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PREFACE

This report was prepared by the Geological Survey in cooperation
with the States of Illinois, Indiana, Kentucky, Maryland, New York,
North Carolina, Ohio, Pennsylvania, Virginia, and West Virginia,
and with other agencies, by personnel of the Water Resnurces
Division, L. B. Leopold, chief, under the general direction of
E. L. Hendricks, chief, Surface Water Branch, and F. J. Flynn,
chief, Basic Records Section,

The data were collected and computed under supervision of
district engineers, Surface Water Branch, as follows:
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SURFACE WATER SUPPLY OF OHIO RIVER BASIN EXCEPT CUMBERLAND AND TENNESSEE RIVER BASINS, 1960

SCOPE OF WORK

This volume 1s one of a serles of 20 reports presenting records of stage, discharge, and
content, of streams, lakes, and reservoirs in the United States during the 1960 water year.
Since 1888, when the United States Geologlcal Survey first studied streamflow in relation
to problems of irrigation, simllar records have been obtained at more than 15,500 gaging
stations In the 50 States. On September 30, 1960, the Geologlcal Survey and cooperating
organizatlons were maintaining 7,300 gaging stations. Partial-record stations for low
flow or for flood flow have been operated at many other points. In addition, discharge
measurements are made at miscellaneous sites. The records for the 1960 water year at
gaging stations, partial-record stations, and miscellaneous sites in the Ohio River basin

except Cumberland and Temnessee River basins are glven in this report.
COOPERATION

Many State, municipal, and private organizations have cooperated with the Geological
Survey 1n this work by either furnishing or helping to collect data. Organlzations that
supplled data are acknowledged in station descriptilons, and organizations that acrsisted in
the collection of data through cooperative agreements with the Survey are:

Illinois: State Department of Public Works and Bulldings, E. A. Rosenstcne,
director, through Division of Waterways, T. B. Casey, chlef engineer; State Depart-
ment of Reglstration and Education, V. M. Binks, director, through Water Survey
Divislon, W. C. Ackermann, chlef.

Indiana: State Department of Conservation, E. K. Marlin, director, through Divi-
sion of Water Resources, C. H. Bechert, director; State Highway Commission, John
Peters, chairman, G. M. Foster, executive director, and C. E. Vogelgesang, chief
engineer; State Board of Health, A. C. Offutt, commissioner, and B. A. Poole, direc-
tor, Bureau of Sanitary Engineering; Indlana Flood Control and Water Resources Com-
mission, Anton Hulman, Jr., chairman, J. I. Perrey, chlef engineer.

Kentucky: University of Kentucky, F. G. Dickey, president, through State Geologi-
cal Survey, W. W. Hagan, director and State Geologist.

Maryland and one station in Pennsylvania near the Maryland State line, namely Big
Piney Run near Salisbury, Pa.: State Board of Natural Resources, through Department
of Geology, Mines, and Water Resources, J. T. Singewald, Jr., director.

New York: State Department of Public Works, J. B. McMorran, superintendent; State
Department of Health, H. E., Hilleboe, commissloner, through Water Pollution Control
Board.

North Carolina: State Department of Water Resources, H. E. Brown, director; State
Highway Commission, W. F. Babcock, director.

Ohlo: State Department of Natural Resources, H. B. Eagon, director; Miami Con-
servancy District, M. L. Mitchell, chief engineer; clty of Columbus, Department of
Public Service, F. C. Redick, director, succeeded by E. H. Stork.
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Pennsylvania: State Department of Forests and Waters, M. K. Goddard, secretary,
through the Bureau of Waters, B. D. Murphy, chief engineer.

Virginia: State Department of Highways, H. H. Harris, commissioner.

West Virginia: State Water Resources Commission, N. H. Dyer, chairman; Clarksburg
Water Board, T. A. Stout, secretary and general manager.

Assistance in the form of funds or services was given by the Corps of Englneers, De-
partment of the Army, in collecting records published herein for 329 gaging stations, of
which 10 were in Illinois, 34 in Indiana, 54 in Kentucky, 2 in Maryland, 5 in New York,

95 in Ohio, 63 in Pennsylvania, 12 in Virginia, and 54 in West Virginia.

