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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Di1visioN oF HYDROGRAPHY,
Washington, D. C., February 29, 1896.

S1r: I have the honor to transmit herewith a manusecript entitled
“Report of progress of the Division of Hydrography for the calendar
year 1895,” and to request that it be published as a bulletin of the

- Survey. ‘

Very respectfully, yours, P OH N
*. H. NEWELL,

. Hydrographer in Charge.
Hon. CHARLES D. WaLcoTT, :
Director United States Geological Survey.
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REPORT OF PROGRESS OF THE DIVISION OF
HYDROGRAPHY FOR 1895.

By F. H. NEWELL.

INTRODUCTION.

The following report gives the results of operations of the Division of
Hydrography for the calendar year 1895. It is similar in form to the
preceding report—that for the years 1893 and 1894—issued as Bulletin
No. 131 of this Survey. Like that bulletin, its purpose is to present at
as early a date as possible a statement in detail of thelocalities at which
work has been undertaken, the character of the investigations, and the
results obtained. To expedite the printing of the bulletin, all illustra-
tions have been omitted, these being reserved, together with the gen-
eral deductions, for papers accompanying the Annual Report of the
Director. The present report is printed mainly for the use of the
assistants on this Survey and of persons cooperating or immediately
interested in the details of the work. The broader questions of the
application of the data and their completion by the addition of collat-
eral facts are reserved for the more widely distributed annual reports.

The following pages contain, after general remarks on the drainage
basin or stream, a description of the location of the river stations and
of the measurements carried on at each, followed by lists of discharge
measurements, rating tables, and other material relating to river work.
The compilations of well schedules and correspondence in reference to
underground waters, together with desecriptions of the ﬁeld work, have
been reserved for a later publication.

ORGANIZATION OF FIELD WORK.

In an investigation of this kind, which from its very nature must be
~ carried on over widely scattered portions of country, it is impractica-
ble, with the small appropriations available, to employ salaried hydrog-
raphers to carry on all of the field work. An attempt is therefore
made to secure gratuitous or inexpensive cooperation, and to place the
local charge and oversight of the work under the direction of resident
hydrographers—men who have not only a strong personal interest in
and inclination toward investigations of this character, but who also

have some permanent occupation or peosition by which a living is
- 13
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assured. For example, assistance of this kind is sought from profes-
sors of geology or of hydrographic engineering, who have practical
acquaintance with the difficulties and methods of water measurements
and with the behavior of streams and underground sources of supply.
These men are paid for the time actually employed a moderate compen-
sation, which includes their incidental expenses, and are furnished with
the necessary instruinents and blanks. '

The observers of river height and of other phenomena in each State
report directly to the resident hydrographer. Their observations are
received by him each week and forwarded to the Washington office.
From time to time the resident hydrographer visits each river station,
measures the discharge, learns from the observer any facts which may
not have been reported, and at all times keeps a direct supervision of
the work within the district allotted to him. He also compiles the daily
reports of gage heights, and constructs from the discharge measure-
ments a rating table showing the relation between the height of river
and the discharge, modifying this table from time to time and applying
it as occasion demands. Copies of these reports and tables are sent to
the office at Washington and are placed upon the records, being scru-
tinized and compared in order to bring all such data into similar form.

~ The resident hydrographers are kept in touch with the work of each
other and with that of the effice force through the assistance and advice
given by the inspecting hydrographers regularly employed by this Sur-
vey, who constantly travel from peint to point, assisting in establishing
river stations, making measurements, repairing damages caused by
floods, rating current meters, and perfecting methods and devices. By
this means improvements suggested by the experience of one man are
communicated ih turn to all the rest, and especial attention can be
givern to difficult problems.

The oversight of the stream measurements of the West has been
placed in the hands of Mr. Arthur P. Davis, and that of those of the
Appalachian area has been intrusted to Mr, Cyrus C. Babb. The gen-
eral direction of work and the especial consideration of questions relat-
ing to artesian wells and underground waters have been assigned to
the writer, who has had the assistance or cooperation of a number of
the geologists of the Survey.

INSTRUMENTS AND METHODS. .
CURRENT METERS.

The instruments used during this year have not been essentially
different from those deseribed in the Eleventh Annual Report of this
Survey, Part II, pages 5-10, and in the Fourteenth Annual Report, Part
IT, pages 96-98. The large Haskell electric meter figured upon page 9

of the Eleventh Annual Report, Part II, has been used only to a small
extent, its large size and high rate of revolution during floods giving
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rise to objections en the part of hydrographers. Attempts have been
made to improve the electric registering devices, but it has been found
impracticable to use the ordinary form of recorders or registers where
the revolutions are more than five or six per second. At a greater
speed than this the ratchet movement of the electrical devices is apt to
skip, and either the wheel fails to advance or else the indicator hand is
pushed forward two places. To obviate this difficulty one of the large
Haskell meters has been altered by the insertion of a small five-tooth
wheel in front of the contact spring in the spindle of the meter. Every
fifth revolution of the head causes this small wheel to open and close
the circuit once, thus allowing the register to run with one-fifth the
speed of the head. The small five-tooth wheel can be readily taken
out,and the meter will then, as originally, open and close the circuit at
every revolution. ‘

The small Haskell meter figured on page 97 of the Fourteenth
Annual Report, Part II, has had the greatest use, on account of its
lightness and the ease with which it can be employed from a bridge or
suspended car. It does not, however, turn in sluggish currents, owing
to the relatively high friction, and it has not been found practicable to
use this form of meter in streams whose velocity is less than one-half
foot per second. Most of these instruments havé been- altered some-
what from the form shown on the page above referred to by unserewing
the lower vertical standard and boring a hole horizontally through the
meter immediately in front of the tail. A bolt is inserted through this
hole, and upon this the meter revolves in a vertical plane, being hung
in a clevis to which weights can be attached below and the cord for
suspending the meter fastened above. An extra tail has also beén
inserted at right apgles to the one shown in the illustration, extending
slightly beyond this and balancing the head of the meter, so that the
instrument is kept harizontal when in the water. The experiment of
nickel-plating these meters in order to prevent corrosion has also been
tried, but without marked advantage. )

The Colorado current meter shown on page 7 of the Eleventh Annual
Report, Part II, more properly known as the Bailey meter, has been
used occasionally in the smaller streams and ditches. The instrument
possesses certain advantages in that it can be placed immediately upon
the bottom of a shallow stream, and not being provided with electric
devices it can be used without the ahnoyance inseparable from such
mechanism. The instruments of this make owned by the Survey are,
however, so delicate that the ¢ost of repairs has become a serious mat-
ter, and on the score of economy it has seemed advisable to condemn
them as they become worn.

A single Buff & Berger meter of the Ellis type has been successfully
nsed. It islight and easily handled, and has been found of advantage
in some of the deeper rivers whose maximum velocity is not excessive.
The Buff & Berger register has been used for 3 number of years with
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various electrlc current meters, and seems to be the pattern favored by
the hydrographers of this Survey.

The Price electric meter, with 6-inch wheel, illustrated in catalogue of
W. & L. E. Gurley, has been successfully used, and although heavier
than the small Haskell meter, mainly employed during the preceding
years, has been highly approved by the field parties because the same
meter can be used in high or low velocities. It has been possible to
make a number of flood measurements where the speeds were far greater
than those previously obtained with other instruments. The little Price
acoustic meter, lately introduced, has also béen successfully used, even
under unusual difficulties. The instrument has commended itself by

its extreme lightnessand its sensitiveness, and it has been found possible

- to employ it from brldges by suspension from the end of long rods made
of gas pipe.
REGISTERS AND BATTERIES.

One of the chief sources of objection to electric current meters Las
been the weight of the necessary batteries and the difficulty in handling
them. Dry batteries of various make have been used and found to be
unreliable or inefficient, especially after exposure to the hot sun in dry
climates. Whether these dry batteries could be depended upon during
an extended trip could never be ascertained in advance, and therefore
a large number were carried, adding considerably to the weight and
bulk of the field equipment. It was finally decided to use the wet
_ batteries and charge them each time; but this, too, was a source of
considerable annoyance, owing to breakage of jars and the loss of
chemicals. During the past year, however, a small battery cell has
been found which has proved highly efficient. It consists of a swmall
rectangular hard-rubber box, about 1.5 inches high, 1.7 inches wide,
and 1.3 inches thick. This is closed by a soft-rubber stopper carrying
the zinc pole of the battery. The opposite pole is made by a metallic
point projecting through the bottom, connected with the carbon lining
the cell. The battery is charged with a small quantity of bisulphate
of mercury powder and water whenever it is to be used. As employed
by the Survey, two of these cells are placed side by side in a small
wooden box 4 inches wide and 3 inches high, so ‘arranged that when
hooked to the end of the registers the electric connection is made with
the batteries. The batteries and box complete, with all the connec-
tlons, weigh only a little over 6 ounces. The single objection so far
discovered is that these hard-rubber cells may be easily cracked, but
the cost of replacing them is far less than the expense incident to any
other form of battery yet tried. v

The Buff & Berger register above mentioned has been used to a
considerable extent, and also instruments of smaller design, in which a
stop watch has been inserted. The latter, known as watch registers,
are so arranged that when the watch is started the circuit is closed,
and when sbopped the cirenit is opened cutting off the electric cur;egt

[V
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from the register. A third pressure upon the stem of the watch sends
the hands back to zero, but leaves the connection to the register open
for another observation. Most of these instruments have been pro-
vided with small bisulphate of mercury batteries, adding greatly to
their efficiency. Yet another successful device employs ordinary tele-
graphic sounders in place of registers. These sounders, having a base
about 3 by 5 inches and giving a loud click, have been mounted upon
the small boxes containing bisulphate of mercury batteries; the battery
and sounder together do not weigh more than a pound, and being in
compact form there is very little annoyance from wires and loose con-
nections. When in use this sounder can be placed on the hand rail of
a bridge or fastened to the front of the observer’s coat in such a posi-
tion that he can readily hear it. Instead of reading the register before
and after each observation the hydrographer merely counts the number
of clicks during a given period. This possesses certain advantages in
that the attention is fixed upon the behavior of the meter, and the fluc-
tuations or irregularities in the rate of flow can be readily noted, and
also any accident which may happen to the meter. Time is saved also
in that it is possible to jot down the nuwnber of revolutions and con-
tinue to take check measurements without stopping. After some

"experience the hydrographer finds it practicable to count revolutions
up to four or five per second.

SOUNDING LINES.

Experience has shown that for sounding rivers at high stages a very
fine line is required and a lead weight of from 3 to 5 pounds. The best
results so far obtained have been with the fine-braided silk trout line.

MEASUREMENTS FROM BRIDGES OR BOATS.

In the measurement of streams by this Survey the velocity of the
water is ordinarily obtained by the use of current meters; the width
of the stream is usually measured by stretching a line across it, and
the depth is computed by soundings, at proper intervals, by a pole or"
a lead-weighted line. In a few instances floats have been employed to
measure the velocity, and occasionally computations have been based
upon weir formulas; but such cases are exceptional, and the methods
developed have been dependent upon the use of the instruments above
described. There is a tendency toward the exclusive use of electric
or acoustic meters, which record the number of revolutions by sound or
by other suitable registers. These can be used from a bridge, boat, op
suspended car, and do not require such near approach to the surface
of the water as is necessary with meters in which the number of revo-
lutions is recorded by dials within the instrument itself.

Measurements have been made from bridges, wherever possible, on
account of convenience and small expense involved. Often, however,
o river channel is badly obstructed by piers, which set up cross cus-

Bull, 140—2
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rents and render it impossible to obtain accurate results. In such
cases, and at localities where bridges have not been constructed, it is
necessary to employ other means. Where the streams. are deep, boats
are used, or cables are suspended out of the reach of flood water. In
some localities boats possess a .certain advantage; but where they
can not be hired at moderate outlay it has been deemed inadvisable to
purchase and keep them, as they are liable to be injured or stolen dur-
ing the intervals between measurements. A light canvas folding boat -
has been advantageously used by Prof. Elwood Mead in Wyoming,.
This boat complete, with oars and seats, may be rolled mto a cylindri-
cal package weighing only 60 pounds.

CABLES,

The cables in use at the various river stations are usually from one-
half to five-eighths of an inch in diameter. Wherever possible, a steel
standing .cable has been employed, this being cheaper than a hoisting
cable. It is preferable to have these cables galvanized or protected
from the weather, as they are used only at intervals. The spans are
usually from 200 to 300 feet, although several are nearer 400 feet. The
cables are suspended at both ends, usually by passing over tall vertical
timbers or light structures, but occasionally they are held up by grow- "
ing trees or tall sound stumps. The ends are firmly attached to anchors
of timber or stone buried securely in the earth. Each cable is made as
taut as possible by means of block and tackle.

The car used with the cable is a box about 3 feet square and from 2
to 4 feet deep. It is hung from two pulley blocks running on the cable,
and is moved from side to side by the hydrographer, who grasps the
cable above his head and pulls in the direction in which he wishes to
go. The river is sounded and the current meter is used from this sus-
pended car. Near the cable is what is known as the ‘“tagged wire.”
This consists of a stout wire upon which marks or numbered tags are
placed at intervals of 10 or 20 feet. It has been found advantageous
to use common barbed fence wire for this purpose, as the tags can be
held in place more readily and this wire is less liable to be stolen or
injured than the smooth forms. Where the current is swift, a third
wire or light cable is stretched across the river at a distance of from
50 to 100 feet above the main cable. This serves to support a small
pulley block or trolley from which a Wwire runs to the meter to prevent
it from being swept downstream when the current is veny swift.

POINTS OF OBSERVATION.

The best point at which to take meter observations is still undeter-
mined. In streams having a depth of 5 feet or less, it has been cus.
tomary to take observations at a distance below the surface sufficient
to immerse the meter approximately 0.5 of a foot, and at a distance
above the bottom sufficiently great that the wheel is free to turn. With
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meters having large lead weights the center of the wheel is usually 0.8
of a foot above the bottomm. The average velocity thus obtained has
been assumed to represent the mean velocity of this portion of theriver.
In deeper rivers the attempt is usually made to determine velocities at
points near the surface and at intervals of about 5 feet to the bottom, the
mean velocity being obtained byaveraging these. In the case of a wide,
deep river it is desirable to select points sufficiently far apart to fairly
represent the variations in velocity, and yet not sufficiently numerous
to necessitate spending more than three or four hours, at the outside,
in velocity observations, exclusive of the time required for preparation.
In the case of rapidly fluctuating rivers it is desirable that the series of
measurements be completed as quickly as possible.

Mr. J. B. Lippincott states that his experience in the case of the Sac-
ramento River is that if surface and bottom velocities are taken as
described above, the result obtained when the discharge is, say, 10,000
second-feet, is about 2 per cent too small, as compared with the result
obtained by reading surface, mid-depth, and bottom velocities. It is,
however, difficult to definitely locate the meter at mid-depth on account
of the tendency of the current to swing the weter out of its proper
position. Where observations are made from a bridge at considerable
elevation above a stream, the effect of the moving waterin swinging the
meter is large, and it is almost impossible to properly estimate the true
position of the instrument. In order to steady the meter in the current,
devices have been tried consisting of inclined vanes attached above or
below the meter in such position as to tend to force the meter downward
and partly upstream. None of these devices, however, have proved
wholly satisfactory, and they have been abandoned in favor of the extra
stay line of fine wire run from a point immediately above the meter to
some point of support upstream, as described in the Eleventh Annual
Report, Part II, Irrigation, page 17.

CALIFORNIA METHODS,

The following is a description of the method employed by the State
engineering department of California to obtain the results furnished
in the report on physical data and statistics:

Three wire marking or tag lines were first stretched across the stream
where the gaging was to be madé. These marking wires were from
50 to 100 feet apart, the distance depending on the width of the stream.
In large streams a boat was used from which to drop fleats. This boat,
made of canvas, could be folded into small bulk, and was very light
and portable. The wires were hung low, so that the position of the
passing floats could be easily located. Surface floats only were used,
no effort being made to obtain bottom velocities in the gagings of
streams near the foothills. Observers were stationed at each wire as
well as in the boat. The observer in the boat placed the float and gave
a signal at the time it crossed the first.line. The observer at. each of
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the other .ines gave a signal at the moment it crossed his line, both the
time and position being recorded by the engineer in charge. The floats
were dropped into the water across the stream at distances of from 10
to 20 feet, depending on the total width. On the smallest streams or
brooks smaller intervals were taken. The observations for velocity
were repeated three times. The average of the three observations at
each locality was taken as the mean surface velocity of this portion of
the stream. The mean velocity was taken as from 75 to 80 per cent of
the surface velocities.

Soundings were made at each of the three wire crossings, at intervals
of 20 feet in the larger streams and of from 5 to 10 feet in the smaller
ones. Areas were computed for each of the three sections, and were -
averaged in order to determine a mean area. This mean area was then
multiplied by the mean velocity obtained as above, giving the total
discharge. In the large trunk streams in the lower valleys, such as
the Sacramento, elaborate experiments were made, especial pains being
taken to determine velocities at all depths and at all points. In this
work the velocities were obtained chiefly by the use of a meter similar
to the Haskell meter. Double floats were tried, but abandoned as °
unreliable. A full description of the methods pursued has been given
by Messrs. Marsden Manson and C. E. Gransky.!

INSTRUCTIONS.

In order to unify and facilitate work the following suggestions have
been made to the hydrographers from time to time, and as they cover
points which are constantly arising they are inserted for general
information.

DATA TO BE RECORDED.

It must be borne in mind at all times that the object of the hydro-
graphic work is to produce a report which will give clearly and
concisely data of the most value to the public. Work which has only
local application or limited scope should not be undertaken. In enter-
ing upon any investigation or reporting any detail or result of field work,
fullinformation should be given as to the purpose of the work, and state-
ment should be made of all the circumstances which may in any way
affect its value. The bare fact that a given stream was carrying at a
certain time a stated amount of water is initself an important item; but
its value can be greatly increased by the statement of additional facts
concerning the reason for measurement, the character of the drainage
basin above and below, and the modifications of behavior of the stream
which may have been brought about by annual fluctuations in water
conditions or by artificial obstructions or diversions of the water. Such
facts are often well known to the hydrographer at the time his report is
made, and may appear to him too trivial for statement; but it must be

1Report of the Commissioner of Public Works to the Governor of California. A, H. Rose, com-
missioner; Marsden Manson, C. E, Grunsky, consulting engineers, pp. 79-94. Sacramento, 1894,
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remembered that these facts are to be handled again and again by per-
sons who do not understand the local conditions as known to the hydrog-
rapher, and who may be tempted to misapply them or to generalize from
misapprehension of the conditions.

REPORTS OF RIVER HEIGHT.

The principal work of the hydrographer is the measurement of the
streams at selected points. The reasons controlling the selection of
theriver stations should always be carefully recorded at the outset, and
after the work is once begun vigilance should be exercised that the’
daily heights and their interpretation into quantities of discharge should
be complete and accurate. The observers should be required to fill in
the blanks fully and carefully,as these are the original records and are
to be preserved upon the files of the Washington office. Carelessness
in forming the figures or in omitting dates and other details should be
promptly checked,and blanks thus sent in should be copied and at once
returned to the observer with the request that the lacking details be
supplied.

One of the greatest difficulties in the river work as at present con-
ducted is in securing accurate and reliable reports from the observers,
wlose pay, of course, is not sufficiently large tomake them at all times
fully alive to the importance of accuracy. Vigilance should be exer-
cised to verify occasionally the readings of observers, and if there is
well-founded suspicion that at any time heights are reported which are
not actually observed the observershould be reprimanded, and, if neces-
sary, the station discontinued. Itis better to discontinue a station than
to encourage dishonesty and have records open to suspicion. In cases
where it is impracticable for the observer to take regular readings this
fact should be noted under the head of ¢ Remarks,” and he should be
assured that it is far better to report that an observation has been
omitted than to attempt to fill it in by guessing at the river height.

The blanks provided for the use of observers have space devoted to
remarks, This space is intended, as noted at the bottom of the blank,
for the insertion of facts concerning the rain, snow, and change of
+ weather, and other occurrences liable to affect the height of the river.
It is also intended that in time of floods some memorandum shall be
kept of the rate at which the water rises, the extreme height reached,
and the time of day at which this occurs. The observers are liable to
carelessly omit making memoranda of this character,and their attention
sliould be called to this from time to time, asit is essential to have these
minor details noted in order to correctly interpret the changes in the
height of the river. The resident hydrographers are therefore par-
ticularly requested to note whether these facts are being entered, and
to take steps to have this space properly filled when occasion requires.

The object of the daily observation of river heights is to secure mate-
rial for the computation of discharge. If the difficulties at any station
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are such that these computations or estimates can not be madé with a
reasonable degree of accuracy, the observations should not be continued.
‘These difficulties may arise from several causes —either from the irreg-
ularly shifting character of the channel, or from the impossibility of
securing proper observations of river height and soundings of the
channel, or from the inability of the resident hydrographer to reach
the point at proper times and seasons. It is therefore necessary to

carefully consider from time to time the advisability of maintaining
stations once established, in order that efforts may not be wasted in
keeping up readings of dublous value.

BENCH MARKS.

All river rods should be referred to one or more permanent bench
marks, so located as to be easily found and identified. These should
be, if possible, within from 100 to 200 feet of the locality and at an
elevation slightly above high water, so that the marks on the rod can be
easily and quickly referred to the permanent bench mark in order to
detect possible changes due to the action of floods or driftwood. These
bench marks should be fully described by reference to conspicuous ob-
jects, and by course and distance from' the river rod. If the gaging
station is near bridges having stone abutments, one of the bench marks
can with advantage be placed on the iron or stone work.

COMPUTATIONS OF DISCHARGE.

The ordinary method of computing the total discharge from the
observations is indicated by the small field notebooks (Form 9-198)
ruled for the purpose. The velocity at each section of -the stream is as-
certained by observations at various depths, and the area is obtained
by multiplying the width by the mean depth. The total discharge of
the section is the product of the velocity by the area, and the discharge
of the whole river is the sum of these products. This has been found
to be; under usual circumstances, the most convenient method of com-
putation, as the field notes can be written up atleisure moments. Prof.
0. V. P. Stout, however, suggests a method of computation which offers.
a number of :Ldvantages. This is mainly by graphic methods, and is
as follows:

On rectangularly raled paper plot the dépth as measnred at intervals across the
stream and sketch a free-hand line through the .points, thus showing the vertical
cross section at the point of measurement. Plot also the mean of the measured
~velocities obtained in each vertical plane in their proper relative positions across the
stream and sketch through these points a curve which represents the mean discharge
for all vertical planes. The discharge for any plane or section is the product of the
ordinates.of these two curves. The total discharge of the stream is proportional to
_the area of a figure constructed by taking as a base a line whose length is propor-
tional to the width of the stream, laying off the products obtained above as ordi-
nates to this base, and drawing a free-hand line through the extremities of these
ordinates. The area of the figures thus obtained may be computed by Simpson’s
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riile, or measured with a planimeter, the arm being sct to give discharges without
further deduction.

In cases where the depths and velocities are medsnred in the same vertical, the
curve showing depth and that showing velocity may Le omitted and only the curve
inclosing the area of total discharge drawn.

FIELD NOTES.

For the purpose of uniformity in recording results of current meter
work, the small blank book (Form 9-198) has been provided. This is
entltled “TUnited States Geological Survey, Division of Hydrography,
Cuir ent Meter Notes.” At the top of the page are spaces for recording
the date, name of the hydrographer, the number of the meter, the
locality, the height of the water at the time of beginning and ending of
the measurement, and the average height; and also for a statement as
to whether the river is rising, falling, or stationary. There is also
space left for inserting the results, giving the total area, the mean
velocity, and the total discharge in cubic feet per second. On the
extreme left are double columns for recording the soundings, the first
column being for the purpose of giving the distance from the initial
point, and the second for the depth at the particular place. At all
river stations, besides the bench marks for the zero of the gage rod there
should be chosen an initial point at which to begin all soundings, so that
they may be made at the same point at all subsequent measurements.
This initial point may be some permanent object on the bank, the end of
a bridge, or the edge of a pier. A bench mark should be permanent and
easily identified, and in such position that it shall always be at a short
distance beyond the high-water mark. Starting from this initial point
the soundings are usually made at every 10 or 20 feet, or in-the case of
very small streams, at intervals of 5 feet.

