the master stream, and much of the region would be
eroded to grade. Had the upward movement been continuous, the
river would exhibit a simple profile and the valleys simple cross sec-
tions, generally concave upward and broken only by hard beds of
rock, which would project above the average slope. Neither of these
cases corresponds with the facts. There are wide valleys, but within
them are narrow canyons. The greater width was developed when
the stream had worked down to grade during a pause in the elevation;
the narrower channel was sunk when the activity of the river was
renewed by renewed uplift. Thus it is apparent that warping has
been an intermittent process.

At every stage of sculpture through which the surface passed, the
Potomac and other streams bore to their lower courses the sediment
taken from upper districts and spread it upon the Coastal Plain or
delivered it to tidal waters in estuaries or the open sea. The volume
of sediment and its character, whether coarse or fine, varied with the
rate of uplift. The strata are thus a record of the river’s work and
indirectly of the height of land. Something may be inferred from
them regarding the rate of warping. There is, however, another
factor which complicates the problem—variation of climate, accord-
ing to which the river’s volume, and consequently its ability to carry
sediment, changed from time to time. Though probably subordinate
to uplift, it is not negligible. Bearing in mind that there are two
factors which have determined the river’s action, the careful student
may investigate the sediments on the one hand and the valley profiles
on the other and work out a more detailed history than we now
possess. At present we are not able to describe the successive stages
accurately, but certain marked ones stand out clearly with such
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decided character that we can with confidence attribute them to the
more effective of the two variable factors, the progress of uplift.

The wide valley of the Shenandoah marks the earliest pause in exca-~
vation of which there is record in the sculptured surface. No gen-
eral view of it can be had from the river, which, near its mouth, in
consequence of later cutting, runs 350 feet below the valley level, but
it may be inspected from any of the numerous low shale hills that
diversify the former valley plain. It is not difficult, when looking
down on the river’s turbid flood, to realize that it has sunk its chan-
nel among the hills. It is but another step to recognize that if we
could restore what the river and its branches have carried away the
hills would be joined together by the fills and the whole wide valley
would present a plain. That it once did have such a plain surface,
which was worked out to the grade of the river, is not questioned, and
the laws of river action lead directly to the conclusion that the level
of discharge which the river then had was the level of the plain near
its mouth.

From its characteristic development in the Shenandoah Valley the
valley plain has come to be known as the Shenandoah. It is not, how-
ever, a local feature, but a surface which is present throughout the
Appa,lachlan Mountams wherever the rocks are soft shale or the even
less resistant limestone.

As the Shenandoah plain is thus a general fact of sculpture, to a
greater or less extent worked out by all the rivers of the region, its
grade could have been determined only by a common level of dis-
charge—sea level—and a plain of such wide development as it exhibits-
could not have been sculptured while the level of discharge was
.changing in course of uplift, but only during a prolonged interval of
constant level. We divide the uplift and erosion of the mountains
accordingly inhto an earlier cycle, during which valleys were sunk 1,000
to 2,000 feet below the Schooley peneplain in the Potomac region and
the Shenandoah plain was eroded over all the areas of softer rocks,
and the later cycles, during which the lower features of the valleys
have been cut.

During the earlier or Shenandoah cycle the Potomac and its
southern branches grew very nearly or quite to their present lengths;
the northern branches diminished as they gave ground to the Sus-
quehanna; and thus the competing streams established the water-
sheds that now exist. North Branch of the Potomac held a very
advantageous position in opposition to the western streams on the
plateau, as it reached a relatively low level on soft rocks in a much
shorter distance than they. It was therefore able to extend such
branches as Savage River and Crabtree into their territory, and it is
still doing so.



DEVELOPMENT OF THE RIVER SYSTEM. 21

The Shenandoah plain (recently rechristened the Harrisburg pene-
plain® no longer exists as a continuous surface. Cut by the larger
rivers and their branches, even out to the smallest, it is represented
only by hilltops that approach its level. Its altitude near Harpers
Ferry is about 600 feet above the sea; about the headwaters of the
Shenandoah it is 1,200 feet. Between it and the channel of the
river, 200 to 350 feet below, are sculptured the terraces and slopes
of later development. Among these is a lower valley level, about
100 feet below the Shenandoah plain, which apparently corresponds
to a surface that extends about Somerville, N. J., and is known as
the Somerville peneplain.? It is eroded on the limestones or very
soft Triassic sandstones and represents a shorter pause in the progress
of uplift than did the Shenandoah.

The Shenandoah and Somerville plains are not everywhere dis-
tinguishable one from the other, being represented in some places by
one extensive surface. Toward the close of their development, in
the epoch known to geologists as the late Tertiary or Pliocene, they
became covered by a widespread deposit of gravel and loam, which
is called the Lafayette formation.

The Lafayette covers the outer slopes from the Appalachian Moun-
tains toward the Atlantic and Gulf coasts and the Mississippi Valley
with an almost continuous mantle. It is represented in the dis-
tricts of the Appalachian Ranges and Allegheny Plateaus by deposits
of gravel that now cap terraces and hills. It is composed through-
out of alluvial material, carried, sorted, and deposited by streams in
the first instance and to some extent rearranged by marine waters
about the margins. What part is fluviatile and what part marine is
to be determined only by further studies; but it is probable that the
activity of rivers in spreading the material has been underestimated
and that the degree of marine submergence has been correspondingly
overestimated. The Potomac, like other rivers of the Lafayette
epoch, flowed in a wide alluvial plain, which coalesced with those
of adjacent rivers in the lower courses.

The epoch of low, level, and wide-spreading plains was followed by
one during which the land was again elevated and the rivers incised
the channels they had assumed. It is probable that the elevation
was not constant, especially in the outer Coastal Plain, for there is
evidence that the lower valleys were at times submerged after having
been eroded.¢ Other influences were, however, almost if not quite
as important. It was the time called Pleistocene, the time of the

aCampbell, M. R., Geographic d vclopment cf north:rn Pennsylvania and southern New York:
Bull. Geol. Snc. America, vel. 14, 1923, pp. £77-286.

b Davis, W. M., and Wood, J. W, jr., Geographic devclopment of northern New Jerscy: Proe.
Boston Soc. Nat. Hist., vol. 24, 1890, pp. 391-392.

¢Darton, N. H,, Washington folio: Geologic atlas U. 8., folio 70, U. 8. Geol. Survey, 1901.
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glacial and interglacial epochs, when the climate varied from tem-
perate to semiarctic and back to temperate again; the rivers changed
their activities accordingly and alternately cut their channels or par-
tially filled them. The minor gorges that characterize all the valleys,
the cascades that beautify the rivers, and the wide rocky shallows
that are peculiar features in streams so large as the Potomac and Sus-
quehanna resulted from these activities, as did also the later gravel
and silt deposits constituting the Columbia formation, which are
extensively spread upon terraces along the Potomac, especially in the
vicinity of Washington.

