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PREFACE

The floods of July 18, 1942, in north-central Pennsylvania were extraordinary.
The enormous volume of rain that fell during the storm and produced these floods
seems almost unbelievable. For that reason considerable space has been devoted
to descriptions of previous historic storms and floods of the same type. The
similarity of the eye-witness accounts is striking. It is hoped that this documen-
tation will contribute to a more reliable knowledge of these extraordinarily great
floods.

The field work and collection and tabulation of the basic information on stages
and discharges for the flood was done in the Harrisburg, Pa., and Albany, N. Y.,
districts of the Surface Water Branch under the direction of J. W. Mangan and
A. W. Harrington, distriet engineers, respectively. Hollister Johnson, hydraulic
engineer, at that time assigned to the Albany district, had immediate supervision
of the miscellaneous measurements of peak discharge made in that district, and
reviewed most of those made in Pennsylvania. He also obtained the information
about previous floods at Salamanca, N. Y. W. S. Eisenlohr, Jr., assisted in some
of the measurements of flood flow and prepared the report in the Technical Co-
ordination Branch under the general direction of R. W. Davenport, chief: he also
supplied photographs for the report.

Substantial and important contributions to the collection of field information
and to the report were made, as noted, by James E. Stewart, hydraulie engineer,
now with the West Penn Power Co., who as a young engineer with the Geological
Survey was greatly interested in floods. The great number of miscellaneous rain-
fall measurements are largely the result of his efforts, and his contributions to this
report. are gratefully acknowledged. Thanks are also due the West Penn Power
Co. for making available the results of Mr. Stewart’s work.

The Corps of Engineers and the Weather Bureau cooperated in the collection of
meteorologic information and made it available for these reports; the Corps of
Engineers also furnished the results of four peak-discharge measurements.

The stream-gaging work in the two districts of the Geological Survey was per-
formed in cooperation with the Pennsylvania Department of Forests and Waters
and the New York State Department of Public Works.
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FLOODS OF JULY 18, 1942, IN NORTH-CENTRAL
PENNSYLVANIA

By WnLiam S. E1SENLOHR, JR.

ABSTRACT

The floods of July 1942 in north-central Pennsylvania and adjacent areas in
New York were record-breaking on most of the smaller streams. They followed
unprecedented rains that amounted to as much as 35 inches at some points during
a storm that for the most part lasted less than 12 hours at any point. In the area
of heavy rainfall, peak flood discharges were much greater than for the floods of
March 1936. The storm was centered over the headwaters of three major drain-
age basins—Susquehanna, Allegheny, and Genessee—with the result that flood
flows in the lower reaches of those streams were not outstanding. The estimated
property damage exceeded $10,000,000 and 15 persons lost their lives. Descrip-
tion of previous storms and floods show that quite similar conditions have occurred
in other areas in the past. The isochyetal map in the report is based on more than
400 miscellaneous observations of rainfall. Gage heights and discharges during
the flood period are given for 14 gaging stations, and peak discharges are given
for 47 other points on streams in the flood area. The maximum discharge was
117,000 second-feet in West Branch Susquehanna River at Renovo, and the
maximum in relation to drainage area was 2,100 second-feet per square mile from
11.4 square miles in Annin Creek near Turtle Point. The report also contains a
table of flood-crest elevations.

INTRODUCTION

On July 18, 1942, north-central Pennsylvania and adjacent areas in
New York were visited by destructive floods of unprecedented magni-
tude. The principal areas affected were in Elk, Cameron, McKean,
and Potter Counties in Pennsylvania, and Cattaraugus, Allegany, and
Stueben Counties in New York. (See fig. 26.) Rainfalls of more than
30 inches were reported in several localities, and on about 200 square
miles the rainfall was as much as 20 inches. The rainfall was greater
than 10 inches on more than 2,000 square miles.

The resulting floods produced the highest crest stages ever recorded
on First Fork and Driftwood Branch of Sinnemahoning Creek and on
upper Allegheny and Clarion Rivers. Flood ‘discharges on small
drainage areas—less than 100 square miles—were as great in relation
to drainage area (see fig. 43) as any ever recorded on streams in Penn-
sylvania and adjacent areas in New York. Allegheny River at Red

59
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Railroads_.___ . ______ _ $3, 106, 200 Communications and power
Commercial property_ _ ___ 2, 050, 000 A lh‘lesl_t ----------------- $;§g’ ggg
. . griculture_ ____ . _______ ,
Residential property._.____ 1, 650, 000 Relief. . 100, 000
Industrial property.__.___ 1,470, 000 -
Highways_. ._____________ 872, 350 Total . ___________. 10, 121, 550

Two pictorial booklets describing the flood were published by W. H.
Greenhow Co., Hornell, N. Y., and Nelsen Enterprises, Emporium, Pa.

The storm that produced these floods was of less than 24 hours’ du-
ration and at many places lasted little, if any, more than 12 hours.
Rainfall measured at regular precipitation stations did not exceed 8
inches, except at Coudersport and Emporium where 8.22 and 8.10
inches, respectively, were recorded. From the magnitude of the
floods, James E. Stewart, hydraulic engineer of the West Penn Power
Co., concluded that rainfalls greatly in excess of these amounts must
have fallen within the flood area. Being concerned over the capacity
of the spillways designed for power dams of his company, Stewart
visited the flood area and obtained evidence that verified his con-
clusions. A container was found that caught 30.8 inches of rain, and
small streams everywhere had moved enormous quantities of rock.
This information was brought to the attention of the Corps of Engi-
neers, the Weather Bureau, and the Geological Survey.

At a joint conference held in Pittsburgh, it was agreed that the Corps
of Engineers and the West Penn Power Co. would cooperate in a pro-
gram to obtain all available precipitation data for the storms. This
information would be turned over to the Weather Bureau for study in
connection with the records for regular weather stations. The Geo-
logical Survey would collect additional information on flood runoff to
complement the rainfall data. This program was carried out. A
detailed meteorological analysis of the storm was made by the Weather
Bureau, and a report was prepared as a hydrologic bulletin supplement
(U. S. Weather Bureau, 1944).

As soon as field work was completed, the Geological Survey cooper-
ated with the Pennsylvania Department of Forests and Waters in pre-
paring and publishing a report (Pennsylvania Department of Forests
and Waters, 1943) on the floods. The purpose of that report was to
place in the hands of the public at the earliest practicable time the
flood data then available. The present report by the Geological Sur-
vey, delayed in preparation owing partly to situations arising from the
war emergency, contains additional runoff data as well as records
revised since the Pennsylvania report was published. The rainfall
records and an isohyetal map also are included so that all base data
for rainfall-runoff studies will be contained in a single report. All
clock times-given are referred to eastern war time; to convert to
standard time, subtract 1 hour.
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DESCRIPTIVE DETAILS OF THE STORM AND FLOODS
By James E. STEWART!

DESCRIPTION OF THE STORM

A rainstorm, unusual in the amount of precipitation, and remark-
able in its other characteristics, occurred in north-central Pennsyl-
vania and adjacent areas of New York on July 17-18, 1942. The
forerunners of the storm may have arrived as early as 6 a. m., Friday,
July 17, when there were short, intense showers at such recording
rainfall stations as Wellsboro and Jackson Summit, Pa. Neverthe-
less, the first definite warning of exceptional meteorologic conditions
was a 10- or 15-minute hailstorm that occurred about 3 p. m., Friday,
in the region of Keating Summit, Pa., to the east of that point, and
perhaps at other locations.

At 8:35 p. m., Friday, the rainstorm burst furiously near Cohocton,
N. Y. From that time until 8 p. m., Saturday, it raged almost con-
tinuously but shifted from place to place and back and forth in the
storm area. Generally, however, the areas of heavy precipitation
gradually shifted southwestward until, in the main storm area, the
last of the storm’s explosive energy was expended in the vieinity of
Ridgway, Pa. After 8 p. m., Saturday, in this main storm area, there
was no overhead evidence of the previous tumult except for some
very light, intermittent showery conditions that continued through
Sunday, July 19.

The heavy storm rainfall covered a period of slightly less than 24
hours, but at no one location was there more than about 16 hours
between the beginning and ending of the heavy rain; in fact, at many
places this period was confined to about 14 hours. But even a 14- or
16-hour period gives a false idea of the storm’s intensity, because in
most locations the rainfall was concentrated in a very few periods of
heavy precipitation. It is probably conservative to say that at any
given spot more than 50 percent of the rain fell during high-intensity
periods, in which the total elapsed time was 6 hours or less. (See
fig. 36.) In fact, at many locations more than 80 percent of the rain
is known to have fallen in periods of 5 hours or less.

In the area near Cohocton, N. Y., and in the main storm area west
of Hornell, N. Y., the heavy rain had stopped by 7 a. m., Saturday.
In the main storm area northeast of Coudersport, Pa., most of the
rain fell before 7 a. m., Saturday. In much of the remaining, indeed
the major part, of the storm area the deluge occurred between 7 a. m.
and 1 p. m., Saturday. In a few small sections of this area, however,
the rainfall before 7 a. m. was as great or nearly as great as after 7 a. m.
From Emporium, Pa., westward and northwestward there was heavy

1 Hydraulic engineer, West Penn Power Co.
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rain after 1 p. m., Saturday, and from the head of Clarion River south-
westward to Ridgway, Pa., most of the rain occurred after that hour.

Where the total storm rainfall is known to have exceeded 12 inches,
and many times for lesser amounts, people complained of the following:

1. Cellars being filled or partly filled with water—far away from
and above streams—where flood water inflow either had never occurred
before or had never exceeded the cellars’ drainage capacities.

2. Roofs leaking badly that had never leaked before.

3. Water coming out the stovepipe holes in the chimneys.

Generally there was wind at the start of the storm and sometimes
at the end, but usually very little or no wind during the storm. Wind
directions were erratic; for example, at two different locations they
were in exactly opposite directions within a distance of 1 mile. Quite
often the wind seemed to be up or down a hollow, irrespective of the
direction of cloud travel. There were many reports of thunderstorms
coming first from one direction, then returning from another; of storms
that traveled perpendicular to the path of previous storms; storms that
seemed to mill or circle; and of storms that seemed to come together.
As far as lightning was concerned, there was uniform testimony that
a much higher percentage of lightning strokes occurred between clouds
rather than between cloud and ground as compared with ordinary
storms. ’

In the Austin, Pa., region, many people said that the rain did not
come down in drops, and they had the visual impression, at least, that
the rain came down in streams which they likened to strings and ropes.
This phenomenon appears to be a characteristic of intense cloudburst
storms as described in the accounts of previous storms given later.
Although it could have been an optical illusion, it seems more likely
to have been an actual occurrence. Also, in that region, there were
people who had not been able to reach shelter and were afraid they
would drown during the downpour through lack of oxygen. One man
expressed the effect by saying it was just like breaking water after a
long dive, lungs bursting, with water pouring down over his head.

The observer who recorded more than 30.8 inches of rain in 43 hours
stated that it seemed to fall at a tremendous rate, but quite uniformly,
for the greater part of the time. Also, the drops seemed to be excep-
tionally large and very close together. From her statement and the
record of total rainfall at that point, it may be assumed that the rainfall
at no time exceeded a rate of about 10 inches per hour and that there
was no “streaming’’ for that rate and for that size of drop.

On the other hand, there were regions, particularly around Austin,
where the rainfall rate for very short periods ranged from 15 to nearly
40 inches per hour. For such high rates of rainfall it would appear
that the drops would be so close together they would tend to coalesce

971774—52—2
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into streams and sheets as a result of mutual mass attraction. If
streaming actually occurs at extremely high rainfall rates, then the
question arises as to its effect on rainfall catch and the deductions
therefrom. It would seem that such streams of water, although mov-
ing about, might result in the catch at any given point being materially
different from one only a few feet away.

PREVIOUS EXTRAORDINARY STORMS
STORM OF JULY 26, 1819

Storms of the intensity of the one that occurred in July 1942 in
Pennsylvania are extremely rare. That this storm was not unique,
however, is shown by the following quotations from reports of ap-
parently similar storms that have occurred in the past. The earliest
record is the account by Dwight (1822) of the storm of July 26, 1819,
at Catskill, N. Y., from which the following quotations are taken:

About half past five [p. m.] another dense and black cloud accompanied by a
fresh wind arose from the southwest. * * * About the same time, or im-
mediately after, a very thick and dark cloud rose up rapidly from the northeast.
They met immediately over the town. At this instant a powerful rain com-
menced. The air soon became so obscure, that trees and buildings, and other
large objects, could not be discerned at the distance of a few yards. The obscurity
did not appear to arise from a fog, of the usual kind; but from the abundance of
the rain and the low descent of the clouds, which appeared to rest upon the
ground or to hang a little above it. After the clouds met, the wind became very
variable, and blew for short periods from almost every point of the compass. At
times it ecame with so much force as to drive the rain in a very unusual manner,
through the crevices in doors and windows, and the roofs of dwelling houses.
Many houses which had never before been known to leak at this time admitted
great quantities of water. In several instances the wind suddenly abated, and a
calm of a few minutes ensued. The lightning and thunder were unusually severe.
The thunder frequently resembled a violent crash, and was as sudden and of as
short continuance as the sound ocecasioned by the firing of a cannon, or by the
snapping of a whip. The rain descended at times in very large drops; and at
times in streams, and sheets.