Assistance was also furnished by the Agricultural Research Service and the Soil Conser-
vation Service of the United States Department of Agriculture and the Wsather Bureau,
United States Department of Commerce.

The following organizations aided in collecting records:

Indlana: City of Indianapolis, through its Board of Public Worts and Sanitatlon
and 1ts Flood Control Board; cities of Anderson, Bloomington, Muncie, North Vernon,
Richmond, and Jasper; Indlanapolls Water Co.; Indianapolis Power & Light Co.; Public
Service Co. of Indiana; Contalner Corporation of America; and Continental Steel Co.

Kentucky: Kentucky Utilities Co.

New York: City of Jamestown.

North Carolina: Appalachian Electric Power Co.

Pennsylvania: Municipal Authority of Westmoreland County; Municipal Authority of
the Borough of Latrobe; Pennsylvania Electric Co.; Manufacturers Witer Co,; Salt Lick
Water Co.; Johnstown Water Co.; and West Penn Power Co.

Virginia: City of Radford; Appalachian Electric Power Co.

West Virginia: City of Fairmont Water Department; Electro-Metallurgical Co.;
Huntington Water Corp.; and Kanawha Valley Power Co.

DIVISION OF WORK

The stream-gaging work was done by the Water Resources Division of the Geological Sur-
vey, under the direction of personnel shown in the preface. The data for stations in the
several States were collected and prepared for publication in the district offices listed
in the following table.

State District office Address

Illinois a/.....ccevveeve.s. Champalgn................ 605 South Nell Street.

Indiana b/................. Indianapolis.. 611 North Park Avenue.

Kentucky _3/ .. . Louisville.... 522 West Jefferson Street.

Maryland d/.......... [P College Park... 106 Engineerinz Building, Univer-
sity of Maryland.

New YorK.........coovuuuvunn Albany......... 343 Federal Bullding.

North Carolina. Raleigh....... 436 Federal Bullding.

Ohlo e/...... Columbus...... . 1509 Hess Strest.

Pennsylvania _/ ..... vev.... Harrisburg...... ..... 490 Education Building.

Virginia..............coen Charlottesville......... . Natural Resources Building, Univer-
sity of Virginia.

West Virginia g/........... Charleston............... 111 United States Courthouse.

g/ Except for ohlo River at Golconda and at Metropolls, and Wabash River at Mount Carmel.

b/ Except for Ohio River at Evansville.

¢/ Including Ohio River at Cincinnati, ohilo, at Evanaville, Ind., at Golconda and at Metropolls,
I1l., and Wabash Rilver at Mount Carmel, .

_/ Including Big Piney Run near salisbury, Pa,

_/ Except for Ohlo River at Bellaire, Cincinnatl, and Pomeroy

_/ Except for Big Piney Run near salisbury but 1nc1udins Ohlo River at Bellaire, Ohlo.

g/ Including Ohio River at Pomeroy, Ohio.

Information of a more detailed nature than that published for most of the gaging sta-
tions given in this report is on file in the district offices listed alove. All gaging-
station records for Indiana, Kentucky, Maryland, North Carolina, and Virginia, and some for
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Illinois and Pennsylvania, have been analyzed by electronic computer to give: (1) the
number of days in each year that the daily discharge was between selected limits (duration
tables); and (2) the lowest mean discharge for selected numbers of consecutive days in
each year. In addition, the records for Illinois, Kentucky, and North Carolina, give the
highest mean discharge for selected numbers of consecutive days in each year. Tie records
for North Carolina have also been analyzed to glve the lowest daily discharge no* exceeded
during selected numbers of consecutive days in each year. Provisional records of dis-
charge, Information on the availability of electronic computer results, and othe» unpub-
lished data concerning the gaging-statlon records may generally be obtained from the
district office.