As we approach the present, the seeming importance of details
increases. The deposition of the Columbia formation, for example,
marks an episode which seems to compare with the erosion of the old
Permian mountains, though it is indeed a relatively insignificant fact.
But every detail of the river’s course or profile or deposits is significant
of some past circumstance, if we can but understand.

Old as the Potomac is and varied as have been the activities affédf:
ing its development, a new agent has appeared in its watershed with#
the last three hundred years and is acting as the chill climate of the
ice age acted to denude the surface and load the river with sediment.
Throughout the Tertiary age, when the Schooley peneplain was cut”
away, when the Shenandoah plain was graded, and when the inner
canyons were sculptured, the region constantly bore a luxuriant
deciduous forest, in which the tulip tree and the magnolia appeared
at an early date and the more modern oaks and maples and many
others found place later. With the advent of the ice age the climate
changed from semitropic to temperate, and then to that of the Bar-
ren Grounds of the Far North to-day. Vegetation died; the surface
was bared; rain or waters from melting snow swept away the frost-
loosened earth; winds carried the dust in eddying clouds; the rivers
were surcharged with sediment, and the Columbia depos1ts resulted.
The new agent in his own pecuhar way is preparing another such
deposit. He has bared the surface almost as effectually as did the
blasts of the ice age, but with an ax only, and he is causing a new
record to be made in the hills that are scored with gullies and in the
lowlands that are buried beneath deposi:s of gravel and mud.

The Potomac’s long history has
the internal energy of the earth, that has shaped the surface on Whlch
the river grew; the attraction of gravitation, that has “eaused the
river to flow; the external force of the sun, that has set the atmos-
pheric agents to work. They were sometimes conservative, some-
times destructive. The new force has demonstrated his capacity to
destroy; in his own interest he needg to acquire the art to protect.
The future of the Potomac and the fitness of its watershed to be a
home for man depend on his intelligent use of what the ages have
fashioned.




STREAM FLOW IN THE POTOMAC BASIN.

By R. H. BoLsTER.

INTRODUCTION.

METHODS OF WORK.
FIELD METHODS.

The methods by which the records of stream discharge have been
made are those in common use in the United States Geological Sur-
vey. They are described in detail in Water-Supply and Irrigation
Papers Nos. 94 and 95 and briefly in the annual progress reports
for 1904 to 1906. An outline of the method used in the Potomac
River drainage basin is given below, to assist in making clear the
data which follow.

A gage for observing the stage of the river is established at a
bridge or other place where the record of flow is to be made. This
gage is a vertical staff or some other device by which the height of
water may be observed, and is read each day by a person living
near by. The average of the gage readings, if more than one, in any
day is used as §he mean gage helght for that day.

At various stages of the river one of the hydrographers of the
Survey visits the station and measures with a current meter the
amount of water flowing. This meter is primarily an instrument for
measuring the velocity of moving water, and consists essentially of
a wheel with vanes, which may be shaped like those of a swindmill
or of a screw, or with cups like those of an anemometer, the neces-
sary qualification being that moving water shall readily cause the
wheel of the meter to turn. Each meter is rated before use. The
rating is done by moving the meter through still water at various
observed speeds to determine the relation between the velocity with
which the meter moves through the water and the revolutions of
the wheel. This relation having been determined, the meter is used
in running water, the revolutions per unit of time noted, and the
velocity of the water computed.

Observations of depth of water are also made, and from them the
area in cross section of each portion of the stream is computed; each
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partial area multiplied by the mean velocity of that area gives a
partial discharge. The sum of the partial discharges is the total dis-
charge of the stream.

OFFICE METHODS.

Measurements of flow as outlined above are made covering a con-
siderable range of gage height. They are then plotted on coordinate
paper, with gage heights for ordinates and discharges for abscissas,
and a smooth curve, called the rating curve, is drawn through the
points. From this curve a rating table is made which shows the dis-
charge of the stream for any gage height.

The data necessary for the construction of a rating table for a
gaging station as just stated are the results of the discharge measure-
ments, which include the record of stage of the river at the time of
measurement, the area of the cross section, the mean velocity of the
current and the quantity of water flowing; and a thorough knowl-
edge of the conditions at and in the vicinity of the station.

The construction of the rating table depends on the following laws
of flow for open permanent channels: (1) the discharge will remain
constant se long as the conditions. at amd: near the gagmg statior:
remain constant; (2) the change of slope due to the rise and fall of
the stream being neglected the discharge will be the same whenever
the stream is at a given stage; (3) the dlschalge is a function of,
and increases gladually with, the stage.

The plotting of results of the various discharge measurements,
using gage heights as ordinates and discharge, mean velocity, and
area as abscissas, will define curves which show the discharge, mean
velocity, and area corresponding to any gage height. For the devel-
opment of these curves there should be, therefore, a sufficient number
of discharge measurements to cover the range of the stage of the
stream. Fig. 1 shows a typical rating curve with its corresponding
mean velocity and area curves.

As the discharge is the product of two factors, the area and the
mean velocity, any change in either factor alone will produce a cor-
responding change in the-discharge. Theircurves are therefore con-
structed in order to study each independently of the other.

The area curve can be definitely determined from accurate sound-
ings extending to the limits of high water. It is always concave
toward the horizontal axis or on a straight line unless the banks of
the stream are overhanging.

The form of the mean velocity curve depends chiefly on the sur-
face slope, the roughness of the bed, and the cross section of the
stream. Of these the slope is the prineipal factor. In accordance
with the relative change of these factors the curve may be either a
straight line, a curve convex or concave toward either axis, or a
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combination of the three. From careful study of the conditions at
any gaging station the form which the vertical velocity curve will
take can be predicted, and it may be extended with reasonable cer-
tainty to stages beyond the limits of actual measurements. It is
used principally in connection with the area curve in locating errors
in discharge measurements and in constructing the rating table.

The discharge curve is defined primarily by the measurements of
discharge, which are studied and weighted in accordance with the
local conditions existing at the time of each measurement. The curve
may, however, be best located between and beyond the measurements
by means of the curves of area and mean velocity. This curve under
normal conditions is concave toward_ the horizontal axis and is gen-
erally parabolic in form.

In the preparation of the rating table the discharge for each tenth
on the gage is taken from the curve. The differences between suc-
cessive discharges are then taken and adjusted according to the law
that they shall either be constant or increasing.

DEFINITIONS.