During the storm four or five intermissions each of about 8 or 10 minutes
oceurred, also in the rain. In each instance it excited a hope that the storm was
approaching its termination, but this hope was soon dissipated by the appearance
of fresh torrents. The extreme violence of the rain terminated before half past
six o’clock, though it econtinued to descend with considerable briskness until about
nine; and moderately until about ten, and it did not entirely cease until about
eleven. The quantity which fell from the commencement to the termination of
the storm is difficult to ascertain with exactness. It seems probably from the
facts hereinafter mentioned, that it exceeded 15 inches on a level. Some remark-
able phenomena occurred in various places.

At the Point, just before the clouds met, two sloops were observed sailing before
the wind, under a full press of sail, one sailing rapidly up stream, and the other
more rapidly down. They met near the north end of the island, when the north-
east wind prevailed.
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Further on, Dwight gives the account of

a gentleman who * * * observed the phenomena of the storm with more
exactness than any other person with whom I have conversed. His account is as
follows: * * * <¢The descent of rain was most copius between a quarter before
6 o'clock, and a quarter after 6. In this half hour he estimates the descent of
water to have exceeded 12 inches upon a level.”

Dwight continues:

The whole quantity of water which fell at the Point, is estimated to have exceeded
15 inches upon a level. * * * Should we then estimate the whole tract, on
which the rain descended with peculiar violence, and in quantities never before
known, in this section of the country, since its first settlement at 80 square miles,
we probably should not be very wide from the truth; and on this tract, I am per-
suaded that the water fell full 15 inches upon a level. On a considerable part of
the tract there is reason to believe that the quantity exceeded 18 inches.”

STORM OF AUGUST 5, 1843

Another storm of similar magnitude occurred August 5, 1843, in
Delaware County, Pa. That storm was the subject of a report by a
special committee of the Delaware County Institute of Science (1910
pp. 7-18), from which the following descriptions are taken:

No general description of the heavy rain which * * * caused the inunda-
tion, will exactly apply to any two neighborhoods—muech less to the whole extent
of the county. Inthe time of its commencement and termination—in the quantity
of rain which fell—in the violence and direction of the wind, there was a remark-
able want of correspondence between different parts of the county. It may be
observed, however, that comparatively little rain fell along its southern and south-
eastern borders. * % ¥

In those sections of the county where its greatest violence was expended, the
character of the storm more nearly accorded with that of a tropical hurricane, than
with anything which appertained to this region of country. The clouds wore an
unusually dark and lowering appearance, of which the whole atmosphere appeared
in some degree to partake, which circumstance, no doubt, gave that peculiarly
vivid appearance to the incessant flashes of lightning which was observed by every
one. The peals of thunder were loud and almost continuous. The clouds appear-
ed to approach from different directions, and to concentrate at a point not very
distant from the zenith of the beholder. In many places there was but very little
wind, the rain appearing to fall in nearly perpendicular streams; at other places
it blew a stiff breeze, first from the east or northeast; and suddenly shifting to the
southwest; while at a few points it blew in sudden gusts with great violence, ac-
companied with whirlwinds, which twisted off and prostrated large trees, and
swept every thing before it. * * *

As observed by Joel Evans, at his residence in Springfield * * * the
heaviest rain fell between five and six o’clock. The direction of the wind during
the day, until the heavy fall of rain commenced, being generally from the 8. E.,
though at some periods throughout the day it was variable, shifting from E. 8. E.,
to 8. 8. E. The atmosphere at a considerable height above the earth’s surface,
appeared to be in a very unsettled and agitated state, from 12 o’clock, M. to 5
o'clock P. M., which was indicated by contrary and opposite currents of wind
prevailing, carrying with them light clouds, which he observed several times in
the afternoon; he being induced to go out to make observations on the state of the
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weather, from its very unusual and threatening appearance. Duringthe fall of
the very heavy rain, and as nearly as he can recollect, about half past five o’clock,
the wind suddenly commenced blowing with great force from the east, which soon
increased to a violent gale, prostrating fences, and some trees in its course. Its
velocity was such that with the immense quantity of water falling (which it
carried with it in one continuous sheet, as it were), rendered it impossible to see a
distance of more than fifty yards. After blowing in this way for fifteen or twenty
minutes, the wind almost as suddenly veered to S. W. (nearly the opposite point
of the compass), and for a short time (perhaps not more than from five to ten
minutes) blew with equal violence, leveling in that direction on his farm, a number
of panels of fence, and one or two apple trees. The wind subsided about six o’clock
or very soon after, and was succeeded by a calm. * * *

As observed by Professor John F. Frazer * * * in the upper end of Chester
township, the heavy rain commenced late in the afternoon, about half past five or
six o’clock, and continued perhaps half an hour or more. During the rain there
was no wind, the streams (for it fell more in streams than in drops) were, apparently
quite vertical. Professor F. was unprepared to measure the quantity of rain
which fell, but it exceeded anything which he had ever witnessed. * * *

Mr. Joseph Edwards, who resides in Middletown township, within half a mile of
the center of the county, observed a phenomenon during the last heavy shower of
rain, which does not appear to have been noticed in any other part of the county.
He remarks that during the last shower which continued, say twenty minutes,
and in which there fell a greater quantity of water than during any equal space of
time during the afternoon—unlike any other shower he had witnessed—the distant
woods and other objects were not obscured in any sensible degree by the falling
rain. This extraordinary appearance was a subject of remark by all present, and
created considerable surprise. At the time there was an impending mass of dense
clouds, without any apparent motion in the air. This particular shower ap-
proached from the south, unaccompanied by wind.

STORM OF JULY 5, 1939

More recently a similar storm occurred July 5, 1939, in eastern
Kentucky, which has been described in a special report (Schrader,
1945):

The characteristics of the storm are well defined because its unusual aspects
attracted the attention of many people. Although generally considered as a
single storm, it actually consisted of a series of thunderstorms accompanied by
almost continuous lightning and thunder, which were noticeable for a considerable
time before the storm. The lightning was described as continuous lightning and
sheet lightning and by several observers as the most persistent they had ever’
witnessed. The thunder preceding the storm was a low rumble and at the height
of the storm:is reported to have shaken the earth. The lightning was so continuous
that, despite the fact that the storm occurred at night in most localities, the cloud
formations could be viewed without difficulty in what is described as a purplish
hue. Although in a turbulent state, these cloud formations had a distinct outline
and could be seen approaching from the north at a rapid rate.

On the edge of the storm area winds reached gale proportions such that buildings
were damaged and in several places were entirely destroyed. Reports indicate
that there was relatively little wind outside of the storm area, and observers at
the storm centers reported that little or no wind accompanied the rainfall. Ac-
cording to information obtained from weather stations, the prevailing direction of
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the wind was to the southwest on the northeast side of the storm area, to the
northeast on the southwest side, and variable on the northwest and southeast
sides. * * *

The rates of precipitation produced by this storm were extremely high and
exceeded any known to have occurred previously in the region affected. The
rainfall is described by observers as having been so intense that it was impossible
to see objects only a few feet away. People caught out in the storm were com-
pelled to stop before reaching shelter because of the lack of visibility. Numerous
accounts were given of runoff that covered the sloping ground in sheets. Although
the rain did not fall at a continuous high rate throughout the storm, high rates
apparently were maintained in some localities for periods as long as an hour.
These periods of sustained intensity occurred near the end of the storm. During
such periods the rainfall was alternately in the form of large drops and of con-
tinuous sheets of water similar to those coming from the eaves of a roof.

The remarkable similarity in the descriptions of each of these storms
is most striking. It indicates that they were all of the same general
type.

COLLECTION OF RAINFALL RECORDS

Radio and newspaper reports of the storm of July 17-18, 1942, were
exceedingly interesting. Accordingly, as rapidly as they became avail-
able, the official records of rainfall were studied. Although those
records indicated rainfalls of as much as 8 inches, it did not appear
reasonable that even that considerable amount of rain would have
sufficed to cause the flood and resulting damage, particularly as it
followed a drought. Therefore, the writer asked for and received
permission from the West Penn Power Co. to make a preliminary
investigation of the rainfalls that had occurred. A field trip was made
August 5 to 9, inclusive, and rainfall records were obtained from
about 50 amateurs. Among these was one reliable overflow record
showing more than 30.8 inches of rainfall. That record, along with
many other overflows and three total-storm records of 17.5, 18.5, and
19.0 inches, respectively, indicated that the storm had been one of
major intensity and that its rainfall warranted a thorough investiga-
tion. On another trip to the storm district August 15 and 16 the
writer obtained 23 more records.

Meanwhile in Pittsburgh the original findings were called to the
attention of the Weather Bureau, Geological Survey, and Corps of
Engineers. It was suggested that Interested agencies should meet
and plan a thorough field and office rainfall-investigation program that
would avoid duplication of work. Also, that other hydrologic phases
of the storm and storm damage, already under investigation by one or
more of these Federal bureaus, be discussed at the meeting and
coordinated with the rainfall program. This suggestion met with
approval.
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A meeting was held on August 17 in Pittsburgh with representatives
of the interested agencies present. Those attending the meeting came
to unanimous conclusions as follows:

1. All the subsequent runoff determinations should be made by the
Geological Survey, but a close liaison should be established between
the Survey and the collectors of precipitation data so that good and
sufficient field data on rainfall and runoff would become available
for correlation studies.

2. All available miscellaneous precipitation records should be col-
lected by the Corps of Engineers and the West Penn Power Co.
through a cooperative and systematic coverage of the storm area.

3. All rainfall data should be pooled and finally turned over to the
Weather Bureau.

The Corps of Engineers and the West Penn Power Co. thoroughly
searched the main storm area for rainfall records, except for a small
region west of Hornell, N. Y., which was only partly covered owing to
bad winter weather. The rainfall records obtained through this fur-
ther investigation, with regular and miscellaneous records previously
obtained, resulted in nearly 500 records of precipitation being made
available for the storm study.

It is worth while to point out to those who may sometime be inter-
ested in collecting miscellaneous rainfall records that the country,
rather than the city, is the place to obtain records. This is because
the farmer often has empty containers set out in the open, whereas the
city inhabitant rarely does. In northern Pennsylvania a record was
probably obtained for every 12 or 15 contacts in the country, whereas
there might not have been obtained 1 in 200 or 300 contacts in the
towns and cities.

It was found necessary to visit every farmer in the storm area, inas-
much as apparently one farmer rarely knew of a record that his neigh-
bor had. In fact, often within a family only one person might know
of the record. This was due not to reticence, but to lack of importance
of the record to the observer.

At first, no data were obtained except as to the actual rainfall, but
later a form was gradually evolved which brought in much pertinent
information, such as location of container, direction of wind and
clouds, presence or absence of hail and sheet runoff, beginning and
ending times for rain periods, time any adjacent stream was highest,
etc. A copy of the questionnaire in its final form is shown on figure
32. They were filled out through personal interviews.

The more than 400 records of rainfall thus obtained were used to
draw the isohyetal map contained in this report. If the precipitation
had not been so great—causing overflows—and the distribution had
been somewhat better, it would have been an excellent isohyetal map.
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STORM OF JULY 17-18, 1042, TN NORTHFRN PENNSYLVANIA

Hour and date this questionnaire was made out?
Auto mileage end on what stream, or distance end direction to a map location?

Did you have out eny empty bucket, tud, washboiler, milk can, Jar, oil drum,
or watering tank during the storm? If so, what was 1t?

Size of container?

Location of container and distance from nearest obstacle?

Depth of water in container?

Was this depth of water for all of storm or only part? If only part, what part?
Did container overflow?

If it overflowed, how much additional rain is estimated to have fallen?

Approximate time that heavy rain began Friday or Friday night and ended Satur-
day. Also times for any periods that rain was stopped or nearly so?

Direction of both storm movement {clouds) and ground wind, if any, at beginning,
during, and at end of storm.

Was there any hail before or during the storm, and if go when?
Time and length of period minor streems were highest on Saturday?
Did side-hill streams carry stones, and if so when?

Describe electricel features of storm.

Descride effects of heavy rainfall on roofs, cellars, chimneys, etc.

What was the appearsnce of the water flowing down the hillsides?
Name and Post Office address of person furnishing data?

Remarks, estimated acouracy of observations, reliability of observer, etc.
Use back of sheet if necessary,’

Depth of rainfall.