The first sounding should be at the edge of the w.mter, and the note-
book should give its distance from the initial point, the sounding being
recorded as zero. In the same way the last sounding should be at the
further edge of the water, and should be noted as so many feet from
the initial point and as zero in depth. If there are any intermediate
islands or bars projecting above water the notes should clearly state
this fact, giving the distance of both margins from the initial point.
This greatly simplifies the comparison of subsequent changes of depth.

To the right of the columns for soundings are spaces for the obser-
vations, giving distance, depth of the observation, or number of feet
and tenths below the surface of the water at which the meter is read,
aud also the number of seconds, usually 50 or 100, during which the
revolutions of the meter are noted. To the right of these are the three
columns for use in case a recording register is used with the meter. In
the first of these is to be placed the register reading at the beginning
of the observation, in the second the reading at the end of the 50 or
100 or other number of beconds, and in the third the ditference between
these two readings. In cases where the revolutions of an electric
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meter are counted by listening to the sounder only this third column
of the three is used. It is customary to take two observations of 50
seconds each at a point, and if these do not agree, to take a third or
fourth, continuing until it is ascertained whether there may have been
any accidental irregularity in the behavior of the instrument. If these
observations appear to have equal value the average of all is taken; -
if one or more are of doubtful value these are rejected when this fact
is clearly proved.

The number of revolutions of the meter as recorded in the column of
differences divided by the number of seconds gives the revolutions per.
second to be inserted in the adjacent column. Where two observations
of 50 secouds each have been made it is necessary merely to add the
revolutions and point off two places. The next column, headed ¢ Coeffi-
cient,” has been inserted for the purpose of noting the relation for that
particular velocity between the revolutions of the meter and the speed
of the water. In practice, however, it has been found more convenient
to construct a rating table for each meter, giving for various values
the velocity of the water corresponding to the revolutions of the meter
at different speeds. This column is therefore seldom used, but the
revolutions of the meter per second are converted at once into velocity
per second. This is then entered upon the opposite page.

The observations for velocity per second are usually taken not only
at intervals across the stream, but also at each of these localities at the
top, near the bottom, and at intermediate points. Where the stream is
shallow it has been found that the average of the observations taken
slightly below the surfice and above the bottom at a distance where
the meter runs freely represents very closely the mean velocity of the
section. In deeper streams the mean velocity of the vertical section
may be obtained by observations at a large number of points, or by
assuming that the measurement obtained at a distance below the sur-
face of three-fifths of the depth is the mean velocity, or by taking 0.98
of the mid-depth velocity. Taking, therefore, the average of the veloci-
ties in the vertical plane as obtained in either way, these are assumed
to represent the average velocity for a portion of the river on both sides
of this plane, which is taken parallel to the course of the stream and as
extending halfway to the points of observation on each side. If these
points of observations are 10 feet apart, the width of the section is taken
as 10 feet, and this is entered in the proper column.

The mean depth of the section is taken, in the case of a broad,
smooth channel, as the depth of water at the place where the meter
is run, or as an average obtained by adding the depth of water on
each side halfway to the next point of observation, adding to this
twice the depth where the meter is run, and dividing the whole by four.
This mean depth in feet multiplied by the width in feet gives the area
of this particular section in square feet. This area multiplied by the
velocity per second, as given in the column thus headed, is the discharge
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in cubic feet per second, or second-feet, to be inserted in the column
thus designated. The total of the discharges of the various sections is
the total discharge of the river. This amount is inserted at the top of
the page. The total of the individual areas is the total area in square
feet, to be given also at the top of the page. The mean velocity of the
- whole stream is the discharge in cubic feet per second divided by the
total area thus obtained, but is not the average of the velocities per
second as measured by the current meter.

In the sections of the river adjacent to the shore particular care must
be used in computing, as the current is often so sluggish that the meter
will barely revolve, and at times there are reverse currents creeping up
along the bank. Due allowance must be made for all of these, and for
still or dead water. In computing the average depth of the triangular
sections at each end the depth at the shore is taken as zero, this being
added to the other depths and the total divided by four, as in the case
above named. Where the current is running diagonally to the channel
of the stream due allowance must be made in the width of each sec-
tion. The notebook is provided with space under the head of ¢Re-
marks?” for giving these details and for comments upon the accuracy
of the measurement.

In making the computations in the notebook it is undesirable to
carry them out to a degree of refinement not warranted by the original
observations—that is to say, if the meter reading is only to whole num-
bers it is waste of time to make computations to more than one point
of decimals, or, in fact, to employ decimals at all except as assuring that
errors do not creep into the last figure of the results,

REPORT OF DISCHARGE MEASUREMENTS.

The field notebooks (Form 9-198) above referred to are to be retained
by the hydrographer as long as required, and ultimately forwarded to
the office at Washington for preservation among the original records of
the division of hydrograplhy. In order to report the results as soon as
possible, however, a blank (Form 9-197) has been provided. This gives
the date, locality, name of the hydrographer and his assistant, and a
memorandum concerning the number and page of the original note-
book. Under the head of ¢Description of river stations” it also gives
the location of the station, the date originally established, the name
and address of the observer, and his pay, his occupation, and the dis-
tance which he is required to traverse in order to make readings; also
the time of day at which these readings are usually made. A line is
added to express facts as to whether the observer is probably reliable
and is taking a proper interest in the results of his work. Space is
also given for memoranda concerning the equipment and the condition
of any survey property at the point. " Attention is also called to the
condition of the gage, and descriptive words are inserted in order that
by striking out those not applicable the remaining words will indicate
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wlhether the gage is in good order or needs attention. Space is also
left for comments on the bench marks, as to whether the initial point
for sounding is on the right or left bank, and as to whether the channel
both above aiid below the station is stralght or curved, the water swift
or sluggish; also as to the height of the banks, whether high or low,
thie character of bed of the stream, and similar details. Comments are
also called for as to any changes in the channels shown by soundings.
Wherever possible two or more gages have been established at each
station, these being connected by level lines, so that the slope of the
water surface can be read at various elevations. Assuming a value of
“n? for Kutter’s formula of discharge, it is possible to estimate the
discharge by computation based upon the slope. This should be done
and the product compared with the measured result in order that the
hydrographer may obtain data as to the application of such formule
and as to the value of the constant, n, to be applied in each case.

The results of the measurement itself are given in the lower part of
the blank, the first item being the height of water and the condition,
as to whether rising, falling, or stationary, the superfluous words being
stricken out for this purpose. The total width and the number of
channels are also to be given. Space is provided for an abstract of
the field notes, giving for important points the distance froin the initial
point, the depth, and the mean velocity. This is. for the purpose of
showing concisely the character of the stream. It is not intended to
insért fully all of the observations, but simply selected ones which
shall bring out essential facts most clearly. The make and number of
the current meter used are also to be given, or in case measurements are
made by means of floats or over a weir this is to be stated. The
velocity and direction of the wind are also to be given as of considerable
modifying influence upon the behavior of the stream. In some special
cases it is desirable to have the temperature of the water and of the
air, especially in extremely hot or cold climates. A line is also devoted
to the accuracy of the results, in order that the hydrographer may
note any possible cause of error; and, finally, a statement is to be
given of the mean minimum and maximum velocities, the total area of
the section in square feet, and the total discharge in second-feet. The
back of this sheet should show a sketch of the relative position of the
gage, the bridge, or cable from which measurements are made, the
bench marks, the initial point, and other data. Where a number of
measurements are made in succession at one point, it is, of course,
unnecessary to fill in all of the details every time; but in cases where
the hydrographer visits a station at long intefvals, and after changes
due to floods have taken place,-all of these facts should be duly noted
in order to show the extent of the changes and to indicate clearly that
certain details are unchanged.

In reporting the results of measurement of discharge it is not desu‘
able, except in the case of exceedingly small amounts of water, to
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report the results to decimals of a second-foot, as a false idea might be
given as to accuracy of measurement. Velocities should be given in
feet and Liundredths of a foot per second, and, for umformlty, the height
of water on the gage in feet and hundredths of a foot. In ail state-
ments of this kind attention should be paid to the relative accuracy of
the data. The field work should be conducted with the very greatest
care, but, on the other hand, the computations- made in the offices
should not be carried out to a degree of refinement mconmstent with
the orlglnal work.
STATIO‘I RATING TABLES.

The immediate object of measurements made at an estabhshed river
station is the comstruction of a rating table, or series of tables, which
shall show the relation for a given ‘length of time between the height
of water and the quantity flowing in the stream. In order to do this,
it is of course necessary to obtain the discharge at various stages of
water, covering the ordinary range of fluctuation. This is o compara-
tively small matter if the channel does not change. The simplest
method of procedure in constructing a rating table is to plot upon reec-
tangularly-ruled paper each point representing the gage height and
discharge for a given measurement, the vertical distance from the bot-
tom line being taken to represent the height of water at the given
measurement, and the distance from left to right the quantity of dis-
charge in cubic feet per second. Ior convenience, the measurements
of discharge should be numbered consecutively from No. 1, the earliest,
and these numbers should be placed opposite the points upon the rec-
tangularly-ruled paper. If there are a half dozen or more of these
points well distributed according to height of water, it will usually be
found that they lie approximately in the path of a parabolic curve.
This curve can be sketched through or near the points, the hydrog-
rapher, from his intimate knowledge, giving greater weight to some
points than to others. This curve shows the relation of gage height to
discharge for the particular times under consideration.

The rating table is the numeérical expression for the curve above
described. In order to make this table it is necessary simply to read
off the figures from the drawing, starting with the lowest value in the
left-hand lower corner of the drawing. To do this the lowest horizontal
line representing a tenth of a foot is followed from left to right until it
intersects the curve. The value represented by this distance is set
" opposite the tenth of foot taken. Theline representing the next higher
tenth of a foot is again followed out, and its length from the margin at
the left to the curve at the right is also obtained, and so on, setting
opposite each tenth of a foot the corresponding value of discharge.
When the table has been prepared in this way it will be found that
there is an increasing value for the discharge, and that the difference
between the values is also constantly increasing. Owing, however,
to the small scale upon which such a sketch is necessarily made, the
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figures read off from the drawing do not always have this constantly
increasing value, some being proportionally too large and others too
small. In order, therefore, to smooth out this curve, it is convenient to
set off between the lines of the rating table the differences in quantity of
discharge, making a third column. Upon running the eye down this
column several points are quickly detected where the differences are not
regular. Considering these, it will be seen that a slight adjustment of
the differences and the addition or subtraction of a small amount from
the figures of discharge will smooth out these irregularities. This
should be made, and as a check upon the accuracy of the work the
resulting figures, after the rating table has been smoothed out, should
be plotted upon the original drawing to determine by inspection that
the rating table as finally adjusted is accordant with the observations.
This method of graphic construction avoids difficulties and liability to
blunder in the use of the higher mathematics, and its accuracy is well
within that of the original data.

The length of time during which such rating table can be safely
applied to the observations should be determined by the hydrographer
and noted upon the table in order that attempts may not be made
to use it. beyond proper limitations. Where the channel is constantly
shifting such table can not be used for many weeks or months unless it is
retferred to the readings of heights as interpreted by the occasional
soundings. . .

TABLES FOR COMPUTING RESULTS FOR PUBLICATION.

- The unit employed in the measurement of streams is the cubic foot
per second. This has been described in the Eleventh Annual Report,
Part 11, Irrigation, pages 2-5,and also in the Fourteenth Annual Report,
Part IT, pages 100,101. Trom this fundamental unit others have been
derived, and the results of the investigation are shown in these for
convenience of comparison. The tables formerly published show the
discharge in second-feet for each month, giving the maximum, min-
imum, and mean. They also usually give the total discharge for the
month in acre-feet and the run-off in two terms, the depth in inches,
and the rate of flow in second-feet per square mile.
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Table for converting second-feet into acre-feet per day.

Second-feet.

Days.
1 2 8 . 4 5 6 7 8 9

Acre-feel.| Acre.feet.) Acre.feet. | Acre-feet.) Acre-feet.| Acre.feet.| Acre-feet.) Acre-feet.| Acre.feet.
. 1.98 3.97 5.95 7.93 9.92 11.90 13.88 15. 87 17.85
cee 3.97 7.93 11. 90 15. 87 19. 83 23. 80 21.71 31.74 35.70
. 5.95 11. 90 17.85 23. 80 29.75 35.70 41. 65 47.60 53. 55
7.93 15. 87 23. 80 31.74 39. 67 47. 60 55. 54 63, 47 71.40

13.88 27.77 41.65 55, 54 69. 42 83.31 97.19 | 11107 | '124.86
1587 3L.74 | -47.60 63 47 79.34 95.21 | 111.07 | 126.94 | 142.81
o178 35.70 53.55 71. 40 80.26 | 107.11| 124.96| 142.81| 160.66
.| 19.83 39, 67 59, 50 79.34 99.17 | 119.01) 138.84 | 158.68 igg. gé
23, 80 47. 60 71.40 95.2) | 119.01! 142.81| 166.61| 190.41 | 214.21
25.79 51,57 77.85 | 103.14 | 128.93| 154,71 | 180.50 | 206.28 | 232.07
27.77 55, 54 83.31 | 111.07| 138.8¢1 166,61 | 194.381 222.15| 249,92
29.75 59, 50 89.26 | 110.01| 148.76 | 178.51| 208.26| 238.02| 267.77
31.74 63.47 95.21 | 126.94 | 158.68 | 190.41 | 222,15| 253.88 | 285.62
33.72 67.44 | 101.16| 134.88| 168.59 | 202.31| 236.03| 269.75| 303.47
45,70 71.40 | 107.11| 142.81| 178,51 | 214.21| 249.92| 285.62| 321.32
37,69 75,37 113.06| 150.74 | 188.43 ] 2926.12| 263.80 | 301.49 | 339.17
39,67 79.34 | 110.01 | 158.68 | 198.35| 238.02| 277.69| 3817.36 | 357.02
11.65 83.31 | 124.96 | 166.61 | 208.26 | 249.92 | 29157 | 333.22 | 874.88
43.64 87.27| 130.91| 174.55| 218.18 | 261.82 | 305.45 | 349.00 | 392.73
45. 62 01,24 | 136.86| 182.48 | 228.10| 273.72| 319.34 | 364.06| 410.58
47.60 05.21 | 142.81| 190.41| 238.02| 285.62 | 833.22| 380.82| 428.43
49,59 99.17 | 148.76 | 198.35| 247.93 | 207.52 | 347.11| 396.60 | 446.28
51.57 | 103.14| 154.71 | 206.28 | 257.85| 309.42| 360.99| 412.56 464.13
53.55| 107.11| 160.66 | 214.21| 267.77 | 821.32| 374.88| 428.43| 481.98
55.54 | 111,07 | 166.61| 222.15| 277.60 | 333.22 ! 888.76 | 444.30 | 490.83
57.52 | 115.04 | 172.56 | 230.08 | 287.60 | 345.12| 402.64 | 460.17| 517.68
59.50 | 119.01 | 178.51 | 238.02 | 207.52 [ 357.02| 416.53 | 476.03 | 535.54
61.40 | 122,98 | 184.46 | 245.95 | 307.44 | 368.93 | 430.41| 491.90| 553.39
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As the months are of varying length, it is necessary to use three or
four factors to convert the average discharge for the month in second-
feet into the total in acre-feet. One second-foot flowing for twenty-
four hours is equivalent to 86,400 cubic feet. Since there are 43,560
square feet in 1 acre there will be the same number of cubic feet in an
acre-foot. Dividing, it is found that 1 second-foot for twenty-four
hours very nearly equals 2 acre-feet, or, in exact figures, 1.983471 acre-
feet. This multiplied by the number of days in the month will give
the total monthly discharge in acre-feet. This quantity, therefore, must
be multiplied by 28 for the month of February, or 29 for this month in
leap year, and by 30 or 31 for the other months.

For the month of February, when it has 28 days, the factor to be used
is 55.537188. For convenience in computation this factor is given as
multiplied from 1 to 9.

s DR e e e e e eeeeaameeoetamnen e aneaaen—naas 55.53719
2. ienn. e eeeenan—as S ceeans e eeaeeneiaaaan e 111. 07436
SO e et eeeeeeemeeeceeaeeenees g . aenn 166. 61154
Lo e, et e emeeaeeaneeeeeeenee et aens 222, 14872
B e eaeeeateemneteomreeaamenameanearaeaeeaesaeeaneasannstaanaeanenns 277. 68590
SRR 13 178 1

........ 388. 76026
.. 444.29744




30 PROGRESS REPORT, HYDROGRAPHY, 1895, (BULL. 140.

When February has 29 days the fagtor to be used is 57.520659. This
when multiplied from 1 to 9 is as follows:

1 e eeeeteeseeeeeene..... BT.52066
D s et e eeeee———— eveeaas U e eeeeeee.. 115.04132
S e eeens s e e e e 17256198
Y TR e e e e e 230. 08264
B e e eaann e e e e e e aaanns veo.. 287.60330
B e e s S RV, . eeee.. 345.12396
SO e e e e e e e 402. 64462 -
8...... s et e e e ans e e 460. 16528
S [ e e et teeeeenn.. B17.68594

Table for converting second-feet into acre-feet per month.

Acre-feet | Acre-feet o Acre-feet | Acre-feet
Second-feet. | o 30 days. | per31 days. || Second-foct. | o 30 days. | persl days. |-
59. 504 61. 488 3,084.711 | 3,135.868
119. 008 122.975 3,004,215 | 3,197.355
178. 512 184. 463 3,153.710 | 3,258. 843
238.017 245, 950 3,213,223 | 3,320.330
297, 521 307.438 3,272.727 | 3,381.818
357. 025 368. 926 3,332.231 | 3,443.300
416. 529 430. 413 3,391.735 | 3,504.793
476. 033 491,901 3,451. 240 3, 566. 281
535. 537 553. 388 3,510.744 | 3,627,768
595. 041 1 614.876 3,570.248 | 3,689,256
654. 545 676. 364 (1) SO 3,629.752 | 3,750.744
714. 050 737. 851 3, 812. 231
773. 554 799. 339 3,873.719
833. 058 860. 826 3, 935. 206
.892. 562 922. 314 3, 996. 694
952. 066 983. 802 4,058,182
1,011. 570 1,045. 289 4,119. 669
1,071. 074 1, 106. 777 4, 181. 157
1,130. 578 1, 168. 264 4,242. 644
1, 190. 083 1,229. 752 4,304.132
1, 249. 587 1,291. 240 4, 365. 620
1, 309. 091 1, 352. 727 4,427.107
1, 368. 595 1,414.215 4, 488. 595
1, 428. 099 1, 475. 702 4, 550. 082
1,487. 603 1, 537. 190 4,611. 570
1, 547. 107 1, 598. 678 4, 673, 058
1, 606. 612 1, 660. 165 4,734.545
1,666,116 | 1721653 4,796, 033
1,725, 620 1,783. 140 4,857,520
1,785.124 1, 844. 628 4,919. 008
1, 844. 628 1,906. 116 4, 980. 496
1, 904. 132 1, 967. 603 5, 041. 983
1, 963. 636 2, 029. 091 5,108. 471
2,023. 140 2, 090. 578 5, 164. 958
2,082. 645 2,152. 066 5, 226. 446
2,142. 149 2, 213. 554
2, 201. 653 2, 275. 041
2, 261. 157 2, 336. 529
2, 320. 661 2, 398. 016
2, 380. 165 2, 459. 504
2,439. 669 2,520, 992
2,499.173 2, 582. 479
2,558. 678 2, 643. 967
2,618.182 2,705. 454
2,6717. 686 2, 766. 942
2,737,190 2, 828. 430
A 2,796,694 | 2,889,917
°2, 856. 198 2,951. 405 y . y .
42,915,702 -3,012. 892 5,890.909 | 6,087,272
2, 975. 207 3,074. 380 5,950,413 { 6, 148. 760
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For the months containing 30 days, viz, April, June, September, and
November, the factor to be used is 59.5041300. This when multiplied
by the unit figures is as follows:

3 . S 59. 50413
2 e e e e e e P 119. 00826
2 PR 178, 51239
e e 238. 01652
5 S 297. 52065
B e e e e e e e 357. 02478
T et e e e e e e e e e e 416. 52891
B e e e e e e e e e e e e e nn 476. 03304
O .. 535.53717

For the months containing 31 days, viz, January, March, May, July,
August, October, and December, the factor to be used is 61.4876010.
This when multiplied is as follows:

L o et e e e et et aecaeamaaaas 61. 48760
2 e e e e e et eeeneeeennn ieen . 122,97520
B e e e e e e e e e e aeaaaes 184. 46280
B e e e 245. 95040
S e e e e e e 307. 43800
B e e e e e e e e e 368. 92560
T e e e e e e e e e T 430. 41320
8 e eeaes e e e e e 491. 90080
R e e e 553. 38841

The run-off per square mile is obtained by simply dividing the aver-
age for the month by the total number of square miles in the drainage
basin, this number being usually obtained by planimeter measurements
from the best map available. Being a rate of flow it is independent of
time, and therefore the number of days in each month do not enter into .
this ratio.

The depth of run-off over the drainage basin is usually computed in.
inches for convenience of comparison with the depth of rainfall, which
is almost invariably given in this unit. This depth can be most con-
veniently computed from the run-off per square mile by computation
based upon the number of days in each month, and the relation between
rate of flow and the depth in inches for this quantity were it held dur-
ing the given number of days. One second-foot for twenty-four hours
is equivalent to 86,400 cubic feet in one day. In other words, 1 cubic
foot per second run-off from 1 square mile would, if held upon this area,
cover it to a depth represented by dividing 86,400 by the number of
square feet in a imile, 27,878,400, or 5,280 squared. Completing this
division, it is found that 1 second-foot for one day is equivalent to a
body of water covering 1 square mile 0.003099173 feet, or -0.037190076
inch. Multiplying this amount by the number of days in a month gives
the following factors: '

28 AAY8 et iini i ccciiieciieaceeseecasaaancanenenesetannnonaas 1.041322128
29 A 8 cenee iae o ccmcciiieaiecicnsestsenaeeacanaras e ataecanes 1. 078512204
B0 Y8 e cie e it iiceaiceccttcacanactan e tiaaentaense caaneaaans 1.115702280
31 dﬂys ------------------ AL RAEEEEREEE SRS S0 RELES i i 1-152892356
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Table for converting second-feet per square mile into depth in inches per month.

Second-feet per

square mile. 28 days. | 29 days. | 30 days. |-31 days.