The volume of water flowing in a stream, the ‘‘run-off,” is ex-
pressed in Yhrious terms, each of which is associated with a certain
class of work. These terms may be divided into two classes: Those
which represent a rate of flow, as second-foot, gallons per minute,
and run-off in second-feet per square mile; and those which repre-
sent actual quantities of water, as run-off in depth in inches. They
may be defined as follows:

“Second-foot”’ is an abbreviation for cubic foot per second, and is
the rate of discharge of water flowing in a stream 1 foot wide 1 foot
deep at the rate of 1 foot per second. It is generally used as a fun-
damental unit from which the others are computed.

“Gallons per minute” is generally used in connection with pump-
ing and city water supply.

“Second-feet per square mile’ is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off in inches” is the depth to which the drainage area would
be covered if all the water flowing from it in a given period were
conserved and uniformly distributed over the surface. Tt is used for
comparing run-off with rainfall, which is usually expressed in depth
in inches.
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EXPLANATION OF TABLES.

For each regular station are given, as far as available, the follow-
ing data: :

1. Description of station.

2. List of discharge measurements.

3. Gage-height tables,

4. Rating tables.

5. Tables of estimated monthly and yearly discharges, run-off, and
precipitation, based on all the facts available to date.

The descriptions of stations give such general information about
the locality and equipment as would enable the reader to find and use
the station, and, as far as possible, a complete history of all the
changes that have occurred since the establishment of the station
that would affect the use of the data collected. They also give state-
ments concerning the probable percentage of error of the estimates.
The probable errors have been based principally on the errors of the
discharge measurements with reference to the rating curves.

The discharge-measurement table gives the results of the discharge
measurements made during each year, and includes the date, the gage
height, and the discharge in second-feet.

The tables of daily gage heights give for each day the height of the
surface of the river above the zero of gage, as found from the mean
of the gage readings taken on that day.

The rating tables give discharges in second-feet corresponding to
each stage of the river as given by the gage heights and statements
concerning the measurements on which it has been based and the por-
tion of the curve which is well defined.

In the tables of estimated monthly discharges the column headed
“Maximum’’ gives the mean flow for the day when the mean gage
height was highest; this is the flow as given in the rating table for
that mean gage height. As the gage height is the mean for the day,
there might have been short periods when the water was higher and
the corresponding discharge larger than given in this column. Like-
wise in the column headed “Minimum,” the quantity given is the
mean flow for the day when the mean gage height was lowest. The
column headed “Mean " is the average flow for each second during the
month.

On this, the computations for the columns under the general head-
ing “Run-off” are based. The mean precipitation, which has been
entered in the column headed ¢ Precipitation in inches,”” for gaging
stations which have been maintained for a series of years has been
determined from the United States Weather Bureau records. The
mean precipitation has been determined from well-distributed rain-
fall stations in the drainage basin above the gaging station,

IRR 192—07——3 e
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From the precipitation in inches and the run-off in depth in inches
the run-off in per cent of precipitation has been determined, also the
loss of precipitation in inches or the amount which for several causes
does not flow past the gaging section.

ACCURACY OF ESTIMATES OF STREAM FLOW.

The description of each gaging station is followed by a statement
indicating the probable percentage of error in the values for mean
monthly flow. This percentage is only approximate, as no refinement
has been attempted in its determination. The probable errors have
been based principally on the errors of the discharge measurements
with reference to the rating curves and the known conditions of the
flow in the vicinity of the gaging section. It is impossible to esti-
mate closely the errors caused by temporary or gradual changes in the
conditions of flow, unreliability or ignorance of the observers, changes
in wire or chain length, or ice conditions.

Errors due to changes in conditions of flow are relatively small for
the large streams except at a few stations. On small streams, how-
ever, a temporary obstruction at or below the gaging section, causing
a change in area of cross section or in velocity of the current, may
cause large errors in daily estimates of discharge. These changes as
a rule do not occur frequently and are usually of a temporary char-
acter; for example, the lodging of driftwood on the controlling point
below the gage reduces the velocity, and hence the discharge for a
given gage height. A few days later a sudden rise in the stream may
clear the channel and restore normal flow. TUnless the hydrographer
has chanced to make a measurement of discharge during the period of
abnormal conditions, an error has been introduced into the monthly
estimates. Owing to the limited appropriation for stream gagingand
the large number and wide separation of the gaging stations, it is
impossible for the hydrographers to make measurements frequently
enough to eliminate all errors arising from these abnormal conditions.
Tt has further been found impracticable to so instruct the observers
that they will correctly report unusual conditions.

Gradual changes in the conditions which affect the flow can be esti-
mated and corrected more readily than temporary changes. Here
again the hydrographer is often handicapped by inability to make
sufficient measurements to show properly the varying rate of change
in channel conditions. In such cases the estimates are obtained
either by an indirect method which is based on the assumption of a
constant rate of change from day to day between measurements or by
a series of rating curves.

Observers are as a rule conscientious in reading the gages, but with
few exceptions they are wholly unfamiliar with engineering work of
any description. The observers’ records, however, are examined and
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checked by hydrographers, and large errors are thus eliminated. The
observers are usually instructed to read the gage to the nearest tenth
or half tenth of a foot twice each day, and at times of floods several
times a day. At high and medium stages the errors in reading the
gage are thus negligible; but at low stages, when a difference of one
or two hundredths in the stage of the river or slight fluctuations during
the day cause errors of several per cent it is evident that the regular
method of observation is inadequate. Hence, monthly minimums
may be considerably in error; but in general the monthly means for
months of low flow are good, owing to the tendency of positive and
negative errors to offset each other.

Prior to the fall of 1903 wire gages were used at many of the stations -
for observing the stage of the river. The correct length of gages of
this type was difficult to maintain on account of the stretching of
the wire. Small changes of length took place frequently, making
necessary the application of corrections to the observed gage heights
at the station. In some instances the magnitude of the corrections
and the time over which they should have been applied were not
recorded, and the proper adjustments are therefore somewhat in

“doubt. In such instances,if the data warranted it, the gage heights
were corrected by the amount that the measurements of the period
in question were vertically above or below the curve. It is believed
that by the use of corrected gage heights reasonably accurate esti-
mates of discharge have been made for all the rivers described.

The extent of frozen periods at many of the stations is very uncer-
tain. All ice notes are from observers’ gage-height records, but as
the observers’ notes prior to 1904 are very incomplete their absence
does not always imply open-channel conditions. KEstimates for ice
periods have been made as if open-channel conditions existed except
as noted. This method involves errors for the relatively short ice
periods of a few to 40 per cent.