FIGURE 32.—Questionnaire used for recording miscellaneous rainfall information.

As it is, the map should represent fairly well the rainfall centers and
isohyetals. There undoubtedly are areas of low rainfall not found,
however, because they are in a large and practically uninhabited forest
reserve in one section of the storm area. A preliminary isohyetal map
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made in the offices of the West Penn Power Co. involved months of
work in drawing and redrawing isohyetals and in reviewing partial
records and other data. The preliminary map was used in the draw-
ing of the map prepared by the United States Weather Bureau.

FLOOD WAVES

Where the total precipitation was greatest over considerable areas,
the intense rains started about 8 a. m. Saturday. They fell on ground
completely saturated by 4 inches or more of rain that had fallen the
previous night. Not only was the ground saturated, but the streams
were very high and in some cases far out of their banks. With such
high stages, the streams were overwhelmed by the sudden inrush of
water from the tremendous Saturday forenoon rain. As a conse-
quence, flood waves from 1 to 3 feet in height formed on top of the
previous flood waters of many streams. These waves swept the full
length of streams having drainage areas of less than 100 square miles.

Near Port Allegany and north therefrom to the New York State
line, a single rolling wave about 1 to 3 feet high probably occurred in
the fairly large streams: Sartwell, Lillibridge, Twomile, Annin, and
Newell Creeks, Barden Brook, and Rock, McCrea, Kings, and Bells
Runs. Furthermore, for most of these streams the maximum stage
set by the wave was at least maintained, and in many cases increased
somewhat, during the period of heavy rain.

Where the total rainfall was the greatest in the Port Allegany
region, the larger streams seemed to remain near the maximum stage
for hours. In some cases, even the outpouring of the small hillside
gulches seemed to be at a tremendous but fairly steady rate. On the
other hand, near the edges of the heaviest rainfall areas, where there
were definite intervals between heavy downpours, there were also
definite recessions between flood peaks for small streams such as
Taylor Brook—a tributary of Bells Run—and Champion Hollow—
a tributary of Kings Run.

Many streams in other sections also had flood waves: Freeman
Run, Dexter Run, East Branch Clarion River, Straight Creek, South
Fork Straight Creek, and upper Portage Creek. There probably
were other streams on which the flood waves were unrecorded. Par-
ticularly is this true of smaller streams in the State Forest which
flow into First Fork Sinnemahoning Creek and the headwaters of
Sinnemahoning Portage. On East Branch Clarion River at Glenn
Hazel, where the drainage area is about 80 square miles, there were
three rolling waves, each apparently about 1% feet high and about
100 yards apart. The waves on this particular stream were a result
of intense rains Saturday afternoon.















.
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cent the known 24-hour amounts of May 30-31, 1889 (the Johnstown
flood). They also exceeded the all-time Pennsylvania 24-hour record
of 16.0 inches at Concord Township, Delaware County, on August 5,
1843 (see p. 148), the United States 12-hour record of 24.0 inches at
Ewan, N. J., on September 1, 1940 (see p. 151), and approached the
United States 24-hour record of 38.2 inches at Thrall, Tex., on
September 9-10, 1921.%

It cannot be said, however, that amounts of rainfall like those of
July 17-18, 1942, have never occurred before in the United States,
even within a narrowly but reasonably defined period of record. The
only certainty is that those amounts are among the highest for such
durations that have been measured. It is notable, also, that this
storm was one in an unusually extended series of excessive rainfalls
that occurred in Pennsylvania between early in March and the latter
part of August 1942.

Meteorological conditions near the earth’s surface on July 17-18
were characterized by a warm anticyclone centered over the South-
eastern States and the adjoining ocean. The flood area throughout
was south of a quasi-stationary front extending eastward from Minne-
sota through the Great Lakes and then southward through eastern
New York and New Jersey. The frontal system advanced slowly
northeastward during the 18th.

The warm anticyclonic circulation extended above 15,000 feet.
Around the western and northern periphery of the warm anticyclone
there was the usual flow of maritime tropical air. The moist air
stream was contmuous from the Gulf of Mexico to Buffalo, N. Y.
Over Buffalo on July 18 the air was unusually warm and moist even
for July 1942, which was not a dry month. Except in the surface
layer, where passage over the Great Lakes had induced an inversion,
the air showed conditional and convective instability up to 15,000 feet
and neutral equilibrium above that level. The precipitable water
content up to about 16,000 feet was computed to be 1.95 inches. This
is close to the maximum values of long record in the vicinity—for ex-
ample, 2.13 inches at Cleveland. A concurrent sounding of the upper
air at Sault Sainte Marie showed unusual warmth, moisture, and
instability extending even that far north.

Soundings of the upper air in the Mississippi Valley region indicated
decreasing pressure gradient with altitude and smooth anticyclonic
flow without much change in curvature. Over the New York-
Pennsylvania region, however, there was an increasing pressure
gradient with altitude and a rapid change of curvature in the flow
from anticyclonic to cyclonic. This was true at the 5,000-, 10,000-,
and 15,000-foot levels, indicating a deep zone of convergence. An

2 These United States 12-hour and 24-hour records supersede those previously published.
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area of saturation coincident with the heavy rainfall zone also was
apparent on one of the upper air charts prepared for this analysis.

The persistence of the zone of convergence over the region can be
considered the major cause of the heavy rain. Other factors, which
of themselves were not entirely effective impulses but which must be
given consideration as adding to the effect, were the orographic lift
of the unstable air mass from about the 600-foot elevation of Lake
Erie to the more than 2,000-foot elevations of the mountain ridges of
Pennsylvania and New York and the regenerating influence of the
locally formed dense, cold air mass in the zone of heavy rain. The
latter effect is an unusual illustration of how a thunderstorm zone
maintains its own existence.

In general, the areas of lowest temperature coincided with the heavy-
rain zone. Active cooling within the rain zone can be attributed to a
combination of causes other than reflection of solar radiation from
cloud tops. There was cooling of the air by conduction from cold
rain and by melting of hail. Airplane pilots’ reports during the period
indicated cloud elevations well above the freezing level. In addition,
however, the air was cooled by evaporation of rain. This is thought
to be the dominant cause of cooling. As a result of such evaporation,
the surface air would cool to its wet-bulb temperature, but the tem-
peratures observed in the rain zone were as low as 63° F., a tempera-
ture lower than the wet-bulb temperature of any surface air that could
have moved into the region horizontally. The indications are that in
a process of such convective intensity as the rainfall amounts imply
there was a large-scale exchange of air between the surface and aloft.
Examination of the radiosondes from Detroit, Mich., and Hunting-
ton, W. Va., both representative of some of the air undergoing con-
vergence over the area, shows wet-bulb temperatures aloft such as to
produce, by descent of air through heavy rainfall, surface tempera-
tures as low as 63° F.

The cooling thus accomplished produced a mass of cold, dense air
at the surface. A slight ridge of high pressure was associated with the
cold mass probably as a result of both the denser air and downward
accelerations which also contribute to a pressure rise. The demarca-
tion between cold and warm air became, in effect, a frontal zone, the
cold air spreading laterally to lift the warm air and also acting as a
barrier which the warm air overran, renewing and spreading thunder-
storm activity by both methods.

The frontal zone became pronounced at about sunset of July 17,
when heavy thunderstorms began over Cohocton, N. Y., and then
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spread fanwise, reaching Ridgway, Pa., between 2 and 3 a. m., July
18. A careful study of the data available shows that, while the
individual thunderstorms moved to the southeast in harmony with the
northwest winds aloft, the thunderstorm area was propagated towards
the southwest also. Such a propagation—to the right across the mean
upper-air current—has been noted in previous thunderstorm studies
and has been attributed to the hydrodynamical principle that cyclonic
vortices move (or propagate) to the right across the current in which
they are imbedded.

Between 3 and 6 a. m. July 18 the major extension of the cold-air
mass seemed to be to the northeast. The heavy-rain zone spread
with it, diminishing in the southwest. After 6 a. m. the edge of the
cold air, acting as a front, moved to the southwest again, bringing a
second period of heavy rain to the regions within its path.

Over the area of heavy rainfall the total precipitation resulted from a
succession of three downpours coinciding with the oscillations of the
cold air mass, the first and last outbursts being the most intense. The
greatest amounts were centered between Emporium, Coudersport,
Shinglehouse, and Smethport—unfortunately a region containing no
official rain gages. The isohyetal map (pl. 2) based largely on miscel-
laneous records, shows the effect of the persistent, mainly northwester-
ly, winds in elongating the isohyetal pattern in a southeastward
direction. Added to this effect was the southwestward-propagating
effect plus the spreading of the cold, dense air-mass formed at the sur-
face. 1t should be noted that equally plausible interpretations of the
miscellaneous rainfall reports could lead to different isohyetal values
near the storm center. Material differences in resulting duration-
depth data would become negligible for the larger areas but any dur-
ation-depth computations for areas under 100 square miles should be
classed as doubtful.

RAINFALL RECORDS

All available rainfall records for this storm, other than those few
that were rejected because their accuracy was too uncertain, are given
in tables 1 and 2. Table 1 contains the records for regular precipita-
tion stations and is based on the Weather Bureau report (1944). The
data have also been plotted in figure 35 to show the storm periods at
the different locations and their timing. The data have been revised
where necessary to correct known errors. The geographical positions
are as accurate as could be determined, but they may still be subject to
slight error for a few stations.
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Aliens Milis, Pa (46)

Bolivar , N.Y.g(47)
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Kane, Pa. (52)
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Ridgway , Pa.(58)

Salamanca,, N.Y.(60)
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Scandia, Pa. (61)

JULY 17 4
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Smethport , Pa._ (62)

JULY 17 18

Roymond,
Pa. (66)

2.50

JULY 17 18

FicUure 35.—Distribution of rainfall at recording-gage stations.
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Table 2 contains the rainfall records that J. E. Stewart, with the
Corps of Engineers cooperating, was instrumental in collecting, as
described on pages 71 to 74. They are arranged in order from north
to south by major drainage basins. The geographical positions were
checked thoroughly and should be as accurate as the maps available.
Unfortunately, much of the area is sparsely settled, and topographic
maps, based on surveys using modern methods and with the culture
reasonably up to date, were available for only very small parts of the
area. The quadrangle designation is given only for purposes of cross
reference to the Weather Bureau report. For that reason the quad-
rangle designation for each record is the same in both reports, except
for obvious typographical errors such as for No. 398, even though
some designations were found to be incorrect. The rainfall measured
represents the volume of the catch divided by the area of the opening
through which it was caught. At many locations, the reporter or
resident furnished information concerning more than one container.
The rainfall caught in each one is listed separately in table 2. When
several measurements were made using the same container, the
rainfall measured each time is given in italics in table 2. The total
. amount measured in each of these containers is then given immedi-
ately below in roman type; the time period for the total is not given
as it is merely the sum of the elapsed time for the separate measure-
ments. Under Remarks is given information on the intensity of
precipitation and factors that affected the accuracy of the catch.

Many of the records in table 2 were for parts of the storm period
only. They are useful to some extent in that they show an amount
by which the total precipitation is known to have been exceeded.
They would be more useful if they could be used as a basis for esti-
mating the total rainfall at that point. Several methods were investi-
gated by Stewart, who finally adopted the relation shown in figure 36.
The maximum rainfall for various intervals of time was picked off
the charts for several representative recording gages. These amounts
were expressed in percent of total storm rainfall and plotted in
figure 36. The heavy line in that figure represents a weighted average
that was used to estimate the storm rainfall from the partial records.
The procedure was to assume that the amount of rainfall measured
was the maximum that occurred during the storm for that length of
time. The measured rainfall was divided by the percentage of the
total rainfall occurring during the same length of time, obtained from
the average curve in figure 36. More than 50 estimates of total
rainfall given in table 2 were obtained by this method.

Records of rainfall of less than 1 hour duration were not used to
estimate total rainfall. The estimates were interpreted as the mini-
mum amount that could be expected for the total rainfall; the assump-
tion that the measured rainfall was the maximum was considered
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FIGURE 36.—Relation between percent of total rainfall and minimum time required for its occurrence.
unlikely in many instances. The method was tested by comparing
the estimated total rainfall, computed from a partial catch and figure
36, with the observed total catch in the same container. The results
were reasonably satisfactory. Admittedly the process is somewhat
crude, but with the tests made and the relatively small variations
shown by the observed data in figure 36, it was concluded that the
estimates obtained were of sufficient accuracy to be given weight in
drawing the isohyetal map (pl. 2).