DEFINITION OF TERMS AND ABBREVIATIONS

The terms of streamflow and other hydrologic data, as used in this report, are defined
as follows:

Gaging station is a particular site on a stream, canal, lake, or reservolr where system-
atic observations of gage height or discharge are obtained. When used in connection with
a discharge record, the term is applied herein only to those gaging stations where a con-
tinuous record of discharge is obtalned.

Partial-record station is a particular site where limited streamflow data are collected

systematically over a period of years for use in hydrologic analyses.

Cublc foot per second (cfs) is the rate of discharge of a stream whose channel 1is

1 square foot in cross-sectional area and whose average velocity is 1 foot per second.

Cubic feet per second per square mile (cfsm) 1s the average number of cubic feet of

water flowing per second from each square mile of area drained, assuming that the runoff
is distributed uniformly in time and area.

Runoff in inches (in.) shows the depth to which the drainage area would be covered if
all the runoff for a given time were uniformly distributed on it.

Acre-foot (ac-ft) is the quantity of water required to cover an acre to the depth of
1 foot and is equivalent to 43,560 cubic feet.

Cfs-day 1s the volume of water represented by a flow of 1 cubic foot per second for 24
hours. Tt is equivalent to 86,400 cubic feet, 1.983471 acre-feet, or 646,317 gallons, and
represents a runoff of 0.0372 inch from 1 square mile.

Stage-discharge relation 1s the relation between gage height and the amount of water
flowing in a channel, expressed as volume per unit of time.

Control designates a feature downstream from the gage that determines the stage-
discharge relation at the gage. This feature may be a natural constriction of tte chamnel,
a long reach of the charmel, or an artificial structure.

Contents 1s the volume of water in a reservoir, Unless otherwise indicated, volume is
computed on the basls of a level pool and does not include bank storage.

The dralnage area of a stream at a specified location is that area, measured in a hori-
zontal plane, which is so enclosed by a topographic divide that direct surface runoff from
precipitation normally would drain by gravity into the river above the specified point,
Figures of drainage area glven herein include all closed basins, or noncontributing areas,
within the area unless otherwlse noted.

WSP 1s used as an abbreviation for "Water-Supply Paper" in references to previously

published reports.
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DOWNSTREAM ORDER AND STATION NUMBERS

Beginning with the series of reports for the water year ending Septerber 30, 1951, the
order of listing gaging-station records was changed. In this report, ir a downstream di-
rection along the main stem all stations on a tributary entering above ¢ main-stem station
are listed before that station. If a tributary enters between two main-stem stations, it
1s 1listed between them., A similar order is followed in listing stations on first rank,
second rank, and other ranks of tributaries. To indicate the rank of ary tributary on
which a gaging station is situated and the stream to which it is immedlztely tributary,
each indentlon in the listing of gaging stations in the table of contents of this report
represents one rank. This downstream order and system of indention show which gaging sta-
tions are on tributaries between any two statlons on a main stem and the rank of the trib-
utary on which each gaging station is situated.

The order of listing used before the publication of the 1951 report listed first all
stations on the main stem from headwaters toward mouth, then all statiors on the uppermost
tributary to the main stem from the tributary's source to mouth, and then all stations
from source to mouth of the uppermost tributary to the tributary.

As an added means of identification, each gaging station and partial-record station has
been assigned a station number., The numbers have been assigned in the same downstream
order used in this report. In assigning statlon numbers, no distinction is made between
partial-record stations and regular gaging stations, so that the station number for a
partial-record station indicates downstream-order position in a list made up of both types
of stations. Gaps are left in the numbers to allow for new stations that may be estab-
lished; hence the numbers are not consecutive. The complete number for each station in-
cludes the part number, but the station number as shown in this report, just to the left
of the station name, conslsts of only the essential digits of the complete number. For
example, for a station with the complete number 3A-0315,00, the station number shown in
this report is 315. The notation to the left of the hyphen is the part number; it is 34
for all stations in this report and is therefore omitted.