Inches. | Inches. | Inches.
1.079 1.116 1.153
2.157 2.231 2.306
3.236 3.347 3. 459
4.314 4,463 4.612

Table for converting run-off in second-feet per square mile into depth in inches per month

. , of 30 and 31 days.
Seoond- Second-| . !Second- Second-
feet per| 30 31 [[feetper| 30 31 [fectper| 30 31 ||feetper| 30 31
square | days.| days.{| square | days.| days.|| square | days.| days.|| square | days.| days.
mile. mile. R mile. mile.
Inch. ( Inch. Inch. | Inch. Inch. | Inch, Inch.| Inch.
0.01 | 0.01 | 0.01 0.51 | 0.57 | 0.59 1.01 |1.13 [ 1.16 1.561|1.68] 1.74
.02 02| .02 52 58 60 1.02 [ 1.14 | 1.18 1.52 | 1.70{ 1.75
.03 03| .03 53 59 61 1.03 |1.15 | 1.19 1.63 | 1.71| 1.76
.04 04| .04 54 60 62 -1.04 1 1.16 | 1.20 1.54 {172 L1.78
.05 06 | .06 55 .61 63 1.05 [ 1.17 | 1. 21 1.55 1173 179
06 07| .07 56 | .62 64 1.06 [1.18 [ 1.22 156|174 1.80
.07 08| .08 57 63 .66 1.07 11.19| 1.23 1.57 | 1.75{ L81
.08 091 .09 .58 64 | .67 ) - 1.081.20(1.25 1.58 | 1.76 | 1.82
.09 10| .10 .59 | .65 .68 1.09 | 1.22 | 1.26 1591177 1.83
10 .11 12 .60 67| .69 1.101(1.23 | 1.27 1.60 | 1.79 { 1.84
1 12 13 .61 68 .70 1,11 [ 1.24 [ 1.28 1.61 1 1.80 | 1.86
W12 13 .14 .62 .69 .71 1,12 [ 1.256 | 1.29 1,62 | 1.81 | 1.87
.13 14| .15 .63 70 72 1.13 (1.26 | 1.30 1.63 |1.82 | 1.8
14 | .16 16 .64 | .74 1.14 { 1.27 | 1.31 1.64 | 1.83 | 1.89
.15 17 17 .65 72| .7 1.15 | 1.28 | 1.33 1.65| 1,84 | 1.90
16 18| .18 .66 73| .76 1.16 {1.29 | 1.34 1.66 | 1.85 | 1.91
17| .19 .20 .67 .74 77 1,17 11.31 | 1.35 1.67 | 1.86 | 1.93
.18 20 21 .68 .75 .78 1.18 [1.32 {1.36 1.68 | 1.87 [ 1.04
19 21 22 .69 .77 79 1.19(1.33 | 1.37 1.69 | 1.89 | 1.95
20| .22 | .28 70 .781 .81 1.20 | 1.34 [ 1.38 1.70 { .90 | 1.96
.21 23 24 .71 79| .82 1,21 [1.35]| 1.39 1.7111.91] 1.97
22 24 25 .72 80 83 1.22 [1.36 { 1.41 1.72 | 1.92 | 1.98
.23 26| .26 .73 81 84 1,23 [1.37 | .42 173193 1.9
240 .27 .28 .41 .82 .8 1.24 | 1.38 | 1.43 1.74 | 1.94 | 2.01
25 28 29 75 83 86 1.25 1 1.39 | 1.44 1.7511.95 | 2.02
.26 29| .30 .76 84| .87 1.26 [ 1.41 | 1.45 1.76 | 1.96 | 2.03
.27 30| .31 77 85 | .89 1,27 | 1.42 | 1.46 L7797 2.04
.28 31} .32 .78 87 90 1.28 [ 1.43 | 1.48 1.78 1 1.99 [ 2.05
.29 32 33 .79 88 91 1.29 | 1. 44 | 1. 49 1.79 1 2.00 | 2.06
.30 33 35 .80 89 92 1.30 [ 1. 45 { 1.50 1,80 (201 2.08
.31 35 36 .81 90 93 1.81 [ 1.46 | 1.51 1.812.02| 2.09
32 36 37 .82 91 94 1.32 | 1.47 | 1.52 1.82 1 2.03 | 2.10
33 37| .38 .83 .92 95 1.33 1 1.48 | 1.53 1.83 |2.04{ 2.11
.34 38 39 .84 93 97 1,34 [ 1.50 | 1.54 1.84 12,05 2.12
.35 39 | .40 .85 94 98 1.35 (1.51 | 1.56 1.852.06 | 2.13.
36| .40 41 .86 | .95 99 1.36 | 1.52 | 1.57 1.86 1 2.08| 2.14
.37 41 43 871 .97 |1.00 1.37 | 1.53 | 1.58 1.87 | 2.00 2.16
.38 43 | .44 .88 | .98 101 1,38 {1.54 | 1.59 1.88 | 2.10 { 2.17
.39 44 45 .89 .991,02 1.39 | 1.55 } 1. 60 1.89 211 2.18
.40 .45 46 .90 (1,00 | 1.04 1.40 | 1.56 | 1.61 1.90 [ 2.12 [ 2.19
.41 46 47 91 101|105 1.41 | 1.57 | 1.63 1.91 |1 2.13 | 2.20
.42 .47 | .48 92 | 1.02 | 1.06 1.42 1 1.58 | 1.64 1.9212.14 | 2.21
.43 48 49 .93 11,08 |1.07 1.43 | 1.60 | 1.65 1.93 { 2.15 | 2.22
.44 49 51 94 {1.04 | 1.08 1.44 | 1.61 | 1.66 1.9412.16 [ 2.24
.45 50 52 95 11.05|1.09 1.451.62 | 1.67 1.9512.18 | 2.25
46| .52 | .53 .96 1.071.10 1.46 | 1.63 | 1.68 1.96 | 2.19 | 2.26
.47 53 54 97 | 1,08 | 1.12 1.47 | 1.64 | 1. 69 1.97 [ 2.20 | 2.27
.48 54 55 98 11.09|1.13 1.48 | 1.65 | 1.71 1.98 | 2,21 | 2.28
49 55 56 .9911.10 ) 1.14 1.49 | 1.66 | 1.72 1.99 1 2.22 | 2.29
50 56 58 1.00 [ 1.11.} 1.16 1.50 [ 1.67 | 1,73 2.00|2.23 | 2.31
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NORTHEASTERN RIVERS.

There is a lack of definite information regarding the flow of the rivers
‘of the northeastern United States, whicl is somewhat remarkable when

consideration is had of the density of population in that section and
the importance of the industries depending upon these streams. A
casual preliminary inquiry fails to reveal any notable  datain addition
to what has already been published in Volume XVT of the Tenth Cen-
sus of the United States. In this report Prof. George . Swain has
described the water power of eastern New England, and Prof. Dwight
Porter the water power of the region tributary to Long Island Sound
and of the Hudson River basin and adjacent areas. There is, without
a doubt, a Jarge amount of information in the possession of individual
engineers or of water-power companies, but it is difficult to procure this
for publication, owing to the fact that for the most part it has been
obtained as the result of controversies regarding water-power privileges
and as material for testimony before courts.

A general inquiry has been made for facts bearing upon the flow of
rivers of thie Northeast in order to procure material for comparison with
data obtained elsewhere, but the inquiry has not been carried sufli-
ciently far to develop any considerable amount of information. On the
Kennebec River, the daily discharge at Winslow, Me., has been computed
for 1893 and 1894 by Mr. Sumner Hollingsworth. On the Penobscot it

-is reported that estimates in connection with the improvement on the
dam at Bangor have been made by Mr. M, M. Tidd, and on the Andros-
coggin the daily discharges have been computed for the Union Water
Power Company by Mr. Edward Sawyer.

MERRIMAC RIVER.

The Jongest series of computations of discharge known to exist for
any stream in the United States is that for the Merrimac River, at Law-
rence, Mass. Mr, Hiram Mills, the engineer for the Essex Company,
has maintained observations for fifty years and has computed the duily
discharge. This record, however, has never been published in full. In
the report of the Massachusetts State Board of Health for 1890, page
656, are given the average monthly discharges in second-feet per square
mile from June, 1887, to May, 1889, inclusive. - In the annual reports
of this board are also given the average weekly discharges from 1888
to 1893 inclusive. The daily discharge from 1892 to 1895 has been
obtained from Mr. Mills and his assistant, Mr. R. A. Hale, and is given
herewith. The total drainage area above Lawrence is estimated to be
4,634 square miles, including within this a considerable amount of
lake area. ' ‘

Bull. 140——3
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Merrimac River at Lawrence, Mass.

[Drainage‘ aroa, 4,553 square miles.]

Discharge in second-feet. Run-off. |
: Second-
Month s | g
3 . . . Depth in| feet per
Maximum. | Minimum. Mean. inches. | sq uzll)ro
mile.
1892. .
January. .. 24,175 3,425 9,108 2.08 1. 80
February . 6, 000 . 1,620 3,812 0.91 0.84
March ... 11, 820 2,390 7,082 1.80 1.56
April.... 18, 810 4,680 9, 030. 2.21 1.98
May... 30, 550 4,900 11, 649 2. 86 2.56
© June .. 15, 640 2,700 7 6, 564 1.61 | 1.44
July... 14, 670 620 5,181 1.31 1.14
August ... 23, 700 760 5,132 1.30 1.13
September . 9, 300 800 4,439 1.09 0.98
October ..... .. 3, 450 480 2,227 0.68 0.59
November. . 26, 500 2,510 7,490 1.84 1.65
December .....ovenn-- 6,980 2,170 4,59 1.16 1.01
6,359 18.85
1893
Janunary...... P 6,870 710 2, 949 0.7 0. 65
February. 11,490 1,140 4,994 1.15 110
March... 25,810 3,100 11,134 2.82 2.45
April. . 23,730 12, 600 17,766 3.46 3.90
May... 55,910 8,300 22, 741 4.72 4.99
June 7,880 3,400 5,178 1.27 1.14
July. 4,100 560 2,496 0.63 0.55
Angus 4,470 430 2,580 0. 66 0.57
Septembe 6,850 1,130 2,738 0.67 0. 60
QOctober 12,740 360 4,103 1.04 0. 90
Novembe 7,400 1,590 3,889 0.94 0. 85
December ....o....... 8,020 2,250 4,911 1.16 1.01
. . 7,123 19. 27
1804 _
January......eeeen. .. 6, 880 2,070 3,074 1.00 0.87
February . . 9, 600 1,470 5,131 1.18 1.13
March... 27, 900 3,100 14,375 3. 64 3.16
April.. 20, 880 6,720 11,085 2.72 2.4
May ... 19,130 2, 000 7,060 1.79 1.55
June 15,150 2. 650 6, 352 1.56 1.40
July... 3, 628 223 2,278 0.58 0.50
August .. 2,524 193 1, 695 0.43 0.37
September 4,063 104 1,831 0.45 0.40
October ... 3, 561 209 2, 254 0.58 0.50
Novembe 5,935 1,479 3, 549 0.87 0.78
December . 5,198 961 3,033 0.77 0.67
5,218 15.57
1895.
January...... T 5, 660 630 3,381 0.85 0.74
February . . 4,840 600 2,408 0.55 0.53
March. 11, 700 810 5,891 0.79 0.69
April.. 86, 550 7,300 23,149 5.67 5.08
May 11,175 2,400 6,701 0.53 0. 47
June 5,500 570 3,127 0.77 0. 69
July 5,275 570 2,714 0.69 0.60
August . 3,200 510 2,152 0.54 |  0.47 .
September 3,100 360 1,048 0.48 0.43
Qctober ... 13, 560 540 4,185 1.06 0.92 -
November. . 22,310 3, 060 10, 799 2.64 2.37
December............ 19, 530 4,990 10, 641 2.70 2.34
6,425 17.27

NASHUA RIVER.

The daily discharge of this river for 1892 and 1893 has been computed
by Mr. Jos. P. Frizell, but has not as yet been published, as the use of
the water is in contention between the mill companies using water
power along the river and the metropolitan district of Boston, for which
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the water supply is desired. These discharges are.based largely upon
data obtained from the Sudbury Basin, and not upon independent
measuremernts.

CHARLES RIVER, MASSACHUSETTS.

Charles River, in eastern Massachusetts, rises in the vicinity of the
town of Dedham. Near its source about one-third of the volume of the
stream is diverted into Mother Brook and thence into Neponset River.
The drainage area above this point is 200 square miles. The daily dis-
charge for the period from May, 1877, to October, 1886, inclusive, was
computed by Mr. Jos. P. Frizell by applying weir formulas to the daily
height noted at two points. The first of these was on the dam of Mother
Brook, situated about 1 mile below the point of diversion, and the sec-
ond on the dam at Newton Upper Talls, about 6 miles below the same
point. The daily gage height has been kept at the Newton Upper
Talls dam from May, 1887, to June, 1890, and from January, 1893, to
January, 1895, but the record on Mother Brook was discontinued in
1886, so that the total flow of the river can not be obtained. In the
report of the Massachusetts State Board of Health on the examination
of water supply,' the average monthly discharge of the river in second-
feet per square mile drained is given for the period from October, 1887,
to December, 1888.

SUDBURY RIVER.

The drainage basin of Sudbury River lies in the eastern end of Mas-
sachusetts, immediately adjacent to the thickly-populated towns and
cities of the coast. It furnishes the greater portion of the water sup-
ply for the city of Boston, and in connection with the study of the
water resources for municipal and domestic use has been carefully
examined. The records are particularly valuable as furnishing a basis
for estimating the yield of other watersheds in Massachusetts. They
have been printed in the annual reports of the State Board of Health
of Massachusetts, covering the period from June, 1887. The amount
of water is givenin second-feet per square mile drained. The follow-
ing table gives the average per week, the week being considered to end
on Sunday. The figures for the interval from June, 1887, to the end of
May, 1889, have been obtained from the report above named.! The
figures from June, 1889, to the end of 1890 are from the report of the
State Board of Health for 1890. Those for 1891 are from the twenty-
third annual report of the State Board of Health of Massachusetts,
and those for subsequent years from the twenty-fourth, twenty-fifth,
and twenty-sixth annual reports of the same body.

During 1887 and 1888 the rainfall was unusually large, and was favor-
ably distinguished for maintaining a high flow in the streams during
that part of the year when the dischargeis usually small. For example,
the average annual rainfall, inclnding melted snow, in Massachusetts,

! Examinations by the State Board of Health of the Water Supplies and Inland Waters of Massa-
chusetts, 1887-1890, Part I, pp. 629, 655-658. Boston, 1890.
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“deduced from the longest observations in various parts of the State, is

43.17 inches. From June, 1887, to May, 1888, inclusive, the total rain-
fall was 47.14 inches, and for the next year it was 53.74 inches.

The drainage area from which the flow was measured is 75.2 square
miles. Within this area the city of Boston has five reservoirs, which
when full have an aggregate area of 1.38 square miles. In estimating
the flow due allowance has been made for varla,t;lons in the height of
water in these reservoirs.!

The discharge for 1890 and 1891 was above the normal except for a
short drought in the summer of 1890. In 1891 the total flow of the
streams was in excess of the normal, but the seasonal distribution wag
very uneven, being excessive in the first four months in the year and
below the average in all of the other months.

In 1892 the flow was below the average, being only 73 per cent of the
normal. Records have been kept of two drier years, 1880 and 1883,
when the corresponding percentages were, respectively, 54 and 50.
The greater part of the deficiency occurred in I'ebruary, March, and
April.  During 1893 the discharge was a little less than the average
for nineteen years, but the distribution was very uneven. In 1894 the
records show that the flow was slightly less than for 1892, and was
thus, with two exceptions, the least during the past twenty years, the
discharge being 73 per cent of the average, the corresponding per cent
during 1880 being 55, and during 1883 only 50. The flow was below
the average in every month of the year, the deficiency being greatest
in the first five months.

dverage weekly flow of Sudbury River, Massachusetts, in sccond-fect per square wile.

[Weeks end on Sunday.)]

Month. 1887. | 1888. | 1889. 1890. 1891. 1892, | 1893. | 1894,

Junuary. o ...... vl 2.142| 8.482| 2.057 | 1.686 | 2.146 [ 0.514

Trebruary

March..........

i poem
<

«w

no

B2

(=3

o«

=]

&

1 Examinations by the State Board of Iealth of the Water Supplics and Inland Waters of Massa-
chusetts, 1887-1890, Part I, pp. 655-658. Boston, 1890.



NEWELL.]. CONNECTICUT RIVER. 37

dverage weekly flow of Sudburg River, Massachusetts, in second-feet per square mile—

Continued.
Month. 1887. | 1888. | 1889. | 1890. | 1891. | 1802. | 1803. | 1804.
July covvnnnnn. 0.132 | 0.457 | 0.549 1 0.213

0.317 | 0.191| 1.204 | 0.262
0.263 | 0.115 [........l........

November...... 0.261 | 2.386 | 1.874 | 4.345

December...... 0.578 ] 9.221 | 6.421 ] 1.151

CONNECTICUT RIVER.

A series of computations of the discharge of Connecticut River have
been made at Holyoke, Mass., by the engineers of the Holyoke Water
Power Company. This company controls the flow of Connecticut
River by means of their dam, as described in Volume XVI of the Tenth
Census of the United States (pages 51-56) in the veport on the water
power of the region tributary to Long Island Sound, prepared by Prof.
Dwight Porter. The flow.of this river has been discussed in the Four-
teenth Annual Report of this Survey, part 2, pages 140-146, the figures
relating to the discharge at Hartford, Conn.

The following data have been obtained through the kindness of Mr.,
A. F. Sickman, assistant engineer of the company, the intention being
to discuss the fluctnations in connection with those of other streams at
some future time. The quantities given by him were the average daily
amounts drawn from the pond above the dam, representing the dis-
charge of the river, except in such times as the surface falls below the
crest of the dam when water is ponded overnight and Sunday. TFrom
the daily figures the average for each month has been obtained, shown
in the following table, together with the maximum and minimum dis-
charges. These minimum quantities especially must be regarded as
influenced by the control of the discharge used for power.
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Connecticut River at Holyoke, Mass.
[Drainage area, 8,660 square miles.]
Discharge in secoud-feet. Run-off.
Second-
Month. : -
. Maximum. | Minimum, Mean.- %ﬁgﬂ;‘:n ':((1)3 E{)&r
. mile.
1880.
January.............. 24, 650 6,550 9, 647 1.28 L1 -
February. 24, 850 7,300 14,771 1.8 1.7
March. . 40,150 6, 350 15,313 1.97 1.77
April.. 44,100 7,300 20, 663 2.58 2,39
May.-. 23, 900 5,550 11, 545 1.53 1.33
June 8,700 1,750 4,173 0.54 0.48
July. . 8,350 1,950 3, 663 0.48 0.42
August. 4,650 300 7,176 0.94 0.82
September 2,400 600 1,763 0.22 0.20
October . 4,950 1,000 2,263 0.30 0.26
Novembe: 11, 050 2,050 6,093 0.81 0.70
December 3, 650 1,800 3,053 0.40 0.35
8,343 12.89
1881. .
Jannary.............. 2,950 550 2,537 0.33 0.29
February.. 13, 050 2,950 5,337 0. 65 0. 62
Mareh.." 19, 500 10,150 13, 803 1.83 1.59
April.. 48,500 7,750 21,575 2.80 2.49
May... 49, 050 12, 350 26,995 3.59 3.11
June .. 11, 450 3, 200 6,212 0.83 0.72
July... 7,300 1,000 3,953 0.53 0.46
August . 7,050 450 3,897 0.52 0.45
September. 4,750 450 2,955 0.38 0.34
October ... 6, 600 1,850 3,202 0.43 0.37
November. 19, 950 5, 900 11,508 1.53 1.33
December ...... 46, 850 4,750 15,847 2.11 1.83
9, 81 15.53
1882, 818
January. 34, 000 4,050 8,801 0.94 0.82
Febraary . 22, 000 4,400 9,105 1.05 1.01
March.." 43, 650 8,950 19, 509 2.59 2.25
April.. 25, 800 11. 400 18,188 2.34 2.10
May... 38, 500 12,700 20, 216 2.69 2,33
June ... 35, 300 5,750 17, 553 2.26 2.03
July ... 9, 950 1,600 5,420 0.72 0. 63
August ... 3, 650 250 2,790 0.87 0.32
September 45,000 250 7,888 1.01 0.91
October ..... 6,500 3,500 4,606 0.61 0.53
November. .. 3,850 1,050 3,368 0.45| 0.39
December. .. 3,750 850 2,769 0.87 0.32
10,018 15. 40
1883. .
January 3,700 400 2,473 0.33 0.29
Fobruary 5, 750 2, 150 3,929 0.47 0.45
March. . 8, 400 3.150 5,279 0.70 0.61
April.. 68, 300 7,550 32,950 - 425 3.81
May... 29,350 12, 200 19,574 2. 61 2.26
June .. 117,200 5, 000 10, 662 1.37 1.23
July ...... . 8,550 1,750 5, 508 0.74 0.64
Angust ... 4,100 950 3,051 0.40 0.35
September 2, 500 250 1,877 0.24 0.22.
October ... 8,350 950 3,420 0.45 0.39
November. 10, 100 2, 650 5,067 0.68 0.59
December cveveeenn... 6, 650 1,550 3,490 0.46 0.40
8,107 12.70
1884.
January....cceeeeen... 8, 800 4,850 6,118 0.82 0.71
Tebruary . 28,100 5, 450 19,114 2.36 2.19
March..... 71, 900 7,300 22,039 2.93 2.54
Aypril 70, 800 20, 400 40,237 5.19 4.65
May. 35, 450 17, 550 26, 805 3.57 3.10
June . 15, 500 5,050 , 938 1.15 103
July....... 6, 200 3,000 4,540 0.60 0.52
Auguss .. 5, 800 1,000 2,827 0.38| 033
September . 5, 450 500 2,847 0.38] 0.33
October ... 6,100 1,100 4,153 0.55 )  0.48
November. : 17, 650 4,000 8,385 1.08 0.97
December oeeeueen.nnn 26, 650 4,700 11, 007 1.45] 128
13, 084 20. 46
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Connecticut River at Holyoke, Mass.—Continued.

Discharge in sccond-feet. Run-oft.
Second-
Month. .
) Maximum. | Minimum.|  Mean. I,’ﬁg{’.‘;;" rs((]}flrlm)r‘g
- wile.
1885.
January........ 36, 650 7,050 15,334 2,04 1.77 |
February . 9,150 5,250 7,113 0.85 0. 82
March. 6,150 3, 600 4,803 0.63 0.55
April 63, 950 8,500 42,317 5.37 4.80
May 33, 550 7,100 16, 450 2.19 1.90
Juno 17,600 |- 3,100 7,207 0.92 0.83
July .. 12,050 2,950 6,506 0.86 0.75
August . . 13, 550 2,950 6,153 0.82 0.71
September .. 8,150 3,050 5, 585 0.71 0.64
October ... . 18,400 83,1750 7,955 1.06 0.92
November. 47,200 7,500 20, 870 2. 69 2,41
December .. 24, 600 4,750 11,332 1.51 1.31
12, 635 19. 65
1886.
JaNUATY o ceeeennnenns 58, 950 7, 600 15, 850 2.11 1.83
Februaly ..oeeeeeee.. 37, 500 7,200 16, 044 1.92 1.85
March. . oooveennniian. 22,750 6, 700 9, 603 1.28 .11
April 80, 150 16, 550 37, 253 4.80 4.30
May. 19, 600 7,500 12,791 1.71 1.48
Juane . 12, 600 4,550 7,395 0.94 0. 85
July . 4,350 850 2,951 0.39 0.34
AUZUSE <eonenannns 3,050 . 550 2,609 0.35 0.30
September 5,100 600 2,628 0.3L 0.28
October ..... 8, 850 1,000 4,367 0.58 0.50
November..... 34, 800 5, 850 14,728 1.96 1.70
December ....... 21, 050 6, 150 10 420 1.38 1.20
11,387 17.73
1887.
January...... 39,150 6, 650 11,741 1.57 1.36
February 31, 900 7,800 183, 6569 1.63 1.57
March.. . ..ooooooon. 9. 900 7,200 8,162 1.08 0.94
April ool 85, 500 8,100 43,194 4.57 4.99
May.ceeceeaciaannnnns 72, 500 10, 050 31,106 4.05 3.59
JUNG - eeccenvaannnannn 27, 650 5,150 12, 653 1.63 1. 46
Ty e, 32, 300 5,550 11,033 1.46 1.27
August ........ s 26, 750 5, 650 11,942 1.59 1.38
September 8,500 3, 650 5, 856 0. 69 0. 62
October ..... 6, 200 3,300 4,521 0.60 0.52
November 18,700 3,500 6,771 0.87 0.78
December....esen.s-. 27, 600 6,100 11,900 1.58 1.37
14,329 21.32
1888.
January..... reeranaen 13, 750 6,850 8,504 1.13 0.98
February «.ococeene.. 14,100 6, 600 8,540 107 0.99
March. .. ............ 32, 400 5, 650 11,948 1.59 1.38
April coooiiieiiii.., 90, 900 27, 150 87,617 4.84 4.34
MAY - ceenecnaaannns 99,750 16,700 47,795 6.36 5.52
TUDB < eennenaanannnn . 17, 600 6,300 10, 530 1.36 1.22
July coerenennaiaann. , 600 1,600 4,311 0.58 0.50
August ..... 8,150 1,100 4,685 0.62 0. 54
Sep ember 42, 000 4,900 12,985 1.67 1.50
October 23, 050 13, 600 18, 038 2.40 2.08
Novembor. 38, 050 10, 950 23,260 2.91 2. 69
December. .. 59, 300 5,700 19, 632 2.62 2.27
17,320 27.15
1889.
JaNUATY cueeerannnnn 31,000 9,200 16, 702 2.22 1.93
FODLUATY -.ovvvnnrnn 11,100 5, 600 7,286 0.87 0.84
March. . oieianiuannn. 24, 600 5,750 13, 929 1.86 1.61
April cooooiiaal.. 36, 650 15,750 26, 262 3,38 3.03
May ..... eeeaeanen 29, 050 8, 500 13,813 1.84 1.60
JUNG . ciiiiiiiiian 21,750 6, 300 13,072 1.68 1.51
July ooeeeiiiaaennn. 18, 500 5,750 8,937 L19 1.03
August ........ ceeann 21, 050 2,700 9,018 0.97 0.84
September ........... 17, 450 1,350 6,058 0.78 0.70
OCtOber ..vevenmnnn.. © 22,350 4,900 11,465 1,52 1.32
November............ 37, 250 12, 050 18,057 2.35 2.19
December..... e 37, 650 9,350 21,385 2.84 2.46
13, 903 21.50

39
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Connecticut River at Holyoke, Mass.llk—Continued.