Table 2 in manuscript form was checked by Mr. Stewart against
the original field notes so as to eliminate all errors in compiling the
table, insofar as possible. Several errors in previous work were
eliminated in that way.
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THE ISOHYETAL MAP

The drawing of an isohyetal map is anything but an accurate pro-
cedure. The best precipitation gage can catch only the rain that
falls at that particular spot. It is generally assumed that rainfall
varies rather uniformly between points of measurement, except for
possible topographic considerations. Such an assumption may not
be true. An intermediate gage as little as a hundred feet from one of
the points of measurement might have caught a rainfall significantly
different from that indicated by the adjacent points of measurement
for the same storm, especially if the rainfall were spotty, as during the
storm of July 18, 1942. When an isohyetal map is to be based on
miscellaneous observations of rainfall, such as given in table 2, the
task of drawing the isohyetal lines is exceedingly difficult. Did a con-
tainer that overflowed, barely overflow, or would it have been filled
two or three times more if it had been emptied? Do two containers
quite close together, but apparently catching radically different
amounts of rainfall, represent an actual variation in rainfall, a poor
location for a catch, or inaccurate information supplied by one or both
reporters? In using miscellaneous observations of rainfall, the most
satisfactory procedure is to accept all data at face value—and this
was done. There are usually several ways of interpreting the same
data, however, and it is frequently impossible to show that any one
interpretation is better than another.

The center of greatest precipitation shown on plate 2 is at Port
Allegany. There an isohyetal line was drawn to indicate a precipi-
tation of 35 inches. That amount of rainfall is based on miscellaneous
measurements 275 and 301. The rain at measurement point 275 was
caught in the glass jar shown in figure 37, which shows also the exposure
conditions of the jar as well as could be reenacted about a month after
the rain. This jar was set out about 7:45 a. m.; it filled with rain for a
catch of 30.8 inches, and then overflowed. Considering the un-
measured rainfall prior to 7:45 a. m. and the unknown amount lost by
overflow, it would appear that the rainfall at this point was at least
35 inches. That a tremendous rainfall occurred is further indicated
by the runoff conditions described under Flood Flows. Measurement
301 showed 18.2 inches of rain after 9:50 a. m. The latest that any
rain was reported in the vicinity was at 2 p. m., formeasurement 292.
That would mean that the 18.2 inches fell in less than 4 hours and 10.
minutes. The curve in figure 36 shows that 50.8 percent of the total
rainfall occurred in that time, from which an estimated total rainfall of
35.8 inches was obtained for measurement point 301. If the 18.2
inches fell in less than 4 hours, the computation procedure would
_ indicate an amount much greater than 35 inches. At the recording
gage in Smethport, about 8 miles away, only 32 percent of the storm
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STAGES AND DISCHARGES AT STEAM-GAGING
STATIONS

Stage and discharge records at stream-gaging stations within and
adjacent to the flood area are given on the following pages. For each
station there is given a station description, a table of daily mean dis-
charge for July and August 1942, and a table of gage heights and
discharges at indicated times for use in plotting hydrographs of the
flood. Daily mean discharges at these stations for the entire water
year 1942 have been published in Water-Supply Papers 951, 953, and
954, Surface Water Supply of the United States 1942: Part 1, North
Atlantic slope basins (includes Susquehanna River drainage basin);
Part 3, Ohio River basin (includes Allegheny River drainage basin);
and Part 4, St. Lawrence River basin (includes Genesee River drain-
age basin), respectively. Methods of obtaining the records are des-
cribed briefly in those reports and at greater length in the manual,
Stream-Gaging Procedure (Corbett and others, 1943).

Records of daily mean discharge alone are usually inadequate for
making any detailed studies of a flood such as that of July 1942. To
supply the data for the detailed studies necessary in connection with
flood control and forecasting, channel improvement, bridge openings,
and the design of hydraulic structures in relation to the flood channels
of streams is the object of this report. The table of stages and dis-
charges at indicated times has been included for that purpose. Some
of the gage heights in those tables, and the discharges based on them,
were not obtained from an actual gage-height record, perhaps because
the gage used was a nonrecording one, because the recording-gage
record was destroyed by the flood, or for some other reason. It is
often possible to obtain a fair record of gage height and discharge
by drawing a hydrograph through the plotted points representing
observed data, using other available information such as observers’
notes, meteorological information, studies of runoff at other gaging
stations on the same or adjacent streams, interpreted in the light of
intimate knowledge of the peculiar local conditions inherent to a
particular gaging station. As Geological Survey engineers usually
have access to more of such information than would normally be
available to other users of the records, and to complete the report
where it could be done with reasonable accuracy, they have made
estimates of detailed records wherever necessary.

The station description and the tables are largely self-explanatory.
The section headed ‘“maxima’” may need additional explanation:
The first paragraph gives the maximum stage and discharge during
the flood of July 1942; the second paragraph gives the maxima during
the preceding period of stream-flow record; and the third paragraph
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gives the maxima known outside the period of record, usually re-
stricted to those greater than within the period of record.

The gaging-station records are arranged by parts in the order used
in the annual reports on Surface Water Supply of the United States
referred to previously. The stations are grouped by parts in numerical
order of the parts and within each part are arranged in downstream
order, the stations on the main stem being given first followed by each
tributary in turn.

SUSQUEHANNA RIVER DRAINAGE BASIN
CANACADEA CREEK NEAR HORNELL, N. Y.

Locarion.—Lat. 42°20°05’/, long. 77°41'00’/, 35 feet downstream from Morris
Bridge, near city limits of Hornell, Steuben County, and 2 miles upstream
from mouth.

DRAINAGE AREA.—bB8.7 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph, except for period 4 p. m.
July 31 to 11 p. m. August 3.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 3,200 second-feet and extended to crest stage by logarithmic
plotting. Discharge July 31 to August 3 computed on basis of records for
nearby stations. Shifting-control method used August 4-31.

Maxima.—July 1942: Discharge, 6,080 second-feet 6:40 a. m. July 18 (gage
height, 7.07 feet).

1924-29, 1938 to June 1942: Discharge, 6,600 second-feet Mar. 17, 1942
(gage height, 7.35 feet).

The flood of July 1935 reached a stage of about 12.3 feet at present
site, obtained in 1940 from floodmarks (discharge, 21,000 second-feet by
slope-area method).

Daily mean discharge, in second-feet, 1942

|

Day July | Aug Day July | Aug Day July | Aug Day July | Aug.

10
9.8
9.2
9.2
9.8
9.2
8.6

July | Aug

Monthly mean discharge, in second-feet____ .. 42.5 15.7
Runoft, in inehes. e 0.83 0.31
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

QGage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour 'y oight| charge || HOU' Ineight| charge || HOW  |neight| charge || HOUT |height |charge
July 17 July 18— July 19—
Con. Con. 1.53 99
7.0 1.18 14 2.28 | 352 1. 77
7.9 1.28 26 2.18 | 309 1.7 60
7.9 1.40 44 2.10 276 1. 48
7.0 5.95 14,170 2.01 242
7.0 6.20 14, 570 1.94 1 217
12 4. 50 (2,190 .79 168
3.67 11.320 1.68 137 81
3.25 954 62
2.88 681 48
) B, 1.16 12 2. 61 517 36
2o 1.16 12 2.42 418 [ S 1. 59 ’ 114 28

SUPPLEMENTAL RE CORD.—July 18, 6:40 a. m., gage height 7.07 feet, discharge 6,080 second-feet.

KARR VALLEY CREEK AT ALMOND, N. Y.

Locarron.—Lat. 42°18’40"/, long. 77°45’05"', 500 feet downstream from Mec-
Henry Valley Creek, three-quarters of a mile upstream from mouth, and
1 mile upstream from Almond, Allegany County. Datum of gage is 1,353.68
feet above mean sea level (levels by Corps of Engineers).

DRAINAGE AREA.—27.6 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph except for period 5 a. m.
July 18 to 3 a. m. July 20 for which a graph was drawn based on floodmarks
and frequent readings of staff gage.

DiscHARGE REcORD.—Artificial control of concrete. Stage-discharge relation
defined by current-meter measurements up to 1,600 second-feet and extended
to slope-area measurement for crest gage height.

Maxima.—1942: Discharge, 5,900 second-feet 5:45 a. m. July 18 (gage height,
8.8 feet from floodmarks).

1937—41: Discharge, 3,800 second-feet March 31, 1940 (gage height,
5.8 feet, from floodmark) from rating curve extended above 1,600 second-feet
by logarithmic plotting.

- Daily mean discharge, in second-feet, 1942

Day | July 1 Aug. \ Day July | Aug Day July | Aug Day July | Aug.
1.1 11 3.0 || 17.-.__ 1.4 4.0 2.6 1.6
1.0 6.3 6.8 _| 513 3.2 2.9 L5
.9 4.7 4.4 | Al 2.6 4.0 1.4
.9 3.4 3.4 -l 28 2.1 10 1.4
.9 2.8 11 | 14 1.8 15 1.3
1.0 2.4 15 - 7.9 1.6 12 1.2
1.0 2.1 5.8 - 5.2 1.7 16 1.1

.9 2.5 4.2 )| 24.._____ 3.6 1.6

July Aug.
Monthly mean discharge, in second-feet. _______ oo 23.5 3.77
Runoff, in inches e .98 .16
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- )

Gage | Dis- Gage | Dis- Gage | Dis-
Hour |paight| charge | HOW {neight| charge | HOU'  |height| charge || HOUT |height|charge
July 17 July 18—
Con.

Noeo . 1.73 1.3 8.13 | 4,980 3.20 201 2.72 70
120 ... 1.82 2.8 5.70 | 2,120 3.13 176 2.68 63
4.90 | 1,350 3.06 154 2.63 54
4.40 910 3.01 139 2.59 48
4.06 658 2,96 126 2.52 38
1.89 4.7 3.77 479 2.92 115 2.48 33

1.91 5.4 3. 58 376 2.88 105

1.92 5.7 3.46 315 2.84 96

1.98 8.1 3.36 268 2.80 87

3.00 180 3.28 233

SUPPLEMENTAL RECORD.—July 18, 5:45 a. m., gage height 8.80 feet, discharge 5,900 second-feet.

WEST BRANCH SUSQUEHANNA RIVER AT KARTHAUS, PA.
Locarion.—At mouth of Mosquito Creek at Karthaus, Clearfield County. Gage
is at lat. 41°06'55’/, long. 78°06/40’’, 900 feet upstream from highway bridge,
1,200 feet upstream from Mosquito Creek, and 3.3 miles downstream from
Moshannon Creek. Datum of gage is 830.59 feet above mean sea level,
datum of 1929, New York-Pennsylvania supplementary adjustment of 1943,
DRAINAGE AREA.—1,462 square miles, including that of Mosquito Creek.
GAGE-HEIGHT RECORD.— Water-stage recorder graph.
Di1scHARGE RECORD.—Includes flow of Mosquito Creek. Stage-discharge relation
defined by current-meter measurements up to 52,000 second-feet.
Maxima.—July 1942: Discharge during flood period, 1,120 second-feet 2 a. m.
July 19 (gage-height, 2.15 feet).
1918-20, 1940 to June 1942: Discharge, 50,900 second-feet Apr. 1, 1940
(gage-height, about 13.9 feet).
1889-1917, 1921-39: Discharge, about 135,000 second-feet March 18,
1936 (gage-height, about 24.5 feet, from floodmark at highway bridge).

Daily mean discharge, in second-feet, 1942

|
Day July | Aug. ‘ Day July | Aug. Day July | Aug. Day July | Aug.
- [ T T
633 386 || 9.._____. 410 312 || 17 308 527 || 25 348 701
786 141 o379 431 | 18 __. 550 481 || 26.. 317 576
930 416 - 384 481 || 19_______ * 874 420 316 453
722 415 - 379 400 || 20.__. _,.!‘ 588 350 || 28__ 311 390
594 359 - 350 359 || 21.______ 457 321 || 29__ 290 354
521 326 - 335 447 || 22.______ 407 316 || 30._ 301 326
510 280 321 405 £ SRR 372 552 | 31 348 208
458 263 || 16.______ 289 359 |f 24 ____ 346 800
July ‘I Aug.
Monthly mean discharge, in second-feet . ___________ . iiiiio.... 456 ‘ 418
Runoff, in inches_____ e 0.36 | 0.33
|
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour heighti charge Hour height; charge Hour height|charge
July 17
0.97 302 1.60 652 171 730 1. 48 576
1.00 316 1.68 708 1.76 769 1.43 545
1.00 316 1.82 817 1.84 834 1.38 515
1.00 316 1.93 912 1.82 817 1.34 492
2.08 1, 050 1.77 777
1.72 738
1. 00 316 N_o_-- 1.28 458
1. 07 350 215 1,120 12 .. 1.22 426
1.08 354 2.07 1, 040 1.67 701
1.13 379 2.01 984 1.62 666 July 22
1.17 400 1.93 912 1.57 633
1.27 453 1.84 834 1.53 607 |1 N_o_.____ 1.18 405
1.47 570 1.77 777 1.51 594 || 12._.._ 1.15 390

WEST BRANCH SUSQUEHANNA RIVER AT RENOVO, PA.