The errors which are described above are not to be considered as
applying to every station. They have been fully described here in
order to call to the attention of the reader the possible sources of
error and the limitations of engineering work of this kind. Although
the resulting error may seem large, it should be remembered that
stream-gaging data and estimates of flow are used mainly as a basis
for predicting the maximum, minimum, and mean discharge which
may be expected in future years. Since the mean annual flow of a
stream may be several times larger one year than it is the next, it is
evident that for records of short duration an estimate which involves
an error as great as 50 per cent is not without value. On the other
hand, it is a waste of money and needless refinement—indeed, vir-
tually impossible—to obtain estimates much closer than 3 per cent
in ordinary current-meter work.
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Special emphasis is laid on the fact that the value of stream-gaging
data is determined mainly by the number of years during which the
record has been maintained and not so much by the degree of accuracy
of the discharge for each year. That is, the longer the record the
more nearly does it indicate the maximum, minimum, and mean flow
which may be expected in the future.

Monthly means which are stated in the descriptions to be within
5 per cent of the true flow are considered to be very good, and those
within 10 per cent are considered close enough for all practical pur-
poses. Errors in estimates which are greater than 15 per cent are
due either to an insufficient number of measurements, or to poor
natural conditions which could not be avoided, or to changes at the
gaging’station which could not be foreseen at the time of its estab-
lishment. The larger errors in daily discharge values occur at the
highest stages, which continue only for a few days, and hence the
effect on the accuracy of the monthly mean is not so great as might
at first appear. Also by far the greater number of gage heights are
tor medium stages, at which the error of the rating curve is seldom
as great as 10 per cent and is usually much less than 5 per cent.
The errors in the daily discharge values are often considerable, owing
to fluctuation of the river height. The values for the maximum
and the minimum flows for the month may also contain an addi-
tional error, because they are based on the extreme low or high part
ot the rating curve, which is usually not so well defined as the inter-
mediate portion. In the case of the mean monthly flow, for which
the estimates of accuracy are made, the error is reduced to a very
small amount by reason of the compensation of variable negitive

and positive errors.
COMPARISONS OF FLOW.

The figures in the following table have been brought together for
the purpose of comparing the flow from a partial drainage area with
the flow from the total drainage area over a relatively long period
of time. :

The totals show that the ratio of the run-off from the tributaries
to the run-off from the total basin is 6 per cent greater than the ratio
of their respective drainage areas. This is entirely reasonable and
just what should be expected, for during medium and especially dur-
ing high stages the run-ofl is greater on the tributaries, owing to
somewhat greater rainfall and more precipitate slopes.

In the comparison of the run-off from month to month it should
be remembered that there is a considerable time interval between
the stations. For example, a flood on the tributaries occurring at
the end of a month does not reach the Point of Rocks station until
the following month. It is believed that this accounts for most of
the larger deviations of discharge from the normal for the individual
months.
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Mean monthly discharge in second-feet, Potomac River basin.

h dRaﬁ':o of
Sout! ischarge
North :
Potomae | [pranch | Shenan- | gopep Total, | Of tribu-
H Potomac doah : taries to
River at . h Potomac | exclusive
Date. H River near| River at : H that of
Point of Spring- Millville River at | of Point main
Rocks,Md. field, W. W. V. Piedrx{’ont, of Rocks. stream at
Va. - V. Point of
Rocks.
1903. 3
September. ... ... ...... ... 4,669 336 2,249 90 2,675 0.57
October...........cccoiieann. 3,212 271 1,454 103 1,828 .57
November. . 2,175 206 961 134 1,301 .60
December..........ccooiaoe. a 2,926 a 286 927 193 1,406 .48
1904,
January.....o.o..oioiiiion. a7,287
February. a17,480
March. ... 11,170
Apri 7,406
9,362
10,160
4,510
2,304
£, 502
1,164
1,340
2,201
a 8,626
5,625
23, 480
6, 581
4,493
6,579
10,190
5,830
3,205
2,888
November 2,267 190 624 267 1,081 48
December. . ... ... ........ 10, 640 2,208 2,336 815 5,449 51
1906.
January. ...l 14,990 3,321 3,719 1,256 8,295 55
February... 5,116 664 1,643 220 2,527 49
March._... 15,900 5,076 3,888 1,161 10,125 64
April. ... 22,440 4,538 4,464 2,013 11,015 49
May...... 5,538 1,085 1,803 3 3,211 58
June........ 7,007 77 2,895 413 | 4,078 58
B 4 X 1 oS PPN b. 537
Ratio of tributary drainage areas to drainage area above Point of Rocks.................. b. 505
a Ice conditions. b September, 1903, to March, 1904, not included.

As a practical application of such comparisons as have been given
above, the following may be of interest and value.

1. The observers’ gage heights for the Point of Rocks station from
January 1 to June 18, 1896, were corrected 0.7 by the hydrographer
at that time; 0.4 was due to change of datum, but there are no data
available to show why the correction for the remaining 0.3 was made.
There has been a good deal of doubt in the mind of the writer whether
it should have been made at all. The following comparisons
strengthen this doubt still further. The mean daily discharge for
the total period from January 1 to February 29 and from May 11 to
June 17, 1896,2 was found at all stations, except that an allow-
ance of four days was made for flow from Cumberland and Spring-

aNo record at Point of Rocks March 1 to May 10, 1896.
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field to Point of Rocks. The estimate of the discharge at the Spring-
field station for May and June, during which there was no record
was based on a comparison of Springfield and Millville estimates
from May, 1895, to February, 1896, inclusive.

Discharge at various stations, January 1 to February 29 and May 11 to June 17, 1896.

Cumberland. ... ... il second-feet.. 882
Millville. ..o e do.... 2,635
Springfield. .. ..l do 725

4,242

Mean daily discharge at Point of Rocks, 0.7 correction being used.... .. do.... 5,910
Ratio of discharge at upper stations to that at Point of Rocks (0.7 correc-

703 v e .72

Ratio of drainage area at upper stations to that of Point of Rocks........ ... .55

If the 0.3 correction had not been made the approximate mean

- daily discharge for the Point of Rocks station would have been 7,270

second-feet and the ratio of discharge of the upper stations to Point
of Rocks would have been .58.