\
\

[BULL. 140,

Discharge in second-feet.

Run-off.
Second-
Month. .
i - 1 Depthin | feet per
Maximum. | Minimum.| Mean. inz:hes. squfln'c
mile.
1890. .

SJAnuArY. ..o ieiienan. 23, 200 9.100 15, 681 2.09 1.81
February ............ 85, 800 8, 550 14,795 1.78 1.71
March...ooooeaaan.n. 37, 250 9, 650 19, 729 2. 62 2.28
April oo, 46,250 13, 600 20, 605 '3.82 .42
May... PO 46, 750 23, 800 31, 377 4.17 3.62
[S 113 | 25, 950 6,400 13,335 1.72 1.54
July..ooeeniiiaiiaes 7,450 1, 550 4,895 0. 66 0.57
August ...... 18, 450 550 6,016 0.79 0. 69
September ... 32,100 6, 900 14,378 1.85 1. 66
October .o...... 44,000 3, 850 17,511 | 2.10 1.82
November. . 26, 950 7,700 | 13,750 .77 1.59
December ............ 7,250 4,100 5, 608 0.7 0.65-

1801 15, 556 24.12

SJanuary........ e 31, 400 6. 050 14, 208 1.89( 1.64

cFebruary ..o..oviann. 44,950 8, 850 16, 961 2.04 1.96

iMarch......ooo.oooat 63, 250 15,150 29, 042 4.87 3.36

SApril ool 67, 300 20, 250 41,178 5.30 4.75

’I\'[;ly e teeeeieaaaaaeas 21, 650 9, 800 15,131 2,02 1.75
Juno 11, 900 4,050 7,408 0.95 0.86

JJuly... 9, 600 2,900 5,132 0.68 0.59

' ,Anlﬂrust, __________ 10, 950 1, 600 5,303 0.70 0.61
September 5, 600 1, 200 3,890 0. 52 0.45
October .......... 4, 650 900 3, 039 0.40 0.35

. November 10, 750 1,050 4,980 0.63 0.57
December 33,250 4,500 11,106 1.48 1.28

1892, 13,190 21.48
63,100 9,000 19, 365 2,56 2.29
9,100 4,900 7,207 0.90 0.83
13, 700 5, 550 8,490 1.13 0.98
53, 500 10,650 | 22,610 2.91 2.61
48, 300 11, 300" | 21,471 2. 86 2.48
33,150 6, 050 14,278 | 2.96 2.65
28, 800 2, 750 12,692 | 1.69 - 1.47
All;,;nsb __________ 23,100 2,350 8,926 [ 0.95 0.83
September -...... 11, 050 1,800 4,955 0.63 0.57
October «oeunn.. 6, 250 3,450 4, 860 0.64 0. 56
November...... .. 40, 400 5. 900 15,943 2.05 1.84
Decomber oo 10, 450 2.550° 6578 0.87| 0.76

- 12,273 20. 15

1893. .

January.............. 6, 850 950 3,563 0.47 0.41
February....... 14,750 2, 100 5,170 0.62 0. 60
March.... 26, 450 2, 650 11,723 1.56 1.35
April 52, 000 13, 800 30, 592 3.94 3.53
. 94,350 12, 600 32, 969 4.39 3.81
11, 850 5,750 7,495 0.97}. 0.97
5, 050 750 3, 465 0.46 0.40
Angust ..., 17, 800 1,700 4,515 0.61| 0.5
September ... 12, 800 3, 250 5, 683 0.73 0. 66
October ......... 11, 800 2,900 5, 632 0.75 0.65
Novembor. ... . : 9, 900 2,900 5,222 0.70 0.63
December .o nnrnno 17, 550 3, 250 7,476 0.99 0. 86

0 . 10, 295. 16.19

T 1894, .

ANNATY . ..... e 8,750 4, 050 6, 245 0.83 0.72
ﬁ’f,‘},}‘fﬁ.y ______ 6,100 2,800 4,639 0.56 | 0.54
Mareh..o .0 5. 950 5, 000 22, 951 2.96 2.57

i 43,300 11, 800 20,973 2.70 2.42
18, 450 6, 300 10, 889 1.45 1.26
16, 750 1, 800 8,701 1.11 1.00
T

8 3 X ;.
4, 850 150 2, 697 0.35 0.31
Septembor ...... & 000 600 460 o061| 053
November 13, 300 4,700 7,528 0.97 0.87
Decombor . onnns 12, 150 1,650 6, 061 0.81| -0.70

13.17
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Connecticut River at Holyoke, Mass.—Continued.

Discharge in sccond-feet. Run off.
' Second-
Month. . .

| Maximum, | Minimum.| Mean. ]3 3';{’.2:’ f:gﬁg)r?

mile.
1895,
January.. 7,100 2, 650 4,739 0. 63 0.55
TFebr lmry 4, 550 750 2,987 0.36 0.35
March.. 10, 250 1,700 6, 256 0.83 0.72
April . 115, 000 8. 450 45, 290 5.84 5,23
May.. . 21,100 G, 050 12, 345 1.65 1.43
l'uno ....... . 9, 800 1,050 6,108 | . 0.83 0.75
Jualy ool 4,200 350 3,029 0.40 0.35
Aungust ...oooaao... 4,600 1,050 3,281 0. 44 0.38
September ........... 4,550 350 2,732 0.30 0.32
Octobor .............. 9, 550 400 4,008 0. 54 0.47
November............ 31,150 . 4,000 17,094 2.20 1.97
December ............ 31, 600 7,000 15,806 | . 2.11 1.83
10, 314 16.19

POTOMAC BASIN.

. The Potomac River rises in the Alleghany Mountains, its drainage
basin embracing portions of the States of Pennsylvania, Maryland,
‘West Virginia, and Virginia. At this part of the system the moun-
tains have a general trend alittle north of northeast, the narrow valleys
between the ridges are nearly parallel, and thus the streams coming
from the mountain sides nnite in creeks or rivers flowing either north-

casterly or southwesterly. Taking the Potomac Basin as a whole, by
far the greater number of the tributaries flow toward the northeast, the
streams coming from the northern part ot the basin being re]'mtlvely
small. The main river itself, receiving from point to point the tribu-
taries from each side, cuts directly across the mountains, having a
southeasterly direction, although in detail its course is very crooked.
The course and character of the river and its adaptability for water-
power purposes have been described by Prof. George F. Swain in the
Report on the Water Power of the Middle Atlantic Watershed, pages
40-54, this being a portion of Volume XVI of the Tenth Census of
the Umted States.

As pointed out by Professor Swain, the dbsence of Iakes, marshes,
and of broad valleys renders the tributary streams rapid in their
delivery of precipitation upon the basin, the Potomac River being sub-
ject to sudden floods and the dry season discharge being very smail,
For this reason the river as a source of power is not so valuable as.
might be expected from the size of its drainage area. At the points
where the river cuts through the successive mountain ridges the slope
is rapid, but there are no falls of considerable magnitude until the
stream has passed across the Piedmont plateau and reached the border
of ‘the softer Cretaceous rocks. Here, at the fall line, it forms a sue-
cession of cataracts, a drop of 90 feet occurring within a short distance
at the Great Falls. ‘
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POTOMAC RIVER ABOVE SHENANDOAH RIVER.

The Potomac River, as the name is commonly applied, results from
the union of the North Branch with the South Branch at a point about
12 miles below Cumberland, Md. In their upper courses these two
branches flow in a general northeasterly direction, nearly parallel to each
other, the North Branch being to the west of the Alleghany front and the
South Branch to the east. The drainage areas have been measured at
various points from the topographic sheets of the Geological Survey and
from maps of portions of Maryland and Pennsylvanm The drainage
- area of the North Branch down to Bloomington, Md., above the mouth
of Savage River,is 293 square miles. Savage River drains 111 square
miles. Thetotal drainage area of the North Branch at Piedmont, where
it cuts through the Alleghany front and begins its southeasterly course,
is 409 square miles. The first tributary of importance below this
point is New Creek, draining the Alleghany front and flowingin a
northeasterly course. Its drainage area at its month at Keyser is 56
square miles. From this point the North Branch turns abruptly
toward the northeast, and continues in this course to Cumberland,
where the total drainage area is 891 square miles. To the east of New
Creek is Patterson Creek, also flowing northeasterly, The drainage
area above Burlington, below the mouth of Mill Creek, is 155 square
miles, and the total area to the point where Patterson Creek enters the
North Branch, about 8 miles below Cumberland, is 279 square miles. The
total drainage area of the North Branch of the Potomac at the point
where it joins the South Branch is 1,365 square miles. The greater
portion of the catchment basin of the North Branch is shown on the
Piedmont and Romney sheets of the Topographic Atlas.

The drainage area of the South Branch of the Potomac River extends
considerably south of that of the North Branch. The principal tribu-
tary on the west is what is known as the North Fork of the South
Branch,rising in Pendleton County, W. Va., to the east of the Alleghany
front. The drainage area below Seneca Creek is 240 square miles, and
at the mouth, where it enters South Branch about 4 miles above Peters-
burg, is 322 square miles. The South Branch, rising to the east, has
at Franklin, Pendleton County, a drainage area of 188 square miles,
and at the junction with North Fork 318 square miles. To the east of
this in turnis Mill Creek, entering near Petersburg and having a drain-
age area of 101 square miles. The total drainage area of the South
Branch at Moorefield is 897 square miles. At this point it receives
Moorefield River, which is also known in its upper course as the South
Fork of the South Branch. The drainage area of this stream at Fort
Seybert is 155 square miles, and at Mooréfield is 301 square miles.
Following northeasterly down the South Branch the drainage basin
contracts, the river flowing in a narrow valley between Mill Creek
mountains and South Branch mountains. At Romney, in Hampshire
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County, W. Va., the drainage area is 1,407 square miles, and at’ the
railroad bridge, 6 miles below Romney and 3 miles from Springfield, it
is 1,443 square miles. The total area drained by the South Branch
where it joins the North Branch to form the main Potomac is 1,487
square miles, and the aggregate area of these two branches is 2,852
square miles. This catchment basin is for the most part given on the
Franklin, Woodstock, Romney, and Piedmont sheets of the Topographic
Atlas. '

Following down the Potomac River the drainage areas of the prinei-
pal tributaries have been measured at their mouths and ascertained to
be as follows:

Drainage areas of tributaries of Potomac River.
: Sq. miles.

Little Cacapon. ... . i it i e 117
Great Cacapon, (Of this, North River has a drainage area of 205 sqnare

miles; Lost River, 189 square miles; Cacapon above North River, 401

T L O 671
Warm Spring Creek........ooooiiiiiiiiinnaiat. e ieaienaaas 16
Conoloway Creek ........... e e et e maemeee e iaa s 125
Sleepy Creek......oooeiiiiiaiaaannans b e e e e e e 146
BT S 0 Y | NS 195
Back Creel (to Virginia and West Virginia line, 185 square miles).......... 288
Conococheague at Williamsport . ... ... . Ll 579
(01T 1T P 335
Antietam . ... e i i iiceeieeee e 305
Shenan@oall ... oo i e et e i et eeaa s 3,009
B L0 T o 557
G00BE CTeek ... .o it it aaeaaa. 384
T 1T U ) 1) N 132
Rock Creek. . .. ... o i 81

The areas of the Potomac drainage at various points in snccession
below the union of the North and South Branches are as follows:

Se. miles.

Above Great Cacapon River . .oco i iiie oo iiitaaae e e 3,388
AD HANCOCK. -« oot i et ettt i et e e e aaeaas 4,099
At WilHamsport .o oo it e eceaaanaaa e aean 5, 556
At Harpers Ferry above the Shenandoah. ... . ..o .o .iaaaal. 6, 354
At Harpers Ferry below the Shenandoah. .............. ... ... 9, 363
B A N ) o ) | DO 9,397
At Point of ROCKS. L. ..ottt ittt e iie et caraee e aaaan 9, 654
At Edwards Ferry below Gooso Creek. ..o .o oeoroenooiecaie cieiacaaaas 10,716
At Great Falls .. oo o i et e 11,043
At Chain Bridge ........._...._. e et e e e e aas 11,161

The principal river stations for ascertaining the fluctuation of the
stream are stated below in geographic order, and the results obtained
at each are shown in concise form.

SPRINGFIELD STATION, ON SOUTH BRANCH OF POTOMAC RIVER.

This point is at the railroad bridge 2 miles above Springfield,W. Va.
Observations of river height as described in Bulletin No. 131, page 88,
-were made during a part of 1894 and were resumed on April 12, 1895,
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Measurements of discharge, as shown in the following table, were made,
furnishing material for the rating table given below. By the applica-
tion of this rating table to the observed river heights computations of
monthly discharge have been made. At the time of the highest meas-
ured discharge, on April 11, 1895, the maximum velocity was 5.01 feet
per sccond.

The measurements of river height are made by means of a wire gage,
the scale of which is marked to feet and tenths on the guard rail of
the bridge on the lower side, by means of brass tacks. The distance
from the pulley to the zero of the gage is 1.66 feet; the length of the
gage wire is 34 feet. It is placed in the first panel of the bridge at the
third span from the north. Measurements of discharge are made from
the same bridge. The channel, both above and below the station, is
straight, the water somewlmt sw1ft The banks are liable to overflow
at time of high water. .

List of discharge measurements made on South Branch of Potomac River, West Virginia.

. Gazo Arcaof l\llean 1Dis-
Teter Lo | section | velocity | charge
No. .Datc. Hydrographer. number. h’e-‘:é’:'t (square |(feet pe\rr (second-
( ) feet). [second).| feet).
1894.
1| May 31 | R. H. Chapman. 23 h 4.70 532 2,02 | - 1,074
1895.
2 | Mar. 29 | C. C. Babb...... 29 1 5.90 695 2.95 2, 049
31 Apr. 11 |..... [1C 291 8.95 | 1,488 2.95 4,389
4| Apr. 26 |..... do ool 29 1 4.20 395 2.45 968
5| May 3|..... {11 29 1 7.40 974 3. 62 3,539
61 May 9-.... [ [ R, 29 1 5.25 481 3.30 1,588
7 Mn.y 22 |..... (10 J - 291 8.30 | 1,238 3.16 3, 886
8| June 4|..... (11 S, 29 h 3.90 330 2.15 710
9| June 6|..... ({0, JR 291 3.90 357 2.13 759
10 | June 14 |..... do_..o...... 29 h 3. 47 258 2.27 586
] Junc19 |..... do..coounnn. - 29h 3.10 195 1.79 349
12 | July 16 |..... [§ 1+ S, 76 3.10 219 1.73 378
13 Jul) 17 ..., [ PN 76 3.00 195 1.82 355

Rating table for South Branch of Potomac River.

Gage |py age |p: Gage iny: o | Gage |n:

h eigPht. Discharge. ll(l:?i it Pischarge. h c‘; g','] &, Discharge. |, - gﬁlt Discharge.
2,50 180 || 4.40 1,030 || 6.80 2,370 | 8.20 3,795
2. 60 210 4.50 1,090 6.40 2,445 8.30 3,870
2.70 240 4.60 1,160 6.50 2,520 8.40 3, 945
2. 80 270 4.70 1,230 6. 60 12,59 8.50 4, 020
2.90 300 1 4.80 1,300 6.70 | 2,670 8.60 | ~ 4,09
3.00 330 4.90 1,370 G. 80 2,745 8.70 4,170
3.10 360 5. 00 1,440 6.90 - 2,820 8.80 4,245
3.20 400 5.10 1,510 7.00 2, 895 8.90 4,320
3.30 450 5.20 1,580 |l 7.10 2,970 9. 00 4,395
3.40 | 500 5.30 1 650 7.20 3,045 9.10 4,470
3.50 550 5.40 1,720 7.30 3,120 |} 9.20 4,545
..60 600 5. 50 1,790 7.40 3,195 9. 30 4, 620
3.70 650 5.60 1,860 7.50 3,270 9.40 ¢ 4,69
3.80 700 5.70 1,930 7.60 3,345 9. 50 4,770
3.90 750 5.80 2,000 7.70 3,420 9. 60 4,845
4.00 800 5.90 2,070 7.80 3,495 9.70 4,920
4.10 850 6.00 2,145 7.90 8,670 | 9.80 4,99
4.20 910 6.10 2,220 8.00 3,645 9.90 5,070
4.30 970 6.20 2,295 8.10 3,720 ¢
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Daily gage height of South Biranch of Polomac River for 1895.

- - h : Au- |Septem-} Qcto- |Novem-|Decem-|
Day. | April.] May.| June. | July. gust. l‘)el'. ber. ber. ber.
) N 7.70 4.40 4.80 3.10 2.00 2.50 | 2.50
2... . 4.20 4.50 3.00 2,00 2.40 | 2.40
3... 4.00- 4.207 3.00 2.00 2,40 [ 2.80
4... 3.90 4. 00 2.90 2.00 2.40 | 2.30
H.. 3.80 3.80 2,70 2.00 2.30 [ 2.30
G... 4.20 4.20 2.80 2.00 2.50 [ 2.30
¥/ (TN FO 3,90 3.90 2.70 2.00 2.40§ 2.30
F: 2V DR IR 3.80 3.50 2.70 2.00 2.40 1 2.20
L TR P 5.20 3.70 3.90 2.70 2.00 2.40 [ 2.40
10,1 («) 5.50 3.50 3.60 2,70 2.00 2.50 [ 2.40
11..] 895 5.10 3.40 3. 40 2.70 2.00 2.40 | 2.40
12..] 7.50 | 5.90 3.40 3.30 2,70 2.00 2.30 [ 2.40
13..1 7.00 | .80 3.30 3.10 2.60 2.00 2.30 [ 2.40
4.0 6.60| 6.20 3.50 3.00 2.60 2.00 2.20 | 2.40
15..0 6.40( 6.20 3.50 3.30 2.60 2.00 2.20 1 2.40
"16..] 6.10] 6.00 3.40 3.10 2.60 2.00 2,301 2.30
17..| 590 | 5.90 3.40 2.90 2.60 2.00 2.80 | 2.30
18..4 5.60 | G.20 3.30 2.90 2,60 2.00 2.80 | 2.30
19 .| 5.40) 6.40 3.20 2. 80 2.60 2.00 2,80 | 2.30
20..] 5.20| 6.90| 8.00| 2.8 260 2,00 2,30 2,30
21..| 5.00| 5.80 2.90 2.80 250 ). ... 2.00 2.80 | 2.60
22..) 4.8 7.00| 2900 270 | 2.50|........ 2.00 | 2.30 | 4.90
5..| 4.70 ) 7.60 2.90 3.00 2.50 [........ 2.00 2,80 | 4.30
24..| 4.60 [ 6.60 2.80 3.20 2.50 2.00 2.10 2.30 | 4.00

25..] 4.40] 6.20 3.00 3.20 2.40 2.00 2.10 2.80 j........
26..] 4.20| 5.80 3.20 3.80 2.40 2.00 j..o..... 2.80 | 8.40
27..] 4.16}| 5.50 4.40 3.401 2.30 2.00 2.00 2,80 [ 3.20
28..] 4.00 5.40 4. 00 3.20 2.30 2.00 2.00 2.30 | 4.00
20..| 4.20) 5.00 4.70 3.00 2.30 2.00 2,00 2.50 | 2.80
40..| 4.90 | 4.70 3,50 2.90 2.30 2.00 2. 10 2.60 } 8.20
Blofaeannns 4.40 1....... 2. 90 2.60 |........ 2,10 ..., 3.90

45

aOn April 10, 1895, the scale was altered by 1 foot, so that tho readings given on pago 88 of bulletin
No. 131 must be diminished by 1.00 to make them comparablo with those hérewith gnwu
b Repairing bridge; record lost.

Discharge of South Branch of Potomac River.

[Drainage area, 1,443 square miles. )

Discharge in second-feot. Liun-off. .
Second-
Month. eeb ver
Maximum. ] Minimum. Mean. D];’ll(;(hll‘;" ‘::l‘t‘ll.’l(::
mile.
1894,
June ... 1,720 460 860 0. 61, 0. 55
July (@) ... 700 210 317 0.25 0.22
. August ... 400 180 232 0.18 0.16
Septewmber . 1,930 180 395 0.30 0,27
October 1 10 20 .- .. 910 210 500 0. 40 0.35
1895,
April 12 to 30 3,270 800 1, 667 1.28 1.15
May ..co.... 3,570 1,030 2,204 1.76 1.53
June...... 1,230 270 Goo 0. 47 0.42
July (b) eveennnnn.. 1, 300 240 512 0.40 0. 385

@ Record incomplete; figures missing from July 15 to 21, 1804,

b Computations of low-water flow require more measurements at minimum stages.

This locality is described in Bulletin No. 131, page 88.

CUMBERLAND STATION,

POTOMAC RIVER.

The observa-

tions were continued during the greater part of 1885, and the discharge
measurements shown by the following table were made sufficient for



46 PROGRESS REPORT, HYDROGRAPHY, 1895. [BULL. 140.

the construction of a rating table given below. By means of this the
average discharge by months has been computed. The river gage is
on the West Virginia Central Railroad bridge, about 200 yards below
the dam across the Potomac. It consists of a vertical rod 10 feet long
bolted to the east side of the abutment of the head gates above the dam.
The top of the rod, or the 10-foot mark, is 5.40 feet below the top of
the abutment. The channel at this point is straight, both above and
below the bridge, and the water has rapid velocity. Measurements
have been made not only of the discharge of the river, but also of the
canal feeder taken out above the dam. On June 5, when there was
216 second-feet in the river, there was in the canal feeder 40 second-
feet; on June 6 the river discharged 530 second-feet and the canal
feeder carried 79 second-feet; on June 13 the river discharged 149
second-feet and the canal feeder carried 38 second-feet; on July 17 the
river discharged 266 second-feet and the canal feeder carried 79
second-feet. '

List of discharge meagurements made on. Potomac River at Cumberland, Md.
$l

. Mt Gago Areaof Nltm'ltl', lDis.
g I . eter 25 | section | velocity [ charge

No.| Date. | Hydrographer. | o ]('gg:’t’ (square | (feet per (secm%d~

). feet). |second).! feet).
1804.
1 Magv 24 . S O 1, 166 2.60 3,037
1895.
2 | Mar. 30 201 4.50 [ 1,088 3.17 3,446
3| Apr. 10 29 1 5.40 | 1,560 3.88 6, 054
4| Apr. 25 29 h 3.30 423 1.49 630
51 May 3 20 h 3.75 722 2.39 1,728
6! May 9 29 h 3.40 465 1.67 77
7| May 23 29 h 3.40 569 1. 46 831
8| June 5 29 h 2.95 187 1.16 216
9 | June 6 29 h 3.10 301 1.76 530
10 | Juno 13 20 3.00 179 0.83 149
11 | July 17 76 3.05 200 1.33 266
Rating tadle of Potomac River at Cumberland, Md.

135?1?5. Discharge. lg?g ?b. Discbarge. h%iagglft. Discharge. h(giag'?f,. Discharge.
2.7 160 3.6 1,285 4.5 3, 580 5.4 5,875
2.8 200 3.7 1,540 4.6 3,835 5.5 6,130
2.9 250 3.8 1,795 4.7 4.090 5.6 6, 385
3.0 325 3.9 2, 050 4.8 4,345 5.7 G, 640
3.1 425 4.0 2,305 4.9 4, 600 5.8 6, 895
3.2 525 4.1 2, 560 5.0 4,855 5.9 7,150
3.3 650 4.2 2,815 5.1 5,110 6.0 7,405
3.4 800 4.3 3,070 5.2 5, 365
3.5 1,030 4.4 3,325 5.3 5, 620

-
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Daily gage height of Potomac River at Cumberland, Md., for 1895.