EXPLANATION OF DATA

The base data collected at gaging stations consist of records of stage and measurements
of discharge. In addition, observations of factors affecting the stage-discharge relation,
weather records, and other information are used to supplement base data in determining the
daily flow. The records of stage are obtained either from direct readings on a nonrecord-
ing gage or from a water-stage recorder that gives a continuous record of fluctuations.
Measurements of discharge are made with a current meter by the general methods adopted by
the Geological Survey on the basis of experience in stream gaging since 1888. These meth-
ods are described in Water-Supply Paper 888 and are also outlined in standard textbooks on
the measurement of stream discharge.

Rating tables glving the discharge for any stage are prepared from stage-discharge re-
lation curves defined by discharge measurements. If extenslons to the rating curves are
necessary to define the extremes of dilscharge, they are made on the basis of indirect
measurements of peak discharge (such as slope-area or contracted-opening measurements,
computation of flow over dams or weirs, and by other methods), velocity-area studies, and
logarithmic plotting. The application of the daily mean gage height to those rating
tables glves the daily mean discharge, from which the monthly and the yearly mean discharge
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are computed., If the stage-discharge relation is subject to change because of frequent or
continual change in the physical features that form the control, the daily mean discharge
1s determined by the shifting-control method, in which correction factors based on indi-
vidual discharge measurements and notes by englneers and observers are used in awplying
the gage helghts to the rating tables. If the stage-discharge relation for a station is
temporarily changed by the presence of aquatic growth or debris on the control, the daily
mean dlscharge 1s computed by what 1s essentially the shifting-control method.

At some gaging stations the stage-discharge relation is affected by backwater from res-
ervoirs, tributary streams, or other sources. This necessitates the use of the slope
method in which the slope or fall in a reach of the stream 1s a factor in determining dis-
charge. Information requisite for determining the slope or fall is obtained by means of
an auxlliary gage set at some distance from the base gage. At some statlons the stage-
discharge relation 1s affected by changing stage. If so, the rate of change in stage is
used as a factor in the determination of discharge.

At most gaging stations in the northern part of the United States and at some in the
mountalnous regilons of other parts the stage-discharge relation is affecf,ed by 1ce during
the winter, and 1t becomes impossible to compute the discharge in the usual manner. Dis-
charge for perlods of ilce effect is computed on the basis of the gage-helght record and
occasional winter discharge measurements, consideration being given to the available in-
formation on temperature and precipitation, notes by gage observers and engineers, and
comparable records of discharge for other stations in the same or nearby basins. If the
stage-discharge relation is affected by ice, this information 1s given in a note to the
table. No mention is made of occasional days of ice effect 1f the degree of accuracy of
daily records 1s not changed.

The data herein presented generally comprise a description of the station, a skeleton
rating table, and a table showing the dally discharge and monthly and yearly discharge of
the stream, Records are published for the water year which begins on October 1 and ends
on September 30. A calendar for the water year 1960 1s shown on Page IV for the purpose
of finding the day of the week for any date.

The description of the station gives the location, drainage area, records avecilable,
type and history of gages, average discharge, extremes of dlscharge, general remarks, and
notations of revisions of the previously published record. The location of the gaging
station and the drainage area are obtained from the most accurate maps available. River
mlleage, given under "Location" for some statlons, 1s that determined and used by the
Corps of Engineers unless otherwise noted., Under "Records available" are given the peri-
ods for which there are published records generally equivalent to those at present slte.
Under "Gage" are given the type of gage currently in use and the datum of the present gage
above mean sea level, and a condensed history of the types, locations, and datums of pre-
vious gages used during the period of records available. The references to "datum of 1929"
and adJustments of other years are to the datum and adJustments of the U. S. Coast and
Geodetlc Survey. Under "Average discharge' is giventhe average discharge for the number
of years Indlcated. It 1s not glven for stations having fewer than five complete years of
record or for statlions where changes in water development during the period of record
cause the figure to have little significance. Under "Extremes" are glven the miximum dis-
charge and gage height; the minimum discharge if there 1s 1little or no regulation; the min-
imum daily discharge if there 1s extensive regulation (also the minimum discharge if use-
ful); and the minimum gage height (unless it is of no lmportance). In the first paragraph,
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the data given are for the complete current water year unless otherwise specified. In the
second paragraph, the data given are for the perlods of record within tte calendar year
dates in the heading (not necessarily those for the complete years indicated by the head-
ing dates). Rellable information concerning maJor floods that have occirred outside the
period of record are given in the third or last paragraph under "Extremes." Unless other-
wise qualified, the maximum discharge corresponds to the crest stage obtained by use of a
water-stage recorder, a crest-stage gage, or a nonrecording gage read at the time of the
crest. If the maximum gage height did not occur at the same time as the maximum discharge,
it is given separately. Information pertaining to the accuracy of the records and con-
ditions which affect the natural flow at the gaging station is given uncer "Remarks."