2. During 1897 the gage length was greatly in error, the final
error recorded in January, 1898, being 1.8 feet. These gage heights
were corrected by varying amounts for several periods. The amounts
of the corrections were based on the gage-height distance that the
several measurements of 1897 plotted above or below the rating
curve. That this gave essentially correct results for the year is borne
out by the following figures:

Discharge at various stations, December 28, 1896, to November 2}, 1897.
Mean daily discharge at Cumberland December 28,6 1896, to November 20,
18

0T e e second-feet.. 1,086
Mean daily discharge at Millville January 1 to November 24, 1897_. ... do.... 3,058
03 7 4, 144

Mean daily discharge at Point of Rocks January 1 to November 24
B R do.... 11,175
Ratio of discharge at upper stations to that at Point of Rocks..... ... .. ... .37
Ratio of drainage area at upper stations to that at Point of Rocks.......... .40

The ratio of discharge is thus about 92 per cent of that of the drain-
age area. An allowance of 20,000 second-feet per day was made for
omitted gage heights at Millville February 7, 8, and 9. There is
every reason to believe that about 30,000 second-feet each day should
also have been added for February 23 and 24, first, because it was
known that the observer recorded gage heights above the top of the
10-foot gage on those days as 10.0 feet, and second, because of the flood
at Point of Rocks the latter part of February, which shows a dis-
crepancy of about this amount by a comparison of the relative drain-
age basins. If this is done the difference of the ratios is about 4

o Four days allowed for flow at Cumberland to reach Point of Rocks.
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per cent. However, this still leaves a negative error of approxi-
mately 10 per cent, since the ratio of the discharges should be about
6 per cent greater than that of the drainage areas, according to the
comparisons presented in the table (p. 31).

RAINFALL.

Probably no phenomenon has so important a bearing on the
development of the country as rainfall. A study of this phenomenon,
although an essential part of the hydrography of a district, is difficult,
owing to the numerous and various conditions which regulate it.
The fluctuations of both the yearly and monthly precipitation are’
great, and it is only by having a long series of records at many well-
distributed points over an area that even a fair estimate of the con-
ditions prevailing may be made. )

The United States Weather Bureau has for a number of years regu- -
larly maintained rainfall stations well distributed throughout the
United States.. On the data collected at about 40 such stations,
located either in or near the Potomac drainage basin, the accompany-
ing discussion, tables, and map have been based.

The map (Pl. I, pocket) shows, by means of lines of equal rainfall,
the average annual distribution of precipitation over the basin of the
Potomac during the ten years from 1896 to 1905.

At many of the stations the data were missing for some portions
of the period, and in order to complete the records for such stations
the missing values were obtained by comparison with other near-by
stations by the method of interpolation and extrapolation. This is
made possible by the fact that the ratio between the precipitation at,
two adjacent stations remains fairly constant, although there is con-
siderable variation in the actual amounts.

Since the prevailing wind directions are as important as the topo-
graphic surroundings in determining the precipitation at any given
pair of stations, it seemed desirable to compute the ratios for many
of the individual months as well as for the whole year. This pro-
ceeding involved more labor than would have been required to deter-
mine the ratios for whole years only; but it seems to have increased
the accuracy of the results, especially in those cases where an inter-
polation of only a few months was required to fill out an otherwise
complete series. This calculation of monthly ratios also makes it
possible to obtain an approximately true annual ratio for two sta-
tions, one of which has many scattered monthly records, but few or no
complete annual records. Another valuable feature of these ratios
is that they make it possible to readily detect and eliminate errors
in the rainfall records due to changes in gage exposure or to errors in
recording or computing. This is illustrated by the ratios for the pair
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of stations, Point of Rocks and Harpers Ferry, where an excessive
ratio of 7.43 was found for October, 1895, as against an average ratio
of 0.98 for that month.

In preparitig the map of the Potomac basin the annual means as
given on pages 34 to 40 were first plotted; then with the aid of sev-
eral approximate means not given on the map, all points having the
same precipitation were connected by meandering lines. Inspection
shows that these lines, called “isohyets,” follow closely the surface
contours of the base map, while it will at once strike the reader that
nearly all the stations are located in the valleys. Only a few stations

-in western Maryland and one station on the Blue Ridge of Virginia
(Mount Weather) can be classed as mountain stations. Consequently
we have at present no sufficient basis for calculating fhe rate of
increase of precipitation with altitude in this basin. On this account
also the course of the isohyet of 40 inches is, with few exceptions,
to be regarded as hypothetical, although wherever possible it has
been made to accord with such scanty and imperfect records as are
obtainable.

Although the net of rainfall stations is not so finely meshed as is
desirable for an area of the importance of the Potomac basin, yet the
map shows distinctly that the rainfall of the lowlands decreases
upstream from Washington. The lower-lying portions of the valley
of the Shenandoah and its continuation, the Cumberland Valley of
Maryland and Pennsylvania, were characterized by an annual fall of
35 to 40 inches of rain and melted snow. Generally the smaller
amount is found along the Potomac itself, but the driest portion of

, the great valley lies in that section drained by Opequon Creek.

There seems to have been an exception to the rule just stated about

the headwaters of South Branch of the Potomac. In that region
there is a considerable area, inclosed by the isohyet of 35 inches,
which has a rainfall of less than that amount. The two stations
inclosed by the curve show amounts of 33.7 and 34.7 inches. This
‘is apparently the dryest portion of the whole Potomac basin and, to
judge from the neighboring portions of other river basins, it is but a
portion of a relatively arid district which embraces the whole valley
occupied by Bull Pasture River and South Branch of the Potomac.

Mean precipitation, in inches, at stations in drainage basin of Potomac River.

BACHMAN VALLEY, MD., ALTITUDE 80 FEET.

Mar. | Apr. | May.|June. July.‘AugA Secpt.| Oct. Nov.‘Dec. Annual.

Jan. | Feb.
1896-1900. .. ...... 2.77 1 5.92 | 5.46 | 2.80 | 6.26 | 3.67 | 4.01 | 3.92 | 3.19 | 3.01 | 5.16 | 3.36 49. 56
1901-1905. .. ...... 4.65 | 417 16.30 | 4.21 | 3.57 | 6.87 { 7.76 | 7.35 | 4.93 | 5.26 |a2.51 | 6.28 63.93
|
10-year mean. .. 3.70 | 5.04 } 5.88 | 3.50 ‘v 4.91 | 5.27 | 5.88 | 5.63 | 4.06 | 4.12 | 2.83 | 4.82 56. 74
|

a1 year interpolated, based on observations at Taneytown.
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Mean precipitation at stations in drainage basin of Potomac River—Continued.

BAYARD, W. VA., ALTITUDE 2,500 FEET.

I
. Feb.