Day.| Jan. | Feb. | Mar. | Apr. | May. | June. | July.| Aug. | Sept. | Dec.
i 3.00| 3.60| 600 3.90| 3.40 310 2.80| - 1.00|........
2. 3.00 ] 4.60 | 570 | 3.80{ 3.80 3.40 ) 2.70 1.00 j........
3. 3.00} 3.50 | 4.00 | 4.40 | 8.80 3.80 | 2.70 1,00 |.....ae.
4. 3.00| 3.50 | 4.60| 3.90 | 3.60 8.10| 2.70 1.90 | ..oaael
5. 3.00 )] 8.50 | 4.20( 3.80 | '38.60 3.10 | 2.70 1.9 )........
6. 3.10 | 3.50 | 4.00f 3.70 | 3.40 3.20 2.60 1.90
7. 4.80 | 3.50| 3.80| 3.60| 3.30 3,20 . 6 1.80
8...0 6.00] 3.60] 3.80).-3.80| 38.20 3.20 0.80
0.. L 3.50 | 4.20| 5.60 3.40 3.30 0.70
3.50 | 4.00| 5.50( 3.20 3.70 0.50
3.50| 4.00 ] 4.70 | 8.20 3.40 0.50 |.
3.40 | 4.80| 4.70| 3.70 3.20 0.60 |.
3.40| 3.80 1 8.90| 3.70 3.20 .
3.40 | 4.50 | 3.80| 3.70 3.30
3.40 1 4.80 | 3.80| 8.50 3.30
3.30 | 5.20! 3.80| 3.30 3.80
3.40| 4.70 | 3.80) 8.40 3. 00
3.40 | 4.50 | 8.70 | 3.40 3.00
3.40 | 4.30( 35.60 | 3.40 2.90
3.40) 410 8.50 ] 3.30 2.90
3.40 | 8.80 | 3.40 | 8.40 2.70
3.40 | 8.70( 38.40 | 3.40 2.70
3.40 | 3.70) 8.30) 3.40 2.70
3.40 | 3.70 | 8.30 | 3.40 2.70
3.40 | 3.70 | 3.20 | 3.80 2.70
3.60 ] 4.50| 8.30| 3.20 2.70
4.10 | 4.30 | 3.30 ] 8.30 2.70
500 4.80) 3.30| 8.20 2. 80
..l 8. 3.30 | 3.10 2.90
80..| 8.70 |. 3.40 | 3.10 2.90
31.. 8.70 {.......] 45010....... 3.10 2.80

@ Water 5 inches below gage. Readings discontinued till Docember 22,

Discharge of Potomac River at Cumberland, Md,

[Drainage area, 891 square miles.]

Discharge in second-feet. un-off.

Month. ' a Second .

: Maximum. | Minimum. |  Mean. I?EB}'II:;" 1:33?1';’&
mile.

1895.

January....c.-ee... 7,405 326 1,844 2.39 2.07
February .......... 4,R55 G50 1,128 1.32 1.27
March ... 7,405 1,540 3,185 4,12 3.67
April .. 6, 385 525 1,875 2.35 2.10
May.... 1,795 425 870 1.13 0.98
June.....eovuveen.. 650 200 355 0.456 0.40
July covvciiiinnnnn. 1, 540 160 431 0.55 0.48

GREAT CACAPON STATION, ON rOTOMAC RIVER.

This point is 46 miles by rail below Cumberland, Md., and 10 miles
above Hancock, Md., the distance by river being considerably greater.
1t is thus below the mouth of the South Fork of the Potomac and con-
siderably above the Shenandoah. Measurements are made near Dam
No. 6 of the Chesapeake and Ohio Canal. Observations were begun at
this point on June 21, 1894, being made by the lockman employed by
the canal company. At first river heights were read from an old gage
fastened to the side wall of the dam abutment, the foot of the rod rest-
ing on the top of the dam. On June 19, 1895, a new rod was placed
over the intake of the canal feeder, and from that time observations
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were made on the new rod. The point 0.4 feet of the old rod is at a
height of 0.9 of the new rod. The elevation 2.60 of the rod at the inlet
of the canal feeder is on a level with the top of the lower sill of the
feeder. Mecasurements are made of the canal feeder and also of the
main river by wading at a point about 1,000 feet below the dam. At
the time of the first measurement, that of June 20, 1895, water was not
flowing over the West Virginia end of the dam for about one eighth of
the total length. The initial point for soundings of the river is on the
left bank. Three measurements of discharge were made during 1895,
these being at low water. The canal inlet is measured 100 feet above
its entrance to the main canal. At the time of measurement made on
July 8 there was flowing in the canal feeder 164 second-feet, and at the
time of measurement on August 26, 92 second-feet. '

List of discharge measurements made on Potomac River at Dam No. 6, Maryland.

Gago Aveaof | Mean Dis-
No.| Date Hydrogra- | Meter | | 7LR% | scction | velocity | chargo
. b pher. number. foot (square | (feet per | (second-
(foet). feet). | second).| feet).
1895.
1 | June 20 | C.C.Babb .. 20 1 "0.90 367 0.42 331
2| July 18 |..... do...... $76 7 0.90 . 650 0.84 543
3| Aug. 26 [--... do...... 76 —0.50 |- 381 0.35 133

Daily gage height of Potomac River at Dam No. 6, Ql[arylantl, JSor 1895.

Day.: Jan. | Feb. | Mar. | Apr.|May.|June.|July.| Aug. | Sept. { Oct. | Nov. | Dec.
1..0.10 | 0.20 |@4.50 | 1.00 | 1.00 } 1.00 | 1.20 } 0.89 |—0.40 |—1.20 |—1.00 | 0.60
2..10.20]0.20(5.50{1.00|1.40|1.00(1.20| 0.80 (—0.30 [—1.20 |-—0.90 | 0.70
3..00.10!0.10[4.901.00 (3.8 |1.001.60| 0.80 |—0.30 {—1.20 [—0.70 | 0.70
4..410.100.10|2.50 | 1.00 [ 1.80 | 0.80 | 1.50 | 0.80 |—0.40 |—1.20 |—0.60 | 0.70
5../0.100.10 | 1.40 | 1.00 [ 1.60 | 0.80 | 1.40 | 0.80 |[—0.50 |—1.20 |—0.60 | 0.70
6..00.10]0.20| 1.00| .00 |1.40 10,80 | 1.40 | 0.80 |—0.60 |—1.30 [—0.10 | 0.70
7..00.200.30]0.70 | 1.00 | 1.30 [ 0.80 } 1.70 | 0.80 |—0.70 |—1.30 |- 0.00 | 0.70
$..0.20]0.00|0.10]1.00[1.00(0.60| 1.70 0.80 (—0.70 |—1.30 6.00 ] 0.70
9 .[03.80]0.10)0.10]200|1.00(0.60|1.80| 0.80 [—0.70 [—1.407] 0.00 | 0.70
10. 3.60 { 0.00 | 1.80 | 5.80 | 1.00 | 0.50 | 1.80 | 0.80 [—0.70 |—1.60 | 0.10 | 0.70
11.18.40 [ 0.00 | 1.40 | 8.00 | 1.00 | 0.30 | 1.50 | 0.70 |—0.80 |—1.70 | 0.10 { 0.70
12./3.00]0.00 | 1.20 | 1.00 | 1.30 | 0.30 | 1.40 | 0.70 |—0.80 |—1.80 { 0.30 | 0.70
13./38.000.00]1.20}1.00|1.10]0.20|1.20| 0.70 (~-0.70 |—1.90| 0.30 | 0.70
14.(2.00(.0.00 | 1.00 | 1.00 | 1.10 | 0.20 | 1.20 | 0.40 }--0.70 |—1.90 | 0.30 | 0.70
15,/ 1.50 | 0.00 | 2.00 | 1.00 { 1.80 | 0.40 | 1.20 | 0.40 |—0.70 |—1.90 | 0.30 | 0.70
16./ 1.00 [ 0.00 | 3.00 [ 1.00 | 1.80 [ 0.40 [ 1.10 | 5.40 |—0.80 [—1.90 | 0.30 | 0.60
17./0.80 1 0.00 | 3.40 1.1.00 | 1.80 | 0.40 ! 1.00 ] 0.40 !—0.80 1—1.80 | 0.30 | 0.60
18./0.80 1 0.00 | 1.10 [ 1.00 | 1.80 [ 0.40 | 0.90 [ 0.30 |—0.80 |—1.80 | 0.30 | 0.60
19./0.80 | 0.00 ] 1.50 {1.00 | .80 { 0.90 | 0.90 | 0.30 |—0.80 |—1.80 | 0.40 | 0. 60
20.]1.10 [ 0.00 | 1.00 [ 1.00 | 1.00 [ 0.90 [ 0.90 [ 0.00 |—0.80 [—1.70 [ 0.60 | 0.70
21.13.00,0.00{1.00 | 0.80|1.00(0.90}0.9 | 0.00 |—0.60 |[—1.70 |. 0.50 | 0.70
22./8.00{0.00| 1.00 [ 0.80 | 1.40 | 0.90 | 0.80 |—0.10 [—0.60 [—1.70 | 0.50 | 1.00
23.08.20 | 0.00 | 0.10-1 0.80 | 1.80 | 0.80 | 0.80 (—0.20 [—0.70 |—1.50 | 0.60 | 1.00
24.(2.10{0.00 | 0.80 } 0.80 | 1.80 { 0.80 | 0.80 |—0.30 |—0.70 |—1.50 | .0.60 | 1.90
25.(1.101 0.00 [ 0.80 | 0.80 { 1.50 | 0.80 | 0.80 {—0.40 {—0.80 |—1.50 | 0.60 | 1.40
26.11.60(0.10 { 0.80 | 0.80 | 1.50 [ 0.90 { 0.80 {—0.50 [—0.90 [—1.40 | 0.60 | 1.30
27.11.00|0.20{0.80 ) 0.80 [ 1.50 | 1.00 | 0.80 |—0.60 |—1.00 |—1.40 [ 0.60 | 1.10
28.10.60 | 2.80  0.80 | 0.80  1.50 | 1.10 { 1.00 |—0.70 [—3.00 |—1.40 | 0.60 | 1.10
29.10.60 {...... 2.00(0.80 | 1.50 | 1.20 | 1.00 |--0:70 |—1.10 |--1.40 | 0.60 | 1.20
30.{0.60 |...... 1.80 { 0.80 { 1.50 | 1.20 | 1.00 |—0.70 |—1.10 }|—1.40 | 0.60 | 1.20
31.00.20 {..co0fenmnnn Y PR 1.20 |...... 0.80 |—0.70 |....... —1.40 {....... 1.20

a Ice went out. b Ice breaking up.
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SHENANDOAH RIVER.

This i'iver, one of the principal tributaries of the Potomac, rises in
the broad Shenandoah Valley west of the Blue Ridge and between it
and the Shenandoah Mountains. For the greater part it drains the
counties of Augusta, Rockingham, Page, Shenandoah, Warren, and
Clarke, in Virginia, flowing for a short distance through the extreme
castern part of West Virginia to enter the Potomae at Harpers Ferry.
In the southwestern part of Augusta County its higher. tributaries
interlace with the streams flowing southerly into James River. The
courses of these streams are excessively irregular and tortuous, and
the confusion at first arising in the mind of the student of the hydrog-
raphy of the region is further increased by the peculiar nomenclature
of the streams of this section. The favorite designation appears to be
either North Fork or South Tork, stream after stream in this part of
the country being known by one of these terms, as will be shown by
an examination of the map.

Following up the Shenandoah from its mouth at Harpers Ferry the
river divides at the town of Riverton, near I'ront Royal, into what is
known as the North Fork and the South Fork, both of these flowing in
extremely crooked courses in a general northeasterly direction, the first
on the northwest and the second on the southeast of Massanutten
Mountain. Going up the South IFork for about 60 miles it is found
to divide into two streams at Port Republic, near the Augusta County
line—into the North River and the South River. The North River,
about 4 miles above. this point, subdivides into the North and Middle
rivers. Continuing up to the head waters of this stream and passing
southwesterly over the low divides of the Shenandoah Valley the head
waters of North River and its tributary, South River, flowing into the
James, are reached.

The drainage area of the Shenandoah has been memsuled from the
topographic sheets of this Survey. The total drainage area of South
River above its junction with North River at Port Republic is 246
square miles; the drainage area of Middle River above the point where
it flows into North River is 363 square miles; the drainage area of
North River above Middle River is 418 square miles, 295 square miles of
this amount being above the town of Bridgewater. The total drainage
area of the North River, including the Middle River at Port Republic,
is 804 squate miles. This, added to the drainage area of the South
River, gives the total about Port Republic of 1,050 square miles. TFrom
this point down to Riverton the stream is known as the South Fork of
the Shenandoah. The drainage area at various points going down-
stream are at Milunes, 1,288 square miles; at Overall, 1,491, and at
Riverton, at the mouth of South Fork, 1,587.

In o similar way the drainage area ]ns been ascertained at several
points along the North Fork of the Shenandoah. At Brocks Gap, in

Bull. 140——4
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Little North Mountain, Rockingham County, the drainage area is 215
square miles; at Mount Jackson, a town in Shenandoah County, it is
511 square miles; at Riverton, where this stream unites with the South
Tork to form the Shenandoah, it is 1,037 square miles. The united
drainage area of the North and South forks at Riverton is 2,624 square
miles. At Millville, about 4 miles above Harpers Ferry, the drainage
area is 2,995 square miles, and at Harpers Ferry, at the mcuth of the
Shenandoah 3,009 square miles. :

A number of measurements have been mmade of the Shenandoah and
its tributaries, and gaging stations have been located near the junc-
tion of the North and South rivers at Port Republic, where these two
streams unite to form the South Fork of the Shenandoah; also at Mill-
ville, near the mouth of the river. A:single measurement has been made
of the South River about 20 miles above Port Republic, at Basic City, in
the extreme part of Augusta County. On August 5, 1895, the stream
was waded at a point 200 feet above Basic City iron bridge, and the
velocity obtained by means of a current meter. The total discharge
was ascertained to be 72 second-feet. At that time the distance from
the surface of the water to the top of the foot rail of the bridge, oppo-
site the third or central vertical on the upper side of the bridge, was
19.29 feet.

PORT REPUBLIC STATION, ON NORTH AND SOUTH RIVERS.

On August 6, 1895, gages were established on the North and South
rivers, which form the South Fork of the Shenandoah at Port Republie,
Va. The gage for the North River is located on the county highway
bridge, one-fourth of a mile north of Port Republic. A painted rod
was fastened to the third panel of the first span on the lower side of
the bridge. It is nailed to the wooden uprights and fastened by wire
to the iron diagonals, The zero of the rod is opposite the middle of the
third upright, and is 4.50 feet from the outside edge of the pulley. The
distance from the end of the weight to the marker is 36.35 feet. When
the rod reads 2.20, the distance from the surface of the water to the top
of the lower end of the third floor beam from right bank is 22.77 feet.
TLe discharge of North River on August 6, 1895, when the water stood
at 2,18, was 375 second-feet. On August 29, 1895, a measurement of the
South River was made at the county bridge east of Port Republic, and
also a measurement of the main stream below the junction of the North
and South rivers. The difference between these—258 second-feet—
gave the discharge of North River. The height of water at that time
on the gage at the county bridge north of town was 2.09 feet.

The gage for the South River is located on the county iron bridge,
about one-fourth of a mile east of the town. It is a wire gage. The
edge of the pulley is 2.54 feet from the north edge of the third vertical.
The marks on the gage are made by tacks driven into the rail on the
upper side of the bridge at the fourth panel. The zero is 1 foot from
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the edge of the pulley. The distance from the bottom of the weight to
the wire marker is 25.80 feet. The distance from the surface of the
water to the top of the third floor beam on the upper side is 20.97 feet.
On August 6, 1895, the gage height was 1.23 feet and the discharge
114 second-feet. On August 29 the gage height was 1.34 feet and the
discharge 87 second-feet.

List of discharge measurements.

NORTH FORK OF SHENANDOAH RIVER A1' PORT REPUBLIC, VA.

Moter| Gago Areaof| Mean Dis-

No.| Date. Hydrographer. | num- heigﬁlt &c:;"zg)r’é (\‘Y‘gg');cli)lgl" (:;::;ﬁ%.
ber. | (feet). feet). | second).| feet).

Aug. 6| C.C.Babb ........ 29 2.18 281 1,383 - 375

1

2| Aug.29 | D. C. Humphroys.; N.| 2.09 |...ooonileennnnnns @258
SOUTH FORK OF SHENANDOAH RIVER.

1| Aug. 6[C.C.Babb ........ 20| 1.22 41 155 " 114

2 | Aug. 29 | D.C. Humphreys. N. 1.34 68 1.28 87

a Result obtained by differences, the discharge of the South Fork of the
Shenandoah; 87 second feet, being deducted from the total discharge of tho Shen-
andoab, 345 second-feot, measured below the junction. .

Daily gage height of North River at Port Republic, Va., for 1895.

Day. Aug. Sept. Oct. Nov. Dec.
.......... 2.03 1.90 1.85
.......... 2.03 1.90 1. 90
.......... 2.00 1.90 1.90
.......... 2.00 1.90 1.85 -
.......... 2.00 1.90 1.80

2.20 2,00 1.90 1.85
2.20 2.00 1,90 1.85
2.15 2.00 1.85 1.85
2.15 4.30 1.8 1. 90
2.15 2.20 1.85 1.80
2.15 2.10 1.85 1.80
2.08 2.10 1.85 1,80
2.08 2.00 1.8 1.80
2.08 2.00 1.85 1.80
2.08 2.00 1.85 1.80
2.07 2.00 1.75 180
2.07 1.90 1.76 1.80
2.07 1.90 1.75 1. 80
2.07 1.90 1.75 1.80
2.07 1.90 1.75 1.80
2.05 1.90 1.75 1.80
2.05 1.90 1.76 2.10
2.05 1.90 1.75 1.90
2. 05 1.90 1.75 1.80
2.40 1.90 1.75 1.80
2.30 1.90 175 |. 1.80
2.20 1.90 1.75 |. 1.90
2.15 1.90 1.75 2.40
2.09 1.90 L7 2.45
2.05 1.90 1.75 2.40
203 foeenennn.. 1L7% 2.50

aPut in gage.
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Daily gage heiyht of Souih River at Port Republic, Va., for 1895.

Day. Aug. Sept. Oct. Nov. Dec.
1.. 1,34 1.20 1.20 1.30
2.. 1.34 1.20 1.20 1.40
3.. 1,384 1.20 1.30 1.40
4.. 1.32 1.20 1.30 1.85
5 1.32 1.20 1.30 1.30
G.. 1.15 1,32 1.20 1.30 1.30
7.. 1.12 1.30 1.20 1.30 1.30
8.. 1.10 1.30 1.20 1.30 1.30
9.. 1.10 1.30 1.20 1.30 1. 40
1L.10 1.45 1.20 1.30 1.30
1.10 1.35 1.20 1.30 1.30
1.08 1.35 1.20 1.30 1.30
1.06 1,82 1.20 1.30 1.30
1.06 1.30 1.20 1.30 1.30
1.06 1.30 1.20 1.30 1.30
1.05 1,30 1.20 1,30 130
1.05 130 1.20 1.30 1.30
1.05 1.30 1.20 1,30 1.30
1.05 1.25 1.20 130} . 1.30
1.05 1.2 1.20 1.25 1.30
1.05 1.26 1.20 1.25 1.30
1.05 1.256 1.20 1.25 2.10
1.05 125 1.20 1.25 1.80
1.04- 1.25 1.20 1.25 1. 60
1.42 1.25 1,20 1.25 1.60
1.40 1.25 1.20 1.30 1.60
1.40 1.20 1.20 1.30 1.80
1.37 1.20 1.20 1.30 2.10
1.34 1.20 1.20 1.30 2.10
1.30 1.20 1.20 1.30 2.10
1.30 |oeeeannnnn 120 |eeeennnn.. 2.00

On August 7, 1895, measurements of the North and South forks of
the Shenandoah were made at Riverton, Warren County, Va. The
county highway bridge over the North Fork at this town is located
about 300 feet below a small dam. At the time the discharge was meas-
ured the water surface was 44.74 feet below the top of the upper end
of the fourth floor beam on the first span of the bridge from the south.
The discharge was 362 second-feet. This location is favorable for a per-
manent station. The county highway bridge over the South Fork is
located about 200 feet above a dam and is not suitable for gaging pur-
poses. A measurement of discharge of this fork was made, however,
from the Southern Railroad bridge, which is located about 400 feet
above the junction of the North and South forks, the quantity found
being 791 second-feet. The distance from the water surface to the top of
the upper end of the first floor beam on the second span from the west
was 43.70 feet. The section is not good for discharge measurements,
as the water flows through trestlework in the first and third spans,
and at low water is divided into four channels under the second span
by old foundations. ‘

The Norfolk and Western Railroad bridge over the main Shenandoah
below Riverton is about 200 feet below the junction of the two forks.
On August 7 the distance from the water surface to the top of the upper
end of the'third floor beam of the first span from the east was 47.50
feet. Thebridge has 4 spans, each 150 feet long, with two 100-foot spans
ateachend. The Weather Burean gagelocated at this point is painted
on the eastern and upper face of the second pier from the east. When
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inspected the marks were almost obliterated. The reading of 45.90
feet is opposite the top of the fifth floor beam of the second span from
the east. This bridge is placed diagonally across the river and is not
suitable for river measurements.

MILLVILLE STATION, ON SHENANDOAH RIVER.

A station for measuring Shenandoah River was established at a point
4 miles above Harpers Ferry, where there is a cable stretched across
‘the river, the property of Becker Bros., of Baltimore, Md. Permission
was obtained to utilize this cable by swinging from it a suitable box
from which discharge measurements could be made. On Aprill5, 1895,
a vertical gage was placed in the river and securely fastened to the
overhanging trunk of a tree. A deep notch was cut in the tree oppo-
site the 8-foot mark. Daily observations were begun at this time.

Measurements of discharge were made at shortintervals, sufficient to
construct the rating table given below; and by means of this, computa-
tions were made of the daily discharge. The results by months are
shown on page 54. The channel at this station is straight, and the
water moves at moderate velocity. The banks are liable to overflow,
and the bed of the stream is rocky and showslittle change from time to
time.

List of discharge measurements made on Shenandoah River at Millville, W. Va.

Areaof| Mean |.
Gago 20 oyl [Discharge
) Tr0 Meter " section | velocity
No.| Date. Hy d.ro;,mphcr. number. l(\;.(l’;srél)b (square |(feet por (f;%(é(:‘l)ld.
*1 (teet). | sccond.) .
1895.

1 | April24 | C.C. Babb 20 h 1.90) 1,82 1.18 2,162
2| May 1 do .... 29h 7.50 | 4,843 4.07 | 19,711
3| May 2 29 h 6.80 | 4,393 .61 15,859
4 | May 4 29 h 5.20 | 3,463 3.17 | 10,981
5] May 8 29 h 3.08 | 2,397 1.80 4,311
6| May 24 [. 29 h 3.60 { 3,256 1.76 5, 745
7{JdJune 8 |. 20 h 1.60 ) 1,645 0. 92 1,516
8 | June 15 29 h 2.35 | 2,135 1.42 3,044
9 | June 22 i, 29 h 1.10 | 1,464 0.77 1,126

10 | July 12 |. 20 h 1.30 | 1,549 0.74 1,150

Rating table for Shenandoah River at Millville, W. Va.
Gage |ny Gago | Gage |ry: L || Gage |p:
height. Discharge. height. Discharge. hoight. Discharge. hei;;;‘ht. Discharge.