Location.—Lat. 41°18'50"’, long. 77°44’45"', at highway bridge at Renovo,
Clinton County, 1 mile upstream from Paddy Run. Datum of gage is
633.99 feet above mean sea level, unadjusted.

DrAINAGE AREA.—2,975 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph.

DisCHARGE RE CORD.—Stage-discharge relation defined by current-meter measure-
ments up to 90,000 second-feet and extended to slope-area measurement for
crest gage height of flood of Mar. 18, 1936.

Maxima.—1942: Discharge, 117,000 second-feet 11:55 p. m. July 18 (gage height,
18.92 feet).

1895-1903, 1905—42: Discharge, 236,000 second-feet March 18, 1936
(gage height, 29.39 feet, from floodmark in gage shelter).

1846-94, 1904: Discharge, about 211,000 second-feet June 1, 1889 (gage
height, 27.3 feet, from floodmark).

Daily mean discharge, in second-feet, 1942

Day July | Aug. Day July | Aug. Day July | Aug. Day July | Aug.
860 780 1| 17 445 1,540
683 840 [ 18_.. 26, 800 1,220
683 | 1,100 || 19___ 64, 800 990
691 957 15, 800 820
651 830 8,010 744
566 | 2,180 5,180 700
500 2, 380 3,820 643

465 | 1,910 2, 960

Aug.
Monthly mean discharge, in second-feet. . .. iiiciiiao- 1,262
Runoff, In inehes. e meeieeeeen . 0.49
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour |,5icht! charge || BOY  |height| charge || BOW |neight| charge || HOW |height|charge

July 17 July 19
2.91 | 4,800
2.80 | 4,560
2.70 | 4,320
2.60 | 4,080
2.52 | 3,850
2.44 | 3,740
2.43 3,740
2.40 | 3,630
2.31 | 3 420
_______ 2.06 | 2 92
_______ 1.88 | 2,650

3.03 | 5180

SUPPLEMENTAL RE CORD.—July 18, 11:55 p. m., gage height 18.92 feet, discharge 117,000 second-feet.

SINNEMAHONING CREEK AT SINNEMAHONING, PA.

Locarion.—Lat. 41°18’45'/, long. 78°05’30"/, a quarter of a mile upstream from
Grove Run and 3,500 feet upstream from Pennsylvania Railroad bridge at
Sinnemahoning, Cameron County. Datum of gage is 769.36 feet above mean
sea level, datum of 1929, New York-Pennsylvania supplementary adjustment
of 1943.

DRAINAGE AREA.—699 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph.

DiscuArRGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 17,000 second-feet and extended to slope-area measurement for
crest gage height.

Maxima.—1942: Discharge, 59,800 second-feet 10:45 p. m. July 18 (gage height,
21.58 feet).

1938-41: Discharge, 19,100 second-feet March 31, 1940 (gage height,
10.57 feet). Maximum stage known, 21.94 feet March 18, 1936, from flood-
mark (discharge, 61,200 second-feet).

Daily mean discharge, in second-feet, 1942

Day July | Aug. Day July | Aug. Day July | Aug. Day July | Aug.
155 518 246 217 116 502 {| 26-_._._. 951 288
170 416 196 362 18, 400 437 11 26._____ 729 221
149 422 200 333 24, 400 339 || 27_..____ 768 177
133 316 233 231 6, 260 277 || 28 . 721 158
126 256 177 212 3,150 241 || 29 __.__ 588 150
236 221 149 486 1,920 217 || 30...._.. 516 147
934 199 133 370 1, 500 284 || 31...____ 481 129
382 190 118 437 . 383
‘ July ’ Aug
Monthly mean discharge, in seConaA-feet - . . - oo oo 2,105 295
Runoff, in inches e 3.47 0.49
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- | Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour height| charge Hour height| charge Hour height|charge
July 17 July 18— July 21
Con.
6. 1.66 113 10.10 4,74 | 3,520
118 9.19 4.53 | 3,160
118 8.59 4.33 | 2,800
120 8.07 4.09 | 2,370
7.62
7.28
145
260 Noooo_. 3.81 | 1,900
485 6.60 | 7,410 ¢ 12...__._ 3.63 | 1,620
1,210 6.05 6,020
2, 640 5.55 5, 060
5,480 5.06 | 4,080
7,410

SUPPLEMENTAL RE CORD,—July 18, 10:45 p. m., gage height 21.58 feet, discharge 59,800 second-feet.

DRIFTWOOD BRANCH SINNEMAHONING CREEK AT STERLING RUN, PA.

Locarion.—Lat. 41°24’25'/, long. 78°11/35"/, at highway bridge at village of
Sterling Run, Cameron County, 300 feet upstream from Sterling Run.
Datum of gages is 894.84 feet above mean sea level, datum of 1929, New York-
Pennsylvania supplementary adjustment of 1943.

DRAINAGE AREA.—281 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph from recording gage at high-
way bridge, July 1-19, and thereafter twice-daily readings on staff gage, 800
feet upstream.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 800 second-feet and extended to slope-area measurement for
crest gage height.

Maxima.—1942: Discharge, 47,800 second-feet 8:45 p. m. July 18 (gage height,
14.7 feet at recording-gage site and 15.0 feet at staff gage; both from flood-
marks).

1913-41: Discharge, 28,400 second-feet Mar. 17, 1936 (gage height, 12.0
feet from graph based on staff-gage readings).

Daily mean discharge, in second-feet, 1942

Day | July | Aug. Day July | Aug. Day July | Aug. Day July | Aug.
69 230 (| 9.cooo 47 115 || 17 31 300 442 99
45 208 -| 26 204 |f 18 _._ 16, 300 219 313 75
28 183 -7l 132 | 19..._.__ 15, 300 170 395 64
19 138 -l 76 99 || 20._.___. 2, 870 144 317 57
18 118 -] 30 102 121 278 57
61 104 219 270 107 246 53
186 89 o] 13 163 132 242 46

98 89 || 16._..._- 8.3 170 132

July Aug.
Monthly mean discharge, in second-feet ... .. 1,308 135
Runoff, in inches._ 5.37 0. 55
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- . | Gage | Dis- Gage | Dis- . Gage | Dis-
Hour \peioht| charge || HOU' |neight| charge || HOUT |neight| charge | HOU |height|charge
July 17 July 18— July 19— July 21
Con. Con.
6. 3.91| 1,550
N 3.70 1,340
6. 3.48 1,140
12 ... 3.28 960
July 22
6. 3.14 840
N_o.__.. 3.02 725
[ 2.92 655
12 2. 86 622

SUPPLEMENTAL RE CORD.—July 18, 8:45 p. m., gage height 14.70 feet, discharge 47.800 second-feet.

KETTLE CREEK AT CROSS FORK, PA.

Location.—Lat. 41°2815/, long. 77°49/50/, at bridge on State Highway 144,
0.2 mile downstream from Potter-Clinton County line, and 0.9 mile down-
stream from Cross Fork, Potter County. Datum of gage is 1,027.12 feet
above mean sea level, adjustment of 1912.

DRrAINAGE AREA.—136 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 2,000 second-feet and extended above.

Maxmva.—July 1942: Discharge, 2,960 second-feet 11:45 a. m. July 18 (gage
height, 5.97 feet).

1940 to June 1942: Discharge, 6,100 second-feet May 22, 1942 (gage
height, 7.98 feet).

Maximum stage known, about 14.0 feet March 18, 1936, from informa-
tion by local residents (discharge, about 20,000 second-feet).

Daily mean discharge, in second-feet, 1942

Day | July | Aug. Day July | Aug. Day July | Aug. Day July | Aug.
37 100
33 84
29 79
26 66
25 60
44 58
57 52
33 60

Monthly mean discharge, in second-feet
Runoff. in inches
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour \yaioht! charge || HOU' |height! charge || HOY  |neight| charge | BOUF |height|charge
July 17 July 19— July 21
Con.
Nooeoon 1.17 2,640 || 8_.. 4. 58 1,600 || 6. 2.87 486
12 .. 1.20 2,580 || 10. 4,47 1,460 || N 2,77 445
2,680 || D 4.35 1,380 || 6 2.63 388
July 18 2,620 || 2. 4.23 1,300 || 12_....__ 2.52 342
2,470 || 4. 4.11 1,180
2. 1.25 2,370 || 6o 3.99 1,1
4o 1.28 2,270 || & ... 3.88 1,
6o 1. 58 2,220 || 10.______ 3.79 327
T2 4. 50 2,120 | 12....... 3.72 302
8 e 4.88 2,070 275
Qe 4.75 252
100 .. 5.24
1. 5.73 3.52
No__._.. 5.95 1,920 3.33
) D 5.82 1, 820 3.12
2. 5.65 1, 690 2.97

SUPPLEMENTAL RE CORD.—July 18, 11:45 a. m., gage height 5.97 feet, discharge 2.960 second-feet.

PINE CREEK AT CEDAR RUN, PA.

Locarion.—Lat. 41°31'20’/, long. 77°26’55’’, at highway bridge at village of
Cedar Run, Lycoming County, 2,000 feet downstream from Cedar Run.
Datum of gage is 781.96 feet above mean sea level (New York Central Rail-
road bench mark).

DrAINAGE AREA.—604 square miles.

GAGE-HEIGHT RE CORD.— Water-stage recorder graph.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 10,000 second-feet and extended to slope-area measurement for
crest gage height of flood of March 18, 1936.

Maxmma.—July 1942: Discharge, 10,200 second-feet 7 p. m. July 18 (gage height,
6.50 feet).

1918-41: Discharge, 30,900 second-feet March 18, 1936 (gage height,
11.39 feet).

Daily mean discharge, in second-feet, 1942

Day July | Aug. Day July July | Aug. Day July | Aug.

123 522 117 69 1,030 454 263
119 383 100 4, 940 802 376 224
104 330 104 5, 570 637 412 189
93 274 143 2, 320 522 474 170
90 235 105 1,310 417 476 373
112 209 &0 882 356 454 272
223 184 75 664 330 449 194

166 189 69 522 311

|
July | Aug

Monthly mean discharge, in second-feet__ ... 683 391
Runoff, in inches______ el 1.30 0.75

971774—52——F6
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour |1aight charge Hour |peight| charge | HOW  |height|charge
July 17 July 19— July 20—
Con. Con.
N.oaaen 1.12 69 5. 63 690
12...... 1.14 75 5.43 654
5.23 628
5.00 595
4.82
1.47 209 4,62
1.86 454 4.46
2.02 578 4.32 545
2.27 802 4.17 506
3 1, 680 4.03 483
4.92 | 5,590 3.89 468
5.78 | 8,100
5.97 | 8,700
6.42 | 9,900
6. 50 | 10,200 3.78 439
6.43 | 9,900 3.68 468
6.23 | 9,300 3. 58 439
6.05 | 8,700 3.52 417
3.44
3.38
3.32
2. 5.83 | 8,100 3.24

ALLEGHENY RIVER DRAINAGE BASIN
ALLEGHENY RIVER AT ELDRED, PA.

Locarion.—Lat. 41°57/50'/, long. 78°23710"’, at site of former highway bridge,
1,000 feet upstream from Knapp Creek, and half a mile north of Eldred,
McKean County. Datum of gage is 1,416.20 feet above mean sea level,
unadjusted.

DRAINAGE AREA.—550 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph, except for period 10:30
p. m. July 18 to 11:30 a. m. July 26 for which a graph was drawn based on
floodmark, twice-daily readings of inside gage July 21-25, information from
local residents, and records for station at Red House, N. Y.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 12,000 second-feet and extended to crest gage height on the basis
of slope-area measurement at Bullis Mills, 4.2 miles downstream.

Maxima.—1942: Discharge, 55,000 second-feet 9:30 a. m. July 19 (gage height,
27.60 feet, from floodmark).

1915—41: Discharge, 12,900 second-feet Apr. 5, 1940 (gage height, 18.48

feet).
Daily mean discharge, in second-feet, 1942

Day July | Aug. Day July | Aug. Day July | Aug. Day July | Aug.
126 159 604 || 17.______ 96 493 || 25. 304
140 130 556 _|11, 400 524 (| 26__ 257
120 439 508 ~|48,100 406 || 27.. 228
109 349 379 _|24, 353 || 28.. 210
111 366 _|10, 500 316 (| 29. 203
263 151 540 -1 6, 304 {| 30.. 199
392 125 463 -] 4,180 392 || 31 183

242 106 379 || 24._____. 2,770 392

July | Ang.
Monthly mean discharge, in second-feet . . eo_ 3,893 453
Runoff, in inches.. . e 8.16 0.95
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour 1pcisht| charge || HOUr height[ charge || HOUT Iheight| charge || HOUT  |height |charge
July 17 | July 18—
18.00 26.35 | 47,000 20.65 | 17, 600
19.80 26.00 | 44,600 20.30 | 16, 600
22,00 25. 55 | 42, 200 20.00 | 15,
24.15 25.05 | 38,600
25. 20
19.10 | 12,800
24,60 | 36,200 18.15 | 10, 600
25.90 24,15 | 34,200 17.20 8, 680
26. 40 23.70 | 31,700 16.30 7, 600
26. 90 23.25 | 29,200
27,45 22.80 | 27,200
27.60 22.30 | 24,
27. 50 21.85 | 22,600 || N______. 14,95 6, 240
- 27.10 -| 21.40 | 20,800 |} 12._..... 13.65 5,120
26.70 20,95 | 19,200

SUPPLEMENTAL RE CORD.—July 19, 9:30 a. m., gage height 27.6 feet, discharge 55,000 second-feet.