Jan. Mar. | Apr. | May.| June. July. Aug.| Sept.| Oct. Nov. | Dec. ' Annual.
I
1896-1900. . . ..o oo o|e e e a [45. 02[
RO Rl )5 R PRURSIUPY DRI RPN FONPIIDN IS PPN PPN PRSRPUNE PUNPUN POTNIN PR b43.84
10-yearmean. .. |....._|. o oo ee e e e
BOETTCHERVILLE, MD., ALTITUDE 780 FEET.
1896-1900.. . ...... 1.96 | 2.59 | 4.05 | 1.86 | 4.21 | 3.41 [ 3.60 | 2.58 | 3.01 2.35 ‘ 3.07 | 1.99 ‘ 44.73
1901-1905. .. ...... 2,39 | 2.48 1 3.55 | 3.8 | 3.72 [ 3.71 |3.50{ 4911951 243 1.49 | 3.18 | 37.18
10-year mean...| 2.17 | 2.53 2. 86\ 3.96 | 3.56 | 3.55 | 3.74 | 2.48 | 2.39 | 2.28 | 2.58 ' 35.95
BURLINGTON, W. VA., ALTITUDE 875 FEET.
1896-1900......... 2.15 | 3.85 | 3.58 [c1.99 | 4.30 | 2.94 |1 4.05 | 2.93 | 3.08 | 2,14 [ 2.91 | 2.10 36.05
1901-1905. .. ...... 2,53 12.21|3.11 304 |3.87|421 423425221 208|152]3.39 36. 67
10-year mean...; 2.34 | 3.03 | 3.34 | 2.51 | 4.08 | 3.57 | 4.14 | 3.59 | 2.64 | 2.11 | 2.21 | 2.74 36. 36
CHAMBERSBURG, PA,, ALTITUDE 1,000 FEET.
1896-1900. .. ...... 1.86 [ 3.31 | 4.06 | 1.65 | 4.20 | 3.57 | 3.62 | 4.75 | 2.44 i 2.55 | 3.56 | 1.70 37.28
CHEWSVILLE, MD., ALTITUDE 530 FEET
1896-1900. - ..o|oeocleoeeee e PPN ‘ .................. 437. 62
1901-1905 1.91]2.75(3.09  3.27 | 5,50 | 5.36 | 3.39 | 2.21 } 2.90 | 1.76 | 2.90 37.94
10-yearmean. . |......|...ooeeeiiiiea oo ; ............ ‘ .................. 37.78
CLEARSPRING, MD., ALTITUDE 500 FEET.
I896-1900. . . oo i e e e e €37.83
1901-1905.. ... ... 3.5212.21 |73.89 [93.49  3.55 | 3.75 | 4.86 | 3.90 | 2.88 | 2.60 | 1.73 | 4.37 40. 65
10-year mean.._|.._...{......|..o. 0L (S O U U DU A | I 39.24
\ |
CUMBERLAND, MIS., ALTITUDE 700 FEET.
1896-1900......... 2.5113.32(391 206|406 302311260277 (2.61 1341229 35. 90
1901-1905. . ....... 2.70 | 2.13 | 3.14 | 3.48 | 2.46 | 3.52 | 3.13 1 3.80 | 1.94 | 2.11 | 1.35 | 3.41 33.20
10-year mean...| 2.60 | 2,72 | 3.52 | 2,77 | 3.26 | 3.27 | 3.12 | 3.20 | 2.35 | 2.36 2,38 | 2.85 34.55
DALE ENTERPRISE, VA,, ALTITUDE 1,350 FEET.
1896-1900. .. ...... 2.1513.62|3.54|1.74|3.62|4.55|4.54|3.28|3.62}2.86|2.51]1.8)| - 37.92
1901-1905. .. ...... 2.86 ) 2.40 | 3.51 [ 2.95 | 3.61 | 7.47 | 5.54 | 4.63 | 2.48 | 2.24 | 1.43 | 3.44 42.58
10-year mean...| 2.50 | 3.01 | 3.52 | 2.34 |{ 3.61 | 6.01 | 5.04 | 3.95 | 3.05 | 2.55 | 1.97 | 2.66 40.25

a5 years interpolated, based on observations at Westernport.
b2 years interpolated, based on observations at Westernport.

c1 year interpolated, based on observations at Romney.

d2% years interpolated, based on ohservations at Hagerstown.
€3 years 5 months interpolated, based on obseryations at Greenspring Furnace.
72 years interpolated, hbased on ohservations at Greenspring Furnace.
g1 year interpolated, based on observations at Greenspring Furnace.
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Mean precipitation at stations in drainage basin of Potomac River—Continued.

DEER PARK, MD., ALTITUDE 2,457 FEET.

Jan. | Feb. | Mar. Apr. May. June. July.| Aug. Seﬁt. Oct. | Nov.| Dec. | Annual.

1896-1900.. . . ... 3.14 | 3,73 | 4.56 | 2.42 | 4.84 | 4.38 | 5.81 | 3.86 | 2.46 | 1.97 | 3.56 | 3.37 44.10
1901-1905. ........ 4.29 33.16 52.42 | 3.95 | 4.58 | 5.26 | 4.65 |23.14 | 1.74 | 2.66 |a2.16 |a3.67 41.70
10-year mean...| 3.71 | 3.44 | 3.47 | 3.18 | 471 | 4.82 | 5.23 | 3.50 | 2.10 | 2.31 | 2.86 | 3.52 42.90

DISTRIBUTING RESERVOIR, D. C., ALTITUDE 120 FEET.
|
1896-1900. .. ...... 12,96 4.26 | 2.84 | 1.64 | 3.44 | 2.71 | 3.32 | 3.83 | 2.82 | 2.00 | 2.44 |2.06 33.64
1901-1905......... €3.05 |€2.00 { 3.68 | 3.31 | 2.87 | 3.91 | 5.47 | 4.17 | 2.86 | 3.05 | 1.62 |c4.40 40, 42
10-year mean.-..| 2.65 | 3.13 | 3.17 | 1.65 | 3.10 | 3.31 | 4.39 | 4.00 | 2.84 | 2.52 | 2.03 | 3.23 37.03
FREDERICK, MD., ALTITUDE 345 FEET.
1896-1900.. . ...... 2.52 | 4.47 | 3.69 | 1.63 | 3.09 | 2.61 | 4.06 | 2.92 | 2.39 | 2.71 | 3.36 | 2.49 35.99
1901-1905. . ....... 3.31 | 2.7413.81 |3.33 278|285 | 517 |428|260)285|1.98/4.35 43.17
10-year mean...| 2.91 | 3.60 | 3.80 | 2.48 | 2.93 | 4.23 | 4.61 | 3 2.54 | 2.78 | 2.67 | 3.42 39.58
I
GETTYSBURG, PA.
1896-1900. .. ...l e e e d44.75
1891-1905. . . ..o feeee e e e €46.76
10-yearmean... . ... ..o foooooioe e 45.75
GRANTSVILLE, MD., ALTITUDE 2,400 FEET.
1896-1900. . _...... 3.21 1430500 (253405384657 3.59|285|25 | 416 2.88 45. 59
1901-1905.. ... _... 3.51 298383379 |396{424|350|332|212,2.63|178]|411 39,81
10-year mean...| 3.36 | 3.64 | 441 | 3.16 | 4. 4.05 | 5.03 ' 3.45 1248259297349 l 42.70
GREAT FALLS, MD., ALTITUDE 150 FEET
1896-1900. .. ...... 2.46 | 4.35|3.04 | 168 | 345|210 352 273|271 | 1900|201 | Lot 32.87
1901-1905. . ....... 2.89 | 2.20 | 3.6513.27 | 2.34 | 484 6.20|3.24|3.10|3.39 | 1.47 |4 61 41.32
10-year mean...| 2.67 | 3.27 | 3.34 | 2.47 1 2.84 | 3.51 | 490 ’ 2.98 | 2.90 i 2.64|2.19 | 3.26 37.09
GREENSPRING FURNACE, MD., ALTITUDE 500 FEET.
1896-1900. . ...._... 2.65 [93. 80 | 3.4 | 1631412 |2.85 352|330 | 260 221 311|216 35.71
1901-1905. ........ 2.98 | 227|318 | 3.32 | 313|461 | 504|387 237253182364 38.81
10-yearmean...| 2.81 | 3.03 | 3.30 | 2.47 , 3.62 | 3.73 | 428 2,53 | 237 | 2.46 | 2.90 37.26
HAGERSTOWN, MD., ALTITUDE 550 FEET.