0.60 890 2.10 2, 560 3.60 5,790 5.10 10, 600
0.70 940 2.20 2,670 3.70 6, 090 5.20 10,925
0. 80 990 2.30 2,840 3.80 6,390 5.30 11, 250
0.90 1,040 2.40 3,020 3.90 6, 700 5.40 11,5675
1.00 1,090 2.50 3,210 4.00 7,025 5.50 11,900
1,10 1,140 2.60 3,400 4.10 7,350 5.60 12,225
1.20 1,200 2.70 3,590 4.20 7,67 5.70 12, 550
1.30 1,300 2.80 3,780 4.30 8,000 5. 80 12,876
1.40 1,400 2.90 3,980 4.40 8,825 5.90 13,200
1.50 1,510 4.00 4,180 4.50 8, 650 6. 00 13,525
1.60 1,650 3.10 4,390 4.60 8,975 6. 10 13, 850
1.70 1,820 3.20 4,630 4.70 9, 300 6.20 14,175
1.80 1,990 3.30 4,900 4.80 9,625
1.90 2,160 3.40 5,190 4,90 9, 950
2.00 2,330 3.50 5,490 5.00 10,275
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Daily gage height of Shenandoah River at Millville, W. Va., for 1895.

Day.| Apr. | May. | June. { July. | Aug. | Sept. { Oct. | Nov. | Dec.
7.40 2.10 2.00 110 0.70 0.60 0.50 | 0.60
6. 90 1.90 4.10 1.00 1.30 0. 60 0.40 | 0.60
6.20 180 - 3,00 1.00 1.00 0.60 0.60 { 0.60°
5.45 1.70 2.40 1.00 0.90 0.50 0.60 | 0.60
4.40 1.70 2.00 1.00 0.80 0.50 0.60 | 0.60
3.85 1.60 1.80 1,00 0. 60 0.50 0.60 [ 0.60
3.30 1.60 1.70 0.90 0.60 0.50 0.60 [ 0.60
3.05 L.50 1.50 0.90 0. 60 0.50 0.60 [ 0.60
2.90 1.40 1.40) 0.90 1.00 0.50 0.60 [ 0.60
2. 60 1.40 1.40 0.90 0. 80 0.50 0.70 | 0.60
2. 60 1.80 1.40 0.90 0.70 0.50 0.70 | 0.60
2.40 1.30 1.30°]  0.90 1.00 0.50 0.70 | 0.60
2.40 1.30 1.30 0.90 0.90 0.50 0.70 1 0.60
2.30 1.40 1.30 0. 80 0.90 0. 50 0.70 } 0.680
2.30 2.40 1.20 0.70 0.70 0.50 0.70 | 0.60
2.30 1.80 1.10 0.70 0.70 0.50 0.60 | 0.60
2.20 1.50 1.20 0.60 0. 00 0.50 0.60 | 0.60
2.20 1,30 1.50 0, 60 0, 60 0. 0.60 } 0.60
2.20 1.20 1.20 0. 80 0. G0 0.50 0.60 | 0.60
2.30 1.20 1.10 0.80 0. 60 0.50 0.60 | 0.70
2.40 110 1.00 0.80 0.70 0.50 0.60 { 0,70
2.70 L10 1.00 0.80 0.60 0.50 0.60 [ 0.70
3.8 1.00 1.00 0.70 0. 60 0. 50 0.60 | 0.70
3.70 1.00 1.20 0. 60 0.60 0. 50 0.60 | 0.70
3.20 1.00 1.20 0. 60 0. 60 0.50 0.60 [ 1.00
2.80 1.00 2.10 0. 60 0. 60 0.50 0.60 | 1.00
2.70 1.00 2.20 0. 60 0.60 0.40 0.60 | 1.00
2.70 2.20 190 0.50 0.60 0.40 0.60 | 1.00
2.50 1.90 L70 0. 50 0. 60 0.40 0.60 | 1.30
2.30 1.80 1.50 0.50 0.60 0.40 0.60 | 1.40
2,10 ..., 1.30 1.50 |........ 0.40 1........| 1.40

Discharge of Shenandoah River at Millville, W. Va.

[Drainage area, 2,995 square miles.]

Discharge in second-feet. Run-off.
' Second-
Month. .
. oy Depthin | feet per
Maximum. | Minimum. | Mean, inches. | squaro
mile.
1895.
Api'i]. 15 t030....... 4,390 1,820 2,799 1.03 0.93
May........ - 18,075 2,500 5,307 2.04 1.77
June .- 3,020 1,090 1, 599 0.59 0.53
Jul -. .. 7,350 1,090 1, 860 0.71 0.62
August .......o... 1,510 840 1,000 0.38 0.33
September ......... 1, 300 890 954 0.35 0.31

POTOMAC RIVER BELOW SHENANDOAH RIVER.
POINT OF ROCKS STATION, ON POTOMAC RIVER, MARYLAND.,

Point of Rocks is the name of a railroad station on the north side of
Potomac River, 12 miles below Harpers Ferry and about one-half mile
above Washington Junction, where the branch of the Baltimore and
Obio Railroad leaves the main line for the city of Washington. At this
point the Potomac River cuts through Catoctin Mountain, forming a
deep, narrow gorge. A toll bridge has been erected, crossing the stream
just below the mouth of Catoctin Creek. This point is about 6 miles
above the mouth of Monocacy River, and also of a number of smaller
streams, and therefore the measurements of discharge do not represent
the entire flow of the Potomac River. The drainage area here is esti-
mated to be 9,654 square miles. '
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A wire gage was placed on the toll bridge on TFebruary 17, 1895,
The 2-foot mark of the rod is opposite the second upright of the third
span. The total length of wire is 48 feet, and the distance from the zero
of the rod to the pulley is 6 feet. The initial point for sounding is at
the left bank, The bed of the stream is rocky and not liable to change.
The banks are moderately high, floods overflowing on the right-hand
side. Opposite the middle of the sixth span is the head of a long, nar-
row island, and opposite the end of the seventh span is the head of
another island, about 20 feet below the bridge. The measurements are
made from the bridge by lowering the carrent meter suspended by a
wire cord. A number of measurements were made during July, 1895—
sufficient for the. construction of a rating table by which the average
discharge has been computed.

+ List of discharge measurements made on Potomae River at Point of Rocks, Md.

[N

Area of| Mean .
Gago :+.. | Discharge
, o .| Meter ; section | velocity o T

No.| Date. Hydrographer. number. lnf_ngtht (square|(fect por] (s?e(,otm
| eet). feet). |sccond). ot).
1 C. C. Babb 29h 3.45 | 10,524 1.68 { 10,524
2 do 20 h 3.82 ] 6,338 2.21 | 14,082
3 do .. 20 h 4.67 1 17,851 2.23°{ 17,516
4 do . 29 h 2.50 1 4,765 1,56 7,871
5 ..do. 291 4.9% | 7,717 2.73 [ 21,078
[1} do 20 h 3.50 | 5,780 2.16.} 12,484
7 do 29 I 2.75| 5118 1.74 8,018
8 .do 29h 2.85 | 5,290 174 9,189
9 .do 20 1 193] 3,998 113 4,636
10 .do 20 h 1.70 | 3,793 1.12 4,233
11 .do 76 1.90 |- 4,695 1.14 (. 4,695
12 .do .. 62 0.80 | 2,355 0.51 1,202

Rating table for Potomac River at Point of Rocks, Md.

Yage |1y ag ; 9 . g0 |1y

ll(;ig 1t. | Pischarge. lgig’i:’t. Discharge. h‘éﬁft. Discharge. ]]S'i gght;. Discharge.
0.60 825 3.30 11, 400 6.00 24, 900 8.70 38, 400
0.70 1,000 || 8.40 11,900 || 6.10 25,400 | 8.80 | 18,900
0.80 1, 200 3.50 12, 400 6. 20 25,900 8.90 39, 400
0.90 1,400 3.60 12,900 6.30. 26,400 9. 00 39, 900
1.00 1,650 || 5.70 13,400 || 6.40 26.900 || 9.10 | 40, 400
.10 1, 900 3. 80 13, 900 6. 50 27,400 9.20 40, 800
1.20 2,150 3.90 14, 400 6. 60 217, 900 9.30 41, 400
1.30 2,400 4.00 14, 900 6. 70 28, 400 9.40 41, 900
1.40 2,700 4.10 15, 400 6.80 [* 28,900 9.50 42, 400
1.50 3, 050 4.20 15, 900 6. 90 29, 400 9, 60 42, 900
1.60 3,400 4.30 16,400 7.00 29, 900 '9.70 43, 400
1.70 3, 800 4.40 16, 900 7.10 30, 400 9. 80 43, 900
1.80 4,200 4.50 17, 400 7.20 30, 900 9. 90 44, 400
1.90 4, 600 4.60 17, 900 7.30 31,400 10. 00 44, 900
2.00 5, 000 4.70 18, 400 7,40 31, 900 10. 10 45, 400
2.10, 5, 400 4. 80 18, 900 7.50 32, 400 10. 20 45, 900
2.20 5, 900 4,90 19, 400 7.60 82, 900 10. 30 46, 400
2.30 6, 400 5.00 19, 900 7.70 33, 400 10. 40 46, 900
2.40 6, 800 5.10 20, 400 7.80 33, 900 10. 50 47, 400
2. 50 7,400 6. 20 20, 900 7.90 34, 400 10. 60 47, 900
2. 60 7,900 5. 80 21, 400 8.00 34, 900 10. 70 48, 400
2.70 8,400 5. 40 21, 900 8.10 35, 400 10. 80 48,900
2.80 8,900 5. 50 22,400 8,20 35, 900 10. 90 49, 400
2.90 9, 400 5. 60 22, 900 8.30 36, 400 11. 00 49, 900
3.00 9, 900 5.70 23, 400 8.40 36, 900 11.10 50, 400
3.10 10, 400 5.80 23, 900 8.50 37,400 11.20 50, 900
3.20 10, 900 5.90 24,400 8.60 37, 000

T
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Daily gage height of Potomac River at Poirt of Rocks, Md., for 1895.

. Day. | Feb. | Mar.| Apr. | May.|June. July. | Aug. |Sept.| Oct. | Nov. | Dec.
1... 6.50 | 3.50 [ 8.70 | 2.20 | 2.40 | 1.40 | 1.00 [ 0.70 | 0.80 |* 0.80
2. -(10.10  8.40 [ 6.30 | 2 10 { 3.10 ; 1.30 | .10 | 0.0 | 0.80 [ 0.90
3. 11.00 | 3.30 | 6.20 | 1.90 | 2.70 | 1.20 | 1.30 | 0.70 | 0.70 | 0.90
4... 10.00 | 4:00 | 5.80 | 1.80 { 2.50 { 1.20 [ .10 | 0.70 | 0.70 | 0.90
5... 7.50|3.90|4.80 (1.80{2.30|1.301.00| 070} 0.70| 0.90
G... 6.00 [ 3.40 | 4.10°| 1.80 | 2.10 [ 1.20 | 1.00 | 0.70 | 0.80 | 1.00
T... 5.20(3.10/8.50|1.60|1.90(1.20]1.00| 0.70| 0.70 [ 1.20
8... 4.70{3.00]8.10/1.201.90|1.20]0.90| 0.50] 0.70 | 1.20
9... 4.50 | 3.40 | 3.10 | 1.70 [ 2.10 | 1.50 | 0.90 | 0.70 [ 0.70 [ 1.00
10.. 4.50 {11.207) 8.20 | 1.60 [ 2.00 | 1.40 ] 1.00 | 0.70 [ 0.80 [ 0.90

. 4.40 {8.30 1 3.201.50|1.90|1.30(0.9 | 0.70 | 0.80| 0.90
4.006.20(3.1011.501.90(1.2010.9 | 0.8 | 0.90| 0.9
4.00|4.90(3.10{13.60{1.70(1.20}{0.90| 0.60| 0.80| 1.00
4.00)4.20(3.201.60{1.60{1.10]0.90| 0.60| 0.80 | 2.00
5.10)3.90 [ 3.40 | 1.90(.1.50 [ 1.10 | 0.90 ; 0.70 | 0 80| 1.00
6.30 | 3.80 | 3.00 | 1.70 | 1.40 | 1.00 | 0.90 | 0.70 | 0.80 | 0.90
8.560{3.70 | 2.80 | 1.60 [ 1.40 | 1.00 [ 0.80 { 0.70 | 0.80 [ 0.80
7.30(3.40 | 2.60 | 1.50 | 1.40 | 1.00 | 0.80 { 0.70 { 0.80 | 0.80
5.80|3.10 (260 1.50 | 1.50 [ 1.00 | 0.80 [ 0.7 0.80] 0.70
5.30138.00)2.80|1.40 [ 1.40 | 1.00 ] 0.90 | 0.70 | 0.80| 0.70
4.50 1 2.80]2.7011.30(1.40!1.00)0.80} 0.60{ 0.80! 0.70
4.20]2.60|2.801.40(1.40{0.90|0.8 } 0.60 | 0.80| 1.00
3.80 | 2.50(3.20|1.40)1.50|0.90 (0.8 | 0.70| 0.80[ 100
3.60|2.40 [ 4.20 | 1.30 | 1.30 { 0.90 { 0.90 | 0.70 | 0.80 [ 1.70
3.40 {2.40 (3.70 | 1.20 [ 1.30 { 0.80 [ 0.90 | 0.70 [ 0.80 | 1.70
3.80|2.30 [3.00|1.201.40(0.80 (0.8 | 0.70 | 0.80 [ 1.60
3.4012.2012.90(1.60|1.600.80(0.80{ 0.70 | 0.80( 1.70
4.202.20]2.80|2.50(1.70 ] 0.80-[0.80 | 0.70 | 0.90 | 1.80
3.6012.20(2.80]2.00|1.60]0.80|0.70 0.70( 0.90| 1.30
4.70 1 2.60 {2.60 | 1.90 { 1.50 | 0.90 { 0.70 | 0.70 | 0.80 ] 1.30

108,90 |...... 2.40 [...... 1.50 |1 0.90 |.ceennf 0.70 |.coen... 1.70
Discharge of Potomac River at Point of Rocks, Md.
[Drainage area, 9,654 square miles.]
. ? .
Discharge in sccond-feet. Run-off.
Month. : . .| Second-
Maximum. | Minimum. | Mean. Diﬁ](;]t;]tl)s:.n f;ﬁt;}?
mile.
‘ 1895.
February 17to 28 .. 14, 900 5,000 7,142 0.77 0.74
March...........:..|. 49,900 11,400 | . 21,884 2. 62 2.27
April . . 50, 900 5,900 13, 383 1.55 1.39
May 26, 400 6, 900 12,109 1.45 . 1.26
June.. 7,400 2, 150 3, 655 .0.43 0.38
July . 10, 400 2,400 3,882 0. 46 0.40
August 3, 050 1,200 1,852 0.22 0.19
Septembe; . 2,400 1,000 1,428 0.17 0.15
October ... 1,200 825 984 0.12 0.10
November. . 1,400 1,000 1,180 0.13 0.12
December.......... 5,000 - 1,000 2,084 0.25 0.22

CHAIN BRIDGE STATION, ON POTOMAC RIVER.

Chain Bridge crosses the Potomac within the District of Columbia,
at a point about 3 miles above Georgetown and a few hundred feet
below -Little I'alls, the head of tide water. The Virginia shore at this
place consists of precipitous rocks for a vertical height of about 150
feet. The opposite side consists of a low plain covered with water at
time of high floods. »

The first attempt at river measurement at this point was made on
April 3, 1891, by Mr. Cyrus C. Babb and others. -At that time there
was an unusual flood, the water being the highest known since the
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great flood of June, 1889, The water surface extended across the low-

1ands to the bank of the Chesapeake and Ohio Canal, a width of about

1,200 feet. The average low water width at this point is only about

150 feet. The velocity was so-great that it was found to be very diffi-

cult to immerse the current meters beneath the surface. A 60-pound
“iron weight, lowered by means of a rope, would not sink more than a

few inches into the water, being carried downstream as far as the rope

conld be let out. Finally a long iron rod about 1 inch in diameter was
. procured and the meter firmly fastened to the lower end. This was
lield in place by stay lines fastened from a point above the meter and
running upstream to the upper side of the bridge. The first attempt
was with the meter moving freely on the swivel, but owing to the
swirling motion of the water the meter was twisted about and injured.
The next attempt was with a meter fastened rigidly, pointing upstream,
and by this means surface velocities were obtained. Near the abut- .
ment the mean of several observations gave the velocity of 11.1 feet per
second. At the second point the average of the observations was 14.9
feet per secondsand farther out 15.6 feet per second.  This latter position
‘was apparently the one of maximum surface velocity. Ilere a portion
of the meter was lost by being carried away by drift. The cross see-
tion was obtained by measurement and sounding during time of low
water. It was computed to be at this time 16,350 square feet. The
estimated average velocity for the entire cross section was 10.9 feet per
second, giving a discharge of 178,215 second-feet.

On the 1st of May, 1891, a. gaging station was established at this
point, and readings were begun on May 4, being continued at intervals
since that date. The gage rod, marked in feet and tenths, is fastened
horizontally and wired to the tension rods of the Lridge. At the lower
end of the rod is a small iron pulley. Over this runs a wire rope with
weight on the end, the upper end of the rope moving horizontally along
the gage, while the weight moves in a direction vertical to the surface
of the water. When not in use the weight is drawn up about 15 feet
above the surface of the water, and the wire is secured by a lock.
When an observation of height is to Le taken the weight is lowered
until it just touches the surface of the water, and the reading on the
rod opposite the brass wire marker is noted. Three readings a day
were made at first. .

- At this point .the cable and trolley method of measurement was
‘tested, the apparatus being put in place by Mr. William P. Trowbridge,
jr., and Mr. Cyrus C. Babb. The main cable was placed about 150 feet
-above the bridge. Itcounsisted of a No. 6 galvanized iron wire, having a
span of 300 feet. Oun the southern or Virginia shore this was anchored
to an iron rod wedged into the rocks. On the opposite shore it was
fastened to a 1ing, a remnant of the old chain bridge which formerly
spanned the river at this place. The wire was elevated above the sur-
face of the flood plain at this side by vertical timbers, in order to keep
‘it approximately level. Tor the halyards or cords for pulling the meter
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forward and backward No. 7 B sash cord was used. The stay cable
was placed 225 feet above the main cable, and consisted of No. 9 wire,
having a span of about 250 feet. The apparatus was worked from the
high Virginia shore. ‘ : :

The width of the water surface at low stages under the main cable
was 150 feet. The timbers supporting the end of the cable on the low
ground were set about 120 feet back from the shore, and 15 feet above
low water, allowing for a rise of this amount before submerging this
end of the cable supports. I'rom this point the nearly level flood plain
extends to the bank of the Chesapeake and Ohio Canal, a distance of
about 1,000 feet. This plain is covered with water, however, only in
times of extreme flood, like that above described.

The method of stleam measurement by the cable and trolley is
described in the Eleventh Annual Report of this Survey, Part II, Irri-
 gation, page 17. All of the work is done from shore, the hydrographer

placing the meter at any point in the stream by suitable movement of
- the supporting cords or wires. By means of this apparatus Mr. Babb
was able to make measurements of the stream without assistance. On
May 22, 1891, he found by this means the discharge to be 5,455 second-
feet. Considerable trouble was experienced in the use of the double
incandescent electric-light cord by which the meter was raised and
lowered, and through which the electric circuit was made, owing to the
wearing of the surface covering and consequent short circuiting. He
concluded that as a rule it was not advantageous to attempt to make
measurements alone on rivers of this size, as there are too many details
to be observed. On December 15, 1891, he found a discharge of 6,611
second feet; on December 22, 3,968 second feet; and on December 29,

2,378 second feet.

’l‘he computations of discharge at Chain Bridge are complicated by
the fact that there is an average daily range of tide of about 3 feet,
this tide extending about 700 feet above the bridge to the foot of the
rapids, which extend for about 0.2 mile farther upstream. The place
selected for the station is the best to be had within a -considerable

. distance. Above these rapids the river widens into a broad sheet of
water, extending for several miles up to Great Falls. The observa-
tions were made three times a day, and in case of sudden flood at more
frequent intervals, the time of observations being such that the height
at high and low tide is given.

At Great Talls the Potomac flows through two channels, Conns
Island being between them. The dam for the aqueduct supplying the
city of Washington, as at first built, extended across the Maryland
channel to the island. Tn 1886 the present dam was finished and the
crest of the old dam raised by about 15 inches. A record has been
kept-of the height of water on the dam since January, 1878, by the
aqueduct officials, who have also preserved data as to the condition of
the water. Owing to the changes in the dam, the record from 1878 to
1886  cah not be used with any considerable degree of counfidence for
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estimating discharge, and is of value mainly in showing the fluctna.
tions of thestream. This indefiniteness of the record is due to the fact
that there was usunally an unrestricted flow in the Virginia channel,
and also occasional changes by the construction of temporary dams dar-
ing the periods of extreme low water, when the the water supply of the
city began to diminish. At such times these were built at the head of
Conns Island, to divert water into the Maryland channel and from this
into theaqueduct. The records since 1886 are of use, however, as being
‘comparable among themselves.. It is possible to estimate the daily dis-
charge with a fair degree of accuracy. ‘

After Mr. Babb had succeeded in making a rating table for the
station at Chain Bridge, he compared the record of heights at Chain
Bridge and at Great Falls, in this manner obtaining an estimated
equivalent discharge for the readings kept at Great Talls since 1886,
The results are published in the Fourteenth Annual Report of this
Survey, Part IT, pages 135-137.

The condition of the water as noted at Great Falls gives in a general
way the amount of sediment carvied by this stream, and attempts
have been made to interpret the arbitrary record into probable quan-
tities of silt transported. The observations on the condition of water
were made by means of a horizontal metallic tube 36 inches long, with
glass ends. This is filled with water and a ball is ‘placed in the tube,
so arranged that it can be moved forward and backward. Looking
through the water the observer notes the distance at which the ball
can be seen from one end. This distance, which may vary from 1 inch
for very muddy water to 36 inches for what is considered clear water,
is noted as the condition of the water.

In order to interpret this record into average quantity of sediment,
samples were secured at Great Falls through the kindness of Col. G. H.
Elliot, in charge of the Washington Aqueduct. These samples were
taken in glass jars holding about one quart, and were sent to the chem-
ist of the Geological Survey for the determination of the quantity of
water and the weight of the contained sediment. No special refinement
was attempted in taking these samples, as the original records which
it was desired to interpret were at the best approximate. To take these
samples, the clean jar was immersed below the surface, quickly with-
drawn, and sealed. Fifty-three samples were examined, these ranging
from a condition of water marked 1, or very muddy, up to 36, or clear.
The amount of sediment and the corresponding readings for the con-
dition of water were platted on cross-section paper, the ratio of sedi-
ment to water as ordinates, and the condition of the water on the
arbitrary scale as abscissee. Through the points thus obtained a
smooth curve was drawn, from which a table was constructed giving
for each inch read on the arbitrary scale the corresponding ratio of
sediment. Inorder to obtain the total amount of sediment transported
by the river for any length of time, the quantity of water discharged
during that period was multiplied by the average ratio obtained by
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this method. The results are published in condensed form in the
Fourteenth Annual Report of this Survey, Part 11, page 140.!

Condition of Potomac water and weight of sediment.

No. | Date. |Condition.| MEEMS| No. | Date. |Condition. Milligrams
1891. 1892,
1| Oct. 30 36 10.3 27 | Jau. 23 12 20.3
2]....do... 36 7.6 28 | Jan. 29 21 40.6
3| Oct. 31 36 8.2 29 { Jan. 30 19 22.0
4]....do... .36 12.9 30 | Feb. 1 20 21.7
5| Nov. 1 36 14.4 31 | Feb. 10 6 47.2
6| Nov. 2 36 @ 27.4 321 Apr. O 10 48.7
7| Nov. 14 26 2.5 33 | Apr. 9 18 43.0
8 | Nov. 15 20 25.7 34 | Apr. 11 20 31.8
9 | Nov. 16 22 26. 8 856 | Apr. 12 31 16.8
10 | Nov. 17 15 22.5 36 | Apr. 13 33 18.6
11 | Nov. 18 7 41.0 37| Apr. 14 36 14.0
12 | Nov. 19 1} 48.8 38 | Apr. 18 28 22.6
13 | Nov. 24 7 61.7 39 { Apr. 20 21 39.3
14 | Nov. 26 6 89.9 40 |....do ... 5 17.7
15 | Nov. 28 3 157.6 41} Apr. 21 10 75.8
16 | Dec. 6 1 082.6 42 | Apr. 22 8 49.3
17 | Dec. 7 1 1,165.0 43 | June 29 4 96. 2
18 | Dec. 16 18 - 20.5 44 | Juno 30 3 110. 4
19 [ Dec. 18 20 10.0 45 | July 3 7 59.7
20 | Dec. 23 . 33 9.4 46 | July 4 1 811.3
21 | Dee. 25 3 93.3 47 | July 5 1 268.8
22 | Dec. 27 4 120.8 48 | July 8 4 82.5
23 | Dec. 28 3 122. 4 49 | July 11 10 30. 4
: 1892. 50 | July 13 22 22.6
2t | Jan. 13 13 40.8 51 | July 15 8 29.2
25 | Jan. 16 1 514.0 52 | July 19 33 10.1
26 | Jan. 19 2 116. 3

a Tho sediment consists mainly of fine sand.