Previously published records of some stations have been found to be in error on the
basis of data or information later obtalned. Revisions of such records are usually pub-
1ished along with the current records in one of the annual reports. In order to make it
easler to find such revised records, a paragraph headed "Revisions (water years)" has been
added to the description of all stations for which revised records have been published.
Listed therein are all the reports in which revisions have been published, each followed
by the water years for which figures are revised in that report. In listing the water
years only one number 1s given; for instance, 1933 stands for the water year October 1,
1932, to September 30, 1933. If no daily, monthly, or annual figures of dlscharge are
concerned in the revision, that fact is brought out by notations after the year dates as
follows: "(M)" means that only the instantaneous maximum discharge was revised; "(m)"
that only the instantaneous minimum was revised; and "(P)" that only pea' discharges were
revised. If the dralnage area has been revised, the report in which the revised figure
was first published 1is given. It should be noted that for all stations for which cubic
feet per second per square mile and runoff in inches are published, a revision of the
dralnage area necessitates corresponding revision of all figures based o1 the dralnage
area. Revised figures of cubic feet per second per square mile and runoff in inches, re-
sulting from a revision of the dralnage area only, are usually not published in the annual
series of reports.

Skeleton rating tables are published for all stations except those at which the dally
discharge for the greater part of the open-water period was determined b;r the shifting-
control method, the slope method, or other speclal methods ilnvolving an equivalent adjust-
ment to the gage height of more than one-tenth foot. Skeleton rating tables are generally
not published for stations on canals,

For stations equipped with water-stage recorders, except those on streams subject to
sudden or rapid fluctuation, the dally table gives the discharge corresponding to the
daily mean gage height. For stations subject to such fluctuation the dally mean gage
height may not indicate the true daily mean discharge, which must be obtained by averaging
the discharge for parts of the day or by using the discharge Integrator, an instrument for
obtaining the dally mean discharge from a continuous gage-height graph and containing, as
an essential element, a curve representing the stage-discharge relation at the station.
For stations equlpped with nonrecording gages, the table of daily discharge glves the dis-
charge corresponding to once-dally readings of the gage, or to the mean of twice-daily
readings, or to the mean gage height determined from gage-height graphs based on gage
readings. For perlods of rapldly changing stage, the daily mean discharge 1s determined
from gage-height graphs based on gage readings, the frequency of which 1s stated in the

station description.
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In the table of dally dlscharge, the figures for the maximum day and the minimum day
for each month are underlined. If the flgure 1s repeated, 1t 1s underlined only on the
first day of 1ts occurrence,

In the monthly summary below the daily table, the 1line headed "Total" gives the sum of
the daily figures; 1t 1s the total cfs-days for the month. The line headed "Mean" glves
the average flow in cublc feet per second durlng the month. Discharge for the month may
be expressed 1ln cublc feet per second per square mile (line headed "Cfsm"), or in inches
(line headed "In."), or in acre-feet (line head "Ac-ft"), Figures for cubic feet per
second per square mile and runoff in lnches are omltted if the dralnage area includes
large noncontributing areas, or if the average annual rainfall over the drainage basin 1s
usually less than 20 1inches.

In the yearly summary below the monthly summary, the figures of maximum are the maximum
dailly discharges, not the momentary discharges when the water was at crest stage. Like-
wise, the minimums in this summary are the minimum daily discharges.