ALLEGHENY RIVER AT RED HOUSE, N. Y.

LocarioNn.—Lat. 42°06’50"’, long. 78°48’15"/, at site of old highway bridge in Red
House, Cattaraugus County, and 0.7 mile upstream from Meetinghouse Run.
Datum of gage is 1,327.68 feet above mean sea level, datum of 1929.

DRAINAGE AREA.—1,690 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph.

DISCHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments. ’
Maxima.—1942; Discharge, 45,300 second-feet 8:30 a. m. July 20 (gage height,

14.55 feet).
1903-41: Discharge observed, 41,000 second-feet March 2, 1910 (gage
height, 13.6 feet); gage height, 13.78 feet March 4, 1934 (ice jam).

Daily mean discharge, in second-feet, 1942

Day July | Aug. Day July | Aug. Day July | Aug. Day July | Aug.
1,170 324
1, 360 8, 210
1, 360 36, 800
1,120 44, 200
962 700
1,030 000
1,120 0,000
949 6,040

Monthly mean discharge, in second-feet
Runoff, in inches
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour height| charge Hour height| charge Hour height/charge

13.13 8.23 | 11,200

13.35 7.81 | 9,680

13 54 7.52| 8690

13.72 .22\ 7,710

13.86

13.98

14,11

14.24 6.65 | 6,000
6.13 | 4, 500

14.35 | 44,

14.44 | 44600 || Juiygz| | || N_______ 5.75 | 3,650

4.49 | 44900 || | 1 |12l 552 | 3,120

14. 53

14. 54

14.52

14,48

14.42 | 44, 500

SUPPLEMENTAL RE CORD.—July 20, 8:30 a. m., gage height 14.55 feet, discharge 45,300 second-feet.

ALLEGHENY RIVER NEAR KINZUA, PA.

Locarion.—Lat. 41°50’50"/, long. 78°59'30’/, at Pennsylvania Railroad bridge,
half a mile upstream from Bent Run, 2 miles southwest of Kinzua, Warren
County, and 2.3 miles downstream from Kinzua Creek. Datum of gage is
1,200.00 feet above mean sea level (Corps of Engineers, U. 8. Army, bench
mark).

DRAINAGE AREA.—2,179 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments. Shifting-control method used July 1-17.

Maxima.—1942: Discharge, 46,800 second-feet 5 p. m. July 20 (gage height,
17.70 feet).

1935-41: Discharge, 42,000 second-feet March 28, 1936 (gage height,

16.69 feet).
Daily mean discharge, in second-feet, 1942
|
Day July | Aug !i Day ‘ July | Aug. Day July | Aug. Day July | Aug.
|
563 | 3,290 (| 9________ 775 | 1,420 1,200
566 2,960 || 10.______ 612 1,760 1,010
510 | 2,480 || 11_______ 947 | 1,700 870
510 | 2,160 || 12._____ 1,480 | 1,510 784
486 | 1,830 || 13...2C 1,140 | 1,290 748
849 | 1,570 '| 14.__ . 811 | 1,250 714
802 1,380 |y 165 ... 612 1, 380 681
900 | 1,240 “ ST 517 | 1,310
‘ July l Aug.

Monthly mean discharge, in second-feet_ ___________ e

7,086 1,414
Runoff, in inches_ e 3. X

75 0.756
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Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour |y.ight| charge | HOU' |height| charge || HOY |height| charge || Y |height | charge
July 17 July 19~ July 21— July 24
' Con. Con.
4. 5.31 468 14,51 9. 54 9, 990
8 . 5.33 480 14,76 9.32 | 9,300
N 5.35 492 15.10 9.11 8, 630
4 . 5.35 492 15. 50 8.89 7,970
8 5.35 492 15.87 8.69 7,330
120 ... 5.34 486 16.17 8.49 6, 710
16.43 3
16. 65 15.79 | 37,600 July 25
15.52 | 36,200
5.33 480 15.25 | 34,800 [} N_______ 8.00 5, 260
542 | 543 12070 7.66 | 4,340
5.76 840 16.85
6.36 1,670 17.06 July 26
9.05 { 8,300 17.25 14.70 | 32,400
10.41 | 13,800 17. 41 14,14 | 29,600 || N_______ 7.46 3,860
10.89 | 15,400 17. 52 13.56 | 27,300 || 12.______ 7.41 3,740
10.76 | 15,000 17.61 13.01 | 24,500
10.66 | 14, 600 17.67 12.51 | 22,300
10.81 | 15,000 17.69 12,01 | 20, 100
11.63 | 18, 400 17.69
12.65 | 22,700 17. 65
17. 59
17. 51 11.56 | 18,400
11.10 | 16,200
o 13.55 | 27,300 10.67 | 14,600
[ S 14.01 | 29,100 10.30 } 13,000
[ 14,22 | 30,000 || 2.___.___ 17.42 10.00 | 11, 800
8 . 14.35 | 31,000 || 4._...._. 17.32 9.75 | 11,100

SUPPLEMENTAL RECORD.—July 20, 5:00 p. m., gage height 17.70 feet, discharge 46,800 second-feet.

CLARION RIVER AT RIDGWAY, PA.

Locarion.—Lat. 41°25, long. 78°44/, at bridge on Main Street in Ridgway, Elk
County, 50 feet downstream from Elk Creek. Datum of gage is 1,361.62
feet above mean sea level, unadjusted.

DRrAINAGE AREA.—303 square miles.

G AGE-HEIGHT RECORD.—From graph based on floodmark, twice daily readings of
chain gage, and local information.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments up to 12,000 second-feet and extended to slope-area measurement for
crest gage height. Shifting-control method used except July 16-25.

Maxmva.—July 1942: Discharge, 34,000 second-feet 1 a. m. July 19 (gage height,
16.4 feet).

1940 to June 1942: Discharge, 6,940 second-feet March 9, 1942 (gage
height, 8.0 feet). The flood of March 1936 reached a stage of 14 feet (dis-
charge, 24,000 second-feet).
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Daily mean discharge, in second-feet 1942

Day | July July | Aug. Day July | Aug. Day July | Aug.
1. 1568 88 326 86 412 792 191
2 .- 93 73 326 4, 550 276 545 165
S T 73 183 235 12,100 227 1,210 148
4o 75 117 187 , 020 199 905 135
bo____.. 77 83 327 1, 620 180 615 141
6. 207 73 448 1, 060 176 545 126
Y (SR 288 61 252 1,620 326 511 120
- S 117 58 280 980 257

July Aug
Monthly mean discharge, in second-feet__ . o 1,032 249
Runoff, ininches e 3.93 0.95

Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour height| charge Hour height| charge Hour height|charge
July 17 July 18— July 19— July 21—
Con. Con. Con.
- O 6.50 | 4,720 3.30 [ 1,620
100 6.20 4,370 3.20 1, 540
120 ... 6.00 | 4,150 3.10 | 1,460
3.00 [ 1,380
July 20
4 .. 5.60 | 3,710 2,90 | 1,300
8 - 5.30 3,400 2.70 1,140
N.ooooon 4.90 | 3,020 2. 50 980
4. 4.60 | 2,750 2.50 980
& . 4.30 2, 480 2.70 1, 140
12 . .. 4.00 | 2,220 3.00 | 1,380
July 21
[ 3.80 | 2,040
[T 3.50 | 1,79

GENESEE RIVER DRAINAGE BASIN
GENESEE RIVER AT SCIO, N. Y.

Locarion.—Lat. 42°09’50’’, long. 77°58'50"/, at highway bridge, 0.4 mile up-
stream from Vandermark Creek, and three-quarters of a mile upstream from
Scio, Allegany County.

DRrAINAGE AREA.—309 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph except for period August

15-21.

DIscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments. Discharge for period August 15-21 computed on basis of records
for nearby stations.

Maxiva.—1942: Discharge, 9,740 second-feet 12:30 p. m. July 18 (gage height,
9.74 feet).

1916-41: Discharge observed, 10,600 second-feet May 22, 1919 (gage
height, 10.1 feet, present datum) from rating curve extended above 3,600
second-feet by logarithmic plotting.
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Daily mean discharge, in second-feet, 1942

Day | July | Aug Day July i Aug. Day July | Aug. Day July | Aug.
104 539 60 194 44 161 266 161
82 363 58 78 5, 830 206 233 136
67 311 166 221 3,100 209 331 119
60 249 112 180 1,190 180 955 112
60 212 76 185 6 161 1, 050 115
73 180 64 364 500 235 634 106
107 159 52 209 420 276 616 95

74 159 44 183 318 212

July Aug.
Monthly mean discharge, in second-feet__.____ 562 212
Runoff. ininches_ ... 2.10 0.79

Gage height, in feet, and discharge, in second-feet, at indicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour height| charge Hour height| charge Hour height|charge
July 17 July 21

119 43 9.41 5.95 3.07 734

1.19 43 9.71 5,57 2.98 684

1.19 43 9. 58 5.29 2.89 637

1.19 43 9.38 5.01 2.74 562

1.19 43 9.02 4.82

1.33 65 8.81 4.59

se) L i T
8.75 4. 01 2.60 495
87 2. 54 468

1.90 201 8.73 2.59 490

2.84 588 8.67

; 29 1 858 8.53 3.92

. 83 .24 8.33 3.91 2

464 | 1,940 3.94 9 % gﬁé

5.68 1 3,020 3.95 )

6.67 | 4 260 3.94

7.30 | 5,170 7.7 3.88

7.89 6, 110 7.11 3.57 2.17 318

8. 58 7,330 6. 46 3.25 2.08 286

SUPPLEMENTAL RE CORD.—July 18, 12:30 p. m., gage height 9.74 feet, discharge 9,740 second-feet.

GENESEE RIVER AT ST. HELENA, N. Y.

LocarroNn.—Lat. 42°37/20’7, long. 77°59'20’’, at highway bridge in St. Helena,
Wyoming County, 114 miles downstream from Wolf Creek, and 3 miles east
of Castile.

DrAINAGE AREA.—1,017 square miles.

GAGE-HEIGHT RECORD.— Water-stage recorder graph.

DiscHARGE RECORD.—Stage-discharge relation defined by current-meter measure-
ments.

Maxima—July 1942: Discharge, 18,900 second-feet 12:15 a. m. July 19 (gage
height, 10.06 feet).