Daily low-water gage height of Potomac River at Chain Bridge, District of Columbia,

Sfor 1895.

Day.| Jan. | Feb. | Mar.| Apr.|May. |June.|July. | Aug.|Sept.| Oct. | Nov.| Dec
1.../12.0 (13.3(20.813.2 (155 (12.56(12.0{11.0(11.110.0|1L.3| 1L0
2...012.6 (125|243 (13.83119.5 (1.6 |12.4 (110 11.3[10.2{10.8( 11.2
3. 12.1 [12.2...... 13.3 1 18.8 | 11.0 {12.5 {112 { 11.6 [ 10.8 | 11.4 | 10.5
4...011.6 113.0/27.83 | 13.2117.5]10.9 | 11.7 | 1.8 [ 11.3 { 1.0 | 1.0 | 11.6
5...01L1 [18.5{23.0[13.7|17.410.7 | 1.6} 11,6 (111110110, 11.0
6...|12.0 112.0(19.7|13.0}148|11.5[12.0 1.6 11.1 | 11.0 | 11.0| 1L0O
T...118.5 |...... 17.8(12.5 1 13.8 | 11.5 | 12.0 [ 11.4 { 11.9 [ 1.0 ; 11.0 | 1L.0
8...013.¢ | 11.0{16.3}13.0(12.9{123.1{11.9(10.9]11.8]10.210.8! 10.5
9...014.6 {12.0}15.8(16.0[12.811.9}11.4(11.3|11.5(130.2|10.8| 10.5

. 31 P 25.8113.2|12.0 | 11.4 {11.0 [ 11.6 [ 10.3 | 11.6 | 10.4
16.3 1 24.013.6 | 1.9 | 11.2 | 11.2 | 10.6 | 11.5 | 10.5 | 10.4
16,0 (19.4 | 12.5 | 11.811.2 | 11.2 [ 10.5 { 11.2 [ 10.6 { 11.5
16.0 (17.5 [ 12,6 | 11.7 |13 | 1.1 [ 10.5( 11.2 | 10.4 | 11.0
15811561130 1L7|11.4 110|112 113 |10.8| 10.8
16.6 | 14.8 (12,5 [ 11.4 | 1D.2 | 11.2 | 11.4 | 10.8 | 11.0 | 11.4
18.5|15.0 | 13.5{ 11.4 [ 11.4 [ 11.3 | 11.0 | 10.7 | 1.0 [ 11.7 -
22.0]15.6 {13.012.011..2|10.9]10.9|10.6 | 11.0 | 10.9
21.8 | 14.8 [ 12.6 | 11.5 | 1.1 | 10.5 [ 10.7 | 10.7 [ 1L.1 | 10.6
19.51 14.0 | 12.7 { 11.8 ( 10.5{ 10.6 | 10.6 [ 11.0 | 11.1} 10.5
16.312.2112.1(11.0)10.8|10.812.2|10.6 { 11.0 | 10.4
15.4 {12.0}12.2 [ 11.4 { 11.3 [ 10.8 [ 13.0 { 11.0 | 10.8 | 11.8
14.3 | 11,7 (12,1 112.911.110.815.2]10.8|10.6! 1.4
13.8112.0(12.2 [ 11.6 [ 11.3 [ 11.1 | 18.7 [ 10.0 { 10.7 | 10.7
13.8 {12.5 1 13.7 [ 11.7 [ 11,1 [ 11.8 ; 13.5  10.2 ' 10.8 | 10.7
13.0 { 13,0 13.6 | 11.4 | 11.83 | 10.8 | 13.8 | 11.0 | 10.6 | 11.0
12.7 1 12.8 | 13.1 1 11.4 | 11.4 1 10.7 | 12.8 | 11.7 | 11.5 | 12.5
13.8(12.0 [ 13.0¢11.5(11.56{10.8 [ 11.2 {120 | 10.5| 11.0
12.9 ] 15.0 ) 12.5 | 11,7 [ 11.3 | 10.7 [ 1.5 | 11.3 | 10.9 | 10.8
12.8115.0{12.4 [ 12.0 | 11.0 | 10.7 | 10.9 | 10.5 | 10.4 | 11.1
14.0 | 15.8 ( 12.2 | 12,0 | 11.5 ( 10.7 | 10.7 | 10.0| 10.5 | . 11.9
14.1,1 12.3 [...... 10.6 | §1.8 |...... 11.2 |...... 11. 7J

Gage height from June 1 to March 19 from records of wire gage.
Gago height from March 20 to December 31 compiled from nilometer sheets.

! S¢e also Science, vol. 21, No. 542, page 342, June 23, 1893. The Sediment of the Potomac River, by
Cyrus C. Babb.
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During 1895 observations of river height were continued at Chain
Bridge by means of a nilometer checked by daily readings of the gage.
On March 20, 1895, the old circular-face nilometer was removed and the
cylindrical nilometer, which had been repaired, was placed in its stead.
The latter instrument has been working satisfactorily during the
remainder of the year. This nilometer is inspected daily, and observa-
tions of the height of river are made by means of the wire gage in
order to check tlhie record. The nilometer has a range of 25 feet and
the mechanism can be shifted in times of flood to record greater heights.
The bench mark for the wire gage is at the end of the rod at the 10-foot
mark, opposite ‘the west edge of the fifth upright of the first span,
counting trom the west end of the bridge. The distance from the end
of the rod to the pulley is 5.20 feet, and from the end of the weight
to the wire marker is 54.50 feet, this being the total length of the gage.
Measurements of velocity are made from the bridge.

List of discharge measurements made on Potomac River at Chain Bridge, District of

Columbia.
. Gago |Aren of sec-| Discliargo
No.| Date, Hydrographer. “h“[xf\fi?r‘, height [tion (square] (second-
e (feet). foet). fuet).
1889.
1{Juno 2 50. 60 40, 812 471, 724
1891,
2 | April 3 33. 00 16, 350 178, 215
3| May 22 |.. 13.00 2,363 5,455
4! Juno 13 14. 00 2,825 11, 850
5 | Dec. 15 13.20 2, 447 G 611
6 | Dec. 22 12. 60 2,579 3,968
7| Dec. 29 14.10 2, 843 12,378
1894, ’
8| July 21 13.47 2, 226 1,781
1895.
9| Jan. 23 17.10 3,110 20, 028

JAMES RIVER BASIN.

JAMES RIVER.

James River, like the Potomac, rises among mountain ridges, having
a general northeasterly and southwesterly trend, the tributaries flowing
along narrow valleys and finally uniting to cut the mountains trans-
versely, the waters escaping in a southeasterly direction toward the
sea. The main stream is formed by the junction of Jackson and Cow-
pasture rivers, both of these rising in the central part of the western
border of Virginia. The river and the water powers along it are fully
described by Prof. George F. Swain in his report of the Water Powers
of the Middle Atlantic Watershed, pages 13-33, contained in Vol. X VI
of the Tenth Census. An examination of the river and some of the
tributaries was made in the summer of 1895 for tlie purpose of choosing
points where discharge measurements could be made. As a result, the
stations as described in the following pages were established.

GLASGOW STATION, ON NORTH RIVER.
North River is the largest tributary of the James from the north.
its drainage basin is mainly within Rockbridge County. The stream

.
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as o whole has a southerly course, and enters James River at Balcony
Falls. The principal tributary of North River is South River, which
flows along the westerly face of South Mountain, emptying into North
River about 3 miles below Lexington and 12 miles above its mouth.
In July the river was examined above Lexington up to the Kerrs
Creek bridge, a distance of about 4 miles. The bridge at Lexington is
directly above an old dam, and is therefore a poor locality for discharge
measurements, the water being ponded for about a mile upstream. At
the upper end of this still water is a series of riffles where it was decided
to locate a point for occasional measurement. Low-water discharges
can be measured by wading and high water by working from a boat
‘held by a cable. Extreme flood discharges can be estimated by the
depth of water on the dam at Lexington.

A number of dams have been built across theriver below Lexington,
and the next point downstream where measurement can be made is at
the Bast Glasgow county bridge, about 2 miles above the mouth of
North River. The bridge,unlike those above, is an open one, and at the
time of examination, July 24, 1895, the distance from the water surface
to the floor of the bridge was about 25 feet. At that time the depth
was 2.5 feet and the current was sluggish, the maximum velocity being
about 1 foot per second. A number of measurements have been made,
as shown by the following table.

A station was established at the East Glasgow County bridge, about
1 mile above the mouth of North River, and observations were begun on
August 21, 1895. The height of water is observed by meaus of a wire
gage, the marks being placed on the guard rail on the lower side of the
bridge. From the top of the bridge over the gage to the zero is 32.20°
feet. The distance from the end of the weight to the marker of the
gage is 27.86 feet. Discharge measurements were made at the rapids, -
1 mile above the bridge. The initial point for sounding is on the right
bank. The channel above the station is straight about 200 feet and
curved below, the water moving with moderate velocity. At the place
where observations of height are taken the stream is confined within
its channel by the bridge abutments, and the bed is composed of rock
and gravel, being fairly permanent.

List of discharge measurements made on North River at Lexington and Glasgow, Va.

Areaof| Meun :
. . Gage N :¢ |Discharge
; Meter : section | velocit; )
No. | Date. Hydrographer. umber. height y (second-
. (square| (feet per
o (feet). feet). seconlz‘l). feet).
1895.
1| Aug. 2| D.C.Humphreys... 20 [ooa..... 103 1.32 al35
2| Aug. 24 |..... [0 P 77 0.94 129 1.55 5201
3| Sept. 7/|.-... [0 P 4 PP 105 0.78 c82
4 | Sept. 17 |..... [ 1) Y 12 ... 90 0.90 a8l

a Measurement made below Brown Hole, about 1} miles from Lexington.
b Measurement made at Glasgow.
¢ Measurement made at Kerrs Creek bridge, 2 miles.
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Daily gage height of North River «t Glasgow, Va., for 1895.

Day. August. Se&fﬁ"" October. N;:‘yﬁ"" D{’:‘é;"'
0.80 0.81 1.05 1.00
0.88 0.80 0.95 1. 00
0.88 0.83 0.98 1.02
C.91 0.77 0.98 1.00
0.91 0.77 0. 95 1.00
0.93 0.77 0.95 0.96
0.92 0.78 0.98 0.94
0.90 0. 80 1.03 0.95
0.92 0.83 1.05 0.95
0.92 0.87 1.05 0.94
0.90 0.85 1.05 0.95
0.90 0.83 1.05 0.95
0.90 0.83 1.05 1.00
.......... 0.83 1.05 0.95
0.90 0.80 1.08 0.90
0.88 0.85 1.05 0.92
(@) 0.86 1.05 0.87
.......... 0.87 1.03 0.90
..... 0.88 1.00 0.97
.......... 0.85 1.00 0.98
0.70 0.87 1.02 1.55
0.70 0.84 1.00 2.15
0.72 0. 86 0.98 1.85
0.82 0.86 0.95 1.65
0.83 0.87 0.95 [ooeenn..s
8.81 0.89 1.00 1. 60
0. 0.90 0.88 1.07 2.00
.. 0. 0.83 0.87 112 1.98
.. 0. .82 0.90 1.07 1.7
{ 0. 0.82 0.95 1.03 1.73
) N 0.87 jecennnnnn 0.95 |oeeiioe]oeenannaan

a Gage wire and weight stolen; replaced the 21st.
BUCHANAN STATION, ON JAMES RIVER,

This point is on James River about 20 miles above the mouth of
North River., Measurements of river discharge weremade at this point
largely because of the fact that the Weather Bureau has maintained a
gage here for about two years with daily observations. The bridge
at this point is of wood, is covered, and crosses the river on two spans.
The Weather Bureaun rod is fastened to the upper face of the pier in the
middle of the river, and is therefore about 150 feet from the shore.
At the time of inspection in July, 1895, it was found to be very difficult
to read, and the estimates at the time of low water were thought to be
inaccurate. A wire gage was therefore established at this point. The
gage board is nailed on the outer rail on the lower side of the bridge,
about 40 feet from the left bank, and referred to the zero of the old
gage. The bench mark at this point is the offset in the pier, which is
opposite the 4-foot mark of the old rod.. Discharge measurements are
made at a bridge about three-fourths of a mile above, as the section at
the covered bridge where the gage is located is not favorable, owing to
the sluggish current during low water. At the point where measure-
ments are made the initial point for soundings is taken on the right
bank, the channel is nearly straight both above and below, and the bed
of the stream changes but little if any,
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List of discharge measurements made on James River at Buchanan, Va.

|Avea of | Mean -
! Gage ' i1+ |Discharge
. . . . Meter e section | velocity
No.| Date. Hydrographer. | Vo8 h;_,f,?rilt, l(sqlmre (fost pe} (s;:cotnd.
(fect). feet). |second).| 1¢¢ ).
1895. ‘
1| July 31 | D. C. Humphroys.. 29 | —0.13 686 0. 74 509
2| Ang. 1..... [LT 29 | —0.19 526 1.04 543
3| Sept. 6 [..... (10 J 12 | —0.48 386 1.03 397

Daily gage height of James Liver at Buchanan, Va., for 1895.

. N N
Day. August. Seﬁg‘:m‘ October. h%};ﬁm' D(l’)z(:,""
—0.30 —0.40 |© —-0.30 [ —0. 10
—0.30 -—0.40 —0.20 | —0.10
—0.40 —0.40 —0.20 | —0.10
—0.40 —0.40 —0.20 | —0.10
—0.40 —0.40 —0.20 | —0.10
—0.50 —0.40 —0.20| —0.10
—0.50 —0. 40 —0.20 | —0.10
—0.50 —0.40 —0.20 | —0.10
—0.50 —0.40 —0.20| —0.10
—0.50 —0.40 ~0.20 [ —0.10
—0. 50 —0.40 —0.20{ —0.10
—0. 50 —0. 40 —0.10 | —0.10
—0.50 —0.40 —0.10 [ —0.10
—0. 50 —0. 40 —0.10 | —0.10
—0.50 —0.40 —0.10 0.90
~0.50 —0.40 —0.10 0.92
. —0.40 —0.40 —0.10 0.87
—0. 40 —0.40 —0.10 0.90
—0.40 —0.40 —0.10 0.97
—0.40 —0.40 —0.10 0.98
—0. 40 —(). 40 —0.10 1.55
—0.40 —0.40 —0.10 3.00
—0.40 —0.40 —0.10 2.20
—0.40 —0.40 —0.10 2.00
—0.40 —0.40 —0,10 1.80
—0.40 —0.40 —0.10 1.50
—0.40 —0.40 —0.10 1.30
—-0.40 —0.40 —0.10 1,10
—0.40 —0.'40 —0.10 |..........
—0.40 —0.40 —0.10 |..eniannnn
.......... 20040 [ovon I

James River was examined at various points below to determine
whether a series of measurements could be made economically and
efficiently. At Balcony Talls a dam was found well located for the
development of water power, but the nearest point where discharge
observations can be had is at Snowden, 4 miles below. Here the rail-
road bridge crosses the river diagonally, and is not suitable for use in
making stream gagings. The examination was continued easterly
from Balcony Falls to Lynchburg. At this point two railroad bridges
extend diagonally across the river, spanning several large islands.
The section under them was not considered favorable for river meas-
urements. The highway bridge is also.unfavorably placed for this
purpose. It consists of four spans, each 165 feet long. The Weather.
Bureau has a gage placed on the south and upper side of the first pier
from the south. On August 1 the height of water was 0.35 feet. The
top of the gage.reads at the floor of the bridge 31 feet. Mr. Cyrus C.
Babb reports that after examination of the river at Richmond he does
not consider it possible to establish river measurements at that point, .
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because of the facts that the stream is nearly 2,000 feet wide and that
the ‘channeél is cut by numerous islands and is very uneven in cross
section. A number of small dams are also located at that point, poud-
ing the water in many places. The nearest bridge above Richmond is
about 65 miles up the river, above many important tributaries.

EASTERN NORTH CAROLINA RIVERS.

Concerning the North Carolina rivers in general, Prof. J. A, Holmes,
the State geologist, has made the following statements:

During the past few decades the cheapening of coal and the necessity for locating
on railroad lines in order to avoid thé expensive hauling over poor country roads
have led to the greatly increased use of steam, and to a corresponding neglect of
water powers in manufacturing enterprises. One after another, & number of corn

and flour mills, on the banks of the North Carolina streams, have been abandoned
in favor of the mills established about towns and cities and operated by steam on a
larger scale.

In spite of this tendency many of the water powers near railroad lines have been
developed to their full capacity, as at Rocky Mount, Haw River, and Rockingham;
and Weldon and Roanoke Rapids promise soon to be great manufacturing centers.
The builders of mills at these places have shown théir faith by their works, and in
teply to a recent inquiry as to-the relative merits of water and steam power for oper-
ating cotton mills these men express a preference for water power if a good one can
be had sufficiently near the railroad.

This distance of most of the North Carolina water powers from railroad transpor-
tation is the factor that has prevented their development; but the transmission of
power by electricity promises to do away with this disadvantage by making it prac-
ticable to locate the factories on the railroad lines and still operate them by water
power, whether 1 or 20 miles away. This new factor is giving a new and greater
importance to our water powers than they have had before. It is rendering practica-
ble not only the development and use of the hitherto inaccessible large powers, like
the Narrows of the Yadkin, butit also renders possible in many cases the concentra-
tion of several small water powers into a single factory, though these water powers
inay be miles apart on one or more streams.” Thus, at Pelzer, 8. C., on the Saluda
River, three small cotton mills are located on the river bank and are operated in
the old style by direct connection with the water wheel. Two other Jarge mills near
by, one of them just completed, are to be operated by power transmitted by electricity
from oné dam, 700 feet long and 50 feet high, more than 2 miles lower down the
stream, and also from another about 2 miles above the mills. All of these mills
are to be so connected that any surplus of power at onemay be transferred to another
wherever needed.

‘On the Tar and Neuse rivers there are but few valuable powers; one on the Tar at
Rocky Mount (fully developed) and one or two on the Neunse near Raleigh (partially
developed). On the Cape Fear River, Smileys and Buckhorn Falls aro undeveloped
powers of somemagnitude and promise. The first is about 5 and the second about 7
miles from the railroad.

On the Deep and Haw rivers, tributaries of the Cape Fear, are 2 number of valuable
powers both developed and undeveloped; and located at these developed powers are
more than a dozen cotton mills and a number of grist and saw mills. The most valu-
able of these powers on Deep River is that at Lockville, on the Seaboard Air-Line
Railroad, about 2 miles above its junction with Haw River. Here the canals formerly
used for navigation purposes could now be used for operating extensive machinery.
Only a small roller and grist mill is now in operation.

Bull. 140—5
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The Jargest and most important powers in the State are on the Roanoke, the Yad-
kin, and Catawba rivers. The North Carolina powers on the former stream are
limited to that part of it between Gaston and Weldon, where there is a total fall of
84 feet in a distance of about 9 miles; and the possible developments here range in
the aggregate, under different conditions, from 12,000 to 20,000 horsepower. Powers
are being developed by two companies—one at Weldon and the other at Roanoke.
Rapids, 5 or 6 miles above—and mills and factories are now being constructed.

The Yadkin River, at and just above the Narrows, is one of the greatest power
centers in the State, and will probably Lo developed in the near future. Here the
river has cut its way down, in a narrow gorge, across a series of very hard and tough
voleanic rocks to softer rocks below. Starting at the lower end of the Narrows
gorge, 3 to 4 miles long and 100 to 500 yards wide, in the distance of 10 miles the
river has a fall of more than 200 feet, an average of more than 20 feet to the
mile. The conditions do not favor the location of factories directly on the banks of
the stream, but in the near future there will be probably 10,000 to 20,000 horsepower
developed and transmitted from the Narrows to factories located and operated on the
railroad a few miles distant. Above the Sonthern Railroad crossing, near Salisbury, )
are a number of smaller powers. Bean shoal, the most prominent power, can only
De fully developed at an expense probably too great to warrant the nndertaking at
the present time. i

The next great manufacturing center, after Weldon on the Roanoke and the Narrows
region on the Yadkin, should be somewhere on the Western North Carolina Railroad
near where it crosses the Catawba River, or west toward Hickory. For several
miles below this railroad crossing, and in the long bend for 12 or 15 miles'above this
point, are a number of shoals or rapids in the Catawba with a fall ranging from 5
to 50 feet in distances of from a few yards to 2 or 31niles. These might be developed
separately to operate independent factories, or, supported by larger capital, the sev-
eral shoals might all be connected by electric wires and the power concentrated at
some central point. There are other important water powers on the Catawba, both
above and below this region, several of which operateo cotton, grist, and saw mills.

On the smaller rivers and creeks in middle and western North Carolina & consid-
erable number of water powers are already in usein mining or manufacturing estab-
lishments, notably on the south fork of the Catawba and the three Broad riversin
Gaston, Lincoln, Cleveland, and Rutherford counties; Green River, the Linville, the
Ararat, and many other smaller streams east of tho Blue Ridge.

The powers on streams west of the Blue Ridge have leen little developed, and
individually will not attain the importance of some of those further east; but they
are numerous and in the gorges, which are often deep and narrow, dams can be con-
structed at small cost. Electric transmission will, in the near future, render practi-
cable the concentration of power from several of these smaller developments.

The most unique and interesting of the smaller streams are those in portions of
the sand-hill region, such as Hitchcocks Creek, in Richmond, and Rockfish, in Cum-
berland County. The sand here serves as a sponge for the rain water, which flows
by numerous springs into these creeks svith but little variation between the winter
and summer supply. The former of these streams is only 17 miles long, and yet on
it are located six cotton mills and several grist and saw mills. As illustrating the
great benefits of such manufacturing establishments to the communities in which
they are located, it may be stated that these cotton mills in Richmond County, oper-
ated by such small streams, have paid out to the people in wages, taxes, and fuel
dnring the past five years over $1,000,000.

CLARKSVILLE STATIONS, ON DAN AND STAUNTON RIVERS.

At Clarksville, Va., the Dan and Staunton rivers unite, forming the
Roanoke. The Southein Railroad bridge crosses the two rivers about
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1,000 feet above their junction, the sections being suitable for measure-
ment at both points. The Weather Burean has a gage on Roanoke
River about 400 feet below the railroad crossing.” This gage is attached
firmly to the projecting trunk of an old tree. It read —0.10 feet on
October 3, 1895, and 0.30 feet on October 27: later, 0.59 feet on Decem-
ber 5.

About 4 miles above the junction of the Dan and Staunton rivers is
a cut-off, apparently occupying an old channel, diverting water from
the Dan to the Staunton. The banks are 10 feet high and about 225
feet apart. At its mouth is a shoal or riffle about 70 feet long, the
water being, on December 4, 1895, about 1 foot deep and having an
estimated velocity of approximately 3 feet per second, giving a total
discharge from the Dan to the Staunton of 200 second-feet. The
average width of the water surface 1n the channel was 150 feet. The
total fall between the two rivers was estimated to be approxumately 2
feet, this being principally at the riffle at the mouth of the chaunel.
The total length of the channel was about 1,000 feet. This cut-off, by
carrying water from the Dan, vitiates the separate computations of
discharge made at the stations below, but does not atfect the total dis-
charge for the Roanoke.

Gaging stations were established on the Dan and Staunton rivers
at Clarksville on October 28,1895. On Dan River the rod is fastened
to the inside of the guard rail of the fourth panel of the third span
west of the Southern Railroad bridge. The distance from the zero of
the rod to the outside of the pulley wheel is 3 feet; the length of the
wire rope is 33.17 feet. The water power from Dan River has been
developed to a considerable extent at Clarksville. An examination
at points above showed that the dams at Danville pond the water, and
as a result modify the natural characteristics of the stream.