Peak dilscharges and the tlmes of thelr occurrence and corresponding gage helghts of
most stations are listed below the table of dally and monthly discharge. All independent
peaks above the selected base are glven., The base discharge, which 1s given in parenthe-
ses, 18 selected so that an average of about three peaks a year will be presented. Peak
discharges are not published for canals, ditches, dralns, or for any stream for which the
peaks are subject to substantial control by man.

Footnotes to the table of daily discharge indlcate perlods when discharge was computed
or estimated by unusual or speclal methods during periods of no gage-helght record and ice
effect, or by other effects that reduce the degree of accuracy of the records. Days on
which discharge measurements were made are Indlcated by asterisk and footnote urless they
were made at frequent regular intervals, in which Instance the general frequency of dis-
charge measurements 1s given under "Remarks" in the station description.

For most gaging stations on lakes and reservolrs the data presented comprise a descrip-
tion of the statlion and a monthly summary table of stage and contents. For some reservoirs
a table showlng dally contents or stage 1s given. A skeleton table of capaclty at given
stages 1s published each year for all reservoirs for which records are publishec on a
dally basis, but 1s not published for reservolrs for which only monthly data are gilven.

At many gaging statlons water samples are collected from the streams for the purpose of
making chemical analyses, computing dlssolved solids, suspended sediment loads, and
particle-size distribution, or measuring water temperatures. For most of these samples
the results are published in an annual series of water-supply papers entitled "Quallty of
Surface Waters of the Unlted States" which is issued in four volumes. In this report
under "Remarks" a reference 1s made to quality-of-water records collected at gaging sta-
tions on a regular basls and published in the quality-of-water reports. At many other
gaging statlions quality-of-water data are obtalned at irregular intervals and published as
"miscellaneous analyses" in quallty-of-water reports; such records are not referred to in
"Remarks" paragraph in this report. At many gaging statlons water temperature 1s obtained
also at the time a discharge measurement ls made; such temperature readings are not
reported in the quality-of-water annual reports.

Data collected at partial-record stations and at miscellaneous sites are given at the

end of each report. Partlal-record statlons are presented ln two tables. The first 1s a
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table of discharge measurements at low-flow partial-record stations, and the second is a
table of annual maximum stage and discharge at crest-stage stations. Discharge measure-
ments at miscellaneous sltes are given in a third table. Occasionally, a serles of dis-
charge measurements are made within a short time perlod to investigate the seepage gains
or losses along a reach of a stream or to determine the low-flow characteristics of an
area. Such measurements are glven in special tables after the 1list of msasurements at

miscellaneous sltes.
ACCURACY OF FIELD DATA AND COMPUTED RESULTS

The accuracy of streamflow data depends primarily on (1) the stability of the stage-
discharge relation or, if the control is unstable, the frequency of discvarge measurements,
and (2) the accuracy of observations of stage, measurements of discharge, and interpreta-
tlon of records.

The statlon description states the degree of accuracy of the records. "Excellent" in-
dicates that, in general, the error in the dally records is belleved to be less than
5 percent; "good," less than 10 percent; "fair," less than 15 percent; and "poor," proba-
bly more than 15 percent. The records of monthly and yearly mean discharge and runoff are,
in general, more nearly accurate than the dally records.

Discharge at some stations, as indicated by the monthly mean, may vary widely from
natural runoff, owing to diversion, consumption, regulation by storage, Increase or de-
crease In evaporation due to artificial causes, or to other factors. Fo~ such statlonms,
figures of cublc feet per second per square mile and of runoff in inches are not published
unless satisfactory adJustments can be made for diversions, for changes in contents of
reservolrs, or for other changes incident to use and control. Evaporation from a reser-
volr 1s not Included in the adjustments for changes lh reservoir contents, unless it is
so stated. Even at those statlons where adjustments are made, large errors in computed
runoff may occur when relatively large negative adjustments are made or when evaporation
is large in comparison with the observed discharge.

Many gaging stations on streams in the irrigated areas of the United States are situ-
ated above most of the diversions from those streams, and therefore the discharge recorded
does not actually show the water supply avallable at the stations for further development,

because water must first be supplied to existing irrigation systems.
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