1908-41: Discharge, 44,400 second-feet May 17, 1916 (gage height, 12.8
feet), from rating curve extended above 29,000 second-feet by logarithmie
plotting.
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Daily mean discharge, in second-feet, 1942

Day July 1 Aug. Aug. Day July | Aug. Day July | Aug.
221 | 1,330 400 (| 17 .. .. 167 438 || 26 _____ 695 600
242 | 1,020 586 | 8,820 586 - 605 552
2 775 783 _[11,200 - 636 359
184 720 604 _| 4,070 376 - 700 242
158 602 448 _1 2,030 336 -1 1,700 354
156 487 529 | 1,260 308 211,740 446
184 411 694 _| 1,010 334 (| 31._...__ 1,310 440

184 368 472 | 24 ___.__ 874 439

July Aug.
Monthly mean discharge, in second-feet _ _______ e 1,308 532
Runoff, indnehes s 1.49 0. 60

Gage height, in feet, and discharge, in second-feet, at tndicated time, 1942

Gage | Dis- Gage | Dis- Gage | Dis- Gage | Dis-
Hour height| charge Hour height| charge Hour height| charge Hour height|charge
July 17
2.55 163 6.75 | 6,060 4.80 | 2,290
2.54 159 6. 61 5, 700 4.53 1,930
2.60 182 6. 51 5, 460 4.37 1,730
2.53 155 6.40 5, 200 4.19 1, 530
2.48 137 6.29 | 4,950
2.50 144
42,74 245
July 19 3.90 1,210
July 18 6.20 | 4,750 3.75 1,0
1 10,03 | 18,800 6.13 | 4,600
1. 2,86 307 {| 2 9.96 | 18, 400 6.07 | 4,480 July 23

2.84 296 (| 3 9.84 | 17,800 6.04 | 4,
2,82 285 || 4 9.69 | 17,000 6.06 | 4, 6. 3,74 1,050
2.91 335 || 5 9. 55 | 16,300 6.09 | 4, 3.65 960
3.29 614 || 6 9.37 | 15,500 6.09 3.72( 1,030
3.45 762 || 7 9.17 | 14, 600 6.13 600 3.68 990
3,49 800 || 8 8.95 | 13,600 6.15 640
3.45 762 || 9 8.73 | 12,600 6.12 | 4,580 July 24
3.48 791 1| 1 8.56 | 11,900 6.09 ) 4,520
7.38 | 7,740 || 11 8.35 1 11,100 6.04 | 4,410 || 6. 3.67 980
8.24 110,700 || N 8.21 | 10, 500 5.92 | 4,170 | N 3. 52 830
8.21 | 10,500 || 1 8.06 | 9,950 5.74 | 3,830 3.53 840
8.30 | 10,900 ! 2 7.87 | 9,260 5.53 | 3,440 3.44 752
8.56 | 11,900 |} 3 7.68 | 8,640 5.35 | 3,140
8.81 | 12,900 || 4 7.48 | 8,030 5.22 | 2,920
9.05 | 14,000 || 5 7.26 | 7,410 5.12 | 2,760
9.26 | 15,000 [ 6. 7.07 | 6,890
9.46 | 15,900 || 7_ 6.91 6,470

SUPPLEMENTAL RECORD.—July 19, 12:15 a. m., gage height 10.06 feet, discharge 18,900 second-feet.
SUMMARY OF FLOOD DISCHARGES

The maximum discharges at gaging stations in and adjacent to the
flood area, together with the miscellaneous measurements of peak dis-
charge by. slope-area, contracted-opening, and similar methods, are
summarized in table 4. The gaging stations are indicated in the
proper column by the period of record available, to and including 1942.
The places of miscellaneous measurement are indicated in the same
column by the method of measuring. When slope-area and similar
methods of measuring the peak discharge are used at a gaging station,
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there is usually additional information available so that the peak dis-
charge given for the gaging-station record is not based on the measure-
ment alone. There is, therefore, no particular point in indicating, in
table 4, slope-area and similar measurements made at gaging stations,
especially as they are discussed in the station descriptions in the pre-
ceding section.

The index numbers used in table 4 are those used for the same points
in tables 1, 3, 4, 1-A, 3-A, and 4-A of Water-Supply Paper 847, Max-
imum discharges at stream-measurement stations through December
31, 1937, with a supplement including additions and changes through
September 30, 1938. For those places not given in Water-Supply
Paper 847, new index numbers were assigned using the same decimal
system. The places of measurement also are identified on plate 2
by these index numbers.

The maximum flood previously known may include a flood outside
the period of record, the general aim being to list the highest flood for
which the discharge is known. The gage heights of all floods listed
are the gage heights of the maximum discharge unless qualified other-
wise. Other information in table 4 is considered self-explanatory.
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The maximum discharges, in second-feet per square mile, for the
flood of July 1942 as given in table 4 are plotted with respect to the
drainage area, in figure 43. Such a diagram is helpful in comparing
the relative size of the flood in streams draining basins of different
size. The size of a drainage basin, though important, is only one of
many factors that influence the magnitude of the runoff. Some of the
other factors are slope and shape of drainage basin, vegetative cover,
and underlying rocks. As an aid to those who use a flood formula
expressing the discharge in terms of the square root of the drainage
area, a guide line representing 5,000/+/drainage area has been drawn
on figure 43. All measurements of drainage areas of less than 1
square mile and especially those less than 0.1 square mile are subject
to errors that may be quite large owing to the small-scale maps on
which they were measured.

RAINFALL AND RUNOFF STUDIES

Studies of the volume of flood runoff and the precipitation required
to produce it are often made to obtain basic information useful in other
flood studies and in estimating floods produced by other storms. To
obtain such basic information requires that both the data on rainfall
and the data on runoff be complete in themselves and reasonably free
of error.

There were only six gaging stations with drainage basins lying with-
in, or mostly within, the 4-inch isohyetal lines on plate 2. At one of
the gaging stations there was a staff gage only, and at two others staff-
gage readings were used to fill in some of the gaps in the record from
water-stage recorders. In preparing flood hydrographs for periods
not based on continuous records of gage height, rainfall information
was used as a matter of course as an aid in their definition. Thus at
three gaging stations the runoff cannot be considered as having been
obtained independently of the rainfall. With only three gaging sta-
tions at which the runoff was computed independently of the rainfall,
and a total of six gaging stations in the storm area, it would seem that
little basic rainfall-runoff information could be obtained for this flood.
This conclusion is supported by the fact that, as explained on page 116,
the interpretations made in drawing the isohyetal map were influenced
strongly by the runoff as computed for the stream-gaging stations.

The rainfall-runoff studies made for this report are considered as a
test of the reasonableness of the data given. They also show what is
believed to be the actual relationship between the two quantities.
The data are not considered good enough for use in other flood studies.

The results of the rainfall-runoff studies are given in table 5. The
average depth of rainfall on each drainage basin was obtained by
planimetering the isohyetal map (pl. 2). The direct storm runoff and
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apparent ground-water recharge were obtained from the discharge
hydrograph in the following manner: The recession curve, for flow
before the flood, was extended through the flood period. The recession
curve for the flood was drawn to exclude runoff from subsequent storms
and was extended until it approached the recession curve of antecedent
flow closely enough that the volume of runoff between the two curves
beyond that point could be neglected without appreciable error. The
volume of runoff represented by the flood hydrograph and recession
curve, in excess of the recession curve of antecedent flow, was taken
as the total storm runoff—the sum of the volume of direct storm runoff
and the volume of apparent ground-water recharge. The separation
between these last two quantities was obtained by arbitrarily drawing
a straight line connecting the antecedent-flow recession curve, at about
the time of the flood-peak discharge, with the point on the flood reces-
sion curve representing the end of direct runoff. This point was taken
at the break in slope of the hydrograph when plotted semilogarithmi-
cally. The principles involved in this type of analysis are discussed in
modern texts on hydrology and in previous flood reports of the
Geological Survey (Langbein and others, 1947).

TaBLE 5.—Rainfall and associated direct runoff in selected drainage basins

Drad Appgr-
rain- N en ;
No. on age | Rain- ggfg ground- g%:gf Infil-
L2 Stream and point of measurement area fall ranoft water tion tration
pl (square |(inches)| [HO%C | re- | 00| index
miles) eS)| charge |{dnches)
(inches)
789 Driftwood Branch Sinnemahoning Creek
at Sterling Run, Pa - 281 9.5 4.2 0.7 4.6 0.8
789.8 | Kettle Creek at Cross Fork, Pa__._ . 136 4.0 1.0 .5 2.5 .6
001 Allegheny River at Eldred, Pa_. N 550 11.5 5.6 2.0 3.9 .9
002 Allegheny River at Red House, N. ¥___117. 1, 690 7.8 2.8 .8 4.2 .9
028.4 | Clarion River at Ridgway, Pa__.___________ 303 6.7 2.3 .4 4.0 .8
143 Genesee River at Scio, N. Y_.___.___.._____ 309 4.7 1.1 .2 3.4 .7

The ground-water recharge could be measured either as the volume
of water in the ground represented by a rise in the water table, or it
can be computed as the volume reaching the streams as ground-water
seepage in excess of the ground-water seepage that would have
reached them had there been no recharge. The latter method was
used in this report. The overly simplified way in which it was
obtained, however, makes it necessary to label it apparent ground-
water recharge. As computed it is sufficiently accurate for the pur-
pose of this study but for use in studies of ground-water supplies it
may be appreciably in error.

The basin retention is the rainfall minus direct runoff and apparent
ground-water recharge. It represents initial basin losses, replenish-
ment of soil moisture, water stored in perched water tables and other
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forms of temporary storage. For the most part the basin retention
probably will become part of the water loss from the basin. Some of
the retention may be expected eventually to reach the zone of satur-
ation. As used in this study, however, it is significant only as the
difference between rainfall and runoff.

The infiltration index was computed in the usual manner (Langbein
and others, 1947). It is given in table 5 to show the general agree-
ment among the several drainage basins.

FLOOD CRESTS

Records of available flood-crest elevations and the time of their
occurrence are given in table 6. These data are basic for the study
of time of travel of flood crests, amount of valley and channel storage,
and of the limit of future development along a river.

The elevations given are referred to mean sea level, Sandy Hook
datum, using the latest adjustment to the precise level net that was
available at the time of the surveys in 1942. In a few instances the
elevations given for gaging stations are slightly different from the
ones that would be computed from information given in the station
description, because the gage datum is referred to a later adjustment
in the description.

Flood-crest elevations are never precise observations. The water
surface of a stream during flood is wavy and frequently is higher on
one bank than on the other. Crest elevations for points far back
from the main channel must always be used with caution.

TABLE 6.—Flood-crest elevations

Miles Eleva-
Stream and location above D By( }’n]d )hour tion
month uly (feet)

SUSQUEHANNA RIVER DRAINAGE BASIN

Bennett Branch Sinnemahoning Creek:
Caledonia, Pa_ . ____ . e 23.2

Medix Run, mouth of - -_ | 19.5
Benezette Run, mouth of.. _1 161
Dents Run, mouth of ... 9.0
Hicks Run, mouthof ______________________________.___.__ 7.8
Pennsylvania R. R, bridge_ __._________________._________ 1.2
Sinnemahoning Creek:
Driftwood, Pa., confluence of Bennett Branch and Drift- | 15.5
wood Branch.
Sinnemahoning, Pa., USGS gage_ _____ . oo 12.9
Sinnemabhoning, Pa., Baltimore & Ohio R. R. bridge— | 12.6
upstream, right bank.
R. R. bridge—upstream, left hank __._.__.___.___...___ 12.5
. R. R. bridge—downstream, left bank ___ - 125
First Fork Sinnemahoning Creek, mouth of. _| 1.8
Mouth, Keating, Pa__________ e 0

Driftwood Branch Sinnemahoning Creek:
Lockwood, Pa., mouth of North Creek ______._.___._.__._ 22.0
Emporium, Pa_ . o ieean
Emporium Junction, Pa,, mouth of Sinnemahoning | 19.3

Portage.
Cameron, Pa,, highway bridge...
Sterling Run, Pa., USGS staff ga; -
Sterling Run, Pa., highway bridge, recording gage_
Driftwood, Pa., Pennsylvania R. R, bridge___.___._.__.._.
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TABLE 6.—Flood-crest elevations—Continued

Stream and location

Miles
above
month

Day and hour
(July)

¥First Fork Sinnemahoning Creek:

Freeman Run:

East Fork Sinnemahoning Oreek:

Allegheny River: !

Clarion River:

SUSQUEHANNA RIVER DRAINAGE BASIN—Continued

Costello, Pa.. mouth of Freeman Run__..__.__________.__

Nelson Run, 0.6 mile below mouth of

‘Wharton, Pa., mouth of East Fork_

Bailey Run, mouth of__ e

First Fork, Pa___ e

Lushbaugh, Pa., 1.1 miles downstream at mouth of
Bend Run.

Austin, Pa., above, at dam that failed
Austin, Pa., Ford garage.
Highway bridge._ _..._____

ALLEGHENY RIVER DRAINAGE BASIN

Seven Bridges, Pa,, Dunn farm.__
Coudersport, Pa., highway bridge
Roulette, Pa., highway bridge.
Burtville, Pa., highway bridge..._.._____ -
Port Allegany, Pa., State Highway 155, bridge.
Port Allegany, Pa., U, 8. Highway 6, old bridge.
Port Allegany, Pa., U. 8. Highway 6, new brid;
stroyed by flood).

Turtlepoint, Pa., highway bridge
Larabee, Pa., highway bridge, USGS gage (disc
Eldred, Pa., highway bridge, USGS gage..
Mill Grove, N. Y., highway bridge
Portville, N, Y., fire department bu:
Olean, N. Y., highway bridge ..
North Allegany, N. Y., highway
Vandalia, N, Y., highway bridge_ _.________
Riverside Junction, N, Y., Erie R. R. briige.
South Carrollton, N. Y., railroad bridge. __
Salamanca, N. Y., highway bridge____.______
Red House, N. Y., highway bridge, USGS gag
Quaker Brid%?, N. Y., highway bridge___.___
Onoville, N, Y., highway bridge_______
Kinzua, Pa., railroad bridge, USGS gage.
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heaviest rainfall.

also.