The gage on Staunton River is fastened to the inside of the gnard -
rail of the fourth panel of the third span from the west. The distance
from the zero to the outside of the pulley wheel is 3 feet; the length of
the wire gage is 33 feet; the distance of the water surface below the
top and upper end of the third floor beam of the second span from the
west was 27.15 feet when the gage height was 0.25 foot. The dis-
tance from the east abutment of the Dan River bridge and the west
abutment of the Staunton River bridge is 165 feet.

List of dwscharge measurements made on Dan River at Clarksville, Va.

Areaof| Mean Dis-
Meter | Gage ; ¢

- , . : section | velocity | charge

No.| Date. Hydrographer. 1{)\:}1}1‘1- lzggtht (squars| (feet per (secoﬁ(l-
: ). fect). | second). | feet).

1[Oct. 2| C.C.Babb........ 29 0.38 591 1.31 778
2| Oct. 28 |.....do..ecnena.... 29 0.65 719 1.44 1,032
3| Dec. 5l..... [ 1 62 1.12 865 1. 60 1,382
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List of  discharge measurements made on Staunton River at Clarksville, Va.

Meter | Gage Areaof| Mean Dis-

section | velocity | charge
No.| Date. Hydrograper. num- | height (square | (feet por | (second-

ber. | (feet). "feety. | second). |  foet).

1] Oct. 38 29 | —0.07 550 0.97 533

2 [ Oct. 28 76 0.28 659 | - 1.31 861

3| Dec. 5{..... 62 0.61 917 1.25 1,161 |

Daily gage height of Dan River at Clarksville, Va., for 1895.

Day. | October. N%:gm— Dﬁ(;;m' Day. |October. N g:ﬁm' Dﬁggm-
) O 1.00 1.20 1.19 1.05
b2 1.38 1.10 1.10 1.02
S R 1.70 1.0 1.19 1.20
: SR R 1. 50 1.10 1.05 1.10
L5 S P 1.32 1.15 1.09 1.15
{17 1.15 1.00 1.05 2.55
Toeeee] e 1.05 1.00 1.05 4.28
- I 1.00 1. 00 1.08 3.88
11 TR PR 1.05 0.90 1.00 | 2.15
) (1 R I 1.05 1.35 115 1.80
B ) A P 2.23 T 1.35 1.15 1.62
12 . ol 2.30 1.35 1.20 1. 60
£ SR P 2.09 1.25 1.80 1.95
) S 1.58 1.15 1.40 2.00
B 1> S 1.32 1.05 P, 3.92
16 ... lecieannnn. 1.23 1.02

Daily gage height of Staunton River at Clarksville, Va., for 1895,

Day. | October. N%::m- Dgt::m_- Day. | October. N%‘eﬁm' Dﬁg‘:m'

0.59 0.70 0. 68 0.55
0. 89 0. 60 0. 60 0.52

! 1.23 0. 60 0.68 0.70
1.03 0. 60 0,55, 0. 60
0.82 0.65 0.57 0.65
0.65 0.55 0.55 2.05
0. 55 0.50 0.55 3.78
0. 50 0.50 0.58 3.38
0.52 0.40 0.50 1.65
0.52{ 0.8 0. 65 1.30
1.77 "0.85 0.65 1.12
1.79 0.85 0.70 1.10
1.59 0.75 1.25 1.47
1.08 0.65 0.90 1.50
0.82 0.55 | 81veuene| 020 |....... ~..|  3.48
0.73 0.52

It is desirable that a gaging station be established on Roanoke River
in the vicinity of Weldon, on account of the excellent water-power
sites near that place. The Weather Bureau has maintained observa-
tions of river heights here. At the time of inspection on October 1
the reading was 0.9 foot, the water being below the end of the rod.
The section at the railroad bridge is not suitable for measurement, as
the channel is very uneven and the water is ponded over considerable
areas in the vicinity of the piers.

A single measurement was made of Meherrin River, a tributary of the
Chowan. This was at Belfield, near Emporia, in Greenesville County,
Va, on October 2,1895. The meter was used from the railroad bridge,
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one-fourth of a mile south of town. The mean velocity was found to
be 1.08 feet per second, and the total discharge 72 second-feet.

FAYETTEVILLE STATION, ON CAPE FEAR RIVER,

Cape Fear River and its tributaries are described by Prof. George
T. Swain in his report on the Water Powers of the Southern Atlantic
Watershed, pages 55-76, published as part of Volume X VI of the Tenth
Census. In the sumimer of 1895 an examination was made of the river,
and a station for measuring the flow was established near Fayette-
ville. This town is about a mile from the river. The Weather Bureau
has a substantial gage fastened to the lower side of the east abutment
of the covered highway bridge, this being about 400 feet above the
railroad bridge, from which discharge measurements are made. For
the lower 29 feet this gage consists of a rod divided into tenths and
firmly fastened to the abutment. Above the 29-foot mark a scale is
painted on the rock. The first measurement of discharge was made on
September 26, showing for a gage height of 1.59 feet a discharge of
489 second-feet. On December 7 a second measurement at a height of
2.90 feet gave a discharge of 1,109 second-feet.

The Neuse River was measured on September 27,1895, at Smithfield,
N. C,, this point being about 25 miles southeasterly from Raleigh. The
discharge as measured from the covered railroad bridge was found to
be 110 second-feet. -

Daily gage height of Cape Fear River, near Fayetteville, N. C., for 1895.

Septem- ) Novem- | Decem-
Day. e | October. Ton, bon
4.20 3.60
5.00 3.10
6. 00 3.20
7.00 | 3,00
6.00| - 3.00
4,80 3.00
4.10 2.90
3. 60 2.80
3.20 2. 60
3.10 3.90
3.70 10. 60
7.00 13.20
8.90 10. 60
6. 60 8.20
5.40 6. 20
4.40 5.20
4.00 4.70
3.80 4.30
3.50 4,10
3.20 4.20
3.10 4.00
3.10 4.00
3.00 | a18.50
2.90 13.40
2. 80 9,20
2.80 7.00
3.00 5.80
4.50 5.00
4.00 4.90
4,00 4,80
.......... 6. 00

@ Began rising about 9.30 a.m. Dec. 22, and reached the highest point about 6 a.1n. Dec. 23.
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HOLTSBURG STATION, ON YADKIN RIVER.

The point of measurement for Yadkin River is at the Southern Rail-
road bridge at Holtsburg, about 4 miles from Salisbury, N. C. The
section here is favorable, being the only desirable one found in an exam-
ination of the river covering some considerable distance. A gage rod
was located here September 24, 1895. The 10-foot mark of the rod is
opposite the center of the sixth floor beam on the lower side of the first
span from the west end. The distance from the zero of the rod to the
outside of the pulley wheel is 1.85 feet. The length of the wire rope
and weight is 55.10 feet. The post-office address of the observer is
Salisbury, N. C., the nearest railroad station, Holtsburg, being merely
a siding. The locality is reached by wagon from Salisbury.

This river is known as the Yadkin for about 30 miles below this point,
or to the mouth of Uharie River,entering from the north in Montgomery
County, N.C. Below this point it is known as the Peedee. The cross-
ing of the river at the railroad station known as Peedee, N. C., was
examined, but was found not to be suitable for measurement,as the
space under the railroad bridge is obstructed by dams and fish ways
between some of the piers and by old crib works under the other spans.
The next accessible point below this is at Cheraw, S. C., about 8 miles
south of the State line. There are two bridges over the Peedee within
a short distance of each other, one being used for the railroad and the
otherbeing a covered toll bridge. Theriver channel under these bridges
is about 300 feet wide, the depth being approximately 15 feet. The maxi-
mum surface velocity when the locality was inspected was very slow,
about 1 foot a second. Daily observations are being taken at this point
by the Weather Bureau. The rod is graduated to feet and halves and
isread with difficulty. The height on September 20, 1895, was 1.5 feet.

List of discharge measurements made on Yadkin River near Holtsburg, N. C.

Meter | Gage Areaof| Mean Dis-

: § tion | velocity | charge ‘
No.| Date. Hydrographer. num- | heighs | 2°¢ .
g ber. | (feot). (square| (feet per | (second. l

feet). | second). | feet).

1| Oct. 5| C.C.Babb........ 29 1.44 | 1,190 1.22 1,457
2| Oct. 26 |..... [0 P 76 1.45] 1,159 1.33 1,538
8 | Dec. 10 |..... [( (P 62 1.74 | 1,534 1.57 2,415
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" Daily gage height of Yadkin River at Holtsburg, N. C., for 1895.

Septem- October. Novem- | Decem-

Day. ber. ber. ber.
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FORT MILL STATION, ON CATAWBA RIVER.

The Catawba River a short distance south of the North Carolina
State line is crossed by three railroad bridges, these being in succes-
sion down stream, the bridge of the Southern Railway, 3 miles south
of Fort Mill, the bridge of the Seaboard Air Line (Georgia, Carolina
and Northern) about 3 miles from Catawba Junction, and below
this the bridge of the Obio River and Charleston Railroad. Iach of
these was examined to ascertain the most desirable points for making -
river measurements. It wasdecided that the highest of these, crossing
near Fort Mill, was most desirable. A gage was placed here on Sep-
tember 3, 1895. It is fastened to the upper side of the guard rail, the
2-foot mark of the rod being about the center of the second vertical of
the second truss from the south end of the bridge. The distance from
the zero of the rod to the outside edge of the pulley wheel is 1.30 feet,
and the length of wire rope to the end of the weight is 52.96 feet. The
observer is W. A. Morris, Rockhill, 8. C. It is most convenient, how-
ever, to reach the railroad bridge from the station of IFFort Mill, about
3 miles distant. A measurement of discharge was made on Sep-
tember 23, when with a gage height of 1.58 feet a quantity of 1,340
second-feet was found; a second measurement, on October 25, gave, with
a height of 1.51, a discharge of 1,477 second-feet.

Above this point observations of river height have been kept by the
Weather Bureau at Mount Holly, N. C., this point being 5 miles north
of the State line, and nearly 25 miles above the Fort Mill station. A
gage here is attached to one of the river piers, but readings have not
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been made since about 1884. Measurements of - discharge could not be
satisfactorily made at this point, as the river is ponded under the
bridge by a dam located about 1 mile below.  The average depth on
September 19, 1895, was 7 feet, and the maximum surface velocity was
less than 1 foot per second. The reading of the rod on that day was
1.80 feet.

Daily gage height of Catawba River at Fort Mill, S. C., for 1895.

Septem- Novem- | Decem-
Day. ber. | Oetober. | Ty0n ber.
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GEORGIA RIVERS.

A number of the rivers of Georgia have been described by Prof.
George F. Swain in his report on the Water Powers of the Southern
Atlantic Watershed,. published as Volume XVI of the Terth Census.
Descriptions of the Savannah, Oconee, and Ocmulgee Rivers are given
on pages 126-162. The remaining streams in the State are described
by Prof. Dwight Porter in his report on the Water Powers of the East-
ern Gulf Slope, this also forming a portion of Volume X VI of the Tenth
Census. In this Professor Porter has described the Chattahoochee and
its tributaries. A reconnoissance was made during the fall for the pur-
pose of selecting points at which discharge measurements might be
Thad. This covered the Savannah River near Augusta, the Oconee near
Milledgeville, the Ocmulgee near Macon, and the Chattahoochee at
various points above and below the vicinity of Atlanta.

Computations of the discharge of Savannah River at Augusta, cover-
ing the period from 1884 to 1891, were made by Mr. Cyrus C. Babb, and
published in the Fourteenth Annual Report of the United States Geo-
logical Survey, Part IT, pages 147-149. They are based upon discharge
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measurements made by the Engineer Corps of the United States Army
and upen the daily observations of river height made by the Weather
Bureau. The channel of the river, which is about 800 feet wide, has,
however, been improved within recent years by building below the city
a number of wing walls from the northern shore, these being placed
300 to 400 feet apart. As a result the channel has deepened on the
Georgia side, and it is probable that reliable computations can not be
made of the discharge within the past few years based upon observa-
tions of the height of water.

The Weather Burean observations of river height are made at the
lowest of four bridges within the city of Augusta. A gage rod is
fastened to the south pier of this bridge and is divided into feet and
inches, graduations extending to 39 feet, this point being opposite the
floor of the bridge. Satisfactory discharge measurements could notbe
made from this bridge or from the one above owing to obstructions by
piles, but might be made from the upper of the two railroad bridges.
There is, however, a considerable fluctuation of river height at this
point, owing to the fact that a canal takes water from the river about
9 miles above to furnish power for manufacturing purposes. This water
returns to the river about 1 mile above the lower bridge. During
the night the lower gates of the canal are closed and a large pond is
filled, sufficient to run the mills during the day time. The observer
takes three observations a day, at 6 a. m., at noon, and at 6 p.m. The
6 a. m. observation is reported to the Weather Bureau. This reading
does not give, therefore, the average for the day, there being consider-
able fluctuation, as is shown by the following table covering the period
~ from October 11 to 24, 1895. The difference of about 0.6 foot between
the morning and noon observation is due to the letting out of the water.
ponded during the night, '

Recorded gage heights of Savannah River at Augusta, Ga.

Date. 6a.m, 12 m. 6p.m.

1895.
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On October 19, 1895, Mr. Cyrus C. Babb made a measurement of the
Oconee River at Milledgeville, Ga., from the highway bridge, about 1.7
miles from town. At that time the water was 37.78 feet below the top
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and lower end of the third floor beam of the first span from the east.
The bridge has three spans, each 150 feet long. The mean: velocity
was 1.75 feet per second, and the total measured discharge was 1,108
second-feet. The section is not highly favorable for permanent meas-
urements. ' :

: MACON STATION, ON OCMU_LGEE RIVER.

Three bridges cross the Ocmulgee at Macon. The upper oneis a par-
tially covered highway bridge of two spans, each 200 feet long. At a
point 200 feet below is a decked bridge of the Georgia Railroad Com-
pany, and 150 feet below that is a wooden truss bridge of the Macon,
Dublin and Savannah Railroad. The Weathér Bureau has a gage on
the middle bridge. It is fastened firmly to the lower side of the south
abutment, but is useless at low stages, the bottom of the rod being
buried in mud to the 5-foot mark. On October 18 the observer esti-
mated the gage height at 2.50, but Mr. Cyrus C. Babb placed it at
about 0.0. The graduation of the rod extends up to 29 feet.

On October 23, 1895, a 10-foot rod for a wire gage was established at
the lower bridge—that of the Macon, Dublin and Savannah Railroad.
It is fastened to the upper side of the guard rail in-the sixth panel of
the first span from the south. The distance from the outside of the
pulley wheel to the zero of the rod is 3.85 feet; the distance from the
end of the weight to the wire marker is 35.30 feet. The height of
water at that time was 0.22 foot, the water surface being 28.62 feet
below the top and upper end of the triangular casting at the foot of the
seventh tie rod of the first span from the south. The zero of this new
- gage was made to correspond with the zero of the Weather Bureau rod.

Twenty-five miles above Macon, on the Ocmulgee at Juliette, is a fine
undeveloped water power, but as there is no bridge convenient to this
locality measurements have not been made. .

The drainage area above Macon has been ascertained by Mr. B. M.
Hall by means of measurements of county maps, as follows: '

Watershed of Ocmulgee River above Macon, Ga.

s Square . Square

Counties. miles. Couunties. miles.
Fulton eoeeeenvinnieiinnnn.. 28 || Butts «.oerniiiiiiiiieans 185
Dekalb........ 169 || JaSPer «vvnneiieieaaan. 158
Gwinnett .. .. 256 || Pike ...... ceee 32
Walton .... 166 || Monroe ... eees 265
Rockdale... 150 || Jones .. PO X 97
Clayton .... .- 56 | Bibb ..., 27
Henry...:.. . 339 .
Newton .... ceens 400 Total. o ceeninreannnnnn. 2,425
Spalding : 97
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Daily gage height of Ocmulgee River at Macon, Ga., for 1895.

Day. Oct. | Nov. | Dec. Day Oct. Nov. | Dec
0.50 0.50 0. 58
0.77 0.50 0. 64
0.85 0.55 0.61

0. 62 0.59
0.54 2.02
0.51 3.10
0.4 2.68
0. 40 1.70
0.46 1.48
1.45 1.01
2.50 1.10
2.20 1.28
1.51 1.30
1.11 1.35
1.01 1.16
0.72

List of discharge measurements made on Ocmulgee River at Macon, Ga.

Area of{ Mean Dis-
Meter | Gage |21t o
T T section| velocity | charge

No.| Date. Hydrographer. 111] um- h?égzlt (square | (foct por | (second-
or. | (feet). Crooty. | second). |  feet). |

1] Oct. 18] C. C B’wbb ......... 76 0.39 784 1.04 813

2 0Oct. 23|.....d0..ccocnean... 76 0.20 726 1.06 767

3 | Dee. 13 {..... (10 ............. 62 1. 59 1,045 1. 46 1,530

OAKDALLE STATION, ON CHATTAHOOCHEE RIVER.

The Chattahoochee was examined at various points from Roswell, 25
miles north of Atlanta, down to Westpoint, on the State line between
Georgia and Alabama. At Roswell a covered highway bridge crosses
the river, but it is impossible to make discharge measurements from if,
as the section is not suitable. The width of the river is 600 feet. At
this point is an old gage, belonging to the Georgia geological survey,
fastened to the lower end of the first pier from the east. It is offset
about 3 feet from the pier and faces the east shore. The lower marks
are obliterated, so that the height conld not be read when inspected on
October 12, 1890.

At Bolton, about 6 miles northerly from Atlanta, are two bridges, one
for the railroad, the other for the highway. The section at each of
these is, however, unsuitable for measurement of discharge, the chan-
nels being obstructed and the current sluggish. About 2 miles below
these bridges is the Southern Railroad bridge at Oakdale, where it was
finally determined to locate the river station, a number of measurements
being made at this place. There are several bridges below this, but
the next inspection was made at Westpoint, 80 miles or more down-
stream, where the Atlanta and West Point Railroad crosses the Chatta-
hoochee. The bridge here has five spans and crosses the river diago-
nally. About 900 feet below an iron highway bridge crosses the stream.
This has three spans, each 140 feet long. On October 22, 1895, the water
surface was 26.64 feet below the outside edge of the foot rail on the
lower side, opposite the center of the fourth panel of the first span from
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the west. This i$ not a very desirable section for measurement on
account of the sluggish current. The depth at time of measurement
varied from 5 to 10 feet. The total discharge was ascertained to be
1,404 feet.

At Oakdale, about 6 miles from Atlanta, the Southern Railroad bridge
crossing the Chattahoochee is decked and consists of two spans, each
135 feet long. The current under the bridge had a moderate velocity,
and therefore it was decided to establish a station here, after removing
the driftwood which had collected at the end of the pier. The top of
the bridge is about 56 feet above the water. Measurements are made
from a plank walk extending through the bridge and resting on the
lower members at a height of about 30-feet above the water. The gage
was put in place on October 17, 1895, the pulley and rod being attached
to the lower guard rail on the second panel of the second span from the
east. The water at that time was 29 feet below the top of the upper
end of the third floor beam of  the first span from the east. This meas-
urement was taken from the casting at the end of the floor beam close
to the tierod. The length of the wire gage is 58.85 feet. The distance
from the pulley to the zero of the rod is 2.20 feet. The reading of the
gage on October 17, when established, was 0.35 foot. The drainage
area above this pomt has been computed by Mr. B. M. Hall from the
county maps.’

Watershed of Chattahoochee River above Oakdale, Ga.

. Square : Square
Counties. Igll Py Counties. n?].es
Lumpkin...ceeevanaaii.oe 182 || Gwinmett .....oeiiiiiiaaols 116
White..oovemearoiaanaot. PRI I 0711) | J 90
Habersh e 233 || Falton ..cooovieneoinminnnnnns 78
all..... 280 | Dekalb.....cociieniirnnnnnnn 83
Dawson 18 | ———
Forsyth 181 Total.........cooueralan 1,560
Milton ..coovvenvinnnnn..n. 69

List of discharge measurements made on Chattahoochee River at Oakdale, Ga.

Arcaof| Mean Dis-
Meter | Gage ¢ 5
" i . section | velocity | charge
No. | Date. Hydrographer. xi)l:;;] 1(‘?551? (square| (foot per | (second-
* | feet). | second).| {feet).

1| Oct. 15| C.C.Babb..-....... 76 0.40 663 1.66 1,09 |
2] Qct. 22 ..... [4 L PO T6 [oanennan 2, 802 0.51 | 1,404
3 | Dec. 14 |..... [6 [ PO 62 0.69 796 173 1,380

a Measurement made at Westpoint, Ga., at highway bridge in town.
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Daily gage height of Chattahoochee Liver at Oakdale, Ga., for 1895.

Day. Oct. | Nov. | Dec. Day. Oct. | Nov. | Dec.
0.75 0.50 | 17 covvennnnn.. 0.35 0.55 | 0.55
1.70 0.50 | 18...cial... 0.30 0.60 { 0.50
1.00 0.55 | 1D ..o.aeee.nn. 0.25 0.50 1 0.40
0. 60 0.60 | 20 ......i.... 0. 30 0.55 | 0.50
0.50 0.60 [ 21 . .......... 0.20 0.50 [ 0.65
0.55 0.50 { 22............ 0.25 0.50 | 1.00
0.45 0.45 1 28 ............ 0.20 0.50 | 2.00
0.40 0.40 | 24 ..co....... 0.30 0.50 { 1.20
0. 60 040} 25............ 0.25 0.50 [ 1.00
0. 80 0.60 [ 26 ............ 0.20 0.55 | 0.55
1.00 130 [ 27 ... l.ce.o. 0.25 0.55 | 0.80
1.85 110 | 28 . cccouee... 0.25 0.70 | 0.75
1.00 .00 | 29....oenon.t 0.30 0.75| 0.70
0.75 C.65 | 80 ...oanan.. 0.50 0.451 2.00
0.60 0.60 | 3l..covearnnn. 0.50 |..c..nnn 2.95
b I 0. 40 0.60 0.55

OHIO RIVER TRIBUTARIES.

Gireat Kanawha River rises in the Alleghany Mountains near the line
between Virginia and North Carolina, The upper portion, known as
New River, lows northwesterly, transverse to the mountain ridges. The
principal head-water tributary is Greenbrier River, which flows south-
westerly parallel to the main range of the Alleghanies. A shortdistance
below the junction of these streams is the town of Hinton.  Below this
point the first large tributary is the Gauley, coming in from the north.
An examination of these streams was made by Mr. Cyrus C. Babb and
Prof. D. C. Humphreys in July, 1895, for the purpose of selecting a
point at which measurements of discharge could be carried on econom-
ically and efficiently. The Greenbrier was examined and a locality for
measurement chosen at Alderson, about 20 miles above the point where
it empties into New River. At a point about 2 miles above its mouth
is a good location for measurement by means of a cable and car. The
width of the river was found to be 292 feet. The first bridge, that
of the Chesapeake and Ohio Railway Compaily, crosses the river at
Lowell. Thisis not a desirable point for measurement, as the bridge is
not straight and the channel is irregular. At the Greenbrier Steck
Yards, above Lowell, a cable ferry is in operation. :

ALDERSON STATION ON GREENBRIER RIVER.

On July 30 a wire gage was established on the.county bridge at
Alderson, W. Va., 21 miles above Hinton. It is placed on the third
panel of the second span, and the edge of the pulley over .which the
wire passes is 0.75 foot south of the second vertical strut. The zero of
the gage is 2 feet from the edge of the pulley. The distance from the
end of the weight to the wire marker is 28,37 feet. When the reading
of water was 1.88 feet the distance from the surface of the water to the
top of the floor beam at the end of the third panel is 20.59 feet. The
bridge consists of 4 spans, each 108 feet long and with 7 panels to a
span, making a-total width of 432 feet. At ordinary stages the water
flows in two channels, there being an island 600 feet long and 75 feet in
width between them. The water surface extends from the middle of the
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sixth panel of. the third span to the end of the third panel of the fourth
span, counting from the south. This.island is submerged at a gage
height of 7 feet. Two measurements have been made at this point, the
first on July 30, when at a gage height of 1.89 feet the discharge was
found to be 457 second-feet; the second on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>