1896-1900. . ....... 2.27 | 428 | 413 | 1.31 »3.02 }1‘3. 54 |j3.73 |J3.85 |i2. 56 liz 37 ‘ 325|221 36. 52
1901-1905. . - oo R k 33.89
10-yearmean...|......lcoo.ao]oaan.s ’ ............ ’ ...... " ...... e j ...... { ...... ‘ ............ l 35.20

a1 year interpolated, based on ohservations at Oakland.

b2 years inteipolated, based on observations at Oakland.

¢1 year interpolated, based on observations at Washington.

d5 years inte polated, based on observations at Mount St. Mary College.
e2 years interpolated, based on observations at Mount St. Mary College.
f2 yearts interpolated, based on observations at Washington.

g1 year interpolated, based on observations at Clear Spring.

k1 year interpolated, based on observations.at Chewsville and Sharpsburg.
i 3 years interpolated, based on observations at Chewsville and Sharpsburg.
J 2 years interpolated, based on observations at Chewsville and Sharpsburg.
k 4 years interpolated, based on observations at Chewsville and Sharpsburg.
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Mean precipitation at stations in drainage basin of Potomac River—Continued.

HANCOCK, MD., ALTITUDE 455 FEET.

Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug.| Sept.| Oct. | Nov.| Dec. | Annual.
BRI L | JRRRNN PN PRSI PR DU PO P PSR ISR RN URRION RN JEp, a33.74
1901-1905. .. ...... 2.76 | 1.83 | 3.17 | 3.79 | 2.67 | 5,27 | 4.71 | 3.81 |b2. 16 b2, 45 |b1. 48 |b3. 41 37.54
10-yearmean. . ..|..ou.ofoeiononeocfoeneiee o e a 35. 64

HARNEY, MD., ALTITUDE 500 FEET
pRCEe T e R PR IR RPN PPN PN RPN PRI PR PR PRI RO IS ©39.34
1901-1905. .. .. .... 3.30 291413330267 |48 570|414 3.093.14| 1.85| 436 43. 46
10-year mean. .. . .....foecoicloanno]oeoaen]onaioin e c41. 40

HARPERS FERRY, W. VA, ALTITUDE 277 FEET.
l 7

1896-1900. . ....... 2.64141813.60|1.66|4633.123.74(3.8 {275|291]358 276 39.37
1901-1905. . ....... 3.19 | 1.95{ 427|375 | 3.42 ‘ 4.50 | 5.14 | 3.21 | 3.16 | 2.76 | 1.89 | 3.89 4113
10-year mean...| 2.91 | 3.06 | 3.93 | 2.70 | 4.02 [ 3.81|444|3.50}295|283|273 ) 3.32 40. 25

LINCOLN, VA., ALTITUDE 500 FEET
1896-1900. . . ...\ .. oo (SN AU S a[33. ng

1901-1905. .. ...... 2.58 [€2,34 |€3.07 | 405 | 3.00 | 7.14 | 444 | 3.74 | 2.72 | 2.69 | 2.05 | 3.70 41. 5!

10-yearmean. . .| ... . oo ofioin ] iae i e e 37.32

MARION, PA., ALTITUDE 64 FEET
1896-1900. .. .. ... S AU FESU O IS U A U AV N N 137, 501
1901-1905. ........ [ DRI P PO, S S O RN P SO PO IO 2 40. 89
10-year mean. . SR U O S e O O v Ut s U 39.16

!
MARTINSBURG, W. VA,, ALTITUDE 435 FEET.
1896-1900. . ....... 192360313 |1L65!325|3.82(3.27|328|278|209]|305|216 34.02
1901-1905. . ....... 2721170 | 3.46 | 3.82 | 424|499 | 6.18 | 3.69 | 2.55 | 2.70 | 2.20 | 3.01 41. 29
10-year mean...| 2.32 | 2.15 | 329|273 (374|440 |472 ’ 3.48 | 2.66 | 2,39 | 2.62 | 2.53 37.65
MOUNT ST. MARY COLLEGE, MD., ALTITUDE 720 FEET.
1896-1900......... 2.28 | 3.87 | 3.89 ! 1.67 |94.31 | 3.35 | 4.66 | 4.42 ’ 3.0L | 3.06 | 3.95 | 2.57 41. 07
1901-1905. . ... ... 3.65 | 2,48 | 447 436 (317|512 | 474 (93.81 92.85|3.38 | 2.00 | 402 44. 06
10-year mean...| 296 | 3.17 | 4.18 ‘ 3.01 [ 3.74| 423|470 | 411293372297 3.29 42. 56
NEW MARKET, MD., ALTITUDE 550 FEET.

1896-1900......... 2.62 | 448 24.26 1 1.99 | 3.74 [ 2.76 | 5.13 | 3.36 | 2.82 | 2.58 | 4.04 | 2.37 40.18
1901-1905. .. ..._.. 3.61 |3.00| 412 |3.53[272|6.8 | 644 4822913521347 48. 65
10-year mean...| 3.11 | 3.74 | 419 | 2.76 | 3.23 | .81 | 5.78 | 409 | 2.86 | 3.04 . 50 44. 41

a2 years interpolated, based on observations at Greenspring Furnace.
b1 year interpolated, based on observations at Greenspring Furnace.

¢3 years interpolated, based on observations at Mount St Mary College.
d 5 years interpolated, based on observations at Frederick.

el year interpolated, based on observations at Frederick.