Instanter. .. . ___ 109, 4 | 18, 3:30 p. m. -
Johnsonburg, Pa., lower highway bridg 94,0 | 18,9 p. m ,439.8
Ridgway, Pa., West Penn power station. 88.4 1,390.0
Ridgway, Pa., Main Street bridge, USGS 7.4 1,378.0
Carman, Pa,, highway bridge.. 80.1 1,330. 4
Bell Town, Pa., highway bridge. 62.2 1,225.2
Cooksburg, Pa., dam site gage.__ 49.3 1,170.6
Cooksburg, Pa., highway bridge, 7.6 1,161. 4
Clarion, Pa., Piney Dam, upper pool 25.1 1,093.1
St. Petersburg, Pa., highway bridge, USGS gag 4.5 891.0
1 Data other than for gaging stations furnished by Corps of Engineers,
RECORDS OF PREVIOUS FLOODS
The floods of July 18, 1942, were unprecedented in the area of

That such extreme floods have occurred in the past

in other parts of Pennsylvania and adjoining States is shown by the
Perhaps the earliest flood
from the cloudburst type of storm in Pennsylvania of which there is
accurate record is that of August 5, 1843, in Delaware County. In
view of the description of the storm given in an earlier section of this
report it seems appropriate to include a description of the flood flows

following descriptions of earlier floods.

071774 —-52-—7

Following that description are short desecriptions of recent
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floods caused by intense local rains in Pennsylvania and New Jersey.
The section closes with a few notes on previous floods in Allegheny
River at Salamanca, N. Y.

FLOOD OF AUGUST 5, 1843, IN DELAWARE COUNTY, PA,

Although confined to a smaller area, the flood of August 5, 1843, in
Delaware County was every bit as large as the flood of July 1942 in the
north-central part of the State. The following description of that
flood is included in this report so that comparisons between the two
can be made and to emphasize the fact that previous floods of this
magnitude have occurred. Descriptive details of the storm have
been given in a previous section by Mr. Stewart. The measured
amounts of rainfall given in the original report (Delaware County
Inst. Sci., 1910) on that flood have been summarized in table 7.

TABLE 7.—Rainfall records for storm of August 5, 1843, in Delaware County

Amount
Place (inches) Remarks
Haverford School.______.________ 5.82 | Measured in a rain gage.
Upper Darby._.______.__________ 3.75 | 0.5 inch before 12 m., heavy rain 3 to 7 p. m., 1 inch in 15
minutes just before 7 p. m.
Newtown Township.._ . ...__. Between 2to 5p. m.
11 and 13
Newtown Square____________.___ 5.5 | 4:20 to 5p. m.
Concord Township___.._________ 16 2:45 to 5:45 p. m.
Brandywine Hundred, Del._____ 10 2to 4 p. m.

No1e.—*“The amount of rain which fell on that part of the County which borders on the Delaware River
and embhraces the mouths and lower parts of the inundated creeks was not sufficient to produce even an
ordinary rise in the stream’” (Delaware County Inst. Sci., 1910, p. 9).

The heavy rainfall apparently did not last more than about 3 hours,
but the time of its occurrence varied throughout the county. The
area covered by the cloudburst was less than the area of Delaware
County although small areas of adjacent counties were affected. It
followed on the heels of a general storm that extended much beyond
the limits of Delaware County in every direction. The total rain prior
to the cloudburst probably did not exceed three-quarters of an inch
and little rise was noted in the streams. As a result of the general
rain, however, the ground was soaked, thus reducing the infiltration
and increasing the direct runoff from the cloudburst storm that
followed. The heavy rain occurred near the headwaters of the streams
unknown to residents of the lower valleys. The floods burst on them
with devastating suddenness, causing the loss of 12 lives. The rapid
rise of water is attested to by the many accounts of an almost in-
stantaneous rise in the water from 5 to 8 or 10 feet. At one point on
Crum Creek the water rose 7 or 8 feet in 10 minutes. Farther down-
stream at Avondale it was observed that (Delaware County Inst. Sci.,
1910, p. 28):
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* % * the water at this place rose 19 feet—6 feet higher than the great ice
freshet of 1839. The rise in the creek commenced at about half past seven
o’clock. The water rose very suddenly as well as unexpectedly, and was at its
highest point a little after eight o’clock.

The fall of the flood. waters was equally rapid; in Chester Creek at
Flower’s Mill the waters fell 10 feet in 50 minutes.

The maximum stages above low water reached by the major streams
in the County were: Darby Creek, 17.5 feet; Crum Creek, 20 feet;
Ridley Creek, 21 feet; and Chester Creek, 33 feet. There is little
quantitative information available on peak discharges in these streams
other than the description of a cross section on each:

Darby Creek, a short distance below the West Chester Road (Dela-
ware County Inst. Sei., 1910, p. 22):

The flood attained a height of 15 feet at this place, with a cross section of 80
vards, which with proper allowances, would give an area of 2,800 feet.

Crum Creek (Delaware County Inst. Sci., 1910, p. 26):

Immediately below the point where the road from Newtown Square crosses the
creek, the flood reached the height of 9 feet upon a cross section at the surface of
330 feet.

Ridley Creek (Delaware County Inst. Sei., 1910, p. 29):

* % * op the farm of George Howard, in Edgmont. At this place the water
attained a height of 12 feet 6 inches, which was 6 feet 6 inches higher than the great
freshet of 1839, and 6 feet 4 inches higher than that of 1795; this last being the
highest which had previously occurred at the same place during a period of at
least 90 vears. * * * A cross section of the flood of 1795 gives but 900 square
feet, while that of 1843 gives upwards of 2,500 square feet.

Chester Creek. A detailed description of a cross section on this
stream is given by John F. Frazer of Philadelphia, who was visiting at
the farm of Samuel West (Delaware County Inst. Sci., 1910, p. 43). .

The height of the flood I measured with as much accuracy as my means would
permit, and am confident that my measures are correct within one or two inches,
at the same time I must observe that the elevations are taken above the level of
the creek, a day or two after the flood, when from the continuance of wet weather,
the creek was still above its ordinary level; how much it is impossible for me to
say. At the position where I first measured it (upon Mr. West’s upper meadow)
the creek was sixty feet wide, and averaged about six feet in depth (it is the upper
end of the backwater from Flower's dam). The vertical height of the flood was
20.58 feet above the water line, or 26.5 feet above the bottom of the channel of
the creek. The breadth of the water line at the highest point of the flood (meas-
ured at right angles to the direction of the creek) was 534.8 feet (say 535 feet).
The meadows overflowed, on either side, are quite flat, and appear to have been
at some former time, the banks of the stream or current, so that I think we may
assume the area of the cross section as at least two-thirds of the rectangular area
given by multiplying the breadth by the height. Assuming then the number
535 and 21 are representing these (neglecting the channel actually occupied by
the creek) we shall have the area of the cross section 7,490 square feet. Assuming
the creek to be sixty feet wide and six feet deep, and its cross section a rectangle
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(as it is very nearly) we have an area of 360 square feet for the creek at its ordinary
high water, by which we see that the cross section was increased twenty times.
The increase of velocity I had no means of ascertaining, as the greater breadth
at this point give rise to the formation of extensive eddies. * * * Professor
Frazer is of the opinion that at Mr. West’s (judging from the motion of the cotton
bales) the velocity of the middle of the stream was not less than from fifteen to
twenty miles per hour.
The cross section described by Professor Frazer is about a mile below
the present Geological Survey gaging station at Dutton Mill Bridge.
For the four cross sections just described, I. E. Houk (1922) esti-
mated velocities after a personal field inspection of the locations and
a study of the channel slopes. The results of his calculations are as
follows:

TasLe 8.—Summary of flood discharges in Delaware County, Aug. §, 1843

Runoft
Drainage i
Stream area Cubic feet
(fr‘}i‘fége per second | Inches per
per square hour
mile
Darby Creek...._ - 132 880 1.36
Crum Creek__ 22 410 .64
Ridley Creek. __ - 20 750 1.16
Chester Creek. . e 62 1, 000 ‘ 1. 55

L Careful investigation indicates that 32 square miles is a better figure for this location than 48 square
miles as given by Houk. Other figures have been revised based on the same peak discharge.

The destruction caused by the storm and flood was calamitous, the
losses in Delaware County being estimated at nearly a quarter of a
million dollars. This amount of damage is not surprising when one
reads of the dams and bridges destroyed and stone buildings being
knocked down “‘stone by stone.” The force of the flood is shown in
the accounts of a rock weighing 2} tons that was carried 200 yards,
a meadow that was excavated to depths of 4 and 5 feet, and a rock
weighing between 10 and 12 tons that was moved about 75 feet.
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FLOOD OF SEPTEMBER 1, 1940, IN SOUTHERN NEW JERSEY

Peak flood discharges in southern New Jersey streams Sept. 1, 1940,
were as great as many of those in the flood of July 1942 in Pennsyl-
vania from drainage basins of comparable size. The greatest dis-
charge, both in actual amount and in relation to size of drainage area,
was the flow of 26,100 second-feet in Salem Creek below Woodstown.
The floods resulted primarily from extraordinary rainfalls associated
with the passing of a hurricane off the New Jersey coast. Contribut-
ing factors were the breaching of many small dams and the week of
antecedent rainfall that soaked the ground and weakened earth dams.

The rainfalls that produced these floods included the maximum
12-hour rainfall inn the United States—24 inches in 9 hours at Ewan.
The average rainfall on 2,000 square miles was 7.8 inches according
to the Corps of Engineers. The flood caused the death of four persons
and damage amounting to $1,000,000 according to the Weather
Bureau. In addition many thousands of persons were seriously incon-
venienced by washed out railroad and highway bridges and flooded
highways during Labor Day week-end. Somie communities were
virtually isolated. A large part of the damage was caused by the
breaking of many small dams.

Miscellaneous measurements of peak discharge were made by the
Geological Survey and the New Jersey State Water Policy Commis-
sion. The results of these measurements are given in table 9 together
with peak discharges at stream-gaging stations. Daily discharges at
the stream-gaging stations are published in Water-Supply Paper 891,
Surface-water supply of the United States, part 1, north Atlantic
slope basins.
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FLOODS OF JUNE 4-5, 1941, IN SOUTHWESTERN PENNSYLVANIA

Outstanding floods occurred in many small streams in Monongahela
River Basin as a result of heavy rains June 3 and 4. The flood dis-
charge of Castile Run at Riggle Farm, Pa., was comparable with the
higher discharges in the 1942 flood in the north-central part of the
State.

The flood-producing rains were preceded by showers that began on
May 30. The heavy rains occurred in the afternoon and night of
June 3 and again in the afternoon of June 4. They were described by
the official in charge, Weather Bureau office, Pittsburgh (Monthly
Weather Review, June 1941):

The rains were unprecedented for several of the southwestern counties in Penn-
sylvania, and adjacent counties in West Virginia, being in excess of 6 inches for the
24 hours ending at 7 a. m. of the 5th. At Brownsville, Pa., Government lock No.
5, the precipitation on the morning of the 5th measured 6.27 inches.

The Geological Survey made an extensive investigation of the flood
area to obtain the peak discharges of the small streams. The results
of that investigation are given in table 10. Also given in table 10
are the peak discharges at the stream-gaging stations in the area; daily
discharges at these stations are published in Water-Supply Paper 923,
Surface-water supply of the United States, 1941, part 3, Ohio River
Basin.
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PREVIOUS FLOODS AT SALAMANCA, N. Y.

In the course of his investigation of the flood of July 1942, Hollister
Johnson obtained interesting information concerning previous floods in
Allegheny River at Salamanca, N. Y. Although the information may
not be very accurate owing to the lapse of time and the changes that
have taken place in the river channel, they are reported for possible
future use.

Floods of June 1889 and June 1892.—Although there is some doubt
as to which of these two floods was the higher, there is little doubt
that both were higher than the flood of 1942. Mr. A. R. Eaton
remembered that the flood of 1889 reached the bottom of the floor
boards in the basement of the Eaton Department Store on Broad St.
(now the S and S store) in which he was living. (Flood elevation was
1,374.3 feet compared with 1,373.7 feet in 1942.) Mr. Fred F. Nies
has photographs presumably taken during the flood of 1892. IFrom
one of these photographs, the flood elevation at the Shultz Bros.
tailoring shop, about 200 feet above the highway bridge, was found to
be 1,375.7 feet. Mr. Nies also stated that the flood of 1892 just
covered plumbing benches in the basement of Andrews Hardware
Store, just downstream from the highway bridge, at elevation 1,374.9
feet. The 1942 flood at these locations was 1,374.9 and 1,374.0 feet,
respectively. The significance of these old flood elevations is largely
dissipated by the statement of Mr. Eaton that there have been
important changes in the river channel since then. There used to
be a mill race on the left bank, about three-quarters of a mile long,
with a dam for diverting water into it.

Fiood of March 1913—Mr. Fred F. Nies built his garage and
plumbing shop on the right bank of the river about 100 feet below the
highway bridge. Although the flood of 1913 was about 18 inches
below the floor of this garage, according to Mr. Nies, no flood prior
to 1942 ever reached the floor. (Flood elevations, 1,371.2 and 1,373.9
feet, respectively.)
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