7 5 years interpolated, based on observations at Greenspring Furnace-

¢ 1 year interpolated, based on ohservations at Harney.

k1 year interpolated, based on observations at Frederick.
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Mean precipitation at stations in drainage basin of Potomac River—Continued.

OLD FIELD, W. VA, ALTITUDE 800 FEET.

Jan. | Feb. Apr. | May.| June. | Aug. Oct. | Nov. | Dec. | Annual.

1896-1900. .. ...... 2.16 1373|274 | 1.57 400 | 3.10 3.74 2.12 |e2.19 [al. 77 33.87
L) B L 15 RN IO FPUI SN PO SRR DU PSPPI PRI PPN PRI SO O 433, 64
10-yearmean...|......|l...... N E U DU VU AU U AU AU AU 33.75

. | |
POINT OF ROCKS, MD., ALTITUDE 235 (?) FEET.
1896-1900. . ....... 2.39 | 3.66 1.79 | 3.98 | 3.38 3.30 2.54 | 2.97 | 211 36. 69
1901-1905. .. ......| 2.68 | 2.15 3.43 | 3.57 | 4.91 3.69 €2.19 |d1. 46 |d3. 32 37.30
10-year mean...| 2.53 | 2.90 2.61 | 3.77 3.49 2.36 | 2.21 | 2.71 36.99
RECEIVING RESERVOIR, MD. ITUD FEET.
1896-1900. . ... ... 2.44 | 4.05 1.771340 | 316 4.74 2.01 | 3.04 [e2.13 37.056
1900-1905. . . ...... €3.01 | 2.01 3731270 | 38 3.85 3.44 | 1.65 |¢4.76 41. 61
10-year mean...| 2,72 | 3.03 2.75|3.05 | 3.49 4.29 2.7212.34 | 3. 44 39.33
RIVERTON, VA., ALTIT 493 FEET
1896-1900- . ... foeeen e e e 7132. 50)
1901-1905. -« oo e 2.28 | 1.35] 3.40 g 32. 58
10-yearmean. . . ..o fooeeeonnen oo |oenea oo et 32. 54
ROMNEY, W. VA., ALTITUDE 824 FEET

1896-1900. . ... oiofeoee]ieeaiafennnn } cecaafeeeeaceaea.sl 235,40
1901-1905......-..1 2.29 |»1.78 | 304 ; 313 | 3.77 | 3.78 k3. 99 2.36 { 1.80 | 2.91 34.79
10-yearmean. .| ... |ooeeodoeeaeae i i e e 35. 09
1896-1900. . ....... 35.37
1900-1905. . . . i38.11
10-year mean. .. 36. 74
18961900 . .« ooooefieiee i oo e e e [33.80]
BET0N T 10 TR PR (RIS PP PRSPPI PRI PURPUIPY ORI RSP PRI (PR A, k34.28
10-year mean. . |......foeoen oo foe i oea e e 34.04

al year interpolated, based on observations at Romney.
b 5 years interpolated, based on observations at Romney.
¢ 2 years interpolated, based on observations at Harpers Ferry.
@1 year interpolated, based on observations at Harpers Ferry.
e 1 year interpolated, based on observations at Washington.
7 5 years interpolated, based on observations at Stephen City.

g 1 year interpolated, based on observations at Stephen City.

k1 year interpolated, based on observations at Burlington.
i 3 years interpolated, based on observations at Harpers Ferry.
75 years interpolated, based on observations at Staunton.
k1 year interpolated, based on observations at Staunton.
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Mean precipitation at stations in drainage basin of Potomac River—Continued.

SOMERSET, PA., ALTITUDE 2,250 FEET.

. i
Jan. | Feh. ‘ Mar. | Apr. | May.| June.| July.| Aug. | Sept.| Oct. | Nov.| Dec. Annual.
1896-1900.........| 3.84 4.82| 5.80 | 3.48 4.()4‘ 5.48 | 5.81 | 4.73 | 3.50 | 2.67 | 4.25 | 4.02 ‘ 52. 48
1901-1905. . ....... 4.86 | 3.95 l 5.71 | 5.95 | 4.30 t 6.01 | 65,55 | 4.71 | 2.38 | 3.06 | 2.31 | 4.56 | 53.37
10-year mean...| 4.35 ‘ 4.38 ’ 5.75 | 4.71 l 4.17 I 5.74 i 5.68 | 4.72 | 2.94 | 2.86 | 3.28 t 4.29 } 52.87
STAUNTON, VA.,, ALTITUDE 1,380 FEET.
1896-1900......... 2.56 | 3.321393|1.95|4.30|3.59|3.62|3.8 (37135725319 38.85
1901-1905. . . . ._... 2,69 [2.9513.16 13.95|4.09{5.45 | 4.32 | 3.552.62 | 1.99 | 1.68 | 3.53 40.02
10-yearmean...| 2.62 { 3.13 | 3.54 | 2.95 | 4.19 | 4.52 | 3.47 | 3.69 | 3.16 | 2.78 | 2.10 | 2.71 39.43
STEPHENS CITY, VA., ALTITUDE 710 FEET.
1896-1900......... 2.39 | 416 3.69 | 1.57 | 4.22 1 3.90 | 4.01 | 4.11 [ 2.99 | 3.17 | 2.51 | 2.41 39.17
1901-1905. . .. . feooii]|eaon-s 364 | e 2.85 | 2.34 .. f.aaon 39.95
10-year mean...|......|...... 255 T PR PRI DI PR SRS 2,021 2.75 | feaaaan 39. 56
SUNNYSIDE, MD., ALTITUDE 2,500 FEET
1896-1900.........1 473 | 5.78 | 6.46 | 3.49 | 5.68 | 5.69 | 7.04 | 4.63 | 3.99 | 3.01 | 5.44-| 4.42 60. 38
R 11 £ 61075 RN RO RPN PO U R () o ) ) IR b51.32
10-yearmean.. |......|oooooooaeailonaii]oaians e e 55. 85
TAKOMA PARK, MD., ALTITUDE 250 FEET,
1896-1900. . .o cooo oo e e e e
1901-1905. . ....... 4.23 |1 3.07 | 410 | 405{3.12 | 507 | 7.23 | 5.34 | 4.17 | 3.37 | 1.95 | 5.29 51.02
10-year Mean. . .| ..oufeeenfenameafommanlonumenlonnaiiliiacneomaee oo e
TANEYTOWN, MD., ALTITUDE 490 FEET.
|
1896-1900. ........ c2.15 }04. 14 |c3.19 (c1.82 [c3,91 [c3.22 | 4.56 ‘ 3.96 | 3.00 ‘ 2.26 ’ 3.66 | 2.52 ’ 38.